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HEADQUARTERS 
for ! 

I 
Longacres, St. Albans 
Hertfordshire, England Al4 OJN 
Telephone: (0727} 59292 
Telex: 23350 
Cables: Measurtest, St. Albans 

General instrumentation, TV, PCM test gear, Autotest 

MICROWAVE 
PRODUCTS DIVISION 
for I 

Gunnels Wood Road, 
Stevenage 
Hertfordshire SG1 2AU 
Telephone: (0438} 2311 
Telex: 82159 

Microwave instrumentation, components, flexiguide 
1-t ,, 

SERVICE DIVISION 
for I 

The Airport, 
Luton 
Bedfordshire LU2 9NS 
Telephone: (0582} 33866 
Telex: 82129 

Calibration, repair, maintenance, spares 

and in SCOTLAND 
for 
Service 

U.S.A. 
for 
Sales and service 

. FRANCE 
for 
Sales and service 

W. GERMANY 
for 
Sales and service 

I 
Peel House, 
Ladywell, livingston 
W. lothian EH54 6AG 
Telephone: (0589} 37541 
Telex: 72337 

1
100 Stonehurst Court, 
Northvale 
New Jersey 07647 

- Telephone: (201) 767-7250 
Telex: 710-991-9752 

132 Avenue des Ecoles 
91600 Savigny-sur-Orge 
Telephone: 996-03-86 
Telex: 600541 

I 
Marconi Messtechnik G.m.b.H. 
Joergstrasse 74 
8000 Mi.inchen 21 
Telephone: 58-20-41 
Telex: 5212642 

Marconi Instruments limited is a GEC-Marconi Electronics Company 



Marconi lnsrruments' Television Auwmauc 
Moniwring equipment is being used in rhe 
huge new I 980 Olvmptc Games Television 
Cenue in Moscow. O ver 200 sysrems have 
now been sold 10 relevision organisarions 
ihroughour rhe world for local or remoie 
qualiiy assessment. (during p rogramme 
rime) of uansmisston sysrems. 

A 

Microprocessor-controlled, 
synthesizer-driven Selective 
Level Measuring Set is one of 
the recent developments in the 
Marconi Instruments range. A 
feature of the equipment is the 
combination of keyboard 
operation and traditional, 
manual tuning with 
comprehensive a.f.c. control and 
motor driven search. It is shown 
here system testing. 12 MHz 
coaxial cable terminals. 

(By courtesy of the British Post Office) 

VIEW 
Welcome to the Marconi Instruments' catalogue for 
1979/80. 

The Company's dynamic development programme is 
one of continuous progress and innovation but, 
unfortunately, this book cannot progress with it. We can 
only present here a frozen view, a photograph taken at 
one moment prior to going to press in 1978. 

In order to help overcome this static state we have 
introduced products within their appropriate chapters, 
under 'coming soon' headings, see pages 128 and 134, 
so that you may be aware of new developments and ask 
for the latest information from your local mf sales 
engineers. 

Full specifications are given in the catalogue for the 
majority of our test instrumentation. However 'Autotest' 
systems, flanges and flexible waveguide are only 
described in outline. A telephone call, telex or letter will 
bring you full and up-to-date information on these or any 
other equipment. Addresses are listed inside the back 
cover of the catalogue. 

A chapter of useful data, printed on blue background 
for quick recognition, is included for your reference. 

v 



Service Division has its own 
electrical and mechanical manu­
facturing shops for obsolescent 
parts. stocks of over 20,000 
different parts and specially 
equipped vans for door-to-door 
delivery and collection. 

VIII 

The Microwave Products Division is 
able to provide mechanical skills of the 
very high level required for waveguide 
and associated specialist manufacture. 

· .. · .... ... 

Quality and Traceability 
Marcon i Instruments has been assessed by the UK 
Ministry of Defence (D irectorate General of Qua li ty 
Assurance) to defence standard 05-21. The 
assessment appl ies to all products manufactured, 
not on ly to those made espec ially for the MoD, 
and is equivalent to the NATO Quality Assurance 
Document AOAP- 1. 

The Service Division at Luton Airport is 
assessed to Defence Standard 05-24 (equiva lent 
to NATO AOAP-4) w hich covers all forms of 
quality assurance at the Division . 

Whenever you require, Marconi Instruments is 
able to issue certificates of conformity to these 
qua lity standards with each instrument or system 
supp lied. 

mr has three standards laboratories: one at 
headquarters wh ich provides the central Company 
standards facility for design and product ion 
reference; one within the Microwave Products 
Divis ion to specia lize in measurements above 
1 GHz; and a th ird at Service Division to maintain 
standards of cal ibrat ion and to specia lize in the 
issue of certifi cates of conformity-to-specification 
of recalibrated equipments. 

Al l three laboratories are members of the British 
Calibration Service, contro lled by the UK 
Government Department of Trade through the 
National Physica l Laboratory . The NPL in turn 
compares its standards wi th other nationa l and 
internat iona l measurement standards throughout 
the world. 

The standards laboratory at headquarters is 
approved under the BCS scheme (number 0006) 
for more measurement parameters than any other 
commercial electron ics laboratory in the UK. It is 
ab le to issue calibrat ion certificates traceable to 
international standards for almost any electron ic 
measuring instruments. 

The Company is also ab le to accept instruments 
of mr and other manufacture for ca li bration 
aga inst 'in-house' Def. Stan. 05-26 or BCS 
cert ificat ion. 

After sales service 
As we ll as providing customers throughout the 
wor ld w ith technical advice through pri nted 
materia ls and persona l visits, Marconi Instruments 
is ab le to provide, ca l ibration and repair services 
t hrough its many overseas out lets. This international 
·network is supported by the UK Service Divis ion 
which is ab le to supply technica l advice and . 
equipment to overseas service establishments, and 
return- of-post spares service to customers w ho 
prefer to ma intain their own equipment. 

The Division mainta ins stock of over 20.000 
different components and itself manufactures 
many parts which have now become obso lescent. 
Maintenance contracts can be offered to UK 
customers for one. two or hundreds, of equ ipments 
after the guarantee period has expired. The 
Division provides serv ice and repair of electroni c 
measu ring equipment of any manufacture. 
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The term 'automatic' has a va ri ety of d ifferent 
interpretations w hen used in connection with test 
equipment. Therefore, for cfarity , this introduction has 
been divided into three ma in c lassifications: 

stand alone instruments; 
remotely controlled instruments; 

and fully automatic systems. 

This last classification has been divided into two 
sections: those which can be used for monitoring on-line 
equipment and those w hich cannot. 

The Company's we ll estab li shed range of 'Autotest' 
products is described under the last heading. 

Stand alone instruments 
This c lassi fi cation encompasses al l 'tradi ti onal style' 
instruments where modern design and advances in 
component technology allow them to perform certa in 
functions automatica lly. When each new design is 
eng ineered the latest techniques are emp loyed 
whereve r appropriate to enab le measurements to be 
made more quickly and to reduce the number of settings 
needed. thus to make its use more efficient. A simp le 
example is the automatic leve l contro l used in signal 
generators to ensure accurate. calib rated output level 
across the whole frequency range w ithout the need for 
an operator to adjust the leve l setting. Another example 
can be found in the automatic tuning and leve ll ing in 
modulation meters where the number of operations of 
the contro l knobs, switches etc. needed to make a 
measurement is reduced from 1 5 to 4. 
Use of automation in 'stand alone' instrum·ents can. 
through simpler and faster operation. bring what were 
prev(ously considered as instruments suitable on ly for 
the engineering laborato ry right into everyday use on the 
production lines. A relevant example of this is to be 
found in the 100 M Hz Spectrum Ana lyser. TF 2370. 
which has recently received three significant technical 
awards. Hardwired logic c ircuits automatica lly set the 
sweep speed as the operator se lects the dispersion 
range and the filter required. This ensures that the 
operator has the fastest speed possible without causing 
' ringing ' . Further logic circuits select a pertinent group of 
three filters for the operator to choose from and, perhaps 
most important of ali, the balance of attenuation between 
the r.f . and i.f . amplifiers is made by the instrument 
automatically when the opera tor se lects a given 
sensitivity. The user is assured of always receiving the 
best noise/ intermodulation performance. 
Instruments in the catalogue incorporat ing these benefits 
are not necessarily prefixed w ith the adject ive 'automatic' 
since this is usuall y reserved for equipment. li ke the 
Modulation Meter and the White Noise Test Set w hich 
require minimal setting up and then make the who le 
measurement automatically. Within this classification. 
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products are supplied f or the fo llowing app li cations 

Modulation measurement 
Multichannel testing 

Television measurement 
Distortion measurement 
Frequency measurement 
Power measurement 
Signal generation 

Full deta il s and speci fi cations wi ll be found in the 
appropr iate sect ion of the ca talog ue. 

Remotely controlled instruments 

*G PI B - Marconi Instrumen ts· General Purpose Instrumen t Bu s is in 
accordance w ith IEEE Standard 488-197 5 and I EC D ocument 66 
(Central Office) 22. 

Instruments in this class ifi cati on ca n be contro lled 
remote ly over a data highway and. w here app li cab le, 
provide measurement results to a remote device. Most of 
these instruments accept informat ion in pa rallel b.c.d. 
form and some can be fitted w ith an interface to allow 
operat ion over the General Purpose Instrument Bus, 
GPIB*. 
Marcon i Instruments' po li cy on new designs is to make 
avai lab le a programmable opt ion on all instruments 
whe re appropriate. The increasing use of remote contro l 
and reporting systems and rap idly advancing technology 
is enab ling th e opt ion to be included in more and more 
eq uipment wh il st sti ll maintaining a balance in cost/ 
effectiveness. 

The White Noise Test Set OA 2090C, is an examp le 
w ithin thi s class ifi ca ti on. The Noise Receiver ca n be 
operated from its fron t pane l in normal. manual. use. 
Selection of 'remote control' enab les measurements to 
be ca rri ed out from a remote site. by its Control Unit or 
by a suita ble compute r system. Similarly, th e Noise 
Generator can be control led locally or remotely. A lso. 
provision has been made to contro l ce rtain of th e 
generato r functions from the receiver by a simp le cab le 
connection between the two rea r panels. Finally, if it is 
required to operate the White Noise Test Set through 
the Genera l Purpose Instrument Bus this can be 
achieved through a suitable b c d./G PI B adaptor. 

The individual instruments in this c lass ifi cat ion may be 
used under the f irst classi f ication as 'stand alone' 
equ ipmen t or may be con troll ed and monitored from a 
remote site or. as it wi ll be seen, form parts of the next 
c lass ifi cation 'full y automatic systems'. 
Products of this type may be found in the cata logue 
w ith in the following disc iplines: 

FDM testing and monitoring 
Power measurement 
Frequency measurement 
Signal generation 
Modulation measurement 
Television measurement 
Microwave equipment 

3 
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Fully automatic systems 
This c lassification is further divided into 
a) automatic equipment to monitor operational systems 

(and which may also be used to evaluate the 
performance of a unit or system during production 
and maintenance by the addition of further 
instrumentation to simulate operational traffi<;:) and 

b) equipment specifically to eva luate the performance of 
a system or unit under test during manufacture and/ 
or maintenance but not suitable for manual 
opera tion al systems. 

Both groups with in the classification depend upon some 
centra l device to contro l measuring instruments and. 
where required. equipment to record re su lts. This 
controller may be punched tape or compute r based. as. 
for example. in the 'Autotest' systems. or may be a 
simp le device w here log ic circuits are used in 
conjunction with a c lock. 
In the case of the TV Automatic Monitoring Equipment 
(TAM£) and the Automatic White Noise Test Set the 
control elements are dedicated to their systems. 
However. both tape and computer based 'Autotest' 
contro llers are avai lable for customers who wish to buy 
the con trol and software 'package' to drive 
programmable instrumentation particular to their testing 
needs. 
A recent development by the Company is a new. 
compact. GPI B computer-based contro ller wh ich w ill be 
used in conjunction with other instrumentation. 
supplied by Marconi Instruments. to create dedicated 
test systems. The first of these systems (which falls into 
group (a) monitoring) is the Automatic Baseband 
Monitor (a brief description will be found under 
Selective Level Measuring Set). The hardware/software 
combination enables the operator to hold a 
conversational dialogue via a visual display unit for 
initi ali sing the system. se lecting test sequences. choosing 
methods of fault reporting and othe r routines. The 
system is able to monitor up to 56 or more f.d .m. 
basebands whi lst they are loaded w ith normal traffic and 

· to report at regular interva ls and when a fault cond ition 
occurs. 
As we ll as the basic control lers for any system. fully 
automatic test systems can be supplied for the following:-

Multichannel testing (a) Automatic electrical 
Television measurement (a) inspection of printed 
PCM manufacture (b) circuit boards (b) 
Mobile radio testing (b) ('Autotest') 

From !his brief descri ption it wi ll be evident th at there is 
an overlap between the classificati ons. In many cases 
instruments incorporate facilities w hich al low them to be 
used alone. in conjunction wi th companion instruments. 
or combined under central control for fully automatic 
test systems. 

Marconi Instruments' phi losophy is to reduce where 
possible the extent of manual operations in 
non-programmable instruments and to build in remote 
control capability whe re the instrument function s are . 
considered appli cab le to automatic test systems. The 
assemb ly of such systems is becoming increas ingly 
straightforwa rd as more instruments become avai lab le 
with GPI B interface capabi l ity. 
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({R]IQTf5T SYSTEMS 

Marconi Instruments Autotest is a range of fully automatic 
test systems which can perform the same function s as 
normal test-rigs of manually operated instruments. but iri 
a fraction of the time taken by conventional methods. 

Autotest systems have been designed to offer con­
sistent. reliable testing and are suitable for use by unskilled 
operators. They feature ease of programming. using either 
tape or computer control together w ith flexibility in adapt­
ing to different test requirements and allow ing for future 
expansion at minimal cost. 

To optimise the performance-to-price ratio of automatic 
test equipment. Marconi Instruments has designed a 
range of standard systems covering the main areas of 
application. thus sharing the design costs over a large 
number of customers. A high standard of support 
documentation and excellent spa res and "know-how" 
back-up. all contribute to providing w hat the major part of 

•' ·· the market requires at the most competitive prices. 
There is a continuing effort on the part of Marconi 

Instruments to improve programming techniques. The 
· result has been to achieve faster testing times and an 

increase in capability of the Autotest Systems. 

RECENT ADDITIONAL SOFTWARE AIDS 

• INCITE- Instructional Notation for 
Computer- controlled Inspection and 
Test Equipment. 

The high leve l language. INCITE*. is used for preparing 
the 'test' programs. Various softw are facilities. briefly 
described below. are now available w ith the Autotest 
Systems. These speed the IN CITE program preparations 
phase and reduce production testing times as we ll as 
assisting in fault diagnosis. 

AUTOGUARD Automatic programgenerationto speed 
test program preparation time . When measuring 
component values it is necessary to eliminate the effects 
of adjacent components. Thi s is normally achieved by the 
addition of guard points and judicious selection of 
appropriate power supply settings. The Autoguard 
Program automatically generates optimum test conditions 
to relieve the engineer from this time consuming task. 

AUTOCOMPI LE Conversion of INCITE programs 
to a lower level form for faster testing . This technique 
typicall y gives a 2 to 1 improvement. over the direct use of 
INCITE. in testing times . 

AUTOANALYSE Self learning logic (digital) pro­
gram generation. Using a known good bo·ard the user 
simply designates the input truth table to stimulate the 
printed circuit board under test and the system will then 
self learn the corresponding output pattern. The output 
pattern may be generated for any specified points on the 
board including both internal circuit nodes and the edge 
connector. 

PRIORITY PRINTOUT Logic fault diagnostic 
simplified by use of special commands. When a logic test 
program sets up a pattern of inputs and certain monitor 
pins are tested. a single faulty device in a logic chain may 
gi ve ri se to misleading rault printouts on test points which 
depend logica ll y on the true fault . A Priority Statement 
may be incorporated · into the program. to define the 
'priority' of the monitor points and in this way misleading 
fault printouts are suppressed. 

5 
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TIME SHARED VDU Program and editing on a 
system which is at the same time testing a printed ci rcuit 
board . Two such v.d.u. stati ons may be operated wh il st a 
p.c.b. is under test. 

INCITE SIMULATOR Program preparation and 
ed iting on a separate computer. 

AUTOMATIC ELECTRICAL INSPECTION SYSTEMS 

' "" .. 

These standa rd off-the-shelf systems provide very 
th orough inspection of assemb led printed circuit boards 
al lowing every component to be tested in-situ for co rrect 
va lue. mounting and po larity. and also testing the track 
and so ldering. 

The equipment is basically an inspection system rather 
th an a fun ctional test system. and it locates 95% of al l 
printed board faults. hence greatl y redu cing the time 
spent on fault -finding at th e cost ly fun ctional test stage. 

Recent developments in software have furth er con­
siderab ly increased the speed of testing co mponents and 
iogic circui try. 

Specia l measu rement techniques (two. three or four 
termina l as appropriate) inhibit the effect of parallel paths 
in the circuit. enab ling individua l components to be 
identified and their va lues accu rately measured . Th e fu II 
system measures resistance. capaci tance and inductance 
and also scans d.c . voltages around th e ci rcuit with power 
supp lies connected. 

Two systems are avai lab le. the tape control led 
OE 1760A and the computer contro lled OE 1761 A. The 
function of both contro l systems is to provide executive 
contro l for the modes. ranges and settings of the va ri ous 
stimuli . measurement and switch ing units. and also to 
process. co mpare and record test resu lts in the form 
requi red. Program mab le power supp lies. a resistan ce 
measurement unit and dig ital vo ltmeter are connected to 
th e unit under test v ia a swi tch ing matrix. random access 
switch and test jig. Th e on ly difference between th e two 
systems is the method of contro l and of providing input 
informati on to and obta ining results from the system. 

Tape Controlled System OE 1760A 
In thi s system the input is in the form of an alpha-numeric 
mach ine code (ASCI I) punched onto paper tape. Ea ch 
contro ll er function and system paramete r is all ocated a 
sing le lette r. single digit address code. w hich is fo l lowed 
by information relat ing to the setting of the fun ct ion or 
parameter. Test results are compa red w ith prog rammed 
tolerances and pr inted out. The printout conta ins the test 
number. estab li shing the area of the fault down to 
component level. the measured va lue and the status of the 
resu lt (high. low or pass). Th e use of a program sto re 
enab les high test speeds to be achieved without any 
appreciab le tape wea r. and also considerab ly faci litates 
test prog ram generation and ed it ing. 

If an A utotest OE 176 1 A (Computer Contro lled System) 
or any PDP 11 computer with appropri ate periphera ls is 
avai lab le. the paper tape. which uses machine code . may 
be produced by using the recently developed compi ler. 
from prog rams prepa red in IN CITE . 



Computer Controlled System OE 1761 A 

The computer system uses the PDP11 computer with a 
purpose-oriented, high leve l language INCITE, w hich is a 
an extension of MI-BASIC and uses accepted engineering 
terms and symbols. Input to the system can be via tele ­
typewriter. exchangeable cartridge disc or floppy disc. 
The programmer specifies the test point location of the 
component to be checked and w rites the component 
information normally contained in the parts list of the unit 
under test - the system then does the rest. When a 
defective component is diagnosed the tele -typewriter will 
print the appropriate message, for example "Change 
R17". 

Features of the system include the ability to print 
diagnostic messages for fault clearance, comprehensive 
mathematical facilities and optional data logging facilities 

.._ _____________________ ........~ ... ··for statistical analysis of faults detected. 

CONTROL SYSTEMS Considering an automatic test system to consist of the 
Control Unit Instrumenta tion and Switching, and Unit 
Under Test Interface, it is generally found that a majo r 
cost area is the interface and any specially-designed 
instrumentation w hich have to be produced on a one-off 
or small quantity basis. Consequently when an intend ing 
purchase r considers the system cost breakdown he finds 
that the section carrying the relati ve ly high price is the 
only one w ith wh ich he is already familiar. and this is 
the part he could produce himself. As a result an increas ing 
number of a.t.e. users have found the most economical 
way of acqui ring the equipment is by JOint co-operation 
w ith the suppli er who becomes respons ible for the 
control aspects of the system wh ile the user provides 
the special instrumen tation and interface. The standa rd 
or proprietary instrumentation could be the responsibility 
of either party. 

Two control systems, one tape controlled and th e other 
computer controlled, are available as packages. They are 
based on a standard assembly into which can be incorp­
orated a range of plug-in modules to interface with 
instruments of the customer's choice. 

Controller OA 14448 series 

OA 1 444 B se ries Autotest Controllers are designed to be 
the executi ve con tro llers of a w ide range of Au tomati c 
Test Sys tems Their flexibility ,_ in terms of both internal 
con tro l fac il iti es and their ab ility to co ntro l most cu rrentl y 
available programmable instruments, all ows them to 
handle easi ly all aspects of a test system, includ ing stimuli 
contro l, switching, measurement and analys is of resu lts. 

A simple program language is used w hich requires ve ry 
littl e training, and can be p repa red on standard punched 
tape prepa ration machines, and although punched tape is 
the normal medium for program storage, faciliti es are 
provided for input of data from externa l sou rces. such as a 
smal l computer. The use of a prog ram store offe rs the 
advantages referred to under the Tape Contro ll ed System 

--------------------------------------~ OE1760A. 
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Typical computer controlled 
system incorporating the computer 
package. 

Computer Control System 

The fu ncti ons of the Autotest Computer Control Systems 
are to provide executive control for t he modes, ranges and 
setti ngs fo r the various measurement st imulus and 
switch ing units wh ich form an automati c testin g system. 
and to process and record test results in the form required 
by t he System use r. 

The System is based upon the high ly ve rsa til e and 
w ide ly accepted Digital Equi pment Corporati on PDP 11 
se ri es mini -computer. w ith unique M I- BAS IC language 
and range of Inte rface Ca rds. A ll of w hi ch const itutes 
a control package to w hich required pe ri pheral instruments 
must be added either by M arco ni Instruments or any other 
system buil der. 

Des igned- in fl exibility all ows a tes t system to be ex­
panded w ith minimal cos t and d isru pt ion as additi onal 
test capab ility is req uired in t he future. Thi s is large ly 
attri butable to the modul ar form of constru cti on used in 
the mi Inte rface Uni ts. and the 'Unibus·. si ngle data 
highway wh ich is a unique fea ture of t he PDP 11 com-

L------------------~------' puter . 

.AUTOTEST inspection, control and functional test 
systems are already used by more than fifty famous 
companies throughout the world ... 



SIGNAL 
GENERATQRS • 
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MF/HF AM/FM Signal Generator 

D Frequency range: 10 kHz to 88 MHz 
D High discrimination electrical fine tuning calibrated 

against comprehensive crystal calibrator 
D Internal modulating frequenctcontinuously variable 

from 20 Hz to 20 kHz 
D External control of carrier level and incremental frequency sweep 
D low spurious modulation, no non-harmonics 

... - -·- --- ----

TF 20028 is a high quality. all solid -state signal generator 
operating over the frequency range of 10 kHz to 88 M Hz. 
It provides internal an d externa l amplitude and frequency 
modu lation and it fea tures a very ver,sat ile tuning system. 
A digital synchroni zer is ava ilable for use with TF 2002 8 
to give it high frequency stability and a digital setting 
fac ility. 

CARRIER FREQUENCY 
The full 10 kHz to 88 M Hz frequency range of the 

signal generator is covered in eight switch -se lected bands. 
each band having a maximum-to-minimum frequency 
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.. 
ratio of approximate ly 3·16:1 up to 32 MHz. On the 
highest frequen cy band. however. the ratio is reduced to 
approximately 2 75 :1. 

Main Tuning The main tunin g dial has eight hand ­
calibrated near logarithmi c tuning scales- one for each 
band. These are arranged in a continuous zig-zag . w ith 
sca les running alternate ly left and right. so th at the main 
frequency control is rotated c lockwise for range A. 
counter clockwise for range B. clockwise for range C and 
so on. This featu re cuts out much of the tedium which 
can occur when tuning a signa l generator close to the 
band change frequency. 



TF 20028 

The signal generator is tuned over the full cover of each tion a maximum of 2 volts p.d. is obtainable . The output 
band by ten turns of the main frequency control, which can be adjusted by means of two attenuators in cascade, 
also carries a subsidiary dial with a linear logging scale one of which covers 120 dB in 20 dB steps and the other 
numbered 0 to 100. Corresponding numerals engraved 20 dB in 1 dB steps, giving a total variation of 140 dB . 
at the top of the main tuning dial show the rotational Calibrated output levels down to 0 ·1 f.!V are, therefore, 
pos ition of the control. Provision is also made for adjusting~.-· ,.available. The attenuators are calibrated in both voltage 
the mechanical position of the main tuning dial to correct and decibels . 
the calibration, if necessary, when the frequency is set The output impedance of the signal generator is 50 0, 
accurately against the internal crystal calibrator. and the attenuator voltage calibration is directly in terms 

Crystal Calibrator The internal crystal calibrator pro- of p.d. across a 50 0 load. Calibration in e.m.f. can be 
vi des check points at intervals of 1 M Hz, 100 kHz and obtained by connecting a 6 dB pad at the end of the 
10 kHz. The heterodyne beat note is audible from a cable. A 50 to 75 0 matching pad is also available. 
loudspeaker mounted within the instrument; but if Carrier Level Monitor The carrier level monitor is 
desi red , a pair of headphones may be used via the output calibrated in p.d. at 1 and 2 volts. The instrument is 
jack socket mounted on the front panel. normally used with the meter set to 1 volt but for changes 

It is also possible to switch into circuit a 1 kHz band in r.f . output of less than 1 dB. it is necessary to use the 
stop filter which gives the effect of a second null when the CARRIER-LEVEL control instead of the ATTENUATOR 
carrier frequency is 1 kHz away from the 1 0 kHz check controls, the final output level being given by the sum of 
point. the meter reading and the attenuator settings. It is a feature 

Incremental Frequency The incremental frequency of the TF 2002 B that the carrier level can be varied without 
control facilitates high discrimination setting of fre- affecting the modulation depth or the carrier frequency. 
quenc ies above 32 kHz. Be low this frequency the The converse also applies: for the signal generator is 
discrimination of the main tuning- dial is such that equipped with a very effective automatic level control 
incremental control is hardly necessary. system, which enables the operator to vary the frequency, 

The incremental control is directly calibrated in three change the frequency range, or adjust the modulation 
ranges, selected by means of a L,f RANGE switch, the depth without affecting the carrier level. 
tota l cover being dependent on the main frequency range Counter Output It is sometimes desirable to monitor 
in use as shown in a table on the pane l beside the control. the frequency of a signa l generator by means of an 
Provision is also made for setting up the scale length electronic counter. But very few counters will operate 
agai nst the internal crystal calibrator, giving increased correctly when the applied signal carries deep modulation ; 
accuracy for bandwidth or similar measurements . so the TF 2002B is fitted with a separate COUNTER 

External Frequency Shift Incremental frequency shift OUTPUT socket so that the carrier i.s available from a point 
can also be applied to the carrier by means of a control in the circuit prior to the modulator. This point is, however, 
voltage fed to an appropriate terminal on the front panel. subsequent to a buffer amplifier so that connection of the 
The frequency shift produced is directly proportional to counter does not affect the carrier frequency. The counter 
the d.c. level of this voltage, ±1 volt d.c. producing a shift output is also used to drive the Digital Synchronizer 
equa l to at least the limits shown in the table located TF 2170B. 
beside the incremental frequency control. This facility can Radiation For highly sensitive receivers which are 
be used for manual or automatic frequency control. fitted with internal ferrite-rod aerials it is, of course. 

It can also be used for narrow band frequency sweep, . extremely important that the signal generator shall be 
a pa rticular app-lication being the display of the frequency free from stray leakage field . To this end, particular 
response characteristic of a tuned amplifier or receiver on attention has been paid to the high degree of screening 
an osci lloscope. The sawtooth voltage of the oscilloscope's needed. 
time base is applied to the frequen cy shift terminal of the 
TF 2002B; the r.f. output from the signal generator is fed 
to the receiver or the amp I ifier in the normal way; and the 
output from the unit under test is applied via a suitable 
detector to theY input of the oscilloscope. 

Stability The frequen cy stability is typically 30 p.p.m. 
per 15 minutes after a 3 hour warm-up period, but can be 
improved by use of the Digital Synchronizer TF 2170B, 
which gives a stability of 1 p.p.m. after 3 minutes warm-up 
and an absolute accuracy of 1 p.p.m. 

RF OUTPUT 
For all carrier frequencies up to 88 MHz a maximum 

r.f. output of 1 volt p.d . across a 50 0 load can be ob­
tained with 100% modulation. With no amplitude modula -

MODULATION 
The TF 2002B can be amplitude or frequency modulated 

internally or externally. Internal a.m. can also be applied 
simultaneously with external frequency shift so that 
dynamic bandwidth measurements can be made using a 
modulated signal. 

Modulation Oscillator The signal generator contains a 
low distortion modulation oscillator which is continuously 
variable over the frequency range 20 Hz to 20 kHz. This 
a.f. range is covered in six sub-ranges, each having a 
maximum to minimum frequency ratio of approximately 
3·16:1. 

The output from the modulation oscillator is available 
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TF2002B 

for external use from a terminal at the rear. the level 
remain ing constant at about 0·7 volt into 600 0 irrespec­
tive of modulation frequen cy or depth .. 

Amplitude Modulation AM . continuously variable 
up to 100% can be applied from the internal oscillator or 
from an external source over the frequency range 20 Hz 
to 20 kHz. At the lower carrier frequencies. however. it is 
obviously not possible to obtain deep modu lat ion with 
high modu lat ion frequencies. For guidance of the 
operator the range switch of the internal modulation 
oscillator carries markings indi cating the lowest cat rie'r 
frequency for which each a.f. range can be used . These 
markings also serve to show the approximate limitations 
when external modulat ion is used . 

External Levelling When the FUNCTION switch is in the 
LEVELLING position the external a.m. terminal is connected 
directly to the modulation/ level control system. This 
provides the faci lity for adjusting the carrier level by 
application of an external direct voltage. With the instru­
ment in this operat ing cond ition a direct voltage of ±6 
volts produces ±1 00% variation in carrier level. This 
control voltage is. however. relati ve to a -6 · 7 5 vo lt 
standing potential. which is present at the terminal when 
no input is connected. For use with fully floating d.c. 
sou rces a -6· 75 volt reference is available from a termi nal 
at the rea r of the instrument. 

CARRIER FREQUENCY 
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Range Eight bands. with scales graduated in 
frequency: 

A: 10kHz to 32kHz 
B: 32kHz to 100kHz 
C: 100kHz to 320kHz 
D: 320 kHz to 1000 kHz 
E: 1 MHz to 3·2 MHz 
F: 3·2 MHz to 10 MHz 
G: 10MHzto 32MHz 
H: 32 MHz to 88 M Hz 

Scale accuracy Sca le position is adjustable against 
interna l crystal calibrator. Using the 
index position the accuracy is ± 1 %. 

Mechanical tuning 
discrimination The frequency scales are near­

logarithmi c. A lin ear logging sca le, 
wi th effectively 1 000 divis ions. is 
provided. 

Stability At constant ambient temperature 
between 10° and 35°C, the frequency 
drift in the 15 minute period 
commencing 3 hours after switch-on 
is typical ly less than 30 p.p.m. +3 Hz 
and wil l not exceed 90 p.p .m. +3 Hz. 
During the period 1 0 minutes to 
3 hours after swi tch-on. the 
frequency drift will not exceed three 
times the amoun ts stated above. 
Following a 1 0°C ambient 
temperature change (with in the range 
10° to 35 °C) occurrin g after the 
above period of operation. the 
maximum frequency drift rate during 
the next 3 hours is typi ca lly 200 
p.p.m. per 15 minutes. 
The frequency variation produ ced by 
a 10% change in supply voltage 
about 230 or 115 V is less than 

Frequency Modulation At ca rrier frequencies exceed­
ing 1 MHz the signal generator can be frequency modu­
lated from the internal oscillator or an external source over 
the a.f . range 20 Hz to 20 kHz. Between 1 00 kHz and 
1 M Hz the maxi mum modulating frequen cy is redu ced to 
4kHz. 

Deviation is continuous ly variable in three ranges. the. 
maximum for each being equa l to the maximum incre­
menta l shift as shown in the table on the signa l generator's 
front panel. 

Modulation Monitor The a.m. depth or f .m. deviation 
is monitored by a pane l meter. which is directly calibrated 
in per-cent a.m. depth and kHz f.m. deviation. When used 
as an f.m. monitor the sensitivity may be standardised by 
means of a trimmer control. with the built-in crystal 
calibrator as an ultimate reference . 

POWER SUPPLY 
The signa l generator is normal ly intended for operation 

from an a.c. mains supp ly and is suitab le for use from 
supplies in both the 110 vo lt range and 230 vo lt range. 
As it can be operated at freq uencies up to 500 Hz it is 
very suitable for operat ion in aircraft or similar situat ions. 
The instrument can also be operated from external 
batteries. the required input vo ltage being from 19 to 32 
volts. and the current consumption is 400 mA. 

1 p.p.m. +1 Hz. measured after a 
2 hour warm-up period . Improveme nt 
in stabi lity ca n be achieved by use of 
the Digital Synchronizer TF 2170B. 
w hich provides a stability of 1 p.p.m. 

Atten uator reaction With the output loaded with 50 0 
and w ith either attenuator at 
maximum output. the maximum 
frequency shift between the extremes 
of the other attenuator contro l is not 
greater than 88 Hz at 88 M Hz. 

Electrical fine tuning Operative above 32 kHz on ly. Each 
carrier frequency band is provided 
wi th three ranges of electrical f ine 
tu ning as shown below. 

Frequency 

32- 100kHz 
100- 320kHz 
320-1 000 kHz 

1- 3·2 MHz 
3·2- 10 MHz 
10- 32 MHz 
32- 88 MHz 

6 f range in kHz 

Band 1 2 3 

B ±0·05 ±0·15 ±0·5 
c ±0·15 ±0·5 ±1 ·5 
D ±0·5 ±1·5 ±5·0 
E ±1 ·5 ±5·0 ±15 
F ±1·5 ±5·0 ±15 
G ±5·0 ±15 ±50 
H ±5·0 ±15 ±50 

Electrical fine tuning up to the 
maximum in the tab le may be used 
as an externa l frequency shift faci l ity 
for manual or automatic frequency 
con trol. frequency modu lation. phase 
modulation or sweeping. 
Sweep wi dths in excess of the table 
may be obtained : on Range Cup to 
5·0 kHz. and on Range D up to 
30kHz. 
Incremental frequency accuracy: 
± 15% of full sca le when FM/ 6 f 
Fl N E CAL. control is centralised. 
For incremental frequency ranges 



above ± 1 kHz. ±5% of fu ll sca le 
w hen ca librated using, the internal 
crysta l calibrator tn the + /'::, f or - /'::, f 
range. 
Discrimination: better than 0·005% of 
carrier frequency. 
Discrimination with Digital 
Synchronizer TF 21708: 10 Hz at 
any carrier frequency above ·32 kHz. 

Crystal calibrator Check poin ts at 1 M Hz. 100kHz 
an d 10 kHz interva ls. 

RF OUTPUT 

Crystal accuracy: ± 1 x 1 0- • over 
range 10°C to 35°C. 
Additional check points at ± 1 kHz 
about crysta l points. 
Accuracy: ± 10 Hz. 

Level Between 10 kHz and 88 M Hz (c.w. 
or modulated up to 100%): 0·1 ~V 
to 1 V p.d. across a 50 0 load. With 
no a.m. 2 V p.d. is avai lable. 

Attenuators Seven position coarse attenuator with 
20 dB steps. Marked -20 dB to 
+100 dB wi th respect to 1 ~V. 
Twenty-·one position fi ne attenuator. 
w ith 1 dB steps. Marked 0 dB to 
+ 20 dB. Both marked wi th 
equivalent voltage at each setting. 
Externa l Attenuator Pad TM 5573/1 
provi des 6 dB. 

Carrier meter . Scale graduated in vo ltage. 

Tota l output accuracy 
(with 50 0 load ) 

Impedance 

Counter output 

AMPLITU DE 
MOD ULATION 

Depth 

Monitor 

Accuracy 

Envelope distortion 

Voltage range: 1 and 2 V w ith 
corresponding graduations in dB. 

± 1 dB up to 88 M Hz. An additiona l 
error of ±0·5 dB may occu r above 
32 M Hz at 10°C and 35°C. 
Automatic level control maintains 
carrier level meter setting constant 
within 0·5 dB at all carrier 
frequencies. 

Effective ly 50 0 at all leve l settings. 
BNC connector. 
V.S.W.R. : Better than 1·1 :1 for 
outputs below 200 mV. with or 
wi thout 6 dB Attenuator Pad 
TM 5573/1. 

Greater than 100 mV into 50 0. 

Continuously variab le up to nomina lly 
1 00%. Troug l;l depth equiva lent to 
at least 90%. 

Reads equiva lent peak modulation. 

± 5% modulation from 20 Hz to 
20 kHz. not exceed ing the maximum 
usable modulation frequencies shown 
in the table below. 

Using interna l oscillator.- less than 1% 
distorti on factor at modulating 
frequen cy of 400 Hz for modulation 
depth up to 80% at carri er frequencies 
between 320 kHz and 88 M Hz. At 
carrie>r frequencies between 1 00 kHz 
and 320 kH z. less than 2%. The 
maximum usable modu lation 
frequencies for a given distortion anc! 
modul ation depth depend on carrier 
frequency as shown . 

"\.' -. 
Internal modulation 

oscillator 

Modulation oscillator 
output 

External AM (a.c.) . 

External levelling (d.c.) 

FREQUENCY 
MODU LATION 

Deviation 

Modulation frequency 
range 

Monitor 

Distortion 

Internal oscillator 

External FM (a.c.) 

TF2002B 

Band Carrier Maximum 
Frequency · frequen cy 

fo r 80% 
modulation 
depth (5% 
distortion) 

A 10 to 32kHz 100Hz 
B 32 to 100kHz 100Hz 
c 100 to 320 kHz 1 ·5 kHz 
D 320 to 1 000 kHz 2kHz 
E 1 to 3·2 MHz 20kHz 
F 3·2 to 10 M Hz 20kHz 
G 10 to 32M Hz 20kHz 
H 32 to 88 M Hz 15kHz 

Covers 20 Hz to 20kHz in six ranges. 
Frequency accuracy: ± 1 0%. 

Fixed level signal from rear termina l 
of approximately 0· 7 V r.m.s. into 
600 0 from a 600 0 sou rce wi th less 
than 0·25% distorti on. 

Frequency range 20 Hz to 20 kHz 
subject to depth accuracy and 
distortion limits as for internal 
modulat ion. 
Requirements: approximately 1·2 V 
r.m.s. for nominal1 00% a.m. (depth 
adjustab le at panel). Impedance 
varies between 1 and 2·5 kO. 

An input t:ietween -0·75 V and 
-12 ·75 V gives control of the carrier 
level to between approximately 2 
and 0 V p.d. 
Input impedance: approximately 
4 kO in series with - 6·75 V. 

Above 1 00 kHz carri er frequency 
conti nuously variab le w ith three 
ranges to maximum peak deviations 
as shown in the tab le under 
' Electrica l fine tuning'. When usi ng 
hal f fs.d. on maximum f ine tuning 
and on f.m. ranges the f.m. accuracy 
is decreased to typically ±20%. 

20 Hz to 4 kHz at carri er frequencies 
between 100 kHz and 1 M Hz .With 
carriers above 1 M Hz the modulation 
frequency range is extended to 
20kHz w ith a flatness of ±2·0 dB. 

Ind icates peak deviation. 
Accuracy: With modulation 
freq uencies between 20 Hz and 4 kHz. 
±15% of full scale when the 
FM / /'::, f FINE CAL control is 
cen tralised. ±6% of fu ll sca le when 
the /'::, f system has been 
standardised. 

Less than 3% at maximum deviation 
w ith modulation frequencies from 
20 Hz to 4 kHz. 

As for amplitude modu lation. 

20 Hz to 20 kHz. accuracy of 
deviation an d frequency limitations 
as for internal modulation. 
Input: Approximately 1·2 V r.m .s. into 
2 to 2·5 kO for maximum deviation 
given under 'Electrica l f ine tun ing' . 
(Deviation adjustab le at panel.) 
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External frequency 
shift (d.c.) 

Synchronizer input 

An input between -5 ·75 and -7 ·75 V 
gives contro.Lof the carrier frequency 
by at least the maximum deviations 
shown in the table under 'Eiectriro1 

fine tuning'. 
Polarity: negative going voltage 
increases frequency. 
Input Impedance: 100 kO appro: 
series w ith -6·75 V. · 

B N C socket on rear panel for 
TF 2170B. 
Standing voltage: -6·75 V. 
Polarity: negative going voltage 
increases frequency. 
Sensitivity: varies between 5% and 
0·5% per volt between the lower and 
higher carrier frequency ranges. 

SPUR IOUS SIGNALS 

Carrier harmonics 

Leakage 

Spurious AM on CW 

-40 dB from 32kHz to 20 MHz 
(ranges B to F) at al l leve ls. 
-35 dB from 10 MHz to 88 MHz 
(ranges G and H) at 1 V meter 
setting . 
- 30 dB from 10kHz to 88 M Hz at 
2 V meter setting. 

Negligible. Al lows measurements on 
sensitive receivers to be made close 
to the signa l generator. 

Below -75 dB relative to the-carri er 
in a 3 dB bandwidth of 650Hz at 
carri er frequencies below 450 kHz. 
and in 20 kHz bandwidth above . 
450kHz. 

Spurious FM on AM For 30% a.m. up to 88 M.Hz at 1 kHz 
modulation frequency. deviation is 
less than 250 Hz; and at 10 kHz 
modulation frequency. deviation is 
less than 3 kHz. 

Spurious FM on CW Less than 6 Hz in the C.C.I.T.T. 1960 
psophometric telephone weighted 
bandwidth. 
Less than 25 Hz in a 50 Hz to 20 kHz 
bandwidth. 

Spurious AM on FM Less than 1% from 320kHz to 1 MHz. 
Less than 0· 1% above 1 M Hz. 
At 1 kHz modu lation frequency and 
at maximum deviation for the band 
in use. #' 

Microphony Les? than 1· 5 kHz deviat ion is 
caused by-! g acceleration in the 
range 1 0 Hz to 1 00 Hz. 

SAFETY Designed to meet the requirements 
of I EC 348 . 

POWER REQUIREMENTS 

AC mains 95 to 130 V. 190 to 264 V. 45 to 
500 Hz; 15 VA approx. 

External d.c. 19 to 32 V: earthed positive; 4oad 
0-4 A approx. 

DIMENSIONS AND 
WEIGHT Height Wid th Depth Weight 

284 mm 473 mm 392 mm 26-4 kg 
11-! in 18-! in 15-! in 581b 
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VERSIONS AND ACCESSORIES 

When ordering please quote eight-digit code numbers 

Ordering numbers 
Versions 

52002-035T TF 2002B. The basic instrument in a 
case for bench use. 

The follow ing versions may be 
available to special order. 

52002-301 L TF 2002B. Modified to accept 
19·2 kBit/s digital f.m. mod. signal 
NATO Cat. No. 6625-99-620-9118. 

52002-302J TF 2002B. As 52002-301 L plu s a 
kit of parts. 
NATO Cat. No. 6625-99-628-4 711. 

Sup~lied Accessories 
Output Lead, TM 4969/3 

(43126-0125). 50 0 coaxial cab le 
1830 mm (6 feet) long fitted with 
BNC connectors. 

6 dB Atte nuator Pad . TM 5573/1 
(44425-002D). With pad in use. 
the TF 2002B is direct reading in 
output e.m.f. BNC connectors. 
50 0. 

Matching Pad. TM 5573/3 
(44411-019G). 2:1 vo ltage ratio . 
50 to 75 0. BNC connectors. 

J ack Plug. 23421-607M . For crystal 
calibra tor a.f. output. 

Trimming Tool. 22951-221 Y. To fi t 
cores of r.f . trimming inductors. 
(Fits into clips inside the 
instrume nt.) 

Hexagonal Wrench. 22951-012E. 
For removing r.f. box cover. (Fits 
into dips inside the instrument.) 

Optional Accessories 
44425-501 E 20 dB Attenuator Pad TM 5573. 

50 0 BNC con nectors. 

44411-001 M Matchi ng Pad TM 5569. Converts 
from 50 to 75 0 impedance. w ith 
Belling-Lee type L7 34/ P output 
plug . 

44411-018F Matching Pad TM 6599. Converts 
from 50 to 75 0 impedance. w ith 
Burndept type PR4E output plug . 

44412-0236 Dummy Aerial and D.C. Iso lating 
Unit TM 6123. Provides "dummy" 
aerial output and also output via 
d.c. stopper capacitor suitable for 
direct vo ltages up to 300 V. 

54127-021 W Rack Mounting Kit. Converts bench 
model. TF 2002B for mounting in 
a standard 19 in rack. 

43281-007C RF Fu se Unit TM 9884. w ith spare 
fuses . 

41690-018U Front Panel Cover. Provides storage 
for accessories. 

43168-00SS Sh ielded Adapter TB 39868. Converts 
~ in spaced terminals to BNC 
socket. 

44412-021 C Matching Transformer TM 5955/5. 
Converts from 50 0 unbalanced to 
300 0 balanced. 



Digital Synchronizer TF 21708 

o Provides synthesizer accuracy for TF 2002 series 
of signal generators 

o Long-term frequency stability: 1 part in 10 6 

• 
o Frequency accuracy: 1 part in 1(t 
o Digital setting of frequency in 10 Hz increments 

12509 

The Digital Synchronizer TF 21708 has been specifically 
desig ned for use with M F /H F AM/FM Signal Generators 
in the TF 2002 family to give a frequency stability and 
digi tal setting facility only normally available from a syn ­
thes izer. Warm -up drif.t is eliminated whilst all the signal 
generator facilities are unimpaired including full a.m. and 
f.m. capabilities. The synchronizer provides digital setting 
of frequency down to 10 Hz increments and holds any 
selected frequency to the accuracy of the internal crystal 
standard. 

In use. the required frequency is first set digitally on the 
controls ofTF 21708. Then the generator is manually tuned 
to within approximately 0 ·5% of this setting. Once within 
the 0·5% capture range of the synchronizer. the generator 
w ill automatically be precisely tuned to the chosen fre-

CARRIER FREQUENCY 

Range 32 kHz to 88 MHz wi th TF 20028. 
1 00 kHz to 72 M Hz with TF 2002 
and TF 2002AS. 

Selection Seven decade switches provi de 
1 0 Hz frequ~ncy in crements. 

Accuracy Once a lock position has been 
established. the generator frequency 
wil l be held to withi n 1 part in 1 Q6 
of the digi tal setting over an ambient 
temperature range of 1 0°C to 35°C 
three minutes after switch on. 

Reference crystal ageing ± 1 part in 10 6 per year. 

RF INPUT LEVEL 

DC CORRECTION 
SI GNAL 

Compatible with the counter output 
voltage of the TF 2002 family of 
generators. 

Two switch se lected outputs are 
available; one for use with either the 
TF 20028 or TF 2002AS. the other 
for use with TF 2002. where the 
output is 2 to 12 V negative. 

quency. this condition being indicated by a stab le meter 
reading . False locking points are eliminated by a self­
check technique which operates cont inuous ly, avoiding 
any possible ambiguity in operation and obviating the 
need for an external counter. 

The function of the synchronizer is to prov ide a high 
stability reference frequency to wh ich the sig nal generator 
can be phase locked. Once the lock condition has been 
achieved. any subsequent drift in the signal generator 
frequency is automatically corrected by a control vo ltage 
which is produced in the TF 21708 and fed back to the 
f.m. circuitry of the generator. 

TF 21708 is mounted in a very slim case which fasten s 
firmly to the top of the signal generator. 

SAFETY 

POWER REQUIREMENTS 

Designed to meet the requirements 
of IEC 348. 

AC mains 95 to 1 30 V or 190 to 264 Vat 

DIMENSIONS AND 
WEIGHT 

45 to 500 Hz. Approximately 20 'v 

Height Width Depth Weig ht 
65 mm 428 mm 390 mm 6 kg 
2~in 17in 15~in 131b 

VERSIONS AND ACCESSORIES 

When ordering please quote eight-digit code numbers 

Ordering numbers 
Versions 

52170- 920H Digital Synchronizer TF 21708. 

Supplied Accessories 
Coaxial lead 43122-155Z. 50 0 BNC 

(2 supplied). 
Modification Kit for Signa l Generator 

46883-137H. 
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AM/FM Signal Generator 

o Frequency range: 10 kHz to 510 MHz; Stability: 5 p.p.m. 
o Completely automatic r.f. levelling 
0 Alternative version provides digital readout of frequency 
o Direct reading incremental frequency control 
o Built-infrequencysweep with a.m. and f.m. facilities retained 
0 Crystal calibrator also provides marker outputs 

1.' ,. 

Cvr•eo-frequtne:yMHz 

~ m oo w ~ ~ m m m m ro ~ ~ m m ~ ~ m m • M m ~ 

I Crrnalm¥hrsMHt 

12780/ 1 

TF 2008 is a top grade signa l generator which has the added 
attract ion of a built - in frequen cy sweeper. The very wide frequency 
cover and unusual range of facilities have been ach ieved by combin­
ing the techniques of the conventional frequency-multip li er type 
signa l genera tor w ith those evo lving from synthesize r deve lopment. 
In this way an ,extremely versat il e test source has been produced. 
su itab le for measurements on all types of f.m. and a.m. rece iver 
ope rat ing at frequencies up to 510 M Hz. 

In add it ion to usual signal genera tor functions. the TF 2008 can be· 
operated in a frequency swept mode. with the sweep w id th adjustable 
up to the entire cover of each tun ing band. The instrument retain s 
f.m. and a.m. capab ilities in the swept mode. and is. therefore. 
sui tab le for a number of dynamic measurements on receivers that 
would be outside the scope of the normal sweep generator. 

16 

TF 2008/ 1 is an alternative version w hich has all the facilities of the 
basic instrument and in addition provides digital readout of frequency. 

CARRIER FREQUENCY 
The carrier frequency is variab le over the range 10kHz to 510 M Hz 

in eleven tun ing bands. Nine bands are utilised to cover frequ encies 
from 22·5 to 510 MH z. each having a maximum-to - min imum 
frequ ency ratio of only V2 :1 to give an open. eas ily read . tuning 
scale. w ith prec ise control of the ma in frequency setting. A t th e low­
freq uency end of th e instrument's range. w here the receiver band­
wid ths are comparatively large in terms of ca rri er frequency. narrow 
tuning bands would be inconven ient. and frequencies below 22·5 
M Hz are. therefore. covered in two tuning bands. 



Manual Tuning The main tuning sca les are ca rried on a cy linCi ri cal 
drum w hich is mechan ica lly coupled to the RANG E switch (Tuning ­
band selector). so that only the sca le correspond ing to the selected 
band is visible. and possibl e ambiguity is completely obviated. The 
electri ca l arrangement of the instrument is such that th e direct ion 
of the sca le is reversed on alternate tunin g bands - i.e. frequency 
increases from left to right on th e lowest band. from ri ~ ht to left on th e 
second band. from left t o right on the lh ird band and so on. Thi s 
featu re cuts out much of the ted iu m th at can occur w hen tuning 
close to the band-change frequen cy. 

Frequency variat ion over the full cover of each ' band is effected 
by twelve turns of the main frequency contro l. w hich also ca rri es a 
subsidiary dial w ith a 100 division linear logging ·scale. As the ma in 
frequency sca le law is li near on all bands. the log ging sca le forms a 
convenient means of interpo lation between main sca le markings. 
g iving effecti ve ly 1200 divisions per band. a facility w hich is further 
enhanced by the inclusion of a ca li brat ion figure on the main d ial 
showing the logging scale grad ient in kHz/div for the se lected 
tun ing band . The zero mark on the logging sca le is adjusted to co inc ide 
w ith the crystal marker frequencies. w hich are also shown on th e · 
ma in dial. •' 

Fine Tuning Control For fine contro l of the carr ier frequency -
·e.g .. when tunin g to a receiver's peak response. etc .. - an unca li­
brated Fl N E frequency contro l is provided. Thi s con trol varies the 
bias on a varactor diode coupled to the variab le-frequency oscill ator. 
and g ives a total frequency va ri at ion eq uivalent to about one 
division of the logging scale. El ectr ica l access to the fine-frequency­
control c ircuit is ava il able via a FI NE TUNE term inal on th e front 
panel . an in put of ± 4 vo lts d.c. centred on approximately -9 vol ts. 
producing a frequency variat ion equal ·t o the range of the panel 
contro l. This fac ility is useful for automati c drift correcti on. 

Crysta l Calibrator The internal crystal calib rato r provides 
thirteen check po ints per tuni ng band. 'th e crystal check frequencies 
being indicated on the main tuning dial for easy ident if icat ion. 

For use of the cal ibrator w ith manual tun ing . the beat note is 
normally detected aurally by the use of. head phones connected via 
an output jack socket on the front panel. The a.f. output from the 
cal ibrator can. however. be drawn via a conveniently placed terminal 
for use as a marker signal w hen the instrument is operated in the 
frequency swept mode. 

The audio output level - or marker height - is adjustable by 
means of a LEVEL control; and an assoc iated SET control . mounted 
concentr ical ly: enables the user to make small standardis ing co rrection 
to the ca rri er frequency if necessary. 

Incremental Frequency Prec ise incremental changes in ca rri er 
frequency - e.g. for bandwidth measurements - can be made by 
adjustment of the I NT 6 F contro l. This con trol is ca librated directly in 
kHz. with switch-selected ful l-scale se tti ngs of plus or minus 3. 10. 
30. or 100 kHz at carr ier frequencies below 45 M Hz. and plus or 
minus 3. 10. 30. 100 or 300kHz at carr ier frequenc ies above 45 M Hz. 
It thus enab les the user of the instrument to make very accurate carr ier 
frequency changes ranging from a few hundred Hz to 100 or 300kHz. 

By virtue of the unusual electri ca l arrangement of the TF 2008 
incrementa l tuning is independent of the main tun ing system. so 
that standard isat ion of the ma in tun ing ca li brat ion is unaffected by 
adjustment of the increment al cont ro l ; i e . when standard ised aga inst 
the interna l crysta l ca li brator. th e ma in tun ing sca le always indicates 
the output frequency for zero 6 F setting. 

Extern al Freq uency Shift (N arrow Sweep) Incremental frequency 
shift can also be appl ied to the carrier by means of a con trol voltage fed 
to the EXT NARROW SWEEP input terminal. The frequency sh ift pro­
duced is directly proport ional to the d.c. level of this contro l voltage. 
positive or negative voltages of 5 volts producing. respectively, 
increase or decrease in frequency of at least 1 50 kHz at the lowest 
carrier frequency, and up to 2400kHz on the highest frequency ra nge. 

The facility can be used for remote manua l or automat ic frequency 
contro l and for frequency sweep. As the c ircuit is d.c. coupled it is 
capab le of opera ting at very low sweep speeds for such p.urposP.s as 
examination of the response character ist ic of narrow band filters. 
An internally or externally generated ampl itu~ modulating signal 
can be app li ed to the carrier with the signa l generator operat ing in 
the narrow sweep mode. a useful feature when the instrument is used 
for a.m. receiver al ignmen t. 

Wide Sweep By operation of a toggle switch the main tunin g 

TF 2008 series 

system of th e signa l generator can be converted from normal manua l 
control to the continuously swept mode. Thi s is achieved by bringing 
into ci rcuit a vo ltage-controlled oscil lator covering the same·freq uency 
range as the manu ally-tuned oscill ator ; and .it is the signa l from the 
vo ltage-co ntroll ed oscill ator that is processed to form the final output 
signa l. The manually-tuned osc ill ator and th e vo ltage-contro ll ed 
osci ll ato r are both opera ti ona l in the 'Locate Sweep Markers on ly ' 
position of the MODE switch. mal<:ing it possible to identi fy any one 
of the 1 3 markers. 

The sweep centre frequency and the sweep wid th are continu ously 
va ri able by means of a pair of concentri ca lly mounted contro ls. 
The swept d isp lay can be accurate ly ca librated by use of the crysta l 
contro ll ed markers and the va ri able marker; and the ca librated 6 F 
contro l moves the displayed response curve relative to the markers. 

Sweep drive is derived from an interna l generator. w hich produces 
a 1 :1 triangular sweep waveform at approximately 18 Hz. This 
waveform is ava ilab le from a pane l terminal for horizontal drive to 
a display osc ill oscope. such as M arcon i Instruments TF 2212 A se ri es. 

In the w ide sweep-mode thi s instrument retains the modulating 
faciliti es that are ava il ab le w ith manua l tunin g. It is. therefore. 

' suitable fo r a number of measurements on demodulators that would 
be beyond the scope of a normal sweep generator. 

MODULATION 
The TF 2008 can be ampl itude or frequency modulated internall y 

or extern ally. Both types of modu lat ion ca n also be applied simultan­
eously. either as interna l a.m. w ith externa l f.m. or vice versa. 

Modulating Oscillator The internal modulating osc ill ator is 
con ti nuously var iab le over the frequency range 300 Hz to 3 kHz .­
This frequency rang e covers th e aud io bandwidth of most communi ­
cat ions rece ivers. and inc ludes th e modulati on frequenc ies commonly 
used in performance measurements on receivers of all types. 

Th e output from the modu lati ng oscill ator is ava il able for externa l 
u·se from a front panel socket. the leve l rema ining at 0 5 vo lt s 
regard less of the modulation depth or deviati on sett ing. 

Amplitude Modulation The a.m. depth is continuously variable 
up to 80% at all ca rrier frequencies by adjustment of a directly 
calibrated contro l. Internal modulation is. of course . . ava il able over 
the full range of the bu il t- in a.f. osci ll ator. or external modu lat ion 
can be applied at frequencies between 20 Hz and 15 kHz. There is 
no further restricti on on modulat ion frequency or depth at low ca rr ier 
frequenc ies provided that the carrier frequency is at least ten ti mes the 
modulating frequency. 

Frequency Modulation The TF 2008 can be freq uency modu lated 
internally over the full range of its bu il t- in a. f. osc ill ato r or from an 
externa l source at any freq uency from 30Hz to 125 kHz. Th e modu ­
lat ion frequency character istic is flat w ith in 0·6 d B from 30 Hz to 53 
kHz w ith negligible phase shift. so that th e instrument is su itab le 
fo r f.m. stereo appl icat ions. g iv ing chan nel separat ion better th an 
35 dB. 

Deviation is cont inuously var iable up to 100kHz at carr ier frequen­
cies below 45 M Hz and up to 300 kHz at carr ier frequencies above 
45 M Hz. Adjustment is made by means of a direct ly ca librated 
control in conjunction w ith the 6 F switch. the same electr ica l 
system being used for frequency modulat ion as for incrementa l 
frequency shift. 

For prec ise sett ing of low dev iation values. opera ti on of a togg le 
switch reduces the deviat ion. for any setting of the controls. by a 
factor of 10. This makes it possible to operate the instrument w ith 
large 6 F sh ifts but w ith sma ll deviati ons. 

M od ulation Monitor For d irect indicat ion of a.m. depth or f.m . 
deviation on the cal ibrated controls . th e input signal (internal or 
external) to the modu lat ion systems must be set to the reference 
leve l indicated by the MODULATION LEVEL meter. Pane l con trols for 
thi s purpose are used for adjusti ng th e levels of both interna lly and 
externally generated modu lati on signa ls. 

Separate cont rols for SET AM and SET FM are provided for 
convenience when the signal is freq uency and amp litude modulated 
simultaneously, and a MOD ON/OFF swi tch enab les the user tore­
move the interna lly generated modu lation- e.g .. for signal-to-no ise 
ratio measurements - w ithout disturb ing the sett ings of the modula­
t ion level contro ls. 

RF OUTPUT 
The r.f. output level is continuously variable from 200 mV down 

to 0 2 1N e.m.f. from a 50 0 source impedance. A sing le OUT PU T 
LEVEL dia l is ca li bra ted directly in voltage and in decibels re lat ive to 
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1 flV e.m.f. An alternative attenuation dial ca librated in p.d. is 
available. Output level adjustment is made by means of two concentric 
contro ls associated with the ca librated dial. The coa rse contro l. 
which carries the dial. covers 110 dB in steps of 10 dB ; and the fine 
contro l. which moves the cursor via a redu ction gear. is continuously 
variable over 1 0 dB. The very effective automatic leve l control system 
of the TF 2008 obviates the need for the "Set ~a rrier" contro l fitted 
to most signal generators. · 

Counter Output An auxiliary r.f. outlet is provided in order that 
the frequency may be monitored w hile the instrument is in use . 
The counter output level is independent of the setting of the coarse 
OUTPUT LEVEL contro l. and provides at least 100 mV into 50 0. 
variable by the fine OUTPUT LEVEL control. 

DIGITAL READOUT VERSION 
TF 2008/1 retains all the facilities of the basic instrument. but 

provides digita l readout of carrier frequency in addition to the normal 
tunin g scales. This eliminates the need for an external counter. w ith 
its associated leakage, for accurate setting of frequency. The counter 
output facility is not provided on the TF 2008/1. this output being 
used to provide the internal digital readout. The readout section is 
incorporated in the main generator case at the top of the instrument. 
and the r.f . screening of this section is comparable with that of the 
main generator so that no deterioration of performance occurs at low 
output levels. 

The six- digit in-line readout shows the frequen cy in M Hz with 
automatic positioning of the decimal point. the significance of the 
last digit depending on the carrier rangE') in use. No additional 
controls are needed and no action is required to bring the readout into 
use. operation of the signa l generator being exactly as for the basi c 
instrument. 

Digital readout section of the TF 2008!1 

FREQUENCY CONTROL 
(Manual mode) 
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Range 10kHz to 510 MHz in eleven bands. 
Bands and main sca le ca librations as 
ollows : 

Frequency Band Scale 
Division 

(1) 0·01 to 4·5 MHz 50 kHz 
(2) 4·5 to 22·5 MHz 100 kHz 
(3) 22·5 to 31· 5 MHz 100kHz 
(4) 31· 5 to 45 MHz 100kHz 
(5) 45 to 63 MHz 200 kHz 
(6) 63 to 90 MHz 200 kHz 
(7) 90 to 126 MHz 500 kHz 
(8) 126 to 180 MHz 500 kHz 
(9) 180 to 252 M Hz 1 MHz 

(10) 252 to 360 MHz 1 MHz 
(11) 360 to 510 MHz 1 MHz 

Calibration accuracy ± 0 ·5% from 22·5 to 510 MHz. 

Stability At consta nt ambient temperature 
within the range 10•c to 35• c: 
In the 15 minute period commencing 
1 hour after switch-on. the frequ ency 
variation is typically less than 5 p.p.m. and 
wi ll not exceed 15 p.p.m. on ran ges 
3 to 11 . 
On range 1 the frequency variation 
is not greater than 350 H~ . 
On range 2 the frequen cy variation 
is not greater than 900 Hz. 
Following' a 10 deg. C change in the 
ambient temp erature within the range 
1 o · c to 35 °C occurring 3 hours after 
switch-on. the maximum frequency 
variat1on after 1,; hou rs does not exceed 
30 p.p.m. per 15 minutes on ranges 
3 to 11. 
On ranges 1 and 2 the maximum 
frequency vanat ion afte r 11 hours 
does not exceed 1·25 kHz per 15 minutes. 
After a supply vo ltage change of +10% or 
-10%. maximum frequency change 1s less 
than 1 p.p.m. +50 Hz. 

Microphony Less than 10 kHz deviat1on is caused by 
~g accelerat ion at vibration frequencies 
from 10 Hz to 80 Hz. The inst rument is 
unaffected by acoustic feedback when 
used with a receiver having a bui lt-in 
loudspeake r under normal conditions. 

Load rear:tion 

R F level control reaction 

lnternal ll f control 
(Incremental tuning) 

External 

With the RF OUTPUT LEVEL controls set 
for maximum output the frequency shift 
caused by disconnecting a 50 0 load 
does not exceed 100Hz at ca rr ierf requenc1es 
up to 100 MHz. and does not exceed 
200Hz at ca rrier frequencies up to 510 MHz. 
The frequency shift caused by va rying 
the RF OUTPUT LEVEL over its entire 
range does not exceed 1 00 Hz at carrie r 
frequencies up to 100 MHz. and does not 
exceed 200 Hz at carrier frequencies up 
to 510 MHz. 

Directly 'ca librated. with range full -sca le 
settings as follows: 
Bands 1 to 4: 3. 10.30 and 100kHz. 
Bands 5 to 11 3. 10. 30. 100 and 300 

kHz. 
Accuracy: ±5% full-scale ±0·5 kHz. 

narrow sweep ±5 V d. c. or 10 V P·P a.c. to 

FREQUENCY CONTROL 
(Sweep mode) 

NARROW SWEEP INPUT te rminal from 
source impedance not exceeding 12 kO. 
can be used to sweep the generator 
as follows : 

Carrier frequen cy Max. sweep 
width 

0·01- 45 MHz ± 150kHz 
45 - 90 MHz ± 300kHz 
90 - 180MHz ±600kHz 

180 -360MHz ± 1200kHz 
360 -510MHz ±2400kHz 

Drive frequency up to 30 Hz. 

Sweep width Adjustable up to the frequency limits of 
each tuning band. 

Centre frequency Adjustable over the full cover of each 
tun ing band by means of an uncalib rated 
control. subject to the sweep width 
l imits above. 

Frequency markers A crysta l ca l ibrator provides 13 markers 
per band. These may also be used to 
imp rove the calib ration accuracy of the 
main scale under manual tuning conditions 
Crystal oscillator accuracy: ±0·01% at 
ambient temperatures between 1 o· c and 
35 •c. 

Sweep drive From internal triangular -wave generator. 
Sweep rate: Approximately 18 Hz. 

Horizontal drive output 8 V P·P e.m.f. 



AMPLITUDE MODULATION 
Depth 

Monitor 

Calibration accuracy (at 23°C) 

Envelope distortion 

Internal frequency range 

External frequency range 

External input requirement 

FREQUENCY MODULATION 

Deviation 

Monitor 

Calibration accuracy 

• Continuously variable up to 80% by 
directly cal ibrated control. The sca le is 
marked up to 9 5%. 
Peak reading - reference level. 
±6% mod. depth up to 40%. 
±15% of indication from 40 to 80%. 
An additiona l error of ±5% of reading 
may occur at +10° and +35°C. 

Typi call y less than 3% at 80% modul ation 
depth using internal modulating oscillator. 
With external modulation the distortion 
may rise to 6% at higher modulating 
frequen cies. 

300 Hz to 3 kH z continuously variable. 

20 Hz to 15 kHz. 

Approximately 0 ·5 V to set reference 
level. 
Input impedance: 600 0 nominal. 

Bands 1 to 4: 0 to 100 kHz. continuously 
variable in four ranges with full -scale 
settings of 3. 10. 30 and 100 kHz. 
Bands 5 to 11: 0 to 300 kHz. continuously 
va riable in five ranges with full-scale 
settings of 3. 10. 30 100 and 300 kHz. 

Peak reading- reference level. 

±5% of range fu ll-scale at 1 kHz. 

Envelope distortion Less than 1% using internal modulating 
oscillator. 

Internal frequency range 300 Hz to 3 kHz continuously va riable. 

External frequency range 30 Hz to 125kHz. Suitable for f.m. 
stereo. giving channel separation better 
than 35 dB at 1 kHz and 15 kHz. 

Response characteristic 30Hz to 53 kHz: Within ±0·3 dB of the 
response at 1 kHz. 
53 kHz to 125 kHz: Withi n ±1·0 dB of 
the response-at 1 kHz. 

External input requirement Approximately 0·5 V to set reference 
level. 
Input impedance: 600 0 nominal. 

MODULATING OSCILLATOR 

RF OUTPUT 

Frequency range 300 Hz to 3 kHz continuously variable. 
Accuracy: 10%. 

AF output Available from MOD OUTPUT terminal 
Level: Not less than 0 ·5 V e.m.f. 
Source impedance; 600 0 nominal. 

Distortion Less than 0·1 5%. 

Level 

Controls 

0· 2 1-N to 200 mV e.m.f. 

Coarse: 11 steps of 10 dB. 
Fine: 0 to 10 dB continuously variable. 
Directly ca librated in voltage and decibels 
relati ve to 1 1-1V. 

Total level accuracy 
(above 2 ~V) (at 23°C) ±1 dB ±0·2 1-1V 100kHz to 100 MHz. 

±2 dB ±0·2 1-1V 10 kHz to 510 MHz. 
An additional error of ±1 dB may occur 
at +10°C and +35°C. 

Source impedance 

Counter output 

SPURIOUS SIGNALS 

50 0. 
VSWR: Better than 1·2 :1 with 10 dB 
or more on COARSE control. 1·5:1 at 
maximum output. 

100 mV or greater into 50 0 (with RF 
Ou tput loaded with 50 0) depending on 
the setting of the fine RF OUTPUT LEVEL 
control. 

AM on CW Better than -60 dB relative to 100% 
modulation over 15 kHz bandwidth. 

FM noise With telephone psophomet ric weighting. 
equivalent deviation is less than 10 Hz 
for carrie r frequ encies be low 360 M Hz. 
and less than 20 Hz for ca rrier frequen cies 
up to 510 MHz. 

AM on FM At full devia tion. typically less than 1% a.m. 
and not greater than 1 ·5% a.m. over 
internal modulation frequency range. 

FM on AM Less than 120 Hz deviation at ca rrier 
frequencies up to 100 M Hz; less than 
600 Hz deviat ion at ca rrier frequencies up 
to 360 MHz; less than 1·2 kHz at ca rri er 
frequencies up to 510 MHz. with 30% a.m. 
at 1 kHz. · 
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Carrier harmonics 
Non-harmonic components 

Leakage rad iation 

POWER REQUIREMENTS 
AC mains 

External d.c 

SAFETY REGULATIONS 

LIMIT RANGE OF 
OPERATION 

Temperature 

1.
1 CONDITIONS OF STORAGE 

AND TRANSPORT 
Temperature 

Humidity 
Altitude 

DIMENSIONS AND WEIGHT 

Less than 5% total harmonic distortion . 
Less than 1% up to 180 M Hz and 
less than 3% up to 510 MHz. 
Up to 510 MHz with a receiver sensitivity 
set at 1·0 1-1V. a 25mm (1 inch) 2 turn loop 
feed ing the receive r cannot detect a 
signa l of this level at a distance greater 
than 2 5mm from th e generator. 

95 to 130 Vor 190 to 264 V 
45 to 500 Hz. 22 VA. 
21 to 32 V- positive-earth 
500 mA approximately. 
Complies with IEC348 and BS 4743 
safety requirements. 

0 to 55°C 

-40°C to + 70°C. 
Up to 90% relative humidity. 
Up to 2500 m (pressurised freight at 
25 kN/m> differential. i.e. 3· 7 lbf/i n>) . 

Height 
285 mm 
11·25 in 

Width 
475 mm 
18·5 in 

Depth 
315 mm 
12·5 in 

Weight 
21 Kg 
461b 

The specification for the TF 2008/1 is the same as for the TF 2008 with the 
following additions 

DIGITAL READOUT 
Crystal accuracy 
Ageing accuracy 

Readout accuracy 
Least significant figure 

COUNTER OUTPUT 
DIMENSIONS AND WEIGHT 

VERSIONS AND ACCESSORIES 

Six-digit in-line. 
± 1 p.p.m. 
±1 p.p.m. per year. 
Crystal accuracy ± 1 count. 
10Hz from 0·01 to 4·5 MHz. 
100Hz from 4·5 to 90 MHz 
1 kHz from 90 to 510 MHz. 

Not provided. 
Height Width 
330 mm 475 mm 
13 in 18·5 in 

Depth 
315 mm 
12·5 in 

Weight 
25 Kg 
561b 

When ordering please quote eight-digit code numbers 

Ordering numbers 
Versi6ns 

52008-015T TF 2008. Basic instrument in a case for 
bench use. (NATO Cat. No. 6625-99-
117-5353. CT 561/3.) 

52008-025K TF 2008/1. Digital Readout Version. 

Supplied Accessories 
Protective Front Panel Cover 41684-003J 

marked with operating summary (for 
TF 2008). 

Protective Front Panel Cover 41684-004F 
marked with operating summary (for 
TF 2008/1 ). 

Accessory Kit 46883-134K comprising 
RF Connecting Cable TM 4969/3 
(43126-012S) 50 0. 1524 mm (5ft) BNC. 
Phone Jack Plug 23421-612R. 
Adaptor Phone Socket to BNC 
43168-016X. 

Optional Accessories 
44416-077J Detector Probe TM 9650. 
44425-501E 20 dB Pad TM 5573. BNC to BNC. 
44425-002D 6 dB Pad TM 5573/1. BNC to BNC. 
44411-001 M 50 0 to 75 0 Adapter TM 5569 BNC to 

Belling Lee. 
43281-007C RF Fuse Unit wi th spare fuses TM 9884 

type BNC. 
54127-021W Rack Mounting K1t (for TF 2008 only) . 
54711 - 021X Maintenance Kit. 
41174-029T Attenuator Dial ca librated in p.d. 
54311-041E Adapte r. BNC Plug to Conhex screw-on 

plug. 

Associated Equipment 
52212-910P X-Y Display TF 22 12A. 
52212-911X X-Y Display TF 22 1 2A/1. Long 

persistence version 
52213-910E X-Y Display TF 22 13A (Dual channel). 
52213-911U X- Y Display TF 2213A/1. Long persistence 

ve rsion. 
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10 to 520 MHz AM/FM Signal Generator 
and Digital Synchronizer 

o Wide frequency range: 10 to 520 MHz 
o Three models with peak frequency deviations from 2·5 to 500 kHz 
o Amplitude modulation up to 80% depth 
o Excellent output level accuracy 
o Versatile performance gives good value for money 
0 Fundamental oscillators for each range- no non-harmonic components 
0 Optional synchronizer gives frequency stability of ± 2 in 10 7 

o Optional i.f. probes simplify tuning to receivers 

· .. · 

TF 2015/1 

Thi s series of general purpose AM / FM Signal Generators 
covers the carrier frequency range of 1 0 to 520 M Hz and 
offers a first-class spec ifi cation at an economica l price. 
The three mode ls in the series all provide amp I itude 
modulation up to 80% depth and they differ principally in 
their frequency deviation ranges. 

TF 2015 is useful as a genera l laborato ry instrument 
hav ing two deviation ranges with full -sca le sett ings of 
1 0 kHz and 100 kHz. 

TF 2015/1 is a narrow deviation model wi th three 
ranges of 2·5. 5 and 25kHz peak deviation . It is pa rt icu larly 
su itab le for mobile radio and other narrow band app li ca­
t ions. The ease of sett ing of low deviations makes it of 
va lue in design laborato ri es as we ll as for manufacturing 
and serv icing . 

TF 201 5/2 is a wide deviation mode l wi th ranges of 20. 
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100 and 500kHz. It is parti cularl y applicable to measure­
ments on multichannel systems such as those used in data 
commun ication and telemetry. 

For appli cati ons demanding greate r frequency accu racy 
and stab ility th e Digital Synchronizer TF 2171 can be used 
w ith TF 2015 seri es to form a manually synth es ized signa l 
generator w ith an accu racy and long term frequency 
stability of 2 parts in 10 7

• 

TF 201 5 empl oys fundamental frequen cy generation. 
the ran ge being cove red in eleven switched bands using 
separate vo ltage-tu ned osci ll ators. Each band has an 
easi ly-read·sca le. wi t h on ly the sca le in use vis ible at any 
time. Within each band three tuning -co ntrols operate: an 
18 sect ion TUNE sw itch wh ich positi ons th e cu rso r 
within 2% of the frequency required. a variab le FINE 
TUNE control linked to the cursor providing interpolation 



TF 2 01 5 series 
TF 2171 

between switched steps, and a ten-turn EXTRA FINE no non-harmonically related components are present. and 
TUN E control w hich permits frequency adjustment with in incidental modulation is very low. Microphony is also low 
the sma llest pass bands. · and frequency stabi lity is good . 

Ve rsatile modulation facilities are provided. including Since TF 2015 is tuned by app ly ing a d.c. vo ltage to 
internal and external FM and AM. Mixed ~M and FM variable capacitance diodes it readil y lends itself to sweep 
operation is also possible using the interna l modu lation frequency testing applications ranging from the narrow 
osci ll ato r as one source and an externa l osci ll ato r as the sweeps used for testing the overa ll response of narrow 
other. band rece ivers to t he w ider sweeps associated with 

broadband amp I ifiers . * 
RF output level can be va ried from 0 ·2 JlV to 200 mV Th e sma ll size and light we ight of the TF 2015 series 

e.m.f. ( -1 27 dBm to - 7 dBm) by means of a coarse make them suitable for field servicing, and this is aided by 
attenuator with 10 dB steps and a cont inu ously variab le the faci lity for use on externa l d.c. supp li es and the 
fine attenuator. Automatic level con trol using a PIN diode availabi lity of an optiona l ca rryi ng case. Among the 
attenuator ensures very good output accu racy at all opt iona l accessor ies avai lab le is a range of plug- in. 
freq uencies and leve l settings, and the instrument's very crysta l- control led IF osc ill ator probes. w hich simp lify 
low r.f. leakage enab les output accuracy to be maintained tuning to receivers fitted with sque lch or battery econo-
down to the minimum r.f. output level of 0·2 f.!V . mizer circuits. 

TF 2015 has an RF OUTPUT sca le cal ibrated in dBm. "'' ·· Pulse Modu lator TF 2169 is ava il ab le for use with 
For TF 2015/ 1 and TF 2015/2 two ·optiona l RF OUTPUT TF 2015 series enab li ng high quality pu lsed r.f. signa ls to 
sca les are avai lab le. One is ca librated in d8f1V e.m.f. on be generated when pulse waveforms from an externa l 
one side and d8f1V p.d . on the reverse. Th e second is sou rce are fed into the unit. An r.f. output attenuator is 
ca librated in dBm on one side and f.!V and mV p.d. on th e included in the modulator. TF 2169 is parti cularly su itab le 
reve rse. Th e top cove r of al l models carries a sca le giving for testing modern radar receivers . 
conversion between all units. • An application note (Measuretest No. 20) is available which discusses the 

Due to the fundamental frequency generation employed use of TF 2015 for swept frequency testing using narrow sweep widths. 

TYPE NUMBER TF 2015 I TF 2015/1 I TF 2015/2 

FREQUENCY 

Range 10 M Hz to 520 MHz in 11 ranges: 
10·0 M Hz to 14·3 M Hz 14 ·3 MHz to 20·5 MHz 
20·5 MHz to 29-4 M Hz 29-4 MHz to 42·0 MHz 

42 MHz to 60 MHz 60 MHz to 86 M Hz 
86 MHz to 124 MHz 124 MHz to 177 MHz 

177 MHz to 254 MHz 254 MHz to 363 MHz 
363 MHz to 520 M Hz 

Discriminat ion Suitable fo r tuning in to a receiver wi th a 6kHz bandwidth (±3kHz at -3 dB points). 

Calibration accuracy ±1·5% wi th EXTRA FINE TUNE contro l centred. 

Stability At a constant ambi ent temperature in the range 1 0°C to 35 °C and after 2 hours from swi tch on the drift 
does not exceed 2 parts in 105 in 5 mins. 

RF OUTPUT 

Level 0·2 ~V to 200 mV e. m.f. ( -127 dBm to -7 dBm) with up to 80% a.m. Up to 400 mV e.m.f. ( - 1 dBm) 
on f.m. and c.w. 

Atten uators Coarse: 11 steps of 10 dB . Fine: 0 to 10 dB continuously va riab le. 

Calibration Output ca l ibrated in I Output ca librated in ~V and mV e.m.f. with optional ca librations in ~V 
dBm . and mV p.d .. dB~V e.m.f. dB~V p.d. and dBm. 

ALC With a terminated output. automatic level control maintains the level meter ind ication substantially constant. 

Total level accuracy With CAR RIER switch in the ON position. ±1 dB up to 100 MHz. ±2 dB above 100 MHz. 
(above 1 ~v p.d.J This includes the A LC loop response. 

Source impedance 500. VSWR better than 1·3:1 with 10 or more dB in serted in the coarse attenuator. 

Counter output Greater than 80 mV into 500. 

Leakage radiation Up to 520 M Hz w ith a receiver sensitivity set at 1·0 ~V. a 25 mm 2 turn loop feeding the receiver cannot detect 
a signal of this leve l at a distance greater than 25 mm from the generator. This permits measurements to be made 
on receivers· w ith sensi ti vities down to 0· 1 ~V. 

AMPLITUDE 
MODULATION Performance using internal modulating oscillator at 1 kHz. 

Depth Continuously variable up to an indicated 80% by di rect ly calibrated control. 

Calibration accuracy ±5% mod depth at an indicated 30% rising to ±1 0% mod depth at an indi cated 80%. 

Monitor Reference leve l indi cator. 

Enve lope distortion Less than 5% at indicated modulation depths up to 30%. 

Internal freque ncy 1 kHz ±10%. I 1 kHz ±10% and 5kHz ±10%. 

AF output Fixed leve l greater than 1 ·5 V r.m.s. into 10 kO. 

External f requency range 50 Hz to 20 kHz. 

Externa l inpu t 
requirement Less than 1·5 V r.m.s. into 1 kO to set reference level. 
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TF 2015 TF 2015/1 

Continuous ly variable in two ranges Continuously variab le in th ree 
w ith full sca le settings of 10 kHz and ranges with full scale settings of 
100. kHz peak deviation. 2·6 kHz. 5·2 kHz and 26kHz peak 

deviation. 

Reference level indicator. 

0@1 

TF 2015/2 

Continuously variab le in three 
ranges wi th full sca le settings of 
20 kHz. 1 00 kH z and 500 kHz 
peak deviat ion. 

Performance using internal modula ting oscilla tor at 1 kHz. 

W ithi n 15% of range ful l scale Within 1 5% of range f.ull scale Within 1 5% of range fu l l-scale 
(20% fo r deviation above 1 5 kHz (20% for deviation above 15 kHz subject to maximum deviation 
at carrier frequencies between at carrier frequencies between limits below. 
11 and 60 MHz). 11 and 60 MHz). 

Less than 3% (5% fo r deviation Less than 3% (5% for deviation Less than 3%. 
above 15 kHz at carrier above 15 kHz at carrier 
freq uencies between frequencies betw een 
11 and60M Hz). 11 and 60 MHz). 

100kHz 25 kHz 400 kHz fo r carr ier frequencies 
above 60 MHz. 
Usable to 500 kHz with reduced 
performance. 
1 00 kHz fo r carri er frequencies 
below 60 M Hz. 

1 kHz ±10% 1kHz ±10% and 5kHz ± 10%. 

50 Hz to 20kHz within ±1 d B of the 50 Hz to 20 kHz with in ±1 dB of 30 Hz to 100kHz within ±1 dB of 
response at 1 kHz. Usab le over the the response at 1 kHz. the response at 1 kHz. When using 
modu lation frequency. range 30 Hz the Digi tal Synchronizer TF 2171 
to 100kHz. typ1cal response wi l l be -2 d B at 

100 kHz modu lati ng frequency. 

Less than 1·5 V r.m.s. into 1 kO to set referen ce level. 

At least 26 d B below carrie r up to For output levels up to 200 mV e.m.f. an d frequencies below 
output levels of -7 dBm. 200 MHz harmonics are 'lt lea st 26 dB below ca rrier. Up to 

200 mV e.m.f. and above 200 M Hz. harmonics are at least 
20 dB below carri er. . 

None. 

W1th telephone psophometric weig hting equivalent devia tiOn is less than In a bandwi dth of 50 Hz to 15 kHz 
60Hz up to 254 MHz. and less than 100Hz up to 520 MHz. the signal-to -noise rat io wi th 

400kHz deviation is 72 dB at 
60 M Hz carr ier frequency decreasing 
to 58 dB at 520 M Hz. With 100 kHz 
deviat1on the ratio is 68 dB at 
1 0 M Hz decreasing to 62 dB at 
60 M Hz. In a bandw1dth of 30 Hz 
to 200 kHz the signa l-to -noise 
rati o is reduced by 16 dB. 

With telephone psophometric weig hting less than 0·2% modulation depth . Less than 0·2% modulation depth 
in a 50 Hz to 20 kHz bandwidth. 

Less than 500 Hz devia tion at 30% a.m. w ith 1 kHz modulating frequency. 

With telephon e psophometn c With telephone psophometri c Less than 5% modulation depth 
we1ghting at 30 kHz dev1at1on less weighting at 25 kHz devia ti on less at max1mum deviation. 
than 3% a.m. above 21 M Hz. and than 3% a.m. above 21 M Hz. and 
less than 5% a.m. below 21 MHz·. less than 5% a.m. below 21 M Hz. 



TF 2 015 series 

I Carr!e.r On 

( orr • I 46d8 

CW&FH only 

"' Part of front panel' of TF 2015/2. 

TYPE NUMBER TF 2015 TF 2015/1 TF 2015/2 

POWER REQUIREMENTS 

AC supply Any voltage w ithin the extreme limits 190 to 264 V or 95 to 132 V. at any frequency between 45 Hz and 500 Hz. 10 VA 

External d.c. 24 to 32 V negative earth. 

SAFETY Designed to meet the requirements of I EC 348. 

LIMIT RANGE OF 
OPERATION 

Temperature 0 to 55 °C. 

COND ITI ONS OF 
STO RAGE AND 
TRANSPORT 

Temperature -40°C to +70°C. 

Humidity Up to 90% relative humidity. 

Altitude Up to 2500 m (pressurised freight at 25 kN/m 2 differential. 
i.e. 3·7 Jbf/in 2). · 

DIMENSIONS AND 
WEIGHT Height Width Depth Weight 

140 mm 286 mm 311 mm 5·4 kg 
5·5 in 11·25 in 12·25 in 12 lb 

VERS IONS 

Ordering number 52015-015F 52015-901 E 52015-902U 
and description AM/FM Signal AM/FM Signal AM/FM Signal 

Generator TF 2015. Generator TF 201 5/1. Generator TF 2015/2. 

SUPPLIED RF Connecting Cable 43126 -012S (TM 4969/3). 
ACC ESSORIES BNC. 500 1524 mm (60 in) long. 

TNC to BNC Adaptor 23443-814X for counter 
output socket. 

Protective front panel cover 41690-1 02S. 

OPTIONAL 41690-044B Carrying Case. 
ACC ESSORIES 43281 -007C RF Fuse Unit TM 9884 for protection of 

Ordering number attenuator resistors when connecting to 

and description act ive loads. 
44411-001 M Ma tch ing Unit TM 5569. 

BNC connectors. Converts sou rce 
impedance to 75 0. 

44411-019G Matching Pad TM 5573/3. . BNC connectors. Matches 500 
generator to 75 0 load. 6 dB insertion Joss. 

44425-501E 20 dB Pad TM 5573.,BNC to BNC. 
54451-061 y IF Probe 470kHz. 
54451-071 s IF Probe 10·7 MHz. 
5445 1-121 B IF Probe 455 kHz. 

35901-628E Output Ca libration Plate. marked in 
dBf.!V e.m.f. on one side and dBf.!V p.d. 
on the other side. 

35901-701 E Output Ca libration Plate. marked in d Bm 
on one side and f.!V and mV p.d. on the 
other side. 

-ASSOCIATED 
EQUIPMENT 

Ordering number 52171 -900B Digi ta l Synchronizer TF 2171. 
and description 52169 -900J Pu lse Modulator TF 2169. 
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Digital Synchronizer 

o Provides digital frequency setting facility 
for Signal Generator TF 2016 series 

o Short term frequency stability ±2 in 10 7 

o Decade controls indicate synchronized 
frequency to 2 parts in 10 7 

o No degradation of generator leakage 
0 Full generator modulation facilities retained 

Digital Synchronizer TF 2171 has been designed for use 
w ith Signa l Generato rs in the TF 2015 series to give them 
a dig ital setting fac ility and a frequency stabi l ity of 2 parts 
in 10 7 . 

The function of the synchronizer is to provide a high 
stability reference frequen cy to wh ich the generator ca n be 
phase locked . Once the lock con diti on has been achieved 
any subsequent drift in the generator' s freq uency is 
au tomati ca ll y co rrected by a control vo ltage produced in 
th e synchronizer and fed back to the f.m . c ircuitry of the 
generator. All the generator fa c ilit ies are unimpaired. 
inc luding a.m. and f.m . capabi lities. and wa rm -up drift is 
eliminated. 

Operation of the synchronizer is very simp le. The 
required frequen cy is first set up digita lly on seven pane l 
switches on TF 2171. g iv ing setting at increments of 100Hz. 
Having se lected the appropriate frequency range on 
th e signa l generato r al l that is necessary is to tun e t he 
switched TUNE control until the synchronizer OUT OF 
LOCK lam p is extinguished. Once this has been done the 
TF 2171 takes ove r the tuning process and automat ica lly 
sets the generato r to the required frequ ency. Once 
synchronization has been achieved the decade contro ls of 
TF 2171 can be used to digitally incremen t th e generator 

CARRIER FREQUENCY 

24 

Range 10 M Hz to 520 M Hz. 

Selection Seven decade swi tches provide 
100 Hz increments. 

Accuracy After synch ron izatiOn . the frequency 
accuracy and stabi l ity is within 2 

Incremental frequency 

parts irf 10 7 • measured in a 1 Os 
interval. of the indicated value set on 
the synchronizer for an ambien t 
temperatu re range of 0 ° to 40 °C, 
ten minutes after switching the 
equipment on (typically five minutes). 

control After synchronization. the decade 
con trols can be used to digitally incre ­
ment the generator carrier frequency 
over a range of typically ±0·5% 
without retuning the generator. 

Reference crystal ageing ±1 part in 10 6 per yea r. 

Leakage When used with TF 201 5 series the 
r.f. leakage specification of TF 2015 
is maintained. 

TF 2171 clipped to TF 2015 

frequen cy over a range of approximate ly 1% of the setting 
in 100Hz steps. Use of the synchronize r renders comp lete­
ly unnecessary th e use of a counter for accu rate setting of 
the generator frequen cy, eliminating th e associated 
radiation prob lems. 

TF 2171 is mounted in a case of sim il ar d imensions to 
TF 2015, and is supp lied w ith the necessary intercon ­
necting leads and a set of c l ips to enable the tw o instru ­
ments to be rigid ly fixed togethe r if requi red . 

RF INPUT LEVEL Compatible with the counter output 
voltage of TF 201 5 series. 

REFERENCE STANDARD 
IN / OUT A rear- pane l I NT/ EXT swi tch se lects 

operation either from the internal 
referen ce standard. w hi ch is available 
as an output at a rear panel BNC 
socket. or from an externa l reference 
signal fed into this socket. 

Internal standard Frequency: 5 M Hz. divided down to 
1 M Hz at the output. 
Output Levels: TTL level square w ave. 
a .. c. cou pled. 

External standard Frequency: 1 M Hz. 

POWER REQUIREMENTS 

Input Level: TTL level square wave, 
into nomina l 500 o 

AC supply Any vo l tage withrn the lim i ts 95 V to 
1 30 V and 190 V to 264 V. 
45 to 500 Hz. 
30 VA. 



TF 2171 

SAFETY 

LIMIT RANGE OF 
OPERATION 

Temperature 

CONDITIONS OF 
STORAGE AND 
TRANS PORT 

Temperature 

Humid ity 

Alt itude 

DIMENSIONS AND 
WEIGHT 

Designed to meet the requirements of VER SION S A ND AC CE SSO RIE S 
IEC 348 . 

0 to 40°C. · 

- 40°C to + 70°C. 

Up to 90% rel ative humidity. 

Up to 2500 m (pressuri sed fre igh t at 
25 kN/m 2 differentia l. i.e. 3 7 I bf/i n 2) 

Height 
140 mm 
5·5 in 

Width Depth Weig ht 
286 mm 311 mm 5 7 kg 
11 ·25 in 12 25 in 12 ·51b 

When ordering p lease quote eight-digit code numbers 

Ord ering numbers 
Versio ns 

52171 - 9008 Digi tal Synchronizer TF 2171. 
Standa rd version. 

Suppli ed Accessories 
RF Lead 43129-063F. 50 0 BNC 

to BNC. 
RF Lead 43129-064G. 50 0 TNC 

to BNC. 
Mounting Kit 46883-214N. fo r f1xing 

TF 2171 ri gid ly to TF 2015 seri es. 

Optio nal Accesso ries 
41 690-044 8 Carrying Case. 
43129- 103V RF Lead. 50 0. TNC to BNC. 

IF Probes 54451 series 

0 Crystal-controlled oscillators simplify tuning 
to receivers 

o Range covers commonly-used intermediate 
frequencies 

These three IF Probes have been designed fo r use with 
AM / FM Signal Generator TF 2015 se ries. They consist of 
crystal-controlled oscillators ava ilable at the most com ­
mon ly used inte rmed iate frequencies and they are powered 
from a 22 V supp ly out let on the rea r pane l of TF 2015 via 
a lead attached to the probe. 

The probes make it easy to tune in to rece ivers f itted 
w ith squelch or battery economizer circuits by turning on 
the receiver when t hey are brought into c lose proximi ty 
w ith the IF strip. A second use is for ensu ring th at the 
generator is accu rate ly tuned to the r.f circuits in the 
receiver. With t he generator tu ned to t he nom ina l channe l 
frequency any diffe rence between the receive r i. f and the 
probe frequency wil l produce a beat note in the receive r 
output The generator tun ing can then be adj usted to 
give ze ro beat 

ORDERING NUMBER 54451 - 54451 - 54451 -
121 B 061Y 071S 

NOMINAL FREQUENCY 455 kHz 47 0 kH z 10 7 MHz 

FREQUENCY ACCURACY 
(at 20°C and 22 V supply) ±1 in 104 ±1 in 10 4 ±2 in 105 

TEMPERATURE 
COEFFICIENT OF Less tha n Less than Less than 
FREQUENCY (0 to 55°C) ±10 pp.m. ± 1 0 p.p.m. ±1 p.p.m. 

per oc per " C per " C 

OUTPUT Suitable fo r Introducing a signa l into 
the receiver IF st rip by proximity of 
radia ted r.f. fie ld . 

CONNECTOR 2-pin. non-reversible DIN 41529 to 
fi t power socket on TF 201 5 senes. 

POWER REQUIREMENTS 

DC supply + 19 V to +24 V. 2 mA Obtained 
from socket on TF 201 5 senes via 
cable attached to probe . 

DIM ENSIONS Leng th 
45 mm 
1·75 in 

Di ameter 
27 mm 
1·06 in 

Lead Leng th 
1067 mm 
42 in 

Rear view of TF 2015 showing connection of IF Probe. 
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IF Probes are stored in p rotecl!ve lid of 
the Signal Genera lOr. A foam msert is 
supplied with each probe. 

Probe used in p roximity 10 i.f strip. 
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10kHz to 120 MHz AM/FM Signal Generator 

o Wide frequency range: 10 kHz to 120 MHz 
0 Amplitude modulation up to 100% depth 
0 Frequency modulation up to 75 kHz deviation 
0 High output level up to 4 V e.m.f. 
0 Excellent output level accuracy 
0 Fundamental frequency generation - no spurious signals 
0 Compact and portable - 24 V battery supply can be used 
0 Optional digital synchronizer gives freq tf£mcy stability of ± 1 in 10 6 

TF 201 6 is a general purpose AM/ FM Signal Generator 
cover ing the frequency range 10 kHz to 120 M Hz and is a 
complemen tary instrument to the VHF/ UHF Signa l 
Generator TF 2015. Apart from its va lue as a genera l 
laboratory instrument it w ill find particu lar app li cat ion in 
the prod ucti on and maintenance testing of H F and low 
band VHF rece ive rs. It has been designed for reli ab le 
operation over a w ide range of environmental cond iti ons 
and its robust const ru ction and simp li ci ty of operat ion 
make it especially suitable for military use. · 
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For app li ca ti ons demand ing a greater frequency 
accuracy and stability the Digita l Synchronizer TF 2173 
ca n be used w ith TF 2016 to form a manuall y synthesized 
signal generator w ith an accuracy and long term stabi lity of 
± 1 part in 1 0 •. 

A system of fundamenta l freq uency generat ion is 
employed. the range being cove red in twe lve switched 
bands. so ensur ing comp lete freedom from non -harmoni­
ca lly related spu ri ous signa ls. Good f .m. on a.m. and a.m. 
on f .m. pe rformance is also obtained. Each band has an 



easily-read sca le, w ith on ly the scale in use visib le at any 
time. Tuning w ithin each band is carried out by an 18 
position TUNE switch w hich posit ions the cursor c lose to 
the frequency required, and a va riable FINE TUNE contro l 
linked to the cursor provides interpolation between the 
switched steps. A ten-turn EXTRA FINE TUNE control 
permits precise frequency adjustment to be made when 
tuning the generator to a rece iver channel frequency. 
Monitoring of the tuned frequency is made possib le by the 
provis ion of a counter output socket on the rear panel of 
the instrument. During normal operation this socket is 
covered by a cap to prevent r.f: leakage. A suitab le adapter 
giving a BNC connection faci li ty is available and a retaining 
c lip for this unit is also on the rear pane l. 

Ve rsatile modu lation facilities are provided. including 
internal and external FM and AM wi th deviations up to 
75 kHz (three switched ranges of 5. 25 and 75 kHz fu ll 
sca le) and AM depth up to 100%. Mixed AM and FM 
operation is also possible using the interna l modulation 
osci llator as one source and an external osci ll ator as the 
othe r. A frequency sweep facility is included, by which a 
voltage swing of 0 to 1 9 vo lts appli ed to the SYNC/SWEEP 
IN con nector varies the carrier frequency over the total 
cover of any one range. 

An alternative model of the generator is ava il ab le with a 
preset f.m. facility for testing receivers in wh ich a 150 Hz 
tone is used to lift the audio muting circuits. so overcoming 
the need for separate signa l injection. · 

MODEL 52016-900S 

FR EQUENCY 
Range .10kHz to 120 MHz in 12 ranges 

10to 22kHz 1·1 to 2-4 MHz 
22 to 48kHz 2-4 to 5·2 MHz 
48to105kHz 5·2to 11AMHz 

105to230kHz 10to 23 MHz 
230 to 500 kHz 23 to 53 M Hz 
0·5 to 1·1 MHz 53 to 120 MHz 

Discrimination Suitable for tuning into a narrow band 
receiver (tuning discrimination better 
than 1 in 105). 

Calibration accuracy ± 2% w ith EXTRA Fl N E TUNE 
contro l cen tred. 

Stability At a constant ambien t temperature in 
the range 1 0°C to 35 °C and after 
2 hours from switch on the drift does 
not exceed 2 parts in 105 + 100 Hz in 
5 mins. 

TF 2 01 6 series 

RF output leve l can be va ried from 21N to 2 V e.m.f. by 
means of coarse and fine attenuators. the coa rse attenuator 
introducing 10 dB steps and the continuously va riable fine 
attenuator allowing interpolation between the steps. The 
output attenuator is calibrated in 1N. mV and V e.m.f., but 
alternative output calibration plates c<;Jn be fitted giving 
ca libration either in vo ltage pd. and dBm. or in dB 11Ve.m.f. 
and dB.11V p.d. Leve ls below 2 11V are obtained using the 
supp li ed 20 dB attenuator wh ich is intended to be mounted 
at the remote end of the r.f. con necting lead to preserve the 
best accuracy at a recei ve r input terminal. When the 
attenuator pad is not in use it can be sto red on the rear 
panel using the retaining c li p fitted for that purpose. 
Automatic level control ensures ± 1 dB output level 
accuracy across the full range of frequency and output 
leve l setting . The low leakage of the generator enables 
accurate measurements to be made on receivers w ith 
sensitivit ies down to 0·1 11V. 

The sma ll size and light weight of TF 2016 make it 
suitab le for field servicing and this is aided by the ability of 
the instrument to operate from a 24 V d.c. supply. A carry­
ing case, available as ·an optional accessory, protects the 
instrument during transit. Other optiona l accessor ies 
include crysta l control led IF asci llator probes. an R F fuse 
unit and a 20W. 20 dB attenuator. 

Pulse Modulator TF 2169 is available for use with 
TF 2016 enabl ing high qua lity pu lsed r.f. signals to be 
generated for testing i.f. units of modern radar systems. 

Frequency sweep input Voltage swing from 0 to +19 V 
applied to the SYNC/SWEEP IN 
connector varies the carrier frequency 
over the frequency cover of any one 
range. 

RF OUTPUT 
Level 2 ~V to 2 V e.m.f. wi th up to 100% 

AM. Up to 4 V e.m .f. in CW and FM 
modes. Signal levels below 2 ~v are 
obtained using an externa l 20 dB 
attenuator pad supplied wi th the 
instrument. 

Attenuators Coarse: 11 steps of 10 dB 
Fine: 0 to 1 0 dB continuously 
variable. 

Calibration Output cal ibrated in ~v. mV and 
V e.m.f. A lternative plates are 
ava il able giving calibration in ~V. mV 
and V p.d .. dBm. dB~V p.d. and 
dB ~V e.m.f. 
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TF 2 016 series 

r __________________ _ 

ALC 

Total level accuracy 
(above 2 iJV e.m.f.) 

Source impedance 

Counter output 

Leakage radiation 

AMPLITUDE 
MODULATION 

Carrier frequency range 

Depth 

Monitor 

Accuracy and distortion 
(with internal modulation 

oscillator) 

Carrier 
Frequen cy 

Range 30% 

With output terminated automatic 
level control maintains the 
level su bstant ially co nstant. 

With CARRIER switch in the ON 
position: ±1 dB including the a.l.c. 
loop response . 

500; VSWR better than 1.2 :1 wi th 
10 or more dB inserted in th e coa rse 
attenuator. Front panel B N C socket. 

Greater than 50 mV into 50 0 from 
rear panel TNC socket. .... 
Up to 120 MHz wi th a receiver 
sensitivity se t at 0·5 ~v. a 25 mm 
diameter 2 turn loop feeding the 
receiver ca nnot detect a signal of this 
level at a distance greater than 25 mm 
from the generator. This permits 
measurements to be made on receivers 
with sensitivities dO\IVn to 0·1 ~v. 

100 kHz to 120 M Hz. Usable down to 
10kHz. 

Continuously vari ab le up to an 
indicated 1 00% by directly ca librated 
contro l. 

Referen ce Level Indi cator. 

Over the carrier frequency range 0·1 
to 120 MHz the accuracy of AM 
ind ication and the envelope distortion 
are given by the follow ing tabl e: 

AM Depth 

80% 

(M Hz) Accuracy Di storti on Accuracy Di stort ion 
w ithin* less than w ithin* less than 

0·1-30 ±5% 1·5% ±5% 3% 

30-90 ±5% 3% 
+ 5% 6% -10% 

90-120 +0% 4% +0% 8% 
-7 ·5% -15% 

• Figures quoted are in terms of ± modulation depth. 

Internal modulation 
frequency Switch selected 400Hz or 1 kHz ±5%. 

AF output 

External frequency 
response characteristic 

External input requirement 

FREQUENCY 
MODULATION 

Carrier frequency range 

Deviation 
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Monitor 

Accuracy 

Fixed leve l greater tha n 1 V r.m.s. 
into 10 )<0 from rear panel BNC 
so.cket. 

100Hz to 10kHz within 0·5 dB of 
the response at 1 kHz. 

Less th an 1 5 V r.m.s. into 1 kO to set 
reference level. 

1·1 to 120 MHz. 

Continuously variable in three ranges 
w ith full scale settings of 5 kHz. 
25kHz and 75 kHz. 

Reference Leve l Indi cator. 

±15% of f .s.d . at 1 kHz modulating 
frequency. 

FM Distortion 
(using internal 1 kHz 

modulation oscillator) 

Internal modulation 
frequency 

AF output 

External frequency 
response characteristic 

FM stereo performance 
(88 to 108 MHz and 

10·7 MHz only) 

For a total harmonic distorti on not 
exceeding 2% the maximum deviation 
obtainable is 5 kHz for ca rrier leve ls 
between 2A and 5·2 M Hz; 25kHz 
between 5·2 and 11 A M Hz and 
75 kHz between 10 and 120 M Hz. 
For a total harmonic distorti on not 
exceeding 4% the maximum deviation 
obtainable is 5 kH z for carri er leve ls 
between 1 1 and 2A MHz; 25 kHz 
between 2A and 5·2 MHz and 75kHz 
between 5·2 and 11 A M Hz. 

Switch selected 400Hz or 1 kHz ±5%. 

Fixed leve l greater than 1 V r.m.s. 
into 10 kO from rear panel BNC 
socket. 

50 Hz to 10kHz within 1 dB of the 
response at 1 kHz . Usable to 1 00 kHz 
at carrier frequencies above 30 M Hz. 

Ch anne l separation better th an 30 dB 
at 1 kHz modulation frequency. 
FM distortion typically less than 0·5% 
t.h .d. for deviations up to 75kHz 
wi th carrier frequencies between 88 
and 108 MHz. 

External input requirement Less than 1·5 V r.m .s. into 1 kO to 
set reference leve l. 

SPURIOUS SIGNALS 

Carrier harmonics 

Non-harmonically related 
coherent components 

FM on CW 

At least 26 dB below carrier at output 
leve ls up to 1 V p.d. 

None. Fundamenta l frequency 
generati on produces no non­
harmoni call y related coherent 
components. 

With teleph one psophometric 
weig ht ing (CCITT P53 network). 
equiva len t deviation is less than 20 Hz 
up to 53 M Hz and less than 40Hz up 
to 120 M Hz. 

AM on CW Wi th telephone psophometric 
weighting (CCITT P53 ) less than 
0·05% modulation depth. 

SAFETY 

POWER REQUIREMENTS 

AC supply 

External d.c. 

IF PROBE SUPPLY 

DIMENSIONS AND 
WEIGHT 

Designed to meet the requirements of 
I EC 348. 

Any vo ltag e within the extreme limi ts 
190 to 264 V or 95 to 132 V. at any 
frequency between 50 Hz and 60 Hz. 
usable to 500 Hz. 
24 VA maximum (50 Hz). 

23 to 32 V negative earth . 0·55 A 
maximum cu rrent consumption. 

Rear panel socket provides power for 
opti ona l IF Probes ( + 20 V behind 
470 0). 

Height Width Depth Weight 
140 mm 286 mm 311 mm 7 kg 
5·5 in 11 ·25 in 12·25 in 15A lb. 



MODEL 52016-301 H 

AMPLITUDE 
MODULATION 

The specification for this~ model is the 
same as that given above wi th the 
fol lowing exceptions. 

Internal modulation 

FREQUENCY 
MODULATION 

frequency 1 kHz ± 5%. 

Internal modulation 

PRESET FM 

frequency 1 kHz ± 5%. 

Operation ON/OF F switch se lects preset 
frequency modulation irrespective of 
position of main fun ction switch. 

Carrier frequency range 1 ·1 to 1 20 M Hz. 

Deviation 3kHz ±15% (Adjustable by internal 
preset control) . 

Modulating frequency 149 ±2 Hz (Adjustab le by interna l 
prese t con trol) . 

AF output When the preset modulation facility 
is in use an output is available at a 
2 mm socket on the rear panel for 
monitoring by a frequency counter. 

VERSIONS AND ACCESSORIES 

When ordering please quote eight digit code numbers 

Ordering numbers 

Versions 
52016-900S AM/FM Sig nal Generator TF 2016 . 

(Nato Cat. No . 6625-99-645-9230) 
52016-301H AM/ FM Signal Generator TF 2016 

wi th preset pilot tone f.m. 

Supplied Accessori es 
Protec ti ve Front Panel Cover 

41690-102S 
20 dB Coaxia l A ttenuator Pad 

44429-018B. 50 0. BNC. 

· .. · 

3.5901-869Y 

35901-870E 

41690-0448 
43126-012S 

43281 - 007C 

44411-001 M 

44411-019G 

54127- 231P 

54127-241A 

54311-071Z 

54431-0218 

54451-061Y 
54451-071S 
54451 - 1218 

TF 2 016 series 

Optional Accessories 
Conversion plate for ou tput 

attenuator. Reversible plate 
ca li brated in ~v p.d. and dBm. 

Conversion plate for output 
attenuator. Reversible plate 
ca librated in dB~V e.m.f. and 
dB ~v p.d. 

TF 2016 can be su pplied with either 
of these co nversion plates fitted if 
speci fi ed at the ti me of ordering . 

Carrying Case. 
RF Connecting Cable 50 0 . BNC . 

1 5 m. (59 in.). 
RF Fuse Unit TM 9884. BNC. fo r 

protection of attenuator resistors 
w hen con necting to active loads. 

Matching Unit TM 5569. A series 
25 0 resistor converts the effective 
source resistance from 50 0 to 
75 0 . BNC socket to Belling-Lee 
L734/ P plug . 

Matching Pad TM 5573/3 for 
matching 50 0 Generator to 75 0 
load. BNC . vo ltage ratio loss 2:1. 

Rack Mounting Kit '(fo r rack mounting 
TF 2016 or TF 2173 alone). 

Rack Mounting Kit (for rack mounting 
TF 2016 and TF 2173 together) . 

Adapter TNC to BNC fo r coun ter 
output socket. 

20 W. 20 dB Attenuator Pad fo r use 
at remote end of con necting cab le 
to provide attenuation and reverse 
power protect ion . 

IF Probe 470kHz. 
IF Probe 10·7 M Hz. 
IF Probe 455 kHz. 

The IF Probes provide crystal 
con trolled signa ls at standard IF 
frequencies for use in rece iver 
alignment. For details see page 25 
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Digital Synchronizer 

o Provides digital frequency setting facility for Signal Generator TF 2016 
D Frequency stability -L 1 in 10 6 

D Decade controls set synchronized frequency with 10 Hz resolution 
• 

D No degradation of generator leakage 
D Full generator modulation facilities retained 

1.! ,, 

DIGITAL SYNCHRONIZER TF 2173 

MHZ kHz Hz 

~ ~10 

- _ ... ·-" ... , ;,. I"'" "r:ii 5" 
--

• m1 

-
Out of 

lock 

. ·- -

lock 
On 

_.,-

Digital Synchronizer TF 2173 has been designed for use 
wi th Signal Generator TF 2016 to give a digita l setting 
facility and a frequency stabi lity of better than 1 part in 10 6 _ 

The function of the synch ronize r is to provide a high 
stab ility reference frequency to wh ich the generator can be 
phase locked. Once the lock condition has been achieved 
any subsequent dri ft in the generator's frequen cy is auto­
matically cor rected by a contro l vo ltage produced by the 
synchronize r and fed back to the d_c_ coup led tuning 
ci rcuitry of the TF 2016. A ll the generator facilities are 
unimpaired. including a.m. and f.m. capabi lities. and 
wa rm-u p drift is eliminated_ 

Operation of the synch ronize r is ve ry si mple _ The 
required frequency is first set up digita lly on the seven panel 
swi tches of TF 2173. giving settin g increments of 10 Hz_ 
Having se lected the approximate frequency range on the 
sign al generato r all th at is necessary is to tun e the 
generato r to approximate ly th e co rrect frequency until the 
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MARCONI NSTRUI"ENTS liD -
Synchronize r OUT OF LOCK lamp is extinguished. Once 
this has been done the TF 2173 takes over the tunin g 
process and automatica l ly sets the generator to the required 
frequency. Once synch ronization has been ach ieved the 
decade contro ls of TF 2173 can be used to digita lly incre­
ment the generator frequency over a range of approximate­
ly 2% of the setting in steps as small as 10Hz. This faci lity is 
particularly usefu l when testing channe li sed equipment­
for example at frequencies above 50 MHz digita l settings 
alone can be us.ed to alter the generated frequency by at 
least 1 MHz in steps equal to the cha nnel spacing. Use of 
the synchron izer renders complete ly unnecessary the use of 
a counter for accurate setting of the generator frequ ency. 
eliminating the associated rad iation problems. 

TF 2173 is mounted in a case of simil ar dimensions to 
TF 2016. and is suppl ied with the necessary interconnect­
ing leads and a set of clips to enable the two instruments 
to be securel y fixed together if required. 



TF 2173 

• Outd lDd< m• lDd< On Srn< Output S.....,.On 

• • 
HAACCNI INST1UelTS lro .. .. 

TF 2173 clipped co TF 2016 14326/4 

CARRIER FREQUENCY 

Range 10 kHz to 119·99999 MHz. 

Selection Seven decade switches provide 
1ncrements down to 10 Hz . 

Accuracy After synchronization the frequency 
accuracy and stability, when measu red 
over a period of 10 seconds or 
greater. is within 1 part in 10 6 of the 
value indicated by the decade 
con trols . This accuracy and stability is 
achieved after 10 minutes wa rm-up at 
a constant ambien t temperatu re in the 
range 10° to 35 °C. 

Incremental frequency 
control After synchronization. the decade 

con trols can be used to digitally 
increment the generator carrier 
frequency over a range of typically 
2% withou t retuning the generator. 

Reference crystal ageing 

RF leakage 

± 1 part in 106 per year. 

When used with TF 2016 the r.f. 
leakage specification of the Signal 
Generator is maintained. 

RF IN PUT 

Level Compatible with the TF 201 6 
Counter Output signal leve l. 

REF ERENCE STANDARD 

Selection A rear pane l I NT /EXT switch selects 
operation either from the Internal 
reference standard or from an external 
referen ce signal. 

Internal standard output Frequency: 5 M Hz. divided down 
to 1 MHz. 
Output level: TTL level square wave 
a.c. coupled. 

External standard input Frequency: 1 MHz. 
Input level: TT L level square wave 
into 500 0 nomina l impedance. 

SAFETY 

POWER REQUIR EMENTS 

AC supply 

DIM ENSIONS AN D 
W EIGHT 

Designed to meet the requirements of 
I EC 348. 

Any voltage wi th in the lim its 95 to 
132 V and 190 to 264 V. 
45 to 500Hz. 30 VA. 

Height 
140 mm 
5·5 in 

Width Depth We1ght 
286 mm 311 mm 5 7 kg 
11 25 in 12 ·25 in 12 51b. 

VERSIONS AND ACCESSORIES 

When ordering please quote eight digit code numbers 

Ordering numbers 

52173- 900M 

41 690- 0448 
541 27-231P 

Versions 
Digital Synch ronizer TF 2173. 
(Nato Cat. No. 6625-99-645-9552) . 

Suppl ied Accessories 
Protective Front Panel Cover 

41690-102S. 
RF Lead 43129-063F. 50 0. BNC to 

BNC. 
RF Lead 43129-190H. 50 0. TNC to 

TN C. 

Optional Accessori es 
Carrying Case. 
Ra ck Mounting Kit (for TF 2016 or 

TF2173) 
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Pulse Modulator 

o For use with AMJFM Signal Generators TF 2015 and TF 2016 and other generators 
0 Frequency range: 10 to 520 MHz 
0 Particularly suitable for testing radar intermediate frequencies 
0 Accurate output attenuator ~ 

0 Excellent carrier suppression 

0 Narrow pulses, fast rise times suitable for high discrimination radar 

· .. · 

MARCONI INSTRLHNTS ITO 

Pulse Mod ulator TF 2169 has been designed for use w ith 
10 to 520 M Hz AM/ FM Signal Generator TF 2015 to 
enab le high quality pu lsed r.f. signa ls to be generated. It 
may also be used w ith many other signa l generators 
including TF 2016. 

The modu lato r requires two inputs, the r.f . ca rrier from a 
signa l generator and a pu lse waveform from an externa l 
pu lse generato r. Two ring modu lato rs are used to produce 
the modu lated signa l, giving exce ll ent r.f. ca rr ier suppres­
sion. The output is taken via an accurate bui lt -in r.f. 
attenuator w ith a range of 0 to 110 dB in 10 dB steps. 
When the instrument is used wi th TF 2015, fine adj ustment 
of the output can be obta ined by use of the generator's 
fin e attenuator con tro l. 

TF 2169 w ill find pa rti cu lar application in the manu­
facture. commiss ioning, maintenance or operat ion of 
radar systems, both military and commercial, including 
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marine and meteorological systems. Its wide frequency 
cover inc ludes all the standard radar intermed iate fre­
quencies. Important fea tures are the exce llent ca rri er 
suppression, which is necessary when check ing the 
linea rity of the logarithmic amp lif ie rs used in the latest 
radar systems, and the abi lity to provide the narrow pul ses 
w ith fast rise times needed for testing high discrimination 
systems. 

TF 2169 is built into a sma ll case suitab le for connecti on 
to the TF 2015 or TF 2016 and mounting kits are avai lab le 
for c lipping the two instruments together. 

Hi gher leve l pu lse outputs than are avai lab le w ith 
TF 2169 alone can be obta ined by using it in conjunction 
wi th RF Amp lifi er TF 2167 which has a bandwidth of 
50 kHz to 80 MHz and a gain of 47 dB, or w ith RF 
Amp lifi er TF 2175 which has a bandwidth of 2 MHz to 
500 M Hz and a gain of 27 dB. 



CW INPUT 
Frequency 

Level 

Impedance 

PULSE INPUT 
Minimum level 
Maximum level 

Polarity 
Impedance 

RF OUTPUT 
Carrier insertion loss 

Attenuator range 

Attenuator accuracy 

Output impedance 
Pulse duration 
Pulse rise time 

Carrier suppression 

Input pulse present 
at output 

CONNECTORS 

TF 2169 

10 to 520 MHz. 
100 mV to 30 mV p.d . 1- 7 dBm to 
-1 7 dBm). 
Approximately 500 

3·5V . 
6V. 

SAFETY 

DIMENSIONS AND 
WEIGHT 

Designed to meet the requirements 
of IEC 348. . 

Height 
52 mm 
2·05 in 

Width Depth Weight 
274 mm 268 mm 1·7 kg 
10·8 in 10·55in 3·751b 

VERSIONS AND ACCESSORIES 
Positive or negative going. 
500 ~·VVQen ordering please quote eight digit code numbers 

10dB±2dB. 
0 to 110 dB in 11 steps of 10 dB 
I panel marked 10 to 120 dB to allow 
for insertion loss of 10 dB) . 
Each step of 10 dB is within ±0· 3 dB 
The maximum cumulative error is 
±1 dB . 
500 
100 ns to infinity ld.c . coupled). 
Less than 25 ns . 
At least 70 dB up to 80 MHz, falling 
to 50 dB at 520 MHz I typica lly 
90 dB up to 80 MHzl. 

Less than 10% of peak carrier 
amplitude . 

BNC sockets for CW IN , PULSE IN 
and RF OUT . 

Ordering numbers 

52169-900J 

43129-1060 

46883-214N 

46883-220F 

V 
Pulseln 

4 Nom SV Mo.ll 

PULSE MODULATOR TF 2t)) 

Versions 
Pulse Modulator TF 2169. 

(NATO Cat. No. 
6625-99-645-9235) 

Option al Accessories 
Lead Assembly. To connect 

TF 2169 to TF 2015. 
Mounting Kit. To fit to TF 2015 

fo r connection to TF 2169. 
Moun ti ng Kit. To fit to TF 2169 

for connect ion to TF 2015. 

Associated Equipment 
10 to 520 MHz AM/ FM Signal 

Generator TF 201 5. 
RF Amplifie r TF 2167. 

50 kHz to 80 M Hz bandwidth. 
RFAmplifierTF 2175. 

2.MHz to 500 MHz bandwidth . 
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50 kHz to 520 MHz Synthesized Signal Generator 
~·--------------------------------------------

and GPIB Adapter TK 2021 

0 Wide carrier frequency range: 50 kHz to 520 MHz . 
0 low sideband phase noise 

0 Accurate output level: ± 1 dB overall 

0 AM depth: 0 to 99% in 1% steps 

0 FM deviation: 0 to 299 kHz in three ranges 

0 High r.f. output: 4 V e.m.f. for c.w. and f.m. 

0 Wide range modulation oscillator: 20 Hz~.-· tp 99 kHz 

0 Fully programmable by parallel b.c.d. code commands 

0 GPIB * Interface 

ll:1071 GM ADI#fl.lt. fOil. Tf2010 

mi """"'""""' SYNTl£IZED SIGNAL GENMTOR TFlOlO 

AM DEPTH FM OEVlA"TlC:N 

il Q 

"" 00 

1 8 0 "'" 0 0 b • 0 

TF 2020 with the optional GPIB Adapter TK 2027 

TF 2020 is a new synthesized signal generato r providing 
comprehensive c w . a. m. and f .m. outpu ts over the wide 
frequency range of 50 kHz to 520 MHz. All the operating 
functions. including car-rier frequency. output level and 
modulation . ca n be controlled either manually at the front 
panel or remotely by application of prog rammable para ll el 
b.c.d. commands Altern att ve ly wi th the addition of the 
GP I B Adapte r. TK 202 1. the synthesized signal generator 
may be controlled over the General Purpose Instrument 
Bus. The generator is thu s equally suitable for manu all y 
operated bench use or for inc lusion in a fu lly automated 
test system. 

Outstanding features of the generator are its high r.f. 
output level (4 volts e.m.f. from 50 0 for c.w. an d f.m . 
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signals). accu rate output level setting switchable in 0·1 dB 
steps. and excellent noise performance 

TF 2020 has many app li cat ions in receiver production . 
ranging from LF and M F types right through to VH F and 
UHF mob il es . As a high quality signa l source it will be in­
valuab le in development laboratories. and its programm­
ability makes it a flexible production tool. either as part of a 
full ATE system or wi th simpler programming to set up a 
number of regul arly -used frequencies. modulation settings 
and output levels . 

• GPIB -Marconi Instruments General Purpose 
lnszrutnent Bus is in accordance with IEEE Standard488-7 975 
and IEC document 66 (Central Office) 22 



Carrier frequency 
The carrier frequency can be set in 1 Hz increments over the 
range 50 kHz to 520 M Hz. either by means of lever decade 
switches or remotely in the programmab le mode. A 
va luable feature in this mode is the rapid settling time after 
switching frequency- less than 10 ms to settle to wi thin 
500 Hz of the final frequency (50 ms to settle to w ithin 1 
Hz). If a frequency is selected above the operat ing range of 
the instrument the ca rri er output is automatically inh ibited 
and the illum ination of the carrier on/off switch is ex­
tinguished 

Carrier signals are derived by synthesis from an internal 
10 MHz vo ltage controlled oscillator which is phase 
locked to a 1 MHz signal obtained from a 5 MHz reference 
standard. This gives the instrument a frequency stability, 
after 24 hours operation. of better than :1~ 1 in 10 8 per day. 
The 1OM Hz oscil lator can. alternatively, be locked to an 
externa l standard frequency applied to the instrument v ia 
a rear panel connector. Thi s standard frequency may be 
any sub-multip le of 10M Hz down to 1 M Hz. at a minimum 
level of 1 00 mV. 

The internal1 0 M Hz standard can be adjusted against an 
externa l primary standard by means of a rear-panel ten­
turn control w ith logg ing scale. 

A feature of the instrument is its exce ll ent sideband 
noise making it very suitable for use as the off-channel 
signal generator in two-generator selecti vi ty measu re­
ments. At 20 kHz offset frequency the sideband noise is 
at least 130 d B/ Hz below the carr ier leve l. 
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RF output 

TF 2020 

Th e output leve l is se lected by an attenuator settable in 
0·1 dB steps For a.m. signa ls the output level range is from 
0·2 f1V to 2 volt e.m.f from 50 0 ( -1 3·9 to + 126·0 dBf1V) 
and for f m and c.w signals the upper limit is extended 
to 4 vol ts e m f ( + 1 32 ·0 dB f1V) Readout of level is directly 
in dB relative to 1 f1V e.m.f. Automatic level contro l is 
incorporated and the total leve l accuracy is ± 1 dB for out ­
puts above 2 f1V e m f 

Despite the high output level of the instrument. leakage 
has been kept to a minimum. allowing the generator to be 
used at the minirnum output of 0·2 ~Ve m f ( - 1 3·9 dBflV) 
without amb iguity Non-harmorJJcally related Signals are 
very low. at least 90 dB below the carrier level for 
frequencies above 120M Hz 
Modulat ion 
TF 2020 provides high quality frequency modulation and 
amplitude· modulation either from an internal oscilla tor or 
f rom an externa l modu lat ing signal applied via the front 
panel MOO INPUT socket Frequency and amp litude 
modu lation fun ctions are completely independent al lowing 
simultaneous f .m. and a.m. 

The internal modu lat ion oscill ato r operates from 20 Hz 
to 99 kHz in four ranges. and its output is available at a 
front pane l socket. providing a low-d istortion signa l for 

audio frequency tests (better than 0 ·1 % distortion from 
100Hz to 99kHz) 

Frequency modulation is avai lable over the modulating 
frequency range of 50 Hz to 99kHz. Peak deviation can be 
set digitally in three ranges of 0 to 2.99 kHz. 0 to 29·9 
kHz and 0 to 299kHz. In -band noise is very low permitting 
low modulation settings to be used w ithou t amb iguity 

Amplitude modulation is available over the modu lat ing 
frequency range of 20Hz to 20kHz. Modulation depth can 
be set digital ly in 1% steps from 0 to 99% 

Controls· 
A ll operating fun ctions of the generator are controlled 
interna lly by MOS logic designed to be driven by open­
co llector logic or con tact closures. The required connec­
tions can be made either manually by fron t -panel switches 
or remotely from a control unit or computer 

100 l k 10k 

Frequency offset (Hz) 

lOOk 1M 
On manual control. se lected by the LO CA L CONTROL 

DEMAND push-button. select ion of all fu nct ions is by 
push-buttons w hich are illuminated in the 'on· condit ion . 
Ca rri er frequency, modulation frequency. f .m. deviation. 
a.m depth and r.f . ou tput levels are all set by means of 
front -pa nel lever switches with digital readout on the Typical s.s.b. phase noise characteristic 

35 



.,...;,·-----------------

TF2020 
.~·------------------

switches. If the operator attempts to use the instrument 
above its maximum frequency range or outside its specified 
r.f. output level range. the output is automatically inhibited 
and the appropriate function push-button lamp is ex­
tinguished to warn the operator. 

On remote control all functions and settings are seleCAted 
by rear panel application of parallel b.c.d. commands by 
open collector t.t.l . logic or by switch closures. A manual 
lock-out line is included so that with the lock-out con­
nection made all control is via the remote input. overriding 
the setting of the LOCAL CONTROL DEMAND button. 
When the instrument is operating under remote control all 
the panel push-buttons are unlit. 

TK 2021 is connected to the TF 2020 using a multi-way 
cable. The power requirements are fed from the TF 2020 
over this link thus avoiding the need for any further leads. 
Programming has been made very simple using single 
alphabetical characters for the appropriate commands. 
Here is an example of a typical set of instructions. 

Set carrier 
frequency to 
10.7 MHz 

Modulation code; 
in this case FM 
internal no AM 

Modulation 
osci llator 
frequency 
1.3 kHz 

l j ~ 
Fl079~9~9,L1234,M4,D39~9,Al39~(CR-LF) 

~T I 
Output level of 
123.4 dB fJVemf 

FM deviation 
3.Q kHz 

Carriage 
return and 
line feed 

These instructions should be quickly learnt by the operator. 
The TF 2020 with the TK 2021 may be incorporated easily 
into larger and more complex fully automated test systems. 
using GP I B compatible equipment. 

Construction 
Careful attention has been paid to the mechanical design 
of this generator. The high output level has necessitated 
the inclusion of a high degree of screening. which has 
been achieved without loss of access for servicing . For easy 
maintenance the r.f . units can be folded out. 

Very efficient coo ling is provided . with cold air being 
drawn in from the front panel . routed through the r.f. 
modules and expelled through the rear. This ensures 
adequate coo ling even if the instrument is rack mounted. 
and also enables the filters to be readily changed from the 
front panel. A thermal cut-out is provided so that if the 
temperature rises above a safe level the power supply unit 
will be closed down. 

TF 2020 has been designed to conform to IEC 348 
safety regulations . 
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FREQUENCY 
Range 50 kHz to 519 ·999 999 M Hz in 1 Hz 

increments. Manual selection of 
frequency by means of 9 lever switch 
decade controls. 

Stability 
(Internal standard) 

Stability 
(External standard) 

Accuracy 
(Internal standard) 

Switching time 

Microphony 

RF OUTPUT 

Level 

Attenuator 

Total level accuracy 
(includ ing ALC loop and 

attenuator) 

Impedance 

Spurious r.f. 
radiation 

FREQUENCY 
MODULATION 

Peak deviation 

Deviat ion ranges 

Deviation accuracy 

± 1 in 1 0 7 per month ageing rate . 
± 1 in 1 o• per day short term stability 
after 24 hours operation. 

The wstem may be locked to any 
submultiple of 10M Hz down to 
1 MHZ 

Adjustable by 1 0 turn co ntrol w ith 
logging scale on rear panel. 

After 10 ms the frequency is w ithin 
500Hz of the final frequency. after 
20 ms it is within 30Hz and after 50 ms 
it is within 1 Hz. 

Less than 2.0 Hz peak deviation is 
caused by 0·5g acceleration in the 
range of 10Hz to 100H z. 

Va riable from 0·2 ~V e.m.f. to 4 V e. m.f. 
(- 13·9to+ 132 ·0 dB~V) inCWand 
FM modes. For AM the maximum out­
put level is 2 V e.m.f. ( + 126·0 dB~V). 

145·9 dB in 0·1 dB steps. Attenuation 
set by lever switch controls w hich 
indica te the r.f. output directly in dB 
relative to 1 ~V e.m.f. 

± 1 dB for levels above 2 ~V e.m.f. 

50U. 
VSWR better than 1 ·2 :1 for ou·tput 
leve ls below 116 d BfJV. 

With a receiver se t to 0·51N p.d. 
sensitiv ity and a 25 mm 2 turn loop 
feeding it. no signa l can be detected at a 
distance greater than 25 mm from the 
generator. A llows the 0·2 uV minimum 
output level to be used without 
ambiguity. 

Up to 299kHz deviation may be set 
digitally w ith a 3 digit lever switch and 
thumb w heel range switch . 

0 to 2·99 kHz in 10Hz steps. 
0 to 29 ·9 kH z in 100Hz steps. 
0 to 299 kHz in 1 kHz steps 
Maximum available deviation rises 
linearly from 50 kHz at a modulation 
rate of 50 Hz. to 299kHz at 300Hz, 
and fal ls li nearly from 299kHz at 33kHz 
modulation rate to 100kHz at 100kHz 
modulation rate. 

± 5% of sett ing at 1 kHz modulation 
frequency. 



Demodulated distortion 

Response 

External input 

AMPLITUDE 
MODULATION 

Modulation depth 

Accuracy 

Envelope distortion 
(using the internal 

modulation oscillator) 

Response 

External input 

INTERNAL 
MODULATION 
OSCILLATOR 

Frequency range 

Frequency accuracy 

SPURIOUS 
SIGNALS 

Distortion 

Carrier harmonics 

Less than 2% total harmonic distortion 
at maximum deviation and less than 1% 
total harmonic distortion at 25 kHz 
deviation with 1 kHz modulation 
frequency (internal) . 

Relative to the deviation at a 1 kHz 
modulation rate the variation over the 
modulation frequency range 50 Hz to 
100kHz is within± 1 0%. 

Leve lling on: datum level automatically 
set with a modulation input signai 
between 0·8 V and 1 ·2 V. 
Levelling off: calibrated with 1 ·00 V p.d. 
r.m.s. sinewave input. 
Input impedance: 600 0 . 

0 to 99% in 1% steps set'digital ly with a 
two digit l;;ver switch . 

±5% modulation depth at 1 kHz up to 
80% indicated modulation depth. 

With 30% depth and 1 kHz modulation 
frequency : less than 2% t.h.d. 
With 80% depth and 1 kHz modulation 
frequency: less than 2% t.h.d. at 
ca rrier frequencies below 200M Hz 
·and l ~ss than 5%t.h.d. at 520 MHz. 

Relative to the modulation depth at 
1 kHz the variation over the modulation 
frequency range 20Hz to 20kHz is 
within±10%. 

Levelling on: datum level automatically 
set wi th a mod ulation input signal 
between 0·8 V and 1 ·2 V. 
Levelling off : calibrated with 1·00 V p.d. 
r.m .s. sinewave input at 1 kHz. 
Input impedance: 6UO 0 . 

20Hz to 99kHz. Adjustable by 2 digital 
lever switches and thumb w heel range 
switch. 
Four ranges : 
20Hz to 99 Hz in 1Hz steps. 
20Hz to 990Hz in 10Hz steps. 
100Hz to 9900Hz in 1 PO Hz steps. 
1 kHz to 99kHz in 1 kHz steps. 

± 5% of setting 

Less than 0·1% t.h.d. from 100Hz to 
99kHz. 
Less than 0·3% t.h.d. from 20Hz to 
100 Hz. 

At least 30 dB below fundamental up 
to output level of + 126 dB fJ V e.m.f. 
and 27 dB up to + 132 dB fJ V e.m.f. 

TF 2020 

.... . 

Non-harmonically 
related coherent 

componAnts All signa ls at least 90 dB below carrier 
level for carrier frequencies above 

Single sideband 

1 20 M Hz ; at least 80 dB below carrier 
level for carrier frequencies below 
120 MHz. 

phase noise At least 130 dB/H2 below carrier leve l 
at 20kHz offset. 

FM on CW 

AM on CW 

AM on FM 

PhM on AM 

With a post detection 3 dB bandwidth 
of 30Hz to 15kHz the equivalent 
deviation is less than 2 Hz. 

At least 75 dB below carrier level when 
measured in a 30Hz to 15kHz (-3d B) 
post detection bandwidt~ 
(equiva lent to less than 0·04% AM) . 

Less than 2% modulation depth at 
maximum deviation. 
Less than 1% m::>dulation depth at 
25kHz deviation. 

Less than 50 Hz equivalent deviation at 
30% modulation depth at 1 kHz 
modulation frequency (equivalent to 
less than 0·05 radians). 

AUXILIARY 
FACILITIES 

Remote operation 

Outputs 

Inputs 

Carrier frequency 
R F output level 
Carrier ON/OFF 
FM deviation 
FM ON/OFF 
Amplitude modulation depth 
AM ON/OFF 
Modulation oscillator frequency 
Modulation oscillator ON/OFF 
Internal/External modulation 
AM ALCON/OFF 
FM ALCON/OFF 
LLO (local lock out) 
The remote fac ili ties can be program ­
med using open col lector logic or 
switch closures. The frequency. output 
level. f .m. deviation. a.m. depth and 
modulation oscillator frequency are 
programmed by universal b.c.d. logic. 
A logic · o· sta te is established by 
connecting a line to ground via 400 o 
at 2-4 mA except for the LLO line 
w hich is set to logic ·o· by connecting 
200 o to ground at 2·4 mA. 

1 M Hz internal standard signal available 
on rear panel at a level of 1 ·5 V p-p e.m.f. 
Source impedance: 250 0 . · 

Internal modulation oscillator signal 
avai lable on front panel at a leve l of 1 V 
e.m.f. ± 20% from 600 0 source. • 

An external standard signal may be fed 
into the generator at any submultiple of 
10 MHz down to a minimum frequency 
of 1 MHz at a level of 100 mVr.m.s. into 
500. Maximum input signa l1·5 Vr.m.s. 
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TF2020 
t--~~-------------------

SAFETY 

LIMIT RANGE OF 
OPERATION 

Temperature 

CONDITIONS OF 
STORAGE AND 
TRANSPORT 

Temperature 
Humidity 
Altitude 

POWER 
REQUIREMENTS 

External modulation signal between 
0·8 V and 1 ·2 V across 600 0 w ill 
automatically be set to the required 
datum level. 
1 ·00 V r.m.s. sinewave input is required 
to achieve calibrated modulation w ith 
the levelling switched off. 

Designed to meet the requirements of ·,··· 
IEC 348. . " '' 

-40°C to + 70°C. 
Up to 90% relative humidity. 
Up to 2500 m (pressurised freight at 
25 kN/m2 differential, i.e. 3.7 1bf/in2). 

AC supply 95 Vto 130Vor 190V to 264 V, 45 to 
65Hz. 

DIMENSIONS 
AND WEIGHT 

180VAapprox. 

Height 

234mm 

9·2in 

Width Depth Weight 

450mm 610mm 36kg 
17·7in 24in 801b 

VERSIONS AND ACCESSORIES 

When ordering please quote eight-digit code numbers. 

Ordering numbers 
Versions 

52020-301S 50 kHz to 520 M Hz Synthesized 
Signal GeneratorTF 2020. 

Supplied Accessories 
RF Connecting Cable 43125-019F 

(TM 4824/ 1 ) . 50 0. 1370 mm 
(54in.) Type N. 

Optional Accessories 
54712-031V Socket and Pin Kit 

(1 04-way Free Socket and set of pins) 
To mate with REMOTE CONTROL 
INPUT Plug. 

23443- 804G Adapter, Ty pe N Male to BNC Female. 
43126- 012S RF Connecting Cable TM 4969/3.50 0 . 

1 524 mm (5ft) BNC. 
44411-019G Matching Pad TM 5573/3. 50 to 

75o BNC. 
43281 - 001W RF Fuse UnitTM 5753, 0-4 W, Type N. 

Complete with 1 0 spare fuses. 
44425-501E 20 dB Pad TM 5573. BNC 
54431-021 B 20 dB. 20 W Attenuator. 50 o . 
46883- 315Y Rack Mounting Kit. 
54711-031Z Maintenance Kit, containing trimming 

tools. extender boards, extender 
leads and mechanical supports. 

23435-007H 7 -pin Free Plug . To mate v1i th DC 
output socket. 

H 52020-301 S Service Manual Vol. 2. 
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Rear view of TF 2020 showing connection of. GP78 Adapter 

GPIB ADAPTER (TK 2021) 

SAFETY 

G PI B to b. c. d. adapter in accordance 
with IEEE standard 488 -1 975 and IEC 
document 66 (Central Office) 22. 

Designed to meet the requirements of 
IEC 348. 

POWER REQUIREMENTS + 7.5 V, 250 mA available from 
rear-panel socket on TF 2020. 
Connection lead supplied. 

LISTEN ONLY For ease of control in simple jigs, a 
listen only toggle is supplied on the 
rear panel. 

DIMENSIONS AND 
WEIGHT 

Height Width Depth 
65 mm 428 mm 450 mm 
2.6 in 16.9 in 17.7 in 

Weight 
4.5 kg 
9.9 lb 

VERSIONS AND ACCESSORIES 

When ordering please quote eight-digit code numbers. 

Ordering Numbers 

52021-900F 

43129-189U 

54127- 261 D 

Versions 
G PI B Adap ter. TK 2021 

Suppli ed Accessories 
Cable Connec tor TF 2020 to TK 2021 

( 4312 9·2 8 58) 

Optional Accessories 

G PI B lead for external connect ions 

Rack Mounting Kit 



........... ______________________ __ 
Mobile Radio Test Set TF 2950 

D Combines all mobile radio servicing instruments in one unit 
D AM/FM signal generator and modulation meter cover the main mobile bands 
D Alternative versions give choice of frequency ranges . 
o Absorption and in-line power meter for measurements up to 25 watts 
D 1 kHz a.f. test oscillator 
D A F Voltmeter 
D light and compact-internal battery operation with trickle charge facility 

' ~ .. 

. 
\npu~ l e.oef MO DULATION MONiTOR 

• POWER METER 

IOCIU1 s.nd(MHI:) Lo.d ... , .. 

1406 1/2 

MH< 

SIGNAL GENERATOR 

65·84 

a.nd(MH.r:) 
84- t 01 U0-180 

TF 2950/5 

series 

The TF 2950 is almost ce rtain ly the most useful and 
versat ile mobile rad io test set th at has so far appeared. One 
of the most important fea tures is that it combines in one 
unit. many instruments needed to se rvice the type of 
equipment used in this fi eld . Another advantage is its 
portability. It is l ightweigh t and compact. and is operated 
f rom internal batteri es. w hich ca n be recharged simp ly by 
plugging th e test se t into the mains. 

Inc luded in the instrument are an am/ fm signal 
generator. a modulation monitor. a power meter th at ca n be 
used as an absorption or in - line type. a 1 kH z audio 
osc ill ator wi th independent ± 1% freq uency contro l. and 
an a.f . vo ltmete r. The instrument has a clean and neat 
external appearan ce wi th an ord erl y layout of f ront panel 
controls. Inte rn ally it is of open construction giving ready 
access to all parts for se rvic ing. 
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TF 2 9 50 series 

The signal generator covers the main mobile radio 
telephone bands . It can be amplitude or frequency 
modulated from the internal 1 kHz osci ll ator or from an 
externa l source . The same r.f. range is covered by the 
modulation monitor which can be used to measure the 
f.m. deviation or a.m. depth of mobi le radio transmitters . 
The demodu lated output of the transmitter signa l can be 
checked for the type of distorti on on a built-in loudspeaker 
and can be taken from front panel sockets for headphones 
or other tests. The power meter. which measures forwa rd 
and reflected power. covers the frequency range in two 
ban ds. Audio frequency vo ltages can be measured on the 
a.f. meter. which can be set to any one of a seri es/ of, 
full-scale deflections between 1 0 mV and 1 0 vo lts. 

The TF 2950 provides a range of fac iliti es that. in 
genera l. are not available elsewhere or ca n be obtained 
on ly at a much higher price . In most cases the same 
essential range of tests can be carried out only by using 
additional instruments. some of which are not battery 
operated. Several versions of the instrument are avai lab le. 
differing only in the frequency ranges covered. 

Signal Generator 
The v.h. f . and u.h.f. ranges are covered by th e signa l 

generator in a number of switch se lected bands. Frequency 
accuracy and stability are more than adequate for the type 
of application for wh ich the test set has been designed . 

Tests on narrow band receivers are facilitated by the 
incremental tuning contro l. which enab les the user to vary 
the frequen cy by up to 20 kHz either side of the nomina l 
frequency. Output voltage is cont inuously va ri ab le from 
0·1 f.!V to 10 mV in two ranges. The lower range covers 
voltages up to 1 00 f.!V and the upper range from 1 0 f.!V 
to 10 mV. A calibrated SET LEVEL dial is used for both 
ranges. The accuracy of the output leve l has been ensured 
by fitting a SET-CARRI ER control. 

The 'output impedance of the signal· generator is 50 0. 
It can be amplitude or frequen cy modulated, internally or 
externa lly, the internal modulating signa l being obtained 
from the a.f. osci ll ator. Amplitude modulation is variab le 
up to 50% for ca rri er frequencies up to 180 M Hz. F M 
deviation can be set from 0 to 5kHz f .s. or 0 to 25kHz f.s. 
The signal generator section can be externa ll y modulated 
over the range 0·3 to 5 kHz. 

TF 2950 is fitted wi th an output socket providing a 
power supply for the range of IF probes availab le as 
optiona l accessories . 

Modulation Monitor 
Measurements of amp litude and frequ ency modulation 

can be made with th e modulation monitor, which gives 
the same frequency cover as the signal generator. The 
amplitude modulation depth measurement range is 
between 0 and 80%. F M deviat ion is measured in two 
ranges with maximum readings of 5 kHz and 25 kHz. 
respectively. 

The modulation is indicated on the test set's main meter. 
Any asymmetry of the deviation can be checked by moving 
the switch from F M + to F M -. 

The demodu lated output from the modulation monitor 
is connected to the internal loudspeaker so that the 
modu lation can be audib ly monitored. For maximum 
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modulation accu racy the loudspeaker shou ld be 1n th e 
OFF position . The demodulated output is also present at 
the front pane l sockets. 

Modulation measurements up to full power rating can 
be made by connecting a transmitter output to the power 
meter section INTERNAL LOAD. Sufficient signa l is then 
fed to the modul at ion monitor section for measurements to 
be taken. 

Power Meter 

The power meter w ill measure both forwa rd and 
reflected power up to 1 5 watts cont inuously and up to 

· 25 watts for short periods. Th e r.f. power output from the 
mobile radio tran smitter is connected to the INPUT socket 
and passes through the power meter to the LOAD socket. 
From there it can be connected to the antenna terminal of 
the radi o telephone or to some other load when carrying 
out in - line measu rements. A lternative ly, the power can be 
dissipated in the interna l 50 0 load by connecting the 
LOAD socket to the INTERNAL LOAD socket. 

The power measurement can be made in two bands. 
giving the same overall frequency cove r as the signal 
generator. 

Continuous power up to 30 watts, and sho rt -term 
power up to 50 watts can be measured by using the · 
optiona l attenuator type 6536/1 . 

AF Oscillator 

Thi s useful signal sou rce has a front panel con trol to 
vary the nominal 1 kHz output frequency of the a.f. 
osc ill ator by up to ± 1%. The ± 1% contro l is particu lar ly 
useful when making SINAD measurements. The output 
from the osci ll ator is interna lly connected to. and can 
frequency or amplitude modu late, the signal generator. The 
output from the oscil lator is variab le between 0 to 3 volts 

. in four switch se lected ranges. The actua l value of the 
output voltage is shown on the main meter of the test set. 

AF Voltmeter 

Externa l audio-frequency vo ltages in the 100 Hz to 
20 kHz range are measured by connecting th em to the 
front pane l IN PUT sockets on the a.f. voltmeter sect ion . 
The voltmeter has an input impedance of 100 kO. Seven 
swi tch se lected ranges with full-scale deflections of 
1 0, 30, 1 00 and 300 mV. 1. 3 and 1 0 volts are provided. 
The va lue of the vo ltage being measured is indi cated on 
the test set's main meter to an accuracy of ±5% f.s. 

Power Supply 

A front pane l switch with three positions- ON, OFF and 
CHARGE- controls the power supp ly to the test set. When 
con nected to the mains and swi tched to the ON position. 
the TF 2950 is supp li ed by the internal batteries w hich are 
being automatica lly trickle charged by the mains. When 
the switch is moved to the CHARGE position the batte ries 
are placed on charge but the test set itself is switched off. 
Protection circuits are fitted to prevent overcharging and 
to prevent excessive discharge of the battery. The 
condition of the battery at any t ime can be checked by 
moving the front pane l FUNCTION swi tch to the appro ­
priate position . The battery "state" is then shown on the 
test set's main meter. 



SIGNAL GENERATOR 

Frequency range TF 2950/ 5 

TF 2950/ 6 

TF 2950/ 8 

TF 2950/ 9 

Frequency accuracy 

Frequency stability 

Incremental tuning 

Int. mod. freq uency 

Ext. mod. frequency 

AM 

Spurious f.m. on a.m. 

FM deviation 

Output vo ltage 

Leakage 

Counter output 

IF probe output 

MODULATION MONITOR 

65 to 84 M Hz. 84 to 108 MHz. 
138 to 180 MHz. 420 to 470 MHz. 

84 to 108 MHz. 108 to 140 M Hz. 
138 to 180 MHz. 420 to 470 MHz. 

23 to 32 M Hz. 32 to 44 M Hz. 
44 to 62 MHz. 62 to 88 MHz. 
138 to 180 MHz. 400 to 470 M Hz. 

65 to 84 M Hz. 84 to 108 M Hz. 
138 to 180 MHz. 400 to 520 MHz. 

±0·5% of reading. 

Approximately 2 5 x 10- 5 / 10 min. 
after 30 mi n. warm up. 

±20kHz. accura cy ±20% f.s. 

1 kHz wit-h ± 1% variab le control. 

0·3 to 5 kHz. 

0 to 50% mod. depth on ranges up to 
180 M Hz. accuracy ± 1 0% f.s. 

Less than 1 kH z at 30% a.m. 

0 to 5 kHz and 0 to 25 kHz. 
accuracy ± 1 0% f.s. 

Continuously variable from 0·1 f.!V to 
10 mV. accu ra cy ±30%. ±0·1 f.!V. 

Less than 1 f.!V at a distance of 
25 mm. using a two - tu rn loop w ith a 
loop diameter of 25 mm. 

30 mV r.m.s. into 50 0. 

A 2-pi n. non-reversib le DIN 41529 
connector fitted to the front panel 
provides a d.c. output supply of 
20 7 V for the optional IF Probes. 

Frequency range TF 2950/ 5 65 to 84 M Hz. 84 to 1 08 M Hz. 
138 to 180 MHz. 420 to 470 MHz. 

TF 2950/ 6 84 to 108 MHz. 108 to 140 M Hz. 
138 to 180 MHz. 420 to 470 M Hz. 

TF 2950/8 23 to 35 M Hz. 35 to 55 M Hz. 
55 to 75 M Hz. 75 to 90 M Hz. 
138 to 180 M Hz. 400 to 470 MHz. 

TF 2950/9 65 to 84 M Hz. 84 to 1 08 M Hz. 
138 to 180 MHz. 400 to 520 MHz. 

Accuracy ± 1% of read ing. 

FM measurements Deviation range: 0 to 5 kHz and 
0 to 25 kHz. 

Accuracy: ±5% f. s. for si nusoidal 
signa ls. 

Sensitivity: 10 mV (maximum input 
voltage 1 V). 1 5 mV on top 
frequency range of TF 2950/9. 

AM measurements Modulation depJh: 0 to 80% up 
to 180 M Hz. 

S ensitivity: 50 mV (maximum input 
voltage 1 V). 

Accuracy: ± 1 0% f.s.d. 

Monitor indication Posi ti ve and negative peak deviation 
Peak and trough amplitude 
modulation depth. 

Demodulated output From fro nt pan el sockets with 
intern al loudspeaker. 

· RF POWER METER 
Range 0 to 25 W through line using 

in ternal RF load . 0 to 15 W 
cont inuous. 1 5 to 25 W short 
term (3 min.). 

Accuracy ± 1 0% f.s . 

TF 2 9 50 series 

Impedance 

Frequency range TF 2950/5 

TF 2950/ 6 

TF 2950/8 

TF 2950/9 

AF OSCILLATOR 

Frequency 

Output 
· .. · 

Accuracy 

Output impedance 

Distortion 

AF VO LTMETER 

SAF ETY 

Input range 

Frequency range 

Accuracy 

Input impedance 

POWER REQUIREMENTS 

A C ma ins fo r battery 
cha rg ing 

Internal battery operation 
time 

50 0 ±20%. 

65 to 180 MHz. 420 to 470 M Hz. 

80 to 180 MHz. 420 to 470 MHz. 

23 to 88 MHz. 138 to 480 M Hz. 

65 to 180 MHz. 400 to 520 MHz. 

1 kHz w ith ± 1% variabl e control. 

0 to 3. 0 to 30. 0 to 300 mV and 
0 to 3 V 

±5% f.s. 

200 0 on 3 V range 40 0 on all 
other ranges. 

Less than 1 %. 

1 0. 30. 1 00. 300 mV f.s. 
1. 3 and 1 0 V f.s. 

1 00 Hz to 20 kHz. 

±5% f.s. 

100 kO. 

This instrument complies with 
the requ irements of IEC 348. 

110 V ±15% or 220 V ±15%; 
40 to 60Hz. 10 W. 

6 to 8 hours. 

Batteries Internal standard re- chargeable ce lls. 

DIMENSIONS AND 
WEI GHT Height Width Depth We ight 

315 mm 420 mm 230 mm 16 kg 
12 in 16 in 9 in 35 lb 

VER SIONS A ND ACCESSOR IES 

When ordering, please quote eight-digit code numbers. 

Ordering Numbers 

Versio ns 

52950-905Z TF 2950/5 

52950-908U TF 2950/8 
The fol lowing versions may be 
available to special order. 

52950-906-H TF 2950/6 
52950-909Y TF 2950/9 

These versions differ on ly in 
frequency cover. For details see 
specification above. 

Supplied Accessories 

3 Free BNC Plugs. 
Power Meter Lin k. 50 0 . 
4 Wander Plugs. 

Optional Accessories 

6536/ 1 Coaxia l Attenuator. Increases power 
measurement capability to 30 W 
contin uous. 50 W short -term. 
Obtainab le from Marconi 
Instruments. Sanders Division. 

54451- 061Y IF Probe. 470kHz. 
54451 - 071S IF Probe. 10·7 M Hz. 
54451 - 1218 IF Probe. 455 kHz. 

For detail s see page 46 

Made in West Germany 
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AM/FM Radiotelephone Test Set 

0 Test set for transceivers in v.h.f. and u.h.f. bands 
0 AM /FM Signal Generator: 400 kHz to 520 MHz 
o Built-in synchronizer for high stability 
o Frequency Counter: 10 Hz td 520 MHz 
0 AMJFM Modulation Monitor 
0 AF Generator: 250 Hz to 7 kHz 
o AF Voltmeter: 0 to 30 V 
o Distortion Factor Meter: 10% and 30% 
0 RF Power Meter: 2 W and 25 W 

I .. , . 

• ITU AMIFM RADIOTELEPHONE TEST SET TF 2952 • MARCONI INSTRUMENTS LTD 

COUNTER 

29520.268 kH• 

MOOULATKJN MONITOR ,.----AF IIOLTMETER~ 

Soun:e 

TF 2952 is a very comprehensive and ve rsatile test set 
comb ining in one case all of the measu rement faci liti es 
required for testing radiote lephone units in the v.h. f. and 
u.h.f. bands . Its main app li ca tion w ill be for testing mobi le. 
marine and ai rborne radiote lephone equipment in the 
maintenance workshops of radiote lephone manufacturers. 
pub li c se rvices, military and commerc ial users. 

Seven sepa rate instruments are inc luded in the test set-
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14443/2 

Signa l Generator. Frequency Counte r. A F Generator. 
AF Vo ltmeter, Distortion Fa ctor Meter. Modu lat ion Monitor 
and RF Power Mete r. Th e function se lecto r swi tches 
organise a II the necessary interconnections . eli minating the 
need for the many externa l connecti ons requ ired w hen 
sepa rate instrum ents are used. The front pane l is divided 
into sect ions co rrespond ing to the major faci li ties offered. 
w ith a layout designed to permit simp le and rap id 
operati on . 



Signal Generator 
The s.igna l generator has continuous frequency cove rage 
from 400kHz to 520 MHz, allowing measurements to be 
made at receiver inte rmediate frequencies as w el l as at their 

TF 2952 

provides the comparison f requencies used in t he phase­
lock ci rcuits associated w ith the signa l generator. 

t uned input frequencies, and also permitting checks to be AF Generator 
made of receiver spurious responses. A low distortion audio f req uency generator provides six 

A nove l t uning system is used w hich combines all the f ixed f requencies betw een 300 Hz and 6 kH z as we ll as 
benef its of ana logue tun ing w ith the high stab ili ty offered two va riab le f requency ranges covering t he band 250 Hz to 
by the digita l control of the built - in synch ron izer. When -..' · l kHz. Using t he f requency counter the var iab le frequency 
the main coarse tuning contro l is touched .the frequency can be set to an accuracy of ±1 Hz. 
locking system is automatica lly disab led and the operator The generator output can be used to modulate t he 
has fu l l ana logue control over the oscillator. Re leas ing the signa l generator output and is also avai lab le at a front panel 
tuning contro l allows the digita l f requency locking system socket for testing transmitters. Output leve l of the 
to regain contro l and stabilise the output frequency. The generator is monitored by the internal vo ltmeter and is 
final fine tuning is then ca rri ed out w ith a pair of concentric continuous ly variab le from less than 1 mV up to 3 vo lts in 
con trols unti l the desired frequency is indicated by the six swi tched ranges. 
di gital disp lay. The abi lity to be ab le to alte r the output 
frequency w hi le the instrument is operating under locked 
conditi ons is pa rt icularl y usefu l when bandwidth measu re~ 
ments are being made on a rece ive r. 

RF output leve l is con troll ed by a direct ly ca librated 
attenuato r system. cons ist ing of a coa rse attenuator 
swi tching in 20 d B steps and a cont inuously va riable fine 
attenuator providing interpolation between the steps. The 
output is ca librated in iJV/ mV and dB relati ve to 1 iJV and 
the front pane l swi tch provides a cho ice of e.m.f. or p.d. 
ca li brations- a pa rt icu larl y useful feature w hen working 
w ith receive rs produced by di fferent manufacture rs. Output 
to the receive r under test is norma lly taken from the cen tral 
ou tput socket but higher leve ls can be obtained using the 
direct ou tput socket immedi ate ly beneath the attenuator. 
Both output sockets are protected aga inst the accidenta l 
app li cati on of r.f. powe r. the cent ral socket by a high power 
attenu ator pad and the di rect output socket by a fast acting 
relay. 

Comprehensive modu lati on facilities include amplitude, 
frequency and phase modu lation in ranges w hich are 
optim ized for na rrow band radio applicati ons. The mod ula­
tion source can be either t he internal oscill ator w ith a range 
of fixed and va ri ab le frequ encies betwee n 250 Hz and 7 
kHz or an exte rn al source enab ling receive rs using specia l 
ca lling techniques (fo r examp le sequent ia l tone coding) to 
be tested. 

A n output socket is fi tted to provide a power supp ly for 
the range of osci l lator probes ava ilab le as opt iona l 
accesso ri es to assist in tunin g to receive rs fitted w ith 
sq ue lch or battery economizer ci rcuits. 

Freq uency Counter 
A bu ilt-in freq uency counter operates ove r the rang e 10Hz 
to 520 M Hz w ith frequency indication by an eight-digit 
l. e.d. disp lay. When used in its intern al mode the opera ti on 
of the counter is control led by t he main fun ction sw itch 
w hich automat ica lly routes the co rrect signal to the counter 
for measurement. When tuning th e signal generator or 
monito ri ng a t ransmitter output the counter is used to 
measure radi o frequenc ies but it also measures audi o 
frequencies f rom the a.f. generator or modu lati on monitor 
sections . Sockets are also provided for measurement of the 
frequency of externa l signals. 

A rapid wa rm -up, oven-control led crystal osci l lato r 
provides the refe rence frequency for the counte r and also 

AF Voltmeter 
The a.f. vo ltmeter section ca n be used to measure the audio 
signa ls developed by the rece ive r and also t hose deri ved 
from the modu lat ion moni tor section, allowing transmitte r 
sig na l -to-noise rati o and modul~tion bandwidth measure ­
ments to be made . Vo ltages from 0 to 30 vo lts ca n be 
measured in eight switched bands ove r the frequ ency ran ge 
100 Hz to 20 kHz, and w ith a choice of four input 
impedances. 

A fi lter wi th a CCITT P53 telephone psophometric 
we ighting netw ork is included for making the weighted 
measurements requi red in testing modern radio recei ve rs . 

Distort ion Fa ctor M eter 
The distortion factor meter operates at a frequency of 
1000 Hz, w ith an automatic leve ll ing system overcoming 
the need for manua l ad justment of leve l. Two distort ion 
ranges are provided, 0 to 10% for rece ive r and transmitter 
modulation distortion measurements and 0 to 30% for 
SINAD indi cations associated w ith recei ver sensitiv ity 
tests. Results of the distortion measurements are di sp layed 
on a meter w hich also has markings for 12 dB and 20 dB 
SINAD. For weighted distortion or SINAD measurements 
the CCITT P53 weigh tin g network can be switched into 
ci rcuit. 

Modulation Monitor 
Automatic leve l ling and frequency contro l are features of 
the modu lation monitor w hich provides accurate measure­
ment of amplitude, freq uency and phase modu lation over 
th e ca rrier frequency range of 25 to 500 M Hz. cove rin g all 
rad io telephone transmitter frequencies . Modulation is 
ind icated on a pane l meter. and a demodulated output is 
avai lab le at a fron t pane l socket for externa l moni torin g if 
desired . Thi s demodulated output is also co nnected to an 
intern al loudspeaker w ith vo lume control and on/off switch 
for audible monitoring. 

RF Power M eter 
R F power ca n be measu red ove r the ca rrie r freq uency range 
of 25 to 520 M Hz in two power ranges of 0 to 2 W, suitable 
for hand-he ld portable equipment and 0 to 25 W for 
veh ic le mounted transmitters and base stat ion units. 
Higher powers ca n be measured by the use of exte rn al high 
power atten uators. 
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SI GNA L GEN ERATOR 

FREQUENCY 

Range 

Indication 

Accuracy 

Resolution 

Stability 

Synchronization 

400 kHz to 520 M Hz in nine switched 
bands: • 
0'4 to 31 MHz 124' to 180 M Hz 
31 to 45 MHz 176 to 260 MHz 
45 to 65 MHz 260 to 360 MHz 
62 to 90 MHz 360 to 520 M Hz 
88 to 130 M Hz 

8 digit frequency counter. 

As for frequency counter. 

Using 1 s gate time the resolution is 
1 Hz up to 31 MHz and 10Hz above. 
Using 0 · 1 s gate time the resolu tion is 
10Hz up to 31 MHz and 100Hz 
above . 

After 10 min operation at constant 
ambient temperature with the 
synchronizer switched on: 
±5x10- 7 per 30 min above 31 MHz. 
±5x10-• ±500Hz per 30 min 
below 31M Hz. 
After 2 hours operation at constant 
ambient temperature with the 
synchronizer switched off: 
±5x10-5 per 5 min above 31 MHz. 
±5x1Q-5 ±500Hz per 5 min 
below 31 MHz. 

.... 

When the synchronizer is switched on. 
touching the main tuning contro l 
automatically inhibits the synchronizing 
system allowing manua l tuning. The 
generator reverts to synchronized 
operation when the control is 
released. 

FM/PHASE 
MODULATION 

FM ranges 0 to 5 kHz and 0 to 25 kHz peak 
deviation. 

Phase modulation ranges 0 to 2·5 radians and 0 to 10 radians. 

Accuracy ±5% f.s.d. at 1 kHz modulation 
frequency. 

Modulation frequency 
range 250 Hz to 7 kHz derived from internal 

a.f. generator or from external source. 

Modulation distortion Less than 1% total harmonic distortion 
at 1 kHz modulation frequency. 

AMPLITUDE 
MODULATION 

AM range 0 to 100% full sca le. 

Accuracy ±5% modulation depth at 1 kHz fo r 
ind ications up to 80%. Usable at 
reduced accuracy up to 90%. 

Modulation frequency 
range 250 Hz to 7 kHz derived from internal 

a. f. generator or from external source. 

Modulation distortion At 1 kHz modulation frequency less 
than 1% t.h.d. for a.m. up to 50%; less 
than 2% t.h.d . for a.m. up to 80%. 

OUTPUT 
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Indicated level 0·1 11V to 200 mV p.d. from direct 
output socket. 0·01 11V to 20 mV p.d. 
from normal connect ing socket. 

Calibration 11V and mV e.m.f. or p.d .. switch 
selected . 

Accuracy 
(above 1 ~V p.d.) 

Impedance 

Protection 

± 2 · 5 dB total level accuracy at 
normal output socket. 

50 0. 
VSWR at normal output socket is less 
than 1·15:1. 

Normal output socket is automatically 
protected by the 25 W power 
attenuator. The direct output socket is 
protected by a relay which 
automatically disconnects the 
generator from the socket when an 
overload is detected. The relay resets 
after the overload is removed. 

Leakage Up to 520 M Hz with a receiver 
sensitivity set at 1 11V. a 25 mm 
diameter 2 turn loop feeding the 
receiver cannot detect a signa l of this 
level at a distance greater than 25 mm 
from the generator. This permits 
measurements to be made on 
receivers wi th sensitivities down to 
0·1 11V. 

IF Probe output A 2-pin. non-reversible DIN 41529 
connector fitted to the front pane l 
provides a d.c. output supply of 
20·7 V for the optional IF Probes. 

SPUR IOUS SIGNALS 

Harmon ica lly related 
signals Not worse than 30 dB relative to the 

carri er. 

FM on CW 

AM on CW 

AM on FM 

FM on AM 

Sideband noise 

With telephone psophometric 
weight ing the equivalent deviation is 
less than 20 Hz. 

With telephone psophometric 
weighting, less than 0·1% equivalent 
modulation depth. 

Less than 1% equivalent modulation 
depth for a deviation of 25 kHz 
at a modulation frequency of 1 kHz. 

Less than 200 Hz equivalent 
deviation for a modu lation depth of 
30% at a modulation frequency of 
1 kHz. 

Better than 120 dB/Hz at an offset of 
20 kHz from the ca rrier. 

FREQUENCY COUNTER 

INPUT 

Signal routeing Signals are automatical ly routed to the 
frequency counter w ithin the test set. 
A switch allows the counter to be 
used to measure low level signals 
from external sources. 

Sensit iv ity Using internal routeing the counter 
will function correctly for input 
powers to the centra I socket between 
0·2 and 25 W. Using the 10Hz to 
50 M Hz input the sensitiv ity can be 
varied from 20 mV to 25 V wi th a 
front panel contro l. Using the 1 5 to 
520 M Hz input the counter will give 
correct readings for signal levels in the 
range 20 mV to 2 V. 

Impedance 10 Hz to 520 M Hz input: 
approximately 100 kO in parallel with 
30 pF. 
15 to 520 M Hz input: 50 0 nominal. 

D ISPLAY Eight digit w ith memory using seven 
segments LEOs of 10 mm height. 
Frequency indication in kHz w ith 
automatic positioning of the decimal 
point. 

FREQUENCY 

Range 10Hz to 520 MHz. 

Resolutio n 

Accuracy 

FREQUENCY STANDARD 

Type 

Short term stability 

Using the 1 s gate time a resolution of 
1 Hz is obtained for the 1 0 Hz to 
50 M Hz input and 10 Hz for the 15 to 
520 M Hz input. Use of the 0·1 s gate 
time provides resolutions of 1 0 Hz and 
100 Hz respective ly. 

± 1 count ±stability of frequency 
standard. 

A fast warm-up 5 M Hz crystal 
oscillator contained in a proportion ally 
co ntroll ed oven. 

±5 in 10 10 in a 1 s time interval. 



Long term stability 

Ageing rate 

Temperature stability 

Stability with supply 
variations 

Warm-up time 

AF GENERATOR 

FREQUENCY 

OUTPUT 

Range 

Accuracy 

Level 

Monitor 

Accuracy 

Distortion 

Impedance 

AF VOLTMETER 

VOLTAGE 

INPUT 

Range 

Accuracy 

+20 dB switch 

Filter 

±5 in 108 over a period of 24 hours. 

3 in _1 0 9 per day after 30 ~ ays 
cont1nuous operat1on. .-

± 1 in 10 7 over the temperature range 
13 to 33°C. 

± 1 in 10 8 for a.c. supply varia tions of 
± 15% around 220 V. 

Stabilizes to w ithi n 1 in 10 6 of the 
f inal freq uency in 5 min from switch 
on. and to wi thin 1 in 10 7 of the final 
f requ ency after 1 0 min from switch 
on . 

250 Hz to 7 kHz w ith two variable 
freq uency ran ges (0·25 to 1·4 kHz 
an d 1 -4 to 7 kHz) and six fixed 
frequencies (300. 400. 1000, 2700. 
3000 and 6000Hz). 

± 1 Hz using the freq uency counter. 
Fixed frequencies are set to an 
accuracy of better than ± 1% during 
manufacture. 

0 to 3 V in six switched ran ges wi th 
ful l scale va lues of 10, 30, 100. 
300 mV. 1 and 3 V. A vari able contro l 
allows precise ou tput level settings to 
be made. 

Output level is automatically 
monitored by the interna l aud io 
vo ltmeter. 

± 3% of f.s.d. using the internal 
voltmeter. 

Less than 0 3%. 

40 0 nominal. 

0 to 30 V in eight switched ranges 
w ith full sca le indication of 10. 30. 
100.300 mV. 1. 3.10 and 30 V. The 
dB scale indicates from -60 to 
+32 dBm in 600 0 . 

±3% of f.s.d. 

Increases voltmeter sensitivity by 
20 dB and automatical ly disables the 
signal generator modu lation so that 
the 20 dB signal to noise ratio of a 
receiver may be checked . 

A CC ITT telephone noise weight ing 
filter may be switched into circuit to 
make weighted noise measurements. 

Frequency range 0·1 to 20 kHz~ 

Impedance 4. 200. 600 0 and 100 kO switch 
selected. 

Maximum input levels 4 0 impedance: 4 V 
200 0 impedance: 10 V 
Other im.pedances: 30 V. 

Selection Th e voltme ter may be used to monitor 
sign als present at the AF Vo ltmeter 
input socket or from the modulation 
monitor. 

DISTORTION FACTOR METER 

DISTORTION 
Ranges Two single ranges with 10% and 30% 

full sca le indi cations. 

TF 2952 

Accuracy ± 7% of f. s.d. 

Frequency 1 000 Hz. 

SINAD Marks are provided on the 30% 
distorti on sca le show ing 12 dB and 
20 dB SINAD ratio va lues. 

INPUT 

· .. · 

Selection 

Level 

A switch allows the distorti on factor 
meter to monitor sig nal s present at th e 
AF Vo ltmeter terminals oi from the 
modulation monitor. 

Automatic level con trol obviates th e 
need fo r refere nce ·level adjustments 
and operates over an input voltage 
range of 0·5 to 2 Vat the A F 
Voltmeter input sockets and over the 
same leve l range derived from th e 
output of the Modu lation Monitor. 

Filter A CCITT telephone noise weighti ng 
filter may be switched into ci rcuit to 
make weighted noise measurements. 

MODULATION MONITOR 

FM / PHASE 
MODULATION 
MEASUREMENT 

FM ra nges 0 to 5 kHz and 0 to 25 kH z peak 
deviation. 

Phase modu.lation ranges 0 to 2 · 5 radians and 0 to 1 0 radi ans. 

Accuracy ±3% of f .s.d. 

Signal-to-noise ratio Measured using a CC ITT teleph one 
noise weig hting network relative to 
3 kHz deviation: 
Better than 50 dB for carrier 
frequencies up to 1 90 M Hz and 
better than 45 dB for carrier 
frequencies up to 500 M Hz. 
Measured in a fla t bandwidth of 
250 to 7000 Hz and relative to 
3 kHz deviation the ratio is: 
Better than 45 dB for carrier 
frequen cies up to 180 M Hz and 
better "than 40 dB for carri er 
frequ encies up to 500 M Hz. 

AM MEASUREMENT 

AM range 0 to 100% ful l scale. 

Accuracy ±5% modulat ion depth for i ndication~ 
up to 80%. Usable at reduced 

j accuracy up to 90%. 

Frequency rang e 250 Hz to 7 kHz. 

Signal-to-noise ratio Measured in a f lat bandwidth of 250 
to 7000 Hz and rela ti ve to 50% 
modulation depth the signa l-to-noise 
ratio is better than 40 dB. 

INPUT 
Selection Switch selection of either a direct 

input socket or from a tapping on the 
25 W load. 

Impedance 50 0. 

Frequency range 25 to 500 M Hz in nine switched 
ranges. with continuous frequency 
coverage. 

Sensitivity Using the centra l input socket the 
modu lation monitor w ill give a correct 
indication for input power levels 
between 0·1 and 25 W. 

Maximum input 

Using the direct input socket the 
sensitivity is typica lly 10 mV for input 
frequencies up to 180 M Hz and 
20 mV for frequencies between 400 
and 500 MHz. 

25 W using the centra l input socket. 
1 V using the direct input socket. 
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OUTPUT 
LF 0 to 2 V nomi na l from front panel 

socket. adjustable b't a front panel 
control. 

Loudspeaker A built-in loudspeaker is provided for 
monitoring purposes and is controlled 
by a front panel on/off switch and 
volume control. 

RF POWER METER 

POWER 
Ranges 0 to 2 Wand 0 to 25 W (the scale 

extends to 30 W). 

POWER REQUIREMENTS 

AC supply 

DIMENSIONS AND 
WEIGHT 

220 V and 11 0 V nominal ; 45 to 
60Hz. 65 W. 

Height Width 
315 mm 490 mm 
12-4in 19·3in 

Depth Weigh t 
280 mm 25 kg 
11 in 55 lb 

Accuracy ±5% of range. 
. .. · VERS IONS AND ACC ESSORI ES 

INPUT 

Frequency range 

Impedance 

25 to 520 M Hz. 

50 0. 

' "~- •' When ordering please quote eight-digit code numbers 

VSWR less than 1·15 :1. 

Maxi mum input 25 W continuous rating. 

GENERAL 

SAFETY 

IF Probes 

Complies w iih the requirements of 
IEC 348 . 

54451 series 

Ordering numbers 
Versions 

52952-900P AM/FM Radiotelephone Test Set 
TF 2952 . 

Optiona l Accessories 
54451-061Y IF Probe. 470 kHz. 
54451-071S IF Probe. 10·7 MHz. 
54451- 1218 IF Probe. 455 kHz. 

Made in West Germany 

D Crystal-controlled oscillators simplify tuning to receivers 
D Range covers commonly-used intermediate frequencies 

These th ree IF Probes consist of crysta l-contro ll ed 
oscill ators ava il ab le at the most common ly used inter­
med_iate frequencies and they are powered from a 20 ·7 V 
supp ly outl et on the front pane l of TF 2952 via a lead 
attached to the probe. 

The probes make it easy to tune to receivers fitted 
w ith sque lch or battery economizer circuits by turning on 
the receiver when they are brought into close proximity 
w ith t he IF strip. A second use is for ensuring that the 
generator is accurate ly tuned to the r.f . ci rcuits in the 
rece iver. With the generator tuned to the nomina l channel 
frequency any difference between the receiver i.f. and the 
probe frequency wi II produce a beat note in the recei ve r 
output. The generator tun ing can then be adjusted to give 
zero beat. 
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ORDERING NUMBER 54451- 54451 - 54451-
1218 061Y 071S 

NOMINAL FREQUENCY 455kHz 470kHz 10·7 MHz 

FREQUENCY ACCURACY ±1 in 104 ±1 in 10 4 ±2 in 10 5 

(at 20°C and 22 V supply) 

TEMPERATURE 
COEFFICIENT OF 
FREQUENCY (0 to 55 °C} 

OUTPUT 

CONNECTOR 

POWER REQUIREMENTS 

DC supply 

DIMENSIONS 

Less than Less than Less than 
±10p.pm . ±10p.p.m. ±1 p.p.m. 
per °C per oc per oc 
Suitable for introdu cing a signal into 
the receiver IF strip by proximity of 
rad iated r.f . field. 

2-pin. non-reversible DIN 41529 to 
fit power socket on TF 2952. 

+19 V to +24 V. 2 mA. Obtai ned 
from socket on TF 2952 via cab le 
attached to probe. 

Length 
45 mm 
1·75 in 

Diameter 
27 mm 
1·06 in 

Lead Length 
1067 mm 
42 in 
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o 20 Hz to 20 kHz 
o Extremely low distortion 
o 111 dB attenuator-0·1 dB steps 

0 Three output impedances· 

This AF Signa l Source compri ses an AF Osci ll ator together 
with a three -decade monitored attenuator, combined in a 
single case to provide a convenient audio-frequen;¢v .. 
source with very low distortion . If required. the attenuator 
section can be used alone for external signals. 

FREQUENCY RANGE 20 Hz to 20 kHz. in six semi-decade 
ba nds. 

OUTPUT 

Accuracy: ± 1% ±0·2 Hz, incl udi ng 
warm-up. 

Direct Into 600 n: + 15 dBm or 31·6 mW or 
4·36 v. 
Open circuit: At least 8· 5 V. 
Control: At least 40 dB by continuously 
va riable T- network. 

Attenuator Attenuator: 0 to 11 1 dB. in 0·1 dB 
steps. 
Residual Loss: 0·01 dB. 
Accuracy of Attenuation: ± 1% of dB 
setting ±0·2 dB. 

Impedance Unbalanced: 600 0. 
Balanced: 75 0. 150 0 and 600 0 . 
Centre-tap: Connected to f ront panel 
terminal. 
Internal load: Switched internal 
term inat ion effective for al l impedance 
settings. 

Level Between -1 17 dBm and + 15 dBm. 

Meter Voltage ranges: 1·5, 5, 15 and 25 V. 
f.s .d. 
Accuracy: ±5% of f.s.d. 
Level range: -6 dBm to +30 dBm. 

Frequency response The output is level wi thin ± 0· 2 dB 
between 20 Hz and 20 kHz, at any 
attenuator setting with the ind ication 
of the meter held constant. 

DISTORTION 

Unbalanced output 

Balanced output 

Hum 

USE OF ATTENUATOR 
FOR EXTERNAL 
SIGNALS 
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Maximum input 

Input voltmeter 

Less than 0·05% between 63 Hz and 
6·3 kHz. · 
Less than 0·1% between 20 and 63 Hz 
and between 6·3 and 20 kHz. 

(wi th matched load) 
Less than 0·1% between 50 Hz and 
20 kHz. 
Less than 0 ·3% between 30 and 50 Hz. 

Below - 80 dB relat ive to the output 
signal , or below - 90 dBm, w hichever 
is the greater. 

+30 dBm or 1 W or 25 V into 600 0 . 

Voltage ranges: 1·5, 5, 15 and 25 V, 
f.s.d. 
Accuracy: ± 5% of f.s.d. between 20Hz 
and 550 kHz. 
Level ranges: -6 dBm to + 30 dBm. 

Unbalanced output Frequency range: d.c. to 550 kHz. 
Impedance: 600 0 . 
Attenuation range: 0 to 11 1 dB in 
0·1 dB steps. 
Residua/loss: 0·01 dB. 
Attenuation accuracy: ± 1% of dB· 
setti ng ±0·01 dB at d.c. ±2% of dB 
setting ±0·2 dB between 20Hz and 
550 kHz. 
Frequency response: The ou tpu t is 
level withtn ±1 dB between 20Hz and 
550 kHz at any attenuator sett ing wi th 
the indication of the meter held constant. 

Balanced output Frequency range: 20 Hz to 20 kHz. 
Impedance: 75 0, 150 0 and 600 0 . 
Centre tap: Connected to front panel 
terminal. 
Attenuation range: 0 to 111 dB in 
0·1 dB steps. 
Residua/loss: 0·2 dB. 
Attenuation accuracy: ± 1% of dB 
sett ing ±0·2 dB. 
Frequency.response: The output is 
leve l wi th in ±0·2 dB between 20 Hz 
and 20 kHz at any attenuator setting 
with the indication of the meter he ld 
constant. 

Internal load Swi tched internal termination. 
effective for all impedance settings. 

SAFETY Des igned to meet the requiremen ts 
of IEC 348. 

POWER 
REQUI REM ENTS 

DIMENSION S 
AND WEIGHT 

AC supply 

External DC 

VERSIONS AND ACCESSOR IES 

190 to 260 V and 95 to 130 V. 
45 to 500Hz. 
210 to 260 V and 105 to 130 V. 
500 to 1000 Hz; 7 VA. 

65 to 90 V. 60 mA. 

Height 
200 mm 
7iin 

Width 
290 mm 
11 ! in 

Depth 
270 mm 
10!in 

Weight 
9 kg 
201b 

When ordering please quote eight digit code numbers 

Ordering numbers 
Versions 

52000-SOOR AF Signal Source TF 2000. 

Supplied Accessories 
Shielded Adaptor TB 39868 (43168-008S). 
Coaxia l Free Plug, type BN C. 

Optional Accessories 
41635- 041 p Rack Mounting Case TM 7010. 



Two-Tone Signal Source TF 2005R 

o Two identical oscillators covering 20 Hz to 20 kHz 

o Less than 0·1% distortion 

o For intermodulation measurements on high quality 
a.f. equipment 

In certa in types of a.f. amplifying or transmission equip­
ment intermodulation distortion produced by non - linearity 
is more important than the harmonic distortion. Standard 
methods of measurement of intermodulation distortion 
have. therefore. been recommended by S.M P.T.E. and 
C. C. I. F. The TF 2005R Two -Tone Signal Sou rce is an 
assembly of modu lar units arranged to form a convenient 
test set for measurements following these recommenda ­
tion s. 

The instrument comprises two A~ Oscillators and an AF 
Monitored Attenuator mounted together in a sta ndard 
Marconi fu ll -modu le case. The frequency of each osc illator 
is indicated on its own ca librated dial. Output leve ls are set 
up by temporari ly iso lat ing each osci ll ato r in turn from the 
monitor- by means of the front panel switch - wh ile the 
output level of the other is being checked. The overall 
amplitude of the compos ite signa l is adjusted by means of 
the attenuator controls. · 

For genera l purpose app l icati ons either osci ll ato r can be 
used sing ly wi th the attenuator to form an AF Signa l 
Source. or the a.f. output ca n be drawn directly from 
either osc illator separate ly. 

AF Oscillator 
Thi s is a genera l purpose low- distorti on osci llator that is 

intended for use as a con trollable sou rce of audio 
frequency signa ls for measurements on high qua l ity 
amplifiers. etc. 

Its modern electrica l design. utilising so lid-state active 
elements throughout. is comp lemented by an advanced 
mechanical layout. whereby the instrument ca n be opened 
like a book to give free access to all .components. No part 
of the ci rcuit is disconnected in thi s operation; and the unit 
remains full y functiona l even in the open condition -an 
important feature for ease of serv ic ing 

AF Monitored Attenu ator 
The basis of this attenuator is the resistive pad in tee or 

pi form. The system compri ses three swi tches. each with 
four symmetrical 600 0 T -pads wh ich are switched in 
series combinations to make one decade. and the three 
decades in series cove r 111 dB in 0 ·1 dB increments. 
nominally up to 1 MHz 

The attenuator is combined wi th a w ide- range a.c. vo lt ­
meter and a high qua l ity a. f. tran sformer so that accurate 
measurements can be made in the audio band. Without 
the transformer in c ircu it th e operat ing range extends up 
to 550 kHz. and w ithout the vo ltmeter to d. c. 
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AF Oscillator 

FREQUENCY RANGE 20Hz to 20kHz in six semi -decade 
bands. ~ 
Accuracy: ±1% ±0·2 Hz. including 
warm-up . 

OUTPUT Into 600 0: +15 dBm or 31·6 mW or 
4-46 volts. 
Open circuit: at least 8·5 volts. 
Control: at least 40 dB by 
continuously variable T-network. 

Impedance 600 o unbalanced. 

Frequency response The output is leve l within ±0-4 dB 
between 20 Hz and 20 kHz. 

Distortion Less than 0·05% betwee n 63 Hz and 
6·3 kHz. 
Less than 0·1% between 20 and 63 
Hz. and beiw een 6·3 and 20 kHz. 

Below -80 dB relative to the output 
signal. or below -100 dBm. 
w hi chever is the greater. 

AF Monitored Attenuator 

IMPEDANCE 
Input 600 o unbalanced. w hen terminated 

with 600 o, 150 o or 75 o. Switched 
terminating resistor is incorporated. 

Output 600 0 unbalanced, or 600 0, 1 50 0 
or 75 o balanced and centre-tapped 
when 600 o sou rce is connected. 

FREQUENCY RANGE 

Unbalanced output DC to 550 kHz. 

Balanced output 20 Hz to 20 kHz. 

ATIENUATION 

Range 0 to 111 _ dB in 0·1 dB steps. and co. 

Maximum input +30 dBm or 1 W or 25 V into 600 o . 

Minimum attenuation Less than 0·01 dB. 

Accuracy Unbalanced output: ± 1% of dB 
setting, ±0·01 dB at d.c. 
± 2% of dB setting , ±0·2 dB at 
550kHz.' 
Balanced output: ±1% of dB setting, 
±0·2 dB betw een 20 Hz and 20kHz. 

INPUT VOLTMETER 

Ranges Four switch positions selecting 1·5, 
5.15, 25 V f. s. d. or 0 dBm, +10 dBm. 
+20 dBm and +24 dBm. 

Meter Three scales: 0 to 1·5 and 0 to 5 V. 
and - 6 to +6 dBm. 

Accuracy ±5% of f .s. d. between 20 Hz and 
550kHz. 

OUTPUT FREQUENCY 
RESPONSE Within ±0·2 dB between 20 Hz and 

20kHz; wi thin ±1 dB between 20Hz 
and 550 kHz; w ith constan t input 
voltmeter reading. 
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Two- Tone Signal Source TF 2005R 

The complete equipment co mprises 
tw o AF Oscillators and one 
AF Monitored Attenuator. 

Frequency range 20 Hz to 20 kHz in six bands. (Each 
Oscillator can be adjusted 
independently) . 

Amplitude Reference level: up to +10 dBm from 
each Oscillator. 
Attenuator range: 111 dB in 0 ·1 dB 
steps. 

Harmonic distortion Less than 0·05% between 63 Hz and 
6 kHz w hen using unbalanced 
output. 
Generally less than 0·1% under 
other co nditions. 

lntermodulation Below - 80 dB with respect to the 
wanted signa l. 

Hum Below -80 dB with respect to the 
wan ted signal. 

SAFETY 

POWER 
REQUIREMENTS 

AC supply 

DC supply 

DIMENSIONS AND 
WEIGHT 

Designed to meet the requirements of 
IEC 348. 

95 V to 130 V or 190 V to 260 V. 
45 Hz to 500 Hz; or 105 V to 130 V 
or 210 V to 260 V. 500Hz to 1000Hz. 
14 VA. 

65 V to 90 V; load 60 mA. 

Height Width Depth Weight 
200 mm 475 mm 270 mm 16·5 kg 
]iin 18~in 10~ in 36-31b 

VERSIONS AND ACCESSORIES 
When ordering please quote eight-digit code numbers. 

Ordering Numbers 
Versions 

52005-301 D TF 2005R. The basic instrument in 
rack mounting form. 

Supplied Accessories 
Signal Lead, TM 6958 (43125-028T) 

for cou plin g the Oscillators to the 
Attenuator. (Two su pplied). 

HT Lead. TM 7053 (43125-029P) . 



AF Oscillator TF 2102M 

D 3 Hz to 30 kHz 
.. 

D Complete freedom from amplitu-de bounce 

o 10 V across 600 o 

This all -so lid- state osc il lator. in tended as a general . . 
pu rpose a. f. sou rce, prov ides a moderately high ou t put/ ,. 
leve l over a ran ge of frequenc ies ex tending w el l be low t he 
norma l aud io ran ge. In additi on to t he usua l app lica t ions 
as an a. f. tes t osc il lato r. the refore. t he TF 21 02M is 
suitable fo r use as a pri mary sou rce in vibration equipment. 
and even fo r tests on se rvo systems. 

An importan t fea tu re of t he instrumen t is its co mplete 
freedom f rom " amp l itude bounce" w hen rapid f requency 
changes are made. or w tth frequency range swltchi"ng It 
is also part icularl y f ree f rom potenti ometer no ise effec ts 
as frequen cy is va ried; and its low impedance ci rcui t ry 
g ives a generall y low f igure for hum and noise . 

It comprises an osci l lator d rivi ng an output amp l tf ier of 
the comp lementary symmetric c lass B type . Th is ampl tf ie r 
ope rates at f ixed ga m, heavi ly stab il ised by nega ti ve feed ­
back, ou tput leve l co ntro l be ing effected by mea ns of a 
potentia l div ider. sys tem betw een the osc ill ator and 
amp lif ie r. The total outpu t leve l va ria t ion of 0 to 10 vo lts 
across 600 0 is achieved by a sw itched COA RSE con t ro l. 
having ten 1 vo lt steps. and a con t tn uously va riabl e FI N E 
con tro l coverin g 1 vo lt . 

The output amp li f ie r has a cons tant, ve ry low , sou rce 
impedance, t he inst rument's 600 0 ou tput res istan ce 
bei ng obtained by tnte rna l con necti on of a f txed series 
res istor. The general performance and dis tort ion are. 
t herefore, un affected by th e tmpedance of t he externa l 
load; and the instrument can be used as a current source. 
ope rat ing d irectl y in to a sho rt ci rcu1 t d des ired . By 
ope rat ion of a pane l sw itch , the output c trcutt can be 
connec ted to or iso lated from ch assts . 

A.F.OS CILLATOR 
3H z-30KHz 

7 7494/2 

FREQU ENCY 

Range 

Calibration acc uracy 

Stability 

3 Hz to 30 kHz in fo ur decade bands. 

2%. 

POWER 
REQUIREMEN TS 

OUTPUT 

Drift less th an 0 ·05% (typi ca ll y less 
th an 0 ·02%) per 1 5 minutes af ter 
15 minutes wa rm -u p (assu ming 
fa irly cons tan t ambient temperature) . 

Impedance 600 0 ± 5%, f loati ng or unba lanced . 

A C supply 

DIMENS IONS 

105 to 130V or 210 to 260V, 
45 to 500Hz, 5 VA. 

Height W idth Dep th Weight 
200 mm 150 mm 270 mm 3 8 kg 
7i( in 5i( in 10~ i n 8 ~ 1 b 

Leve l 0 to 1 0 V across 600 0 VERS IONS A ND AC CESSORI ES 

DI STORTION 

(20 V e.m. f ) in approxima tely 
1 V steps, w it h fine con tro l g iving 
co nt inuous cover between steps 
w it h at lea st 5% overlap . 

Stabi lity Leve l re ma ins constant w ith in 
± 1 d B over the full freq uency range. 

Harmonic content Less th an 1 %. 

Hum and noise Less than - 80 dB relat ive to ful l 
output. 

When ordering please quote eight -digit code numbers 

Orderi ng num bers 

Ve rsions 
52 102- 025T AF Osc i lla tor TF 21 02 M . 

Opt ional Accessories 
43168- 008S Shielded Adaptor TB 39868 . Pro -

vi des BNC socke t output. 
43125- 0698 Coax ial Ou tput Cable TM 4 726 / 136. 

75 0 , BNC, 915 mm (36 in) . 
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TF 2103 VVide Range Oscillator 
~ ..... ~ -------------------------------------------J 

D 10 Hz to 1 M Hz 
D Sinewave and squarewave 
D Mains or battery operation 

3 

2 1\'"'' I I I ,, 

1·5._ 

INSTRUMENTS LTD 

The output frequen cy of this sinewave/squarewave 
portable oscillator is continuously variable from 10 Hz to 
1 MHz. 

A bank of five range -selecting push-buttons and a 
c learl y calibrated dial are used to set the output frequency; 
the effective scale length for the band exceeds 3 ft. 
Output signa l amplitude is continuously variable (in four 
switched ranges) from 0 to 2 5 volts. 

The instrument is powered by two internal 9 vo lt 
batte ri es (not supplied with the instrument). If mains 
operation is preferred. the batteries may be replaced by a 

FREQUENCY 
Range 10 Hz to 1 M Hz. Continuously variab le 

in 5 ranges: 10 Hz to 100 Hz; 100 Hz 
to 1 kHz; 1 kHz to 10kHz; 10kHz to 
100kHz; 100kHz to 1 MHz. 
Calibration accuracy: ±3% of range 
full sca le. 

OUTPUT 

52 

Waveform Sinewave or squarewave. 
Squarewave rise-time: Less than 
100 ns (typically 50 ns) betw een 
10% and 90% ampl itude points. 

Sinew ave distortion Less than 2% for frequencies to 1 00 
kHz. 
Typically 0 ·5% for frequencies 50 Hz 
to 10kHz. 

Output amplitude 0 to 2·5 V r.m.s. ±1 0% of full scale of 
each range. Continuously variable 
in 4 ranges : 0 to 2·5 mV; 0 to 25 mV; 
0 to 0·25 V; 0 to 2·5 V. 

Output impedance 600 o on 2·5 mV. 25 mV and 0 ·25 V 
ranges. 
Not greater than 600 o on 2·5 V 
range : typica lly 100 0 at max imum 
output. 

Note: The attenuator is frequency 
compensated to· feed a high impedance 

W IDE RA NGE OSCillATOR TF 2103 

10 100 10 100 

RANGE 

• @ 
MADE IN 

14398!2 

Mains Power Unit TM 9808 which is available as an 
optional extra. 

The TF 2103 employs a transistor Wien-brid ge variab le 
frequency oscillator as signal source; this is fo ll ow ed by an 
inverter/a mplifier when sinewave output is se lected. but 
by a Schmitt tri gger c ircuit when squa rewave output is 
selected. The signa ls of se lected wavefo rm and frequency 
are applied to a comp lementary emitter follow er output 
stage and then ce pass via an attenuator to the output 
terminals. Amplitude stabil isation is provided by thermis-
tor-controlled negative feedback. · 

SAFETY 

load. If excessive ca pacitance is 
connected across the output a fall off 
in high frequency response w ill 
result. 

Designed to meet the requirements 
of I EC 348 . 

POWER REQUIREMENTS Two series-connected 9 V batteries 
(not suppl ied wi th instrument): 
Vidor type VT9 or Ever Ready type 
PP9 or equiva lent (Mains Power 
Unit TM 9808 optiona l extra). 
Minimum supply voltage : 12 V d.c. 
Consumption: 0-4 W (25 mA: 16V) . 

Temperature range 0° to +45° C. 

DIMENSIONS AND 
WEIGHT Height Width Depth Weight 

120 mm 210 mm 127 mm 1·9 kg 
4% in 8~ in 5 in 4 6 lb 
Weight w ithout batteries 1·1 kg 
(2 ·7 lb) . 

ORDERING NUMBER 

521 03-900V Wide Range Oscillator TF 2103. 



Mains Power Unit TM 9808 

~~ 
-...._.. ®@':::>-

... 
® ®l .... 

~ 

I CD ... 

1 

(TOP PLATE REMOVED) 

FIG.2 

This compact mains operated power unit is specially 
d.esigned for use within Wide . Range Oscillator type 
TF 2103. The need for two series-connected 9 volt 
batteries (type VT9 or equivalent) is eliminated when the 
TM 9808 is incorporated. 

The circuit emp loys sem i-conductor devices in a 
stabi lizing conf igu ration for which the reverse-breakdown 
vo ltages of two Zener diodes combine to serve as 
reference potential. 

Voltage Setting Instructions 
Unit type TM 9808 is normally suppl ied set for 200/250 

volts mains operation. To change voltage setting for 
100/125 volts operation proceed as below. 
(i) Before connecting supp ly, remove the four screws 

referenced 'A' in Fig . 1 and raise top plate which is 
joined by two wi res to the internal circuit. 

(ii) The 'mains link' (Refer. Fig . 2) should be soldered in 
position 'b' for 100/ 125 volts operation (position 
'a' for 200/250 vo lts operation). 

SPECIFICATION 

Input · 100/12 5 V or 200/250 Vat 40/60 Hz. 

Consumpt ion Approx. 5 W. 

Output 

Output impedance 

DIMENSIONS AND 
WEIGHT 

15-17 V d.c. Max. current 50 rnA. 

Typica lly 10 0 . 

Height 
76 mm 
3 in 

Wid th 
50 mm 
2 in 

Depth Weight 
128 mm 0 ·68 kg 
5+,- in 1t lb 

i.' ,, 

FIG.1 
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T M 9808 CIRCUIT DIAGRAM 

FIG.3 

(iii) When 'mains link' is appropriately positioned re­
place and secure top plate . 

To install. fit the TM 9808 into the battery compartment 
of .the oscillator and clip the battery connectors to the 
appropriate mating plugs and sockets on the top plate of 
the mains unit. Providing both battery connectors are 
clipped to the mains unit their positions are inter­
changeable; i.e. it makes no difference which battery 
connector mates with either plug-and-socket pair. 

Maintenance 
Note : Disconnect mains supply before removing top 

plate or wrap . 
Fuse : A 250 mA fuse (FS1 in Fig. 3) is provided below 

the top plate (Refer. Fig. 2). 
Removal of Wrap: Should it be necessary to gain access 

to the interio'r of the unit withdraw the six screws 
referenced A and Bin Fig . 1, raise and tilt top plate and lift 
off wrap via top of unit. 

Do not remove screws from the base. 

CONNECTIONS 

CONNECTORS 

ORDERING NUMBER 
44990-118X 

(i) Input (mains cable): 
Brown core: mains live' 
Blue core: mains neutral 
Green and Yellow 

core: earth 

(ii) Output : 
Inner plug : 
Outer socket : 
Outer plug : } 
Inner socket: 

Refer to Fig . 2. 

Positive 
Negative 
Connected 
together 

The TM 9808 is designed to unite 
with two connector strips as used for 
Vidor batteries type VT9 (or 
equivalent) . 

Mains Power Unit TM 9808 
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VVaveform Generator 
~ ..... ~ -------------------------------------------1 

o Sine, square, triangular, and ramp output waveforms . 
o Frequency range: 0·0008 Hz-to 100 kHz 

o Variable phase and quadrature subsidiary outputs 

r waveform -, 
rCoot 

l 

Songle 

r F<equency., 

Hz 

,Phase--, 

o" 

I . ,. 

Wavefo rm Generator TF 2120 de livers at its main ou tput 
termina l an y one of f ive vo ltage waveforms - sine. square. 
triangular . posi ti ve-going ramp. or negative-going ramp ­
se lection be ing made by simp ly depressing the appro­
priate graph ical ly- label led push buuon. Frequency is 
co nt inuous ly va ri able from less than 1 mHz to 100 kHz. 
and the main outpu t ampl itude can be set to any peak -to­
peak vo ltage between 4 mV and 20 vo lts. 

Two subsidia ry outputs are . also avai lab le in the fo rm 
of phase shifted fa cs imil es of the main ou tput wave form. 
One of these is fixed in leading quad rature w ith the mai n 
ou tput. and the oth er is continuously va riab le in phase 
from - 1 ooo to + 1 00° wi th respect to th e main output 
waveform . By operation of a togg le switch t he phase of 
this va ri able-phase output can be shifted by 180°. giving 
complete cove r ove r the ful l 360 °. The amp litude of each 
of these subsidiary outputs is normally preset t o 6. vo lts 
p-p. the assoc iated control being access ible through t he 
front pane l. 

A further nine sockets at the rea r of the instru ment 
prov ide continuous outpu t of th e sine, square and 
triangu lar waveforms in all three phase co nditions. 
irrespecti ve of the wavefo rm se lected by the push-button 
switch. The amp I itude of the outputs from these sockets 
is fi xed at 6 vo lts p-p. 

Generating System 
The sine. square and ramp w aveforms are synthes ized · 
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from a basic tr iangu lar waveform drawn from an 
integrating-type master generator. This generator also 
feeds two slave generato rs. one producing an ident ica l 
triangular wave form but wi th exact ly 90 ° phase lead. and 
the other also del ivering an ident ica l wave form but w ith 
va riab le phase. 

The output from each of the three generato rs is passed 
th rough a set of shaping c ircuits to produce the sine. 
squa re and ramp waveform s. 

Frequency Control 
The instrument is continuously tunable over its range in 8 
swi tch -se lected tuning bands. the act ion of the band 
change switch being that of co nnecting t he appropriate 
va lue integ rating capaci tor. Tuning wi thin the band is 
effec ted by va riati on of the d.c. vo ltage app l ied to the 
integrating ci rcuit; and. for norma l manual tun ing. this 
vo ltage is derived from a precis ion potent iometer driven 
via a reducti on gear from the main FREQUENCY cont ro l. 
Th e tuning freq uency is indi ca ted on a directl y cal ibrated 
drum -type dial. 

Prov isio n is also made for injection of a d. c. frequency­
control vo ltage derived from an external source . Thi s 
feature is useful w here remote analog ue programm ing is 
req uired. but its more important app lica t ion is that of 
frequency sweep. 

Manua l tunin g rema 1ns operative when an external 
f requency-control vo ltage is used. the dia l indicati on 



TF 2120 

correspond ing to the frequency for ze ro irfput vo ltage . Variable Phase Control 
Either of two linear vo ltage- tun ing laws can be se lected Phase control of th e va riab le phase output is effec ted 
by ope rati on of a togg le switch. Wi th t he switch se t to manu ally by means of a directl y ca li brated control. givi ng 
LAW A th e freq uency va ries by a fi xed incremen t fo r cont inuous adjustment from 100° lag to 1 oo o lead wi th 
eve ry vo lt app l ied. w ith a nomina l sensit ivi ty of 1 respect to the main outpu t. A togg le switch. w hich inve rts 
Hz/ vo lt x the range multi pli er ind ica ted. rega rd less of t he the driv ing tri ang ular w ave. g ives a furth er 180 o phase 
settin g of the manua l co ntro l. W ith th e sw itch set to sh ift . 
LAW B the frequency va ries by 10% of the t uning d ia l Cont inu ous ly va ri ab le phase shi ft can also be effected 
reading for every vo lt appli ed For either law the freq uency/ by inj ec t ion of an analog ue prog ra mming vo lta ge to a 
in pu t -vo ltage slope is posi t ive; i e .. the f requency increases socket at the rea r of the instrument. Th is externa l faci l ity 
for a posit ive-going cha nge in voltage and decreases for cove rs the same range as t he interna l man ual control. 
a nega t ive-goi ng cha nge. the law being linear at 30° pe r vo lt. The instrument also 

The instru men t also de l ivers from a sepa rate socket a ·,--· ,deli vers a d.c. vo ltage output w hich is l inea rl y proport iona l 
d.c . output vo ltage wh ich is proportion al to frequency at "' 'to phase shift at 1 vo lt per 30 ° in both the manua l and t he 
0-2 vo lts/ Hz -:- the range multip lier. This proport ion rem ain s extern al con trol mode. 
val i.d for manua l or remote tu ning. so tha t the vo ltage ca n 
be uti I ised in X-Y disp lays w here the X ax is rep resents 
frequency in abso lute term s. 

Gated Operation 
The TF 2120 can be switched to del iver single cyc les of 
an y se lected w ave form. each cyc le being in iti ated either 
by operati on of a spri ng biased STA RT sw itch or by 
feedi ng an externa l tr igger pu lse to a rea r pane l socket. 

Q WAVEFORM GENERATOR TF2120 

MARCONI INSTRUMENTS LTD 
MADE IN ENGLAND 

ACSupply AuxOCPower 

0 -2V/Hz + 
Range Multiplier 

Frequency Input 
10Vmax Z=50k.fl 

Main Output Voltage Control 
The ma in output w aveform is fed to t he panel outlets v ia a 
sw itched attenuator covering 60 dB in 10 dB steps. Tw o 
out lets are prov ided. g iv ing respecti ve ly so urce impe­
dances of 50 0 (v ia a BNC socket) and 600 0 (vi a a pa ir 
of termina ls). Th e input vo ltage to the at tenu ator is 
variab le and mon itored by a meter cal ibrated in peak 
vo ltage . 

~ 
Auxiliary Outputs ±3V ~eak lk.O. Ma~ Load l 

Sine · · · Q) 
'\i . ' ' 

D varl'tlase 

-lV/30" 

Square 

'1., 
lV/30" o· +90" VaT Phase 

2A 
Fuse 

· ~ Gatelnputs --:-1 
~ 

.r•: Trigger 

Rear view of TF 2120 showmg auxiliary output sockets_ etc. 

A lternat ive ly. w ith the inst rumen t SWitched to 1ts sing le 
cyc le mode. t he wave form can also be gated "o n" for 
any given duration - ranging from a frac t ion of a cyc le 
to a pe riod of continuous running - by app l ica t ion of a 
rectangu lar gating pu lse to the app ropria te socket on the 
rea r pane l The ou tpu t wave form IS started by the 
posit1ve-gomg edge of the pu lse and stopped by the 
negat ive-going edge_ 

With bo th of these gating methods the wave form can 
be started either at its posi t1ve peak or at the zero crossing 
o f the cyc le. se lection being made by opera t ion of t he 
START PEAK/ START ZER O toggle switch_ 

The Instrument also prov1des a manua ll y ope rated 
fac il ity fo r stopping the wavefo rm at any point on the­
cyc le_ This is effec ted by means of the RUN / HOLD 
switch When the sw1tch 1s set to HO LD the output 
vo ltage IS Immediate ly arres ted a1ld the inst rumen t 
de l ive rs a d. c. ou tput at. the vo ltage reached_ When the 
swi tch 1s reset to RUN the wave fo r. m continues from the 
point at wh1ch it was stopped Th1s faci l ity can be used 
in the sing le-cyc le mode and 111 the norma l continuo us­
wavefo rm mode. 

Sync J'l..•: 

12330!2 

The ou tpu t w ave forms are norma lly symmetr ica l about 
ze ro vo ltage. Provis ion IS made. however. fo r supe r­
imposing on t he main outpu t wave form a posit ive or 
nega t1ve d.c. offset. which 1s accu rate ly adjustab le from 
0 to 10 vo lts by means of a di rect ly ca l ib rated 1 0- turn 
con trol. An associated on / off switch pe rmi ts in troduction 
or remova l of the off set w1thou t disturbing the se tti ng of 
the va r1able co ntrol. 

Prov1sion is also made for l imi ti ng (c l ipping) the 
posit1ve an d nega ti ve excu rsions of w ave form at any 
voltage from 0 to 1 0 vo lts relat1ve to ze ro . 

Both the offset and t he lim1t1ng are app l1ed prio r to the 
fina l attenuato r. so that t he1 r vo ltages are reduced 
propo rtionate ly when attenuation is in t roduced_ 

Power Su ppl y 
The Wave form Gene rator is su1tab le fo r operation from 
standa rd ma1ns supp l ies in the 115 vo lt range and the 230 
vo lt range. In ad d1t1on to providing the ope rating power 
for the Interna l circui ts. the instrument's power uni t 
del1vers stabi lised d_c_ ou tputs at ± 18 vo lts and ± 12 vo lts 
at an aux il ia ry power outpu t socket at t he rea r of the 
inst rument. 
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TF 2120 
.. ,.. __________________ _ 

FREQUENCY 
Range 0 ·0008 Hz to 100 kHz in 8 switched 

decade ranges. 

Accuracy ± 1 division on 254 mm (1 0 in) 

Stability 

scale length between 0 ·0008 Hz and 
10kHz. 
± 2 divisions from 10 kHz to 
100 kHz. 

±0·01% per degree Centigrade. 
±0 ·1% in eight hours. 

Remote frequency sweep Two linea r laws are available for 
remote contro l or frequen cy sweep. 
Law A: f =f 0 +k, Vp. 
Law B : f=f 0 +k 2 Vp. 
Where f 0 is the frequency with no · 
programming input. Vp is the 
programming vo ltage in vol ts. 
k, = 1 Hz/volt. 
k 2 =0·1 f 0 / volt. 
Maximum swee p rate 100 mV /IJS. 

DC output and frequency 0 ·2 vol t/ Hz xrange multiplier. (Full 
sca le on frequency dial correspo nds 
to 2 V outpu t). 

Sweep range More tha n 2 decades (100 to 1) . 
Maximum frequency 100 kHz 
(10kHz on VA RI A BLE PH ASE 
OUT PUT). 

MAIN OUTPUT 

56 

Function 

Amplitude 

Impedance 

Sine wave. square w ave. trian gle 
wave. positive ramp or negat ive ramp 
se lected by push-button. 

Maximum output 20 V p-p ( ±10 V) . 
Fi xed attenuation of 0 to 60 dB in 
1 0 dB steps w ith 2% accu racy. 
Continuous fine control calibrated 
20 to 100% ± 5% f .s.d. 
Open circuit peak voltage is ind icated 
on the fron t pane l meter. 
Total output range more tha n 70 dB 
(4 mV p-p to 20 V p-p). 

50 0 or 600 0 . 

Protection Short ci rcuit proof. 

Stability ±0·025% per °C. ±0· 1 0% per kHz 
(triangle only) . 

Distortion and linearity Sine wave: Departure from true 
waveform less than 1% at any point. 
Less than 2% harmon ic distorti on 
(typica lly 0 50%. 0·001 Hz to 1 kHz) . 
Square wave: Symmetry ± 1%. 
Overshoot 5% of p-p amplitude. 
Rise time typi ca l ly 1 50 ns. max1mum 
250 ns. 
Fal l time !ypi ca lly 150 ns. maximum 
250 ns. 
Triangle: Linearity ±0·5%. 
Perturbations not greater than 5% of 
peak ampl itude Wi thin 200 ns of 
crests . 
Ramps: Linearity aC>d perturbat ions 
as for tr iangle. Fly back time typically 
150 ns. maximum 250 ns. 

DC output Po s1 t1 ve or negat1ve 10 V maximum. 
Offset may be switched 1n and set 
by a 1 0 turn potentiometer. 
Maximum excursion of output 
(signa l +offse t) ± 10 V. 
Accura cy of setting ± 1% of setting 
± 30 mV. 

Limiting 

_vARIABLE PHASE 
OUTPUT (1OkHz max) 

Function 

Dial accuracy 

Amplitude 

Impedance 

Protection 

Stability 

Al l functions may be clipped at any 
positive and negative vo ltage from 
0 to 10 V, by adjustment of 
independent calibrated contro ls. 
The main attenuator follows the 
limit ing and offset ci rcuits. so that 
their vo ltages are attenuated in the 
same rati o as the signal. 

Continu ously adjustable from - 100° 
to +100.0 w ith linear scale. Swi tched 
180° gives 380° total control. 

Sine wave . square wave. triangle 
wave. posi tive ramp or negati ve ramp 
as selected by push-button . 

±1 o . 

Maximum ou tput 6 V p-p ( ±3 V). 
Preset ampli tude adjustment on front 
pane l. 

50 0 . 

Short circuit proof. 

±0· 1% per °C. ±0·1% per kHz 
(triangle on ly). 

Remote phase sweep Linear law 30° phase shift per volt. 
(positive or negative). 
Maximum tota l phase shi ft ±1 00°. 
Additional 180° inversi on also 
available. 
Maximum swee p rate 100 mV / IJS 
W/IJS). 

DC output phase 1 V/30° 
Tota l ph ase shift ± 100° 

Distortion As Main Output. but step devi ati on 
less than 1% of p-p-amplitude and 
perturbation less thaR 5% of p-p 
amplitude w hen measured at ±45 
degrees. 

+90° PHASE OUTPUT 

Function Sine wave. square wave. triangle 
wave. positive ram p or negative ramp 
as se lected by push -button. 

Amplitude Maximum output 6 V p-p ( ±3 V) . 
Preset amplitude adjustment on fron t 
panel . 

Impedance 50 0 . 

Protection Short ci rcuit proof. 

Stability ±0 ·1% per °C. ±0· 1% per kHz 
(triangle only). 

Distortion As main output but step devia t ions 
less than 1%. 

AUXILIARY OUTPUT 
(Rear panel) 

Function Sine wave. sq uare wave and tri ang le 
wave in phase w ith main output. 
at +90° phase and variable phase. 
(Nin e simultaneous outputs.) 

Amplitude Fixed 6 V p-p (about main zero) 
towithin ±1%. 

Impedance 330 0. short circu it protected. 

Maximum load 1 kO. 



OTHER FACILITIES 

Single cycle Manc;ally by biased switch or 
electrically by +12 V pulse applied 
to external tri gger input at rear . 
(Width 10 f.!S minimum. rise time 
1 f.!S maximum). 
Start po int at zero or positive peak 
selected by a swi tch. 

Hold A ll waveforms can be stopped at any 
point on a cycle. 
On rel easing HOLD swi tch the 
cycle is resumed. 
Drift rate better than 1 0 mV /s x range 
set ting . 

Synchronous gate Start (at zero or peak) +.12 V. 
Stop (at zero or peak) 0 V. 
Waveform stops at the end of the 
cycle (zero or peak as set) after the 
+ 1 2 V gate signa l is removed. 

Earth isolation The signal low terminal can float 
w ith respect to the case (mains 
earth) up to ±350 V. 

Auxiliary power output 5 pin so cket giving stabilised 
supplies of ±18 V and ±12 V. 
Maximum current 250 mA on ea ch 
l1ne. 

TF 2120 

· .. · 
1-' 

OPERATING 
TEMPERATURE RANGE 0 to 40°C. 

SAFETY Designed to meet the requirements 
of IEC 348. 

POWER REQUIREMENTS 115Vor200to240V ± 10% 
50 to 60 Hz. 40 VA 

DIMENSIONS AND 
WEIGHT Height Width Depth Weig ht 

130 mm 440 mm 445 mm 10 kg 
5 in 17!, in 17 ! in 221b 

VERSIONS AND ACCESSORIES 

When ordering please quote eight digit code numbers 

Ordering numbers 

52120- 900N 
Vers1ons 
Waveform Generator TF 2120. 

Supplied Accessories 
Earthing Link 34461-503Y. 

-Optional Accessories 
54127-081 F Rack Mounting Kit. 

Extension Board , 11 way. 
Extension Board. 25 way. 
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'The White Noise Book' 
Multichannel communication systems 
and white noise testing 
By M. J. Tant 

An aid to the understanding of the technologies associated with 
multichannel f.d .m. systems, with particular reference to the 
practice of white noise testing. 
The somewhat bewildering quantity of different measuring units 
encountered in today's telephone industry are defined and the 
currently published noise objectives for multichannel systems are 
summarized, together with past and present recommendations 
for white noise testing. 
Charts and tables are also included to enable the engineer 
involved in white noise loading to apply measurement 
corrections for maximum accuracy. 
As a member of Marconi Instruments Ltd, M. J . Tant is 
responsible for the worldwide marketing of f.d.m. measuring 
instruments with particular emphasis on white noise testing. 
He represents the Electronic Engineering Association on the 
British Standards Institution committee concerned with 
instrumentation for terrestrial and satellite microwave systems . 
He is also a member of International Electro-technical 
Commission committees charged with simi lar responsibilities on 
a world-wide basis. 
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MULTI-CHANNEL 
TESTIING •• 



~-.--------VV~h-i-te_N_o_l_.s_e_T_e_s_t _S_e_t _______ l 

I 

II 

0 Measures noise and intermodulation on wide-band 
multichannel telephony systems 

o Suitable for 12 channel to 2700 channel systems 
o Accepts all 'A' and 'B' series!filters 
o Meets all relevant CCIR, CCITT and INTELSAT requirements 

(Recommendations 399-2, Geneva 1974: 399, Geneva 1963: 398-3, Geneva 1974: 
482, Geneva 1974) 

~~~------.--:::::---------------------_...... ....................... _......_...._,. ....................... 
~ ' 

Two compact units form a 90mplete equipment for 
measurement of noise interference in wideband tele­
communication systems by methods based on recom­
mendations of the CCIR (Radio Rel ay), CCITT (Cable) 
and I NT ELSA T. These methods are based on the fact that 
random noise evenly di stributed over the system baseband 
closely simulates the wideband multiplex sig nal en­
countered under operational conditions. 

OA 20908 has been spec ially developed to meet the 
latest CCIR recommendation s 399-2 and 482 (Geneva 
1974) when it is used with " B · filters. When fitted w ith 
"A" filters OA 20908 conforms to the older CCI R recom­
mendation 399 (Geneva 1963) . 

A noi se signal which simulates traffi c at a speci fied 
level of loading, is applied to the communication system 
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from Noise Generator TF 2091 B. A quiet test channel is 
produced by the introduction of a band-stop filter in th e 
generator c ircu it; and th e noise leve l in this test chan nel at 
the output of the system rep resents the leve l of inter­
ference due to intermodulati on and residual noise in an 
equiva lent operationa l chan nel. It is measured by means of 
Noise Receiver TF 20928, wh ich compares th e noise 
interference w ith the noise ir) the same channe l in its busy 
state; i.e., when the band-stop fil ter is taken ou t of c ircuit. 
The result of this comparison is known as the noise power 
rat io (n.p.r.). 

This system of measurement is applicable to the design, 
manufacture, commission ing and maintenance of Micro­
wave Links, Tropospheri c Scatter Systems. Multichanne l 
Cable Links, Geostationary Commun icat ion Sate llite Links, 
and Video Tape Systems. 



OA 20908 

ALC 
NOISE GENERATOR Irs£ LE:vnl 

I 

!'------FILTERS------, I ~015[ OHJOFF I 

NOISE RECEIVER 

THE NOISE GENERATOR 

EOU1Pio4ENT 
UNDER TEST 

COARSE FINE 
ATfEN ATTEN 

The generated noise bandwidth extends from below 
12kHz to above 12·36 MHz. and thus accommodates all 
basebands from 1 2 channels to 2700 channe ls. 

For rea li st ic simu lati on of traffic conditions. however 
the transmitted noise bandwidth must be equa l to the 
baseband of the system . So the noise signa l is passed 
through a pair of band-limiting filters-a high-pass filter 
at the low-frequency end and a low-pass filter at the high 
end. The band - limited signa l is then amp lified and fed. via 
the band -stop (slot) filter which produces the quiet test 
channe l. to an output attenuator. 

Flexibility. The mechanical arrangements are such that any 
of the filters can easily be changed to suit the operational 
equipment to be tested. 

Each fil ter-band- limiting as well as band-stop-can 
be sw itched into and out of ci rcuit by means of a rocker 
switch; all the filters are mechanically similar. and the 
instrument is designed to carry a total of nine, this total 
being made up of any number of high-pass. low-pass and 
band-stop filters as desired. 

By fittin g a suitab le se lection of filters the instrument 
can. therefore. be arranged for testing two or more different 
commun icat ion systems. the noi se bandwidth being 
changed simply by the operation of the appropriate 
switches. For easy identification band-limiting filter 
switches are colour coded grey. an·d the band-stop filter 
switches are red. S'Nitch select ion of bandstop filters 
allows the se lection of one measurement slot at a time as 
required by the CCI R recommendati ons. 

Noise Power Output. The power level of the noise signa l 
applied to the output attenuators is monitored by a meter 
scaled in dBm. The final output level, within the range -54 
dBm to +20 dBm is obtained by the combined indication 
of the meter and attenuators. 

Sl.!itab le load ing levels of noise power are recommended 
by the appropriate authority, i.e. CC I R. CCITT or COM SAT. 

The baseband power level is maintained constant when 
switching in band stop filters by an Automatic Level 
Contro l circuit wh ich compensates for the power lost due 
to the insertion loss of the filter. 

BP FILTERS 

I 
I 
I 
I 
I 

THE NOISE RECEIVER 

TO 
EQUIPMENT 

UNDER 
TfST 

The receiver. connected at the receiving end of the link 
system, is switch-tuned to the centre frequency of the test 
channel appropri ate to the band-stop filter in use in the 
noise generator. 

Up to six frequen cy se lectors can be fitted . each com­
prising a band-pass input filter and a plug-in local­
osci llator board. Like the noise generator. the receiver is so 
constructed that the frequency selector units can be 
changed easily and quickly. An independent gain control 
for each recept ion channe l permits equalisation of sensi­
tivity over the frequency range . 

The output from the internal local osci ll ato r is available 
from a coaxia l socket; or, alternatively, the same socket is 
utilised as the inlet for an external loca l oscillator signal. 
the channel se lector switch being set to a seventh position 
for thi s fac ility. Operated w ith an external loca l oscillator. 
the rece iver may be used as a se lecti ve leve l meter for 
general ana lysis of r.f. signa ls in the frequency range 12 
kHz to 12-4 MHz. 

The Measurement. The sta ndard way of measuring the 
n.p.r. is by a slide back method utilising the receiver's input 
attenuator. 

W ith the communicati on system fully loaded with whi te 
noise, withou t any quiet channe ls. the receiver is set to the 
test frequency, and its sens itivity is adjusted for a deflection 
of the panel meter pointer to a referen ce mark. It is then 
respor>ding to the mean noise leve l over its 2·2 kHz band­
width. The appropriate band-stop filter in the noise 
generator is then switched into circuit. producing the 
quiet test channe l not less than 3 kHz wide. and the 
receiver' s input attenuator is adjusted to bring the meter 
pointer back to jhe reference mark. The noise power ratio 
is then equal to the change in atten uation. It is usual to 
measure the n.p.r. at several frequencies in the baseband 
including one near the !op, one at the centre and one near 
the bottom frequency limit. Recommended in-band test 
channe ls are shown in the tables following the specif ica­
tion. 
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Direct Reading in N.P.R. For convenience of operat io n the 
attenu ator controls are scal ed to be direct reading in no ise 
power rat io; i.e .. ca li brated in reverse w ith 0 dB co rres­
ponding to high attenuati on. 

The ini t ia l setting up on a busy channel is norma ll y done 
wi th th e attenuator at t he 0 pos iti on. In o.rde r to cate r for 
va r1ou s mea n power leve ls. the coarse attenuator dB sca le 
ca n be rotated (wi th click stops ) relati ve to the dial. 

Absolute Noise Measurement. Th e rece iver contains a 
standard w ideband noise source w hich provi des 1 pW per 
channel power density to the rece iver input atten uator. 
The receiver ca n then be standard ised to measure no ise 
interference in pW per channel over the range 1 pW to 
1 3 x 1 0 5 pW per channel. Conve rsion graphs are prov ided 
for measurements in altern at ive units. inclu ding pWp. 
dBmp. d Brnc and dBa. 

Residual System Noise. The generator outpu t may ~be . 
switched off or interrupted to all ow the measurement of' 
residual system no ise wi th ou t the necessi ty of disconnec­
tin g th e noise generator. 

Out of Band Testing . It is sometimes desi rab le to monitor 
the intermodul ati on and residua l noise in a mul t i- cha nnel 
system w hile it is ca rrying traffi c. The usua l method is to 
monitor the noise in a nominal test channel just ou tside 
the operat iona l bandwidth of the system. 

Noise receiver T F 2092B w hen used in its abso lute 
noise measu reme~t mode is suitab le for out -of -band 
measurement and fi lters conforming to CC IR recommend­
at ion 398-3 (Geneva 1974 ) are ava il ab le as shown in 
the tab le. "A" f ilters at out-of- band frequenc ies are also 
ava ilable. 

NOISE GENERATOR TF 2091 B 

NOISE BAND 

OUTPUT 

Peak factor 

A.L.C. 
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The generator may be fitted w ith up 
to nine fi lters. These include high-pass 
and low-pass filters corresponding to 
the baseband of th e system under 
test. and band-stop filters fo r 
se lected slot frequencies- fo r details 
see .. Fi lte r characteristics" .and 
for type numbers see tab les. 

White noise is generated over the 
frequency band from be low 1 2 kHz to 
above 12360 kHz. Within the 
bandwidth corresponding to the 
baseband of the system under test. 
the r.m.s. voltage of the white noise 
spectrum measured in a ban d of 
about 2 kHz does not vary by more 
than ±0·5 dB. The noise band is 
limited by the high-pass and low-pass 
filte rs selected. 

Noise power density is adjustable to 
at least -14·5 dBm/ kHz with 'B' 
version lilters or -1 2 · 5 d Bm/kHz 
with 'A' version filte rs. 
Maximum total power is +20 dBm. 
Noise output may be switched off by 
a front panel switch. 

Greater than 12 dB up to 17 dBm 
output leve l. 

Maintains the ou tput leve l constan t 
w hen switchi ng ban d- stop fi lters. an d 
also when swi tching band- limi ti ng 
filters provided the noise power 
density is wi thin the specified l im it. 
With a meter L1dica tion between 
-1 dB and +1 dB the leve l is 
res tored to within 0 and -0 25 dB of 
th e original level after insert ing a 
band-stop fil ter. 

Recorder Output. For cont inuous monitorin g of no ise 
interference leve ls. the rece ive r is provided wi th a reco rder 
output jack. The vo ltage from th is socket is deri ved by 
rectifi ca ti on of the l.f. noise signal. an d the smoothed d.c. 
output is proporti onal to the mean noise level. 

RELIABILITY 
Both units of the White No ise Test Set are full y tran­

sistori sed. w ith th e usual adva ntages of good reli ability. 
vi rtu ally zero wa rm -up t ime. and low temperature opera­
ti on. 

Furtherm ore. in common w ith other instruments in th e 
M .l. range. the OA 2090 B has been subjected to th orough 
env ironmental tesTing. 

BENCH OR RACK MOUNTING 
The two units are the same size. conformin g to the 

M arcon i modu lar d imensional standa rd . As full- mod ule 
units. they are norm all y in bench type cases w ith provision 
for fitt ing a protective front cover. which is avai lab le as an 
optional accessory. The instruments ca n also be supplied 
ready for mount ing into a standard 19 inch rack; or. if 
required at a later date. a separate rack-mount ing con­
version kit is avail abl e. 

INCREASED FILTER CAPACITY 
Wh ere the f ilter requi rement exceeds the capaci ty of 

OA 2090 B. the generato r and rece ive r may be modif ied for 
use wi th Filter . Extens ion Uni t TK 2099A B. This un it 
allows fi lte r capac ity to be doub led to a maximum of 
twe lve test channels w ith a corresponding increase in ba nd 
limi t ing f ilter capac ity. 

Attenuators Coarse: Above 0 dBm in fou r steps of 

Meter calibration 

Output level accuracy 

Output impedance 

Return loss 

POWER REQUIREMENTS 
A.C. mains 

DIMENSIONS 

WEIGHT 

5 dB to +20 dBm. 
Below 0 dBm in four steps of 
10 dB to - 40 dBm. 

Fine: 0 to - 11 dB in eleven steps of 
1 dB. 

0 to ±1 dBm in 0·2 dB increments. 
0 to -3 d Bm in 1 dB increments. 
Accuracy: ±0·1 dB at ±1 dBm. 

±0·3 dB at_ -3 dBm. 

(when meter ind icates 0 dBm). 
±0·3 dB at 0 dBm attenuator setting. 
Additional error at other levels is 
±0·5% of fine attenuator dB setting. 
±0·5% of coarse attenuator d B 
setting. ±0·1 dB. 

75 0 . 

Grea ter th an 20 dB when th e 
attenuators are set fo r 0 dBm and 
below. 

95 to 130 V or 190 to 260 V; 
45 to 500Hz. 50 VA. 

He1ght 
195 mm 
H in 

W idth 
475 mm 
18i in 

Depth 
432 mm 
17 in 

Instrument w1thout fil te rs 1 2 kg 
(26! lb) 
Weight of typica l f ilte r. 0·6 kg 
(1-1- lb). 



NOISE RECEIVER TF 20928 

The receiver may be fitted with up to 
six band, pass filters and six loca l 
oscillator boards-for details see 
'F ilter characteristics' and for 
type numbers see tables. 

• Number of channels Up to SIX. Switch se lected. 

Effective bandwidth Nominally 2·2 kHz. 

Sensitivity With 'B' version filters: Better than 
-130 dBm/kHz. 

Inherent noise 

With 'A' version filters: Better than 
-120 dBm/k Hz. 
The gain of each reception band is 
adjustab le to give equal sensitivity for 
the SIX bands . 

Inherent noise density is equivalent to 
the sensitivity figure. 

INPUT ATTENUATOR Direct reading in noise power ratio 
and in pW of no1se pow9r per 3· 1 
kHz bandwidth. 

Range 

Accuracy 

Calibration 

0 to 91 dB in eight steps of 10 dB 
and eleven steps of 1 dB. 

±0·5% of attenuation value ±0·1 dB. 

0 to 91 dB in terms of noise power 
ratio. 1 pW to 13 X 1 06 pW in terms of 
no1se power per 3·1 kHz bandwidth. 

Input impedance 75 0. Return loss greater than 20 dB 
for all positions of input attenuator 
w hen the indicated level exceeds 
0·1 pW. 

STANDARDIZING 
NOISE SOURCE 

Level 1 pW (-90 dBm) per 3·1 kHz 
bandwidth (-95 dBm per kHz 
bandwidth.) 

Characteristic Noise is generated over the band 
10 kHz to 1 3 M Hz. within which the 
level does not vary by more than 
±0 25 dB. 

Accuracy ±0·5 dB at 1 pW per 3·1 kHz 
bandwidth. 

LOCAL OSCILLATOR Up to six local osci llator boards may 
be fitted. 

Local oscillator output Between 0·3 and 0·7 V e.m.f. 
depending on frequency. 

Sou rce impedance typically 1·5 kO in 
parallel with 75 pF. 

External local oscillator input 0 ·6 V ±20%. Input impedance 
typically 6 k_Q in parallel with 60 pF. 

RECORDER OUTPUT Suitable for use wi th 1 mA recorders. 

POWER REQUIREMENTS 

DIMENSIONS 

WEIGHT 

A.C. mains 95 to 130 V or 190 to 260 V; 
45 to 500 Hz. 15 VA. 

Height 
195 mm 
7i in 

Width 
475 mm 
1B l in 

Depth 
432 mm 
17 in 

Instrument wi thout filters or local 
oscillators. 12·3 kg (27 lb.) 

Weight of typica l filter. 0·6 kg (1 i- I b). 

OA 20908 

OVERALL EQU IPMENT 

Inherent intermodulation 

SAFETY 

and noise Measured as a back -to-back noise 
power ratio. i.e. with the generator 
output con nected directly to th e 
rece1ver input and with the power 
level not greater than that 
recommend.ed by CCIR as the loading 
for the bandwidth 1n use when 
measu red at a zero transmission level 
point (dBm=dBmO). 

With '8' version filters: better than 
67 dB. 

With 'A' version filters: better than 
75 dB above 50 kHz and better than 
70 dB at 50 kHz and below. 

Designed to meet the requ iremen ts 
of I EC 348. 

·, LIMIT RANGE OF 
"\. O'PERATION 

Temperature 

CONDITIONS OF 
STORAGE AND 
TRANSPORT 

Temperature 

Humidity 

Altitude 

0 to 55 °C. 

-40°C to + 70°C. 

Up to 90% relative humidity. 

Up to 2500 m (pressurised freight at 
25 kN / m2 differential. i.e. 3 7 lbf/in 2) 

VERSIONS AND ACCESSORIES 

When ordering please quote eight-digit code numbers 

Ordering numbers Versions 
52090-035U White Noise Test Set OA 2090B. 

Consisting of; 
52091-035D Noise Generator TF 2091 B 
52092-035Z Noise ReceiverTF 20928. 
52090-924Z White Noise Test Set OA 2090B/4. 

for use with TK 2099AB. 
Consisting of; 

52091-924V Noise Generator TF 2091 B/4 
52092-9248 Noise Receiver TF 2092B/4. 

Supplied Accessories 
Two BNC Plugs. Greenpar type 

GE 37570C 30. 
Telephone Plug . Bulgin type P38. 
Two Power Leads TM 7052 

(43123-076) for bench mounting 
OA 2090B. 

OR 
Two Free Sockets, Bulgin type P430/5E 

for rack mounting OA 2090B. 

Optional Accessories 
Selective Filter Sets compri sing band-stop 

filters. band-pass filters and local 
oscillator boards. 

Band Limiting Filters. high pass and low 
pass. 

54481-011C Matching Transformer. 75 0 unbalanced 
to 1 50 0 balanced. 

54351-011F Connecting Lead . BNC. 1830 mm (6 It) . 
54124-021N Front-panel cover (protective) for 

generator or receiver. 
54134-011 A Dummy Front Plate. for use in place of 

one filter. 
46883-002Z Ra ck Mounting Kit TM 8270. to fit one 

unit into a 19 in. rack. 
54112-061W Carrying case for generator or receiver. 
54112-071R Carrying case for spare filters. 

For details of fi lters and no1se measunng 
sets see page 7 2 
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TK2099AB Noise Filter Extension Unit 

o Doubles the filter capacity of 
OA 2090A and OA 2090 B 

o Accommodates up to six filters for the 
Noise Receiver and nine filters for 
the Noise Generator ~ 

The TK 2099AB Noise Fi lter Extension Unit has been 
designed to effectively double the filter capac ity of 
Marconi Instruments OA 2090 series of White Noise Test 
Sets. and is suitable for use with both OA 2090A and 
OA 20908. 

Existing generators and rece ivers requ ire some modifi ca­
ti.on in order to make use ofth is instrument. and modifi cation 
kits are available for this purpose. As different modifi cation 
kits are required for OA 2090A and OA 2090 8. it is 
necessa ry to specify the model concerned at the t ime of 
ordering . Alternatively, a modified version of the White 
Noise Test Set. OA 20908/4. can be supplied. Thi s 
comprises Noise Generator TF 2091 8/4 and Noise 
Receiver TF 20928/4. 

Existing f ilters. as listed in the OA 20908 data sheet. 
can be f itted into the Extension Unit. whi ch can accommo ­
date up to six Band-pass filters with Osc illator Units for 
the Noise Receiver. and up to nine selected from Low-pass. 
High-pass and Band- stop filters for the Noise Generator. 

The TK 2099AB is supplied with leads enabling it to be 
conn ected to the modified White Noise Generator and 
Receiver. 
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SAFETY 

I 

I 

POWER 
REQUIREMENTS. 

Designed to meet the requ irements 
of 1EC348. 

25 V d.c. from the Noise 
Receiver. 

DIMENSIONS Height W idth Depth 
195 mm 475 mm 432 mm 
7 ~ i n 18i in 17 in 

WEIGHT Instrument w ithout fi lte rs 7·25 kg , 
(16 lb) approx. 

VERSIONS AND ACCESSORIES 

When ordering please quote eight-digit code numbers 

Ordering numbers 
Versions 

52099-300P Noise Filter Extension 
Unit TK 2099A 8. 

Modification Kits 
For use w ith OA 2090A: 

54713- 1016 Converts TF 2091 in to 
TF 2091/ 4. 

54713- 111Y Converts TF 2092A into 
TF 2092A/4. 

For use wi th OA 20908 : 
54713- 101 B Converts TF 2091 8 into 

TF 20918/4. 
54713- 121S Converts TF 20928 into 

TF 20928/4. 



Automatic VVhite Noise Test Set 

0 Automatic measurements for all noise loading tests 
0 Measures n.p.r., dBmOp, dBrnGO and all commonly used units for f.d.m. 
0 Digital readout in selected unit 
o Analogue and b.c.d. outputs for recording 
0 Semi-automatic control of generator from receiver 
0 Optional Control Unit for automated measurement sequences 
0 Remotely programmable 
0 Plug-in filters and local oscillators in interchangeable units 
0 Accepts all 'A' and 'B' series filters 
0 Conforms to all relevant CCIR and CCITT recommendations 

White Noise Test Set OA 2090C provides an automatic 
measurement capa bility for f.d.m. b.aseband noise loading 
tests. It has application in research. development. 
production. installation. commission ing and maintenance 
of multi channel systems w ith capacities up to 2700 
chan nel s. As a resu lt the test set wil l be used by PTT 
Authorities. telephone companies and manufacturers of 
telephone systems for measurements on coaxia l cab le. 
microwave link. tropospheric scatte r and commun icat ions 
sate II ite systems. 

OA 2090C cons ists of a Noise Generator TF 209 1 C 
and a Noise Rece ive r TF 2092C. An optiona l Contro l 
Unit TK 2085 is also availab le. These units have been 
designed to form a fully automatic test system. but the 
generator and receiver may also be used separate ly. 
the receiver being suitab le for use w ith any whi te noise 

I 

generator. inc luding all generators in the Marconi 
Instruments TF 209 1 seri es. The test set confo rms to th e 
CCIR and CCITT recommendations br· white noise test­
ing . and it wil l accept all the Marconi Instruments 'A' and 
·s· seri es filters. 

For users who do not require the automatic capabil ity 
provided by OA 2090C. the wel l proven Marconi 
Instruments White Noise Test Set OA 20908 wi ll con tinu e 
to be avai lab le. providing the same high accuracy for 
manual measure:nents. 

In add ition to automat ic measurement. OA 2090C 
provides digital readout in all the common ly used 
transmission measurement units and it also prov ides 
ou tputs in both b.c.d. and analogue form for recording 
purposes. 
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In the manua l mode of operation. measurement fun c­
tions are selected by front pane l push-buttons. Se lection 
of programmable operation transfers the frGln t pane l control 
fun ctions to control lines accessible thro'ug h sockets on 
the rear panels. In the programmab le mode the contro l 
element can be ei ther an automati c test sys tem or the 
optiona l remote Contro l Unit TK 2085 . This unit acquires 
control of all essent 1al front panel functions and also 
provides for simple prog ramming of measurement channels 
and power leve ls for au tomatic reco rding of n.p.r. curves 
on a dig ital printer. 

Plug- in filter units in both generato r and rece ive r 
permit easy changing of filters. and rapid interchange 
between systems is also possib le by keeping spa re 
units loaded wi th all the filters necessary for a syste'lil'i . 
For both generator and rece iver a plug- in filter unit'!- is '' 
necessa ry for fittin g the f ilters. 

NOISE GENERATOR TF 2091 C 
TF 209 1 C generates noise wi th Gaussian distribution and 
a spectrum from below 6 kHz to above 12360 kHz. 
Output power is va ri ab le from +19 9 dBm to -59 9 dBm. 
and an a. l. c. c ircuit maintains the se lected output w ithin 
±0·1 dB irrespective of f ilter and leve l swi tching . 

The noise generator when fitted with the plug- in Pro­
grammab le Fil te r Unit TK 2087 has a choice of two modes 
of operation-MANUAL and REMOTE. In the MANUAL 
mode any combinat ion of filters can be se lected by 
push-buttons on the generator front pane l. wi th lamps 
indicating which filters are operative Output power is 
se lected by three thumbwhee l switches giving steps of 
10. 1 and 0 1 dB. and a SET ZERO control gives va ri at ion 
of ±0·5 dB relative to the switch setti ngs. as di sp layed 
on a meter. A NOISE ON/OFF switch . with warning 
lamp. is provided for use w hen making measurements of 
baseband idle noise. In the RE MOTE mode. cont rol of 
fi lter se lection. output leve l in 0 1 dB steps and NOISE 
ON /O FF is achieved by signals to the rea r pane l socket 

With th e rece1ver program board f itted. ce rtai n 
generator fun ction s can be controlled at the rece iver by 
means of an interconnectin g cab le. Se lect ing a ba nd-pass 
filter in the rece iver w ill automatica ll y se lect the co rres­
ponding band-stop filter in the generator. Operat ion of 
the rece iver SET ZERO switches the se lected band-stop 

filter out for auto-zeroing to reference leve l on n.p.r. 
measurement. The NOISE ON/OFF fun ction may also be 
control led at the rece ive r. 

The prog rammab le filter unit has prov ision for nine 
filters. of which fi ve or six may be band-stop and three 
or four may be band- limit ing A Manua l Filter Unit TK 
2087/1 is available for use w here the remote fa c ility is 
not requi red . Filters are se lected by thei r mechanical rocker 
switches and other functions by thei r front panel con trols . 

NOISE RECEIVER TF 2092C 
To achieve th e desi red high accuracy and long- term 
stabil ity, the noise rece iver uses a slide-back measurement 
technique. The se lf -balanc ing attenuator simplifies meas­
urements and removes the need for manual operation of 
controls. · 

Signals deri ved from a level detector cont rol the atten­
uator. An arithmetic unit converts the attenuator settin g 
into a reading in the selected un it which is presented on 
a 3 digit di sp lay giving readings to the nearest dB . A 
centre-zero meter provides cove r from -2 5 to +2 5 dB 
and from -5 to + 5 dB. sw itch se lected. 

The band-pass filters and local osci ll ators are mounted 
in a plug- in Filter Unit TK 2086. which has provision for 
up to six channe ls and which permits rapid adaptation to 
different channel capaci ti es. 

Automatic Measurement of n.p.r. To make measu rements 
of n.p.r. th e system under test is f irst full y loaded w ith 
w hite noise. wi th no quiet channe ls. and the receive r 
sets automatically to zero reference leve l at the se lected 
measurement frequency. When th e appropriate hand-stop 
filter is switched in at the generator. the receiver 
automati ca ll y measures and disp lays the reduction in 
noise leve l introduced by the quiet channel. i. e. the noise 
power ratio. 

For further n p r. measurements at different loading 
leve ls the receiver automatica ll y ze ros at each increment of 
power. providing these increments do not individually 
exceed 19 dB. Resu lts for plotting n.p.r. curves can be 
automatica lly reco rded on a prin ter. 

Output ~'lei (cEm) 
Sooply """"' m ~"· 

S..Z= • c (e - ------
On Ofl 

0 0 0n 
Off • • • • • t • e .. 

0 0 
NOISE GENERATOR TF 1091C 

UNT ~ PROGRAf'9otABlf) TJ( ~ 

~ ~ -----. 
U41 kHt 

Noise Generator TF 2091 C 
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OA 2090C wi th TK 2085 and Digi ta l Pr inter GMT 301 

Automatic measurement· of channel power For channel 
power measurements the incoming noise is automatica ll y 
compa red w ith an inte rna l standard of 1 pW/channe l and 
computed in te rms of noi se per channe l. Measu rements 
can be made unweighted or we ighted to CC ITT psopho­
metri c or C-message standards to give readout in the 
followin g units: dBm. dBrn. dBmp. dBrnp. dBrnC. 

In addition. relative tran smission leve l can be selected 
over the range 0 to -49 dBr in 1 dB steps and the readout 
then appears directly in the ·o· format. relative to standard 
test tone leve l in the fo ll owing units: dBmO. dBrnO. 
dBmOp, dBrnOp, dBrnCO. 

Readout is also avai lable of s1gna l -to-noise ratio. which 
is the rati o of the leve l o f t he standard test tone at a point 
to the noise at th at po~nt. Signa l - to- noise ratio is 
numerica lly equa l to the pe r channe l noise expressed in 
dBmO wi th the s1gn reversed. as is expla ined on page 54 
of 'The White No1se Book'. 

Readout Th e readout consists of a 3 digit display with 
au tomatic indication o f polarity and units. For inter ­
po lation between the last digits there is a pane l mete r. 

0 0 0 

5l4t.Hz 1141 •Hz :.61aH.t 

0 

OA2090C 

- ' 

~ m -b:- = - --~-·Tf.- ·_ 

sca led to ±2 5 dB and ±5 dB. w hi ch 1s also used du ring 
initial zero reference setting. An ana logue output provides 
continuous reco rding of leve l by cha rt recorder. a HOLD 
button disab l ing the automatic attenuator ba lancing. The 
reco rder output has a ran ge of -5 dB to + 1 0 dB. I in ear dB. 
wi th reference to th e digital disp lay Selecting METER X2 
and HOLD provides a visua l ana logue display High and 
low level warning lamps indi cate when the input leve l is 
outside the range of the digital readout. 

Programming option The addit ion of one optiona l pr inted 
ci rcuit board all ows remote cont rol of channe l selection 
and rece iver standardisation together wi th b.c.d. output of 
the digita l disp lay, meter reading and cha nnel number for 
operating a printer A pri nt command pulse is produced 
which is repeti ti ve every two secon ds wh ile ba lance 
exists or is tri ggered from an extern al sou rce . Th e outputs 
are sui tab le for most pa rall el input co lumn printers and are 
ava il ab le whether or not the receiver is switched into t he 
REMOTE mode. The prog ramming board is avai lable as an 
opt ional accessory and can easi ly be fitted to exist ing 
receivers. An alternative version o f the noise receive r is 
also ava ilable w ith the programming boa rd already f itted. 

I 5 • .. c c r 
liiOOk>U 

lAND I'AS.S(Il BA.NO I'MS~ MHDIIWIII IWC>IIWIII 

0 0 

Noise Receiver TF 2092C 
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OA 2090C 

···.-------------------

CONTROL UNIT TK 2085 
This optiona l unit contro ls all programmab le fun ctions of 
the white noise generator and rece iver. w ith ca pab ility fo r 
carry ing out automatica lly a fu ll sequence of tests and 
providing a printed record. Generator functions contro lled 
are band-stop and band- li miting fi lter selection. output 
leve l and noise on/off. Receive r fun cti ons controlled are 
band-pass filter and loca l osci ll ato r se lecti on. inject 1 pW 
per channel and set zero. 

The generator output leve l is adjusted by means of 
thumbwheel switches on the contro l unit front pane l. 
Other functions are se lected by pane l push-buttons If' 
cyc li ng mode prov ides leve l stepp ing over a pre-set rang~ 
in ad justab le increments an d cyc ling through a se lected 
number of measuring channe ls. al l leve l measurements for 
one channe l being comp leted before moving on to the 
next channel. If NOISE OF F is se lected . each channe l is 
first measu red with the generator output off then ove r the 
preset leve l range . The sequence thus automatically meas­
ures basic n.p.r. or id le noise as we ll as loaded noise. 
Cycling can be eithe r continuous or for one cyc le on ly, 
which may be started remote ly. for example by a time 
clock. so providing performance data during unattended 
periods. Cycling speed is variab le and the results can be 

pnnted out automatica ll y 1t a su1tab le pnnter is con nected. 
Printout signa ls are avai lab le for generator level , receiver 
measurement and channe l number at each step on each 
channe l. Warning signa ls are also provided for unattainable 
generator leve ls an d · out -o f - range receiver inputs. 

The control unit is usab le with most t.t.l. compatib le 
printers (contro l signals may be internal ly set to positive 
or comp lementary logic leve ls). 

Example of n p. r. pri ntout 
Generato r 
leve l in dBm 

.... r.:·r:: ... ?. 
.... I.J/. :-;>; 

... J :1 '·' 
.... 1;) 9 · ·-~-

.. .. 1/1.:.'' .:-: 
·--· 

.... l :i. :.':) 
.... fif9 ~-:; 

·"· lj/' ··.:: -.... 

n.p.r. Channe l 
~.=.=_;(;. :_:_:; l 
~_:_:_i l~ . ~:_:_; :1. 

~'.'i l . I;') :1. 

1::· .. y a: :· ··:-· 
~ •. 1 ,::. \,.1 .. :J 

t::· :1. t::· ---~-... ) • . . . 1 •. ,) 

.q '? (;') :::::; 

~'.')4 kl 1::· 
. . .I 

t:• (.;) r:: · 
... . 1,.;," ... . . 1 

0:~9 (/) t::: . __ ) 

r--~ C.__..---, lanol U..t"'' Fohen 
I l l 4 5 6 6 7 8 9 

Control Unit TK 2085 

NOISE GENERATOR TF 2091 C 

NOISE BAND 
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fhe Generator must be used with 
ei ther Programmabl e Filter Unit 
TK 2087 or Manual Filter Unit 
TK 2087/1. Etther unit may be f1tted 
w ith up to 11111e filters . includtng 
hig h-pass. low-pass and band-stop 
filters for selected slot frequen c1es. 
Any filters from the 'A' and 'B' ranges 
may be used. 

Whtte noise is generated over the 
frequency band from below 6 kHz to 
above 12360 kHz. co mplytng w1 th 
CCIR Recommendation 399-·2 
(Geneva 1974) . Wtthin the bandwidth 
corresponding to the baseband of 
the system under test the r.m.s. 
voltage of the wh1te no1se spectrum 
measured 111 a band of about 2 kHz 
does not vary by more than '0 5 dB. 

UOCL 

NOISE POWER OUTPUT 

Noise power density 

Peak factor 

Total power 

Output level range 

Output level accuracy 

741 7014 

The noise band IS llmtted by the 
htgh-pass and low -pass filters 
se lected. 

AdJUStab le to above - 14 ·5 dBm/kHz. 

Greater than 12 dB up to + 15 dBm 
output leve l. 

Max1mum tota l power 1s typt ca lly 
+20 dBm 111 bandwtdths of 4 M Hz 
and above. 

Adjustabl e from •· 19 ·9 dBm 10 
-59 9 dBm 111 0 · 1 dB sleps. 
co ntrolled by thumbw hecl swtt clws . 

±0· 3 dB at 0 dBm Wtlh meier 
indtca 11119 zero. 
Addtltonal error <ll Olher levc'b IS 
±0·5% o f thumbw hce l se llll lll. 
sO 1 dB . 



ALC Maintains th e meter md• cat1on within 
±0· 1 dB o f in1t1 al se tt1ng at constant 
ambient temperature w hen sw.tching 
leve l and filters . . 

Noise on-off No1se ou tput may be switched oif at 
fron t pan el. su ppressing the level by 
at leas t 60 dB. A w arning lamp l1ghts 
w hen the noise output 1s sw1 tched off. 

Leve l control Leve l ad justable over at least 
±0·5 dB relat1ve to settmg of 
thumbw heel swi tches. 

Meter Centre zero edgew1se movement. 
When the meter reads zero the power 
output IS that 111d1ca ted on the 
thumbw hee l sw1tches. 

Meter range ±0· 5 dB ca librated. 

Over-range indicator A wa rn1 ng lamp IS lit w hen th e meter 
reads o ff -sca le and/or the output 
sw1tches are se t beyond range. 

Output impedance 75 0 
Return loss 

PROGRAMMABILITY 

M anual / remote se lection 

Output level 

Filter selection 

Noise on / off 

Control source 

POWER REQUIREMENTS 

AC supply 

SAFETY REGULATIONS 

DIMENSIONS AND 
WEIG HT 

Greater than 20 dB for output levels 
below 0 dBm. 
Greater than 26 dB for an ou tput 
level o f - 10 dBm. 

Requtres use of Programmable Filter 
Un1 t TK 2087. 

By front pane l pu sh-butto1is. 
w arn1ng lamp 1nd• ca t1ng se lection of 
REMOTE co ntro l position. In th1 s 
pos111on th e front pane l con trols fo r 
OUTPUT POWER. NO ISE ON/OFF 
and FILTE R se lection become 
inoperative . 

Controlled by a 1 2 wtre b.c. d. signa l. 
±Sign 1 Wtre ('0'= -. ·1 ·= + ) 
10 dB steps 3 w tres 
1 dB steps 4 w tres 
0· 1 dB steps 4 wtres 

5 or 6 band-stop filters - 3 w ires b. c.d. 
4 or 3 band-l1m1ting f1lte rs - 4 wi res. 

S1ngle wi re (' 1' =Noise off) . 

A ll programmab le fu nctions are 
co ntro lled by feeding the appro pnate 
s1gna ls 1nto a socke t on the rea r 
panel. 
Logic levels: ·o· = 0 to 0·4 V. 

·1· = 4·75 to 5 25 V. 

95 to 1 30 V and 190 to 260 V. 
45 to 65 Hz . 45 VA. 

Compl1es wnh I EC 348 and 
BS 4743 safety requ tremen ts. 

He1ght W1dth Depth Weight ' 
188 mm 426 mm 482 mm 14 kg 
n 111 16 ~ in 19 in 31 lb 
' W ithou t filte rs. 

PROGRAMMABLE FILTER UNIT 
TK 2087 

FILT ER PO SITION S 

FILTER SELECTION 

Can be used w 1th No1se Generator 
TF 7091 C 111 e• th er REMOTE OR 
MAN UAL modes . 

Pos1 t1 ons I to 5 for band-s top frlters. 
POSi t iOn e for ei ther a band-stop or a 
band-l rm1t1ng filter . 
Pos1t10ns 7 to 9 for band -l1m1t1ng 
f1lters. 

By front panel push-bu ttons on 
TF 209 1 C to select up to 6 band-stop 
or two band-l1m1t1ng fil ters in the 
MANUAL mode . F1 lters 1n use are 
1nd1ca ted by lamps above each filte r. 

OA 2090C 

To ensu re that the mechanical 
sw1 tches on al l f1tted fil ters are 
sw1t ched 1n. a lockmg device is 
prOVIded . 

MANUAL FILTER UNIT TK 2087/1 

Can be used wit h Noise Generator 
TF 2091 C in the MAN UA L mode on ly . 

FILTER POSITIONS Nine Filters may be f•tted of which up 
to 6 may be band-stop filt ers an d up 
to 4 band- l imi ting. 

FILTER SELECTION Fi lters are selected by thei r mechanical 
swi tches. th e pu sh-but tons on 
TF 2091 C being rnoperative. 

. -· 

NOISE RECEIVER TF 2092C 

The Receiver must be used wi th 
Filter Un it TK 2086. 

OVERALL CAPABILITY 

Number of channels Up to six. se lected by pu sh- button or 
remote con tro l wi th lamp indi cation 
of cha nne l is use . ·A· or ·B· type 
ban d- pass fi lte rs and local oscil lators 
housed in filt er unrt. 

Effect ive bandwidth Nominal ly 2·2 kHz. 

Sensitivity Bet ter th an - 130 dBm/kHz with 'B' 
version filters. 
Better than - 1 20 dBm/kHz with 'A' 
version filters. 

Gain equalization The garn of each reception band is 
adjustable to g1ve equal sensi ti vity for 
th e six bands. 

MEASUREMENTS 

Readout Di gital di spl ay o f th e following 
measurements by push-button 
se lection . 
1) NPRII1dB 
2) Channe l power relative to: 

a) 1 mW unweighted in dBm or 
dB mO. 

b) 1 mW psophometrical ly 
weig hted in dBmp or dBmOp. 

c) 1 pW unweighted in dBrn or 
dBrnO. 

d) 1 pW psophometri ca lly 
weighted in dBrnp or 
dBrnOp. 

e) 1 pW C-message weigh ted 
in dBrnC or dBrnCO. 

Note: dBmO and dBmOp are 
nu merica lly equ al to signa l-to - noise 
rati o unwei ghted an d weig hted. w ith 
srgn reversed. 
For n.p. r. measu rements the digi tal 
d ispl ay is se lf zeroi ng for changes of 
reference level of up to ± 1 9 dB. 

Digital display A maxim um of 3 drglts in steps of 
1 dB w ith a max1mum ca pacity of 
1 59. Indica tion of polarity and 
measuremen t units. 

Analogue display Centre zero edgewise meter giving 
±2·5 dB With 0·5 dB diviSIOnS or 
± 5 dB w ith 1 dB divis1ons. switch 
se lec ted. 

Hold Locks dig ital d1spl ay and attenuator 
to facilita te rnitia l ca li brat1on and 
all ows an analog ue reading to be 
displ ayed re lative to a fixed reference. 

Tran smission level Adjus table in 1 dB steps be tween 0 
and - 49 dBr by means of a 
thumbwhee l swi tch. 

In put level Warnrng of high or low input 
conditions ou tsi de o pera ting range. 
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INPUT ATTENUATOR 

Range Automati ca lly ranged in 1 dB steps. 
W1th 'B' fi lters at least 0 dBm/chann el 
to -12 5 dBm/channel of which a 
maxim um of ±5 dB m"ay be di sp layed 
on the meter. 

Accuracy ±0·5% of attenuation value ±0· 1 dB. 

Input impedance 75 0. 
Return loss Greater than 20 dB fo r input levels 

exceed1ng -100 dBm/channe l. 

INTERNAL STAN DARD 

Funct ion 

Characteri st ic 

Noise power accuracy 

LOCAL OSCILLATOR 

Output 

PRI NTER OUTPUT 

RECORDER OUTPUT 

Range 

Maximum cu rrent 

REMOTE CONTROL 

POWER REQUIREMENTS 

AC mains 

SAFETY REGULATIONS 

DIMENSIONS AND 
WEIGHT 

FILTER UNIT TK 2086 

FILTER POSITIONS 
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The interna l standard is automatically 
appli ed to the receiver for ca li brat ion 
in th e SET ZERO mode for abso lute 
power measurements. 
Used in the INJECT 1 pW/CHAN 
mode to conf irm rece iver operation. 

Noise is generated over the ba nd 
from 10 kH z to 13 M Hz. 
Within these freq uency limi ts the 

·level does not vary by more than 
±0·2 5 dB when measured in a band 
of about 2 kHz. 

±0· 5 dB at 1 pW per 3·1 kHz 
bandwidth. 

Up to six loca l osc ill ators may be 
f1tted. 

Between 0·3 V and 0·7 V depending 
on frequency. Rear panel socket fo r 
monitoring purposes. 

Parallel b.c.d. output of displayed 
measu rement and polarity plus . 
channel number and ou t- of - range 
mdication. 

0 to 3 V e. m.f. corresponding wi th 
- 5 to + 1 0 dB relative to centre 

zero of analogu e meter. 

15 mA. 

Se lect ion of measuring channel by 
parallel b.c.d . sig nals. SET ZERO and 
INJECT 1 pW/channel. With cab le 
connection to Noise Generator 
TF 2091 C. corresponding band-stop 
filter can be se lected and all 
band-stop filters ca n be switched out 
on the SET ZERO position. 

95 to 1 30 V or 190 to 260 V. 
45 to 65 Hz. 45 VA. 

Comp lies w ith I EC 348 and 
BS 4743 sa fety requi rements. 

Height Width Depth 
188 mm 426 mm 482 mm 
7 i in 16 ~ in 19 in 
'Without filter unit. 

Weight ' 
14 kg 
31 lb 

Weight of typi ca l filter: 0·6 kg {1-); lb). 
W eight of filter unit with ful l 
complement of fi lters and loca l 
oscillators: 7 kg (15 ! lb). 

Can be used w ith Noise Rece iver 
TF 2092C in ei ther the REMOTE 
CONTROL or MAN UA L modes. 

Wi ll accept up to 6 band-pass filters 
and 6 loca l oscil lators o f either 'A' or 
'B' types. 

CHANNEL SE LECTION 

RANGE EQUALIZATION 

By front panel push-button sw1 tches 
when TF 2092C is sw1tc li ed to 
MANUAL. 
Can be controll ed externally when 
TF 2092C 1s swnched to REM OTE 
con trol. 
l nd1cation of channe l in use is g1ven 
by a lamp above each filter. 

By one of 6 front panel preset 
potentiometers. 

CONTROL UNIT TK 2085 

CONTROL FUNCTIONS 

Contro l of Noise 
Receiver TF 2092C 

Co ntrol of Noise 
Generator TF 2091 C 

Signal levels 

MEASURING MODE 

Single 

Single cycle 

Repeat cycles 

All modes 

Used in con ju nction wi th TF 2091 C 
and TF 2092C. TK 2085 con trols all 
program mable functions of each 
instrument. enab ling a pre-set 
sequence of whi te noise 
measu rements to be made and result s 
to be printed out automatically by 
connec ti on to a suitable prin ter. 

The Control Unit outputs con trol the 
follow 1ng rece1ver functions: 
Channe l Selection {a lso selects the 
corresponding generator channe l). 
Set zero. 
Inject 1 pW per channel. 
Pnnt trigger. 

The Control Un1t outputs cont rol the 
follow1ng generator functions: 
Band-stop filter selection. 
Band - lim1ting filter selection. 
Outpu t leve l from +19·9 dBm to 
-59·9 dBm in 0 1 dB steps. 
(Warning lamp l1ghts when level IS 

abnorma l). 
Noise on/off (Warning lamp lights 
whe n noise is off). 
Band -stop filters in/out. 

All signals are t.t. l. compat ible. 
Logic leve ls: ·o· = 0 to 0-4 V. 

'1' = 2-4to50V. 
The maximum permitted leng th of 
connecting cable to the generator is 
not less than 50 m. subject to a 
max1mum cab le resistance of 100 0. 

The units of measurement are as 
se lected on Noise Receiver TF 2092C. 

Makes one measurement on lowes t 
selec ted channel at the leve l set on 
the INITI A L LEVEL switch . 

Makes a seri es o f measu rements over 
a selected range of generator output 
levels as se t on the INITI A L LE VE L 
and TOTAL INCREMENT switches. 
and over the channels selected by the 
MEAS URING CHANNE L switches. 
Th1s co mplete operation is one cycle. 
A ll measurements on one channel are 
co mpleted before proceeding to the 
next selected channel. For 
measunng absolute units. the 
rece1ver w ill zero at the start of each 
cycle. When measu ring in n.p. r. 
zeroing wi ll take place before each 
measurement. 

Measuremen ts are as for sing le 
cyc le except that th e sequence w ill 
repea t unt i l stopped. 

A printou t occurs after each 
measu rement. A ' l1ne feed' pulse is 
ava il ab le to enable the pnntout to 
con tain a blank li ne between the 
set o f measu rements fo r each 
channel. 



Interlock system 

Display hold 

Remote start 

If the CHECK GENERATOR LEVEL 
warning lamp is on or 1f no channel 
has been selec ted at the start of the 
cycle . no measu remcntSow ill be made. 
If the CHECK GENERATOR LEVE L 
warnmg lamp co mes on during a 
cyc le. one measu rement w ill be made 
m th1s cond1t1on. and if the warning 
co nt1nues th e con trol un1t w ill reset 
to INIT IAL LEVEL and move to the 
next selected channe l (1f any). 
Should the warn1ng persis t. the 
cycle w ill stop until adJustment of 
leve l removes the warning. 

A three- pos1t1 on sw1tch se lects hold 
t1mes of Os. 1 Os and co w hich 
Interrupts the cycle on co mpletion 
of the measurement in progress . 

Th e measurement seq uence may be 
1n1t1ated e1ther by contact closure or 
by a ·1· to ·o· pul se irans1tion of at 
least 50 ms duration . These opt1ons 
are Internally se lected and the 
S1gna l1 s appl1 ed to a BNC socket 
on the rear panel. 

FRONT PANEL 
INDICATORS Lam ps indicate the following: 

Receiver in zero ing mode. 
Receiver in measunng mode. 
Pnnt. 
Check Generator Level. 

FRONT PANEL 
CONTROLS 

PRINTER 

Reset and start Ini tiates the measurement sequenEe 
or causes it to start again from the 
beginning. 

Level increment Th e level is incremen ted from the 
INITIAL LEVEL by the amount se t 
on the TOTA L IN CREM ENT switch 
as follows: 
1 dB steps. 
2 dB steps. 
Total Increment. 
Note: For 2 dB steps 1f the TOTAL 
INCREMENT is se t to an odd 
number of deci bels. the measu rement 
wil l fmish 1 dB below that set. 

Outputs The following outputs are available. 
all us1n g b. c. d. posi ti ve logi c at 
t.t .l. leve ls: 
Tis + 2 4 V to +5·0 V. 
·o· is 0 v to +0-4 v. 
Genera tor ou tput level and sign. 
Level measu red by receiver. 
Measuring channel. 

Warning signals Warning signals are produ ced for the 
fo llowing conditi ons: 

Input 

Genera tor output level warning lamp 
on. 
Receiver high or low input warning. 
Measuremen t made w1th noise off. 
Pnnt command . 
Linefeed Pulse. 
Pnnt command and Linefeed Pul se are 
both of nom1nally 50 ms duration . 
Polarity rnay be se lected internally. 

'Busy· line to hold outpu t data 
("1 · or ·o· may be se lec ted 
intern ally). 

POWER REQUIR EMENTS 

AC supply 95 to 130 V or 190 to 260 V. 
45 to 65 Hz. 20 VA. 

SAFETY REGULATIONS Co mpl1es w ith IEC 348 and BS 4743 
safe ty requirements . 

OA 2090C 

DIMENSIONS AND 
WEIGHT 

. .. · 

Height Width Depth Weight 
101 mm 419 mm 426 mm 7 kg 
4 in 160 in 16 ~ in 15 !. lb 

1.' \( ERSIONS AND ACCESSORIES 

When ordering please quote eight digit code numbers 

Ordering numbers Versions 
Automatic White Noise Tes: Set 

OA 2090C consis ting of : 
52091-930D Noise Generator TF 2091 C 

wi th ei ther 
52092- 930Z Noise Rece iver TF 2092C or 
52092-301P Noise Rece iver TF 2092C with 

Programming Board fitted . 

Supplied Accessories 
Telephone Plug 23421-610M for 

recorder outpu t on TF 2092C. 

Optional Accessories 
Band-stop. Band-pass. Band-limiting 

Filters and Loca l Oscillator Boards 
as listed on page 72 . 

52085-900F Control Un1t TK 2085. 
52086-900C Filter Unit TK 2086 (for TF 2092C) . 
52087- 900N Programmable Filter Unit TK 2087 

(for TF 209 1 C) 
52087- 901L Manua l Filter Unit TK 2087/1 

(for TF 209 1 C). 
54490-032H Programmin g Board. complete with 

multiway lead and rear-panel 
mounting socket and 36 way plug 
(for TF 2092C). 

43129-144X Interconnecting Lead for TF 2091 C. 
TF 2092C and TK 2085. 1200·mm 
(47 in). 36 way plug at each end. 

46883- 271K Connecting Kit con taining 2 off 
36-way plug s: (Can be used if lead 
larger th an 1200 mm is required.) 

54481-011C Matching Transformer TM 5955. 
75 0 unbalanced to 150 0 
balanced . 

54351-011F Connecting Lead TM 4726/ 260, 
1800 mm (71 in) long w ith BNC 
plug at each end. 

54127- 131M Rack Mounting Conversion Kit 
(for TF 2091 Cor TF 2092C). 

54127- 121V Rack Mounting Kit (for TK 2085) . 
54112- 101T Carrying Case for TF 2091 C or 

TF 2092C. 
54112-141R Carrying Case for TK 2085. 
54112-091V Carryi ng Case for Filter Unit. 
54112-071R Carrying Case for Filters and Loca l 

Oscill ator Boards. (Holds six 
fi lters). 

41690-079Z Front Panel Cover (for TF 2091 C or 
TF 2092C). 

41690- 148A Front Panel Cover (for TK 2085). 
54134-011A Dummy Front Plate. to fit in unused 

filter positio n in TF 209 1 C or 
TF 2092C. 

59999- 704T Digital Printer GMT 301-P16 (HI) . 

Complementary Equipment 
52090- 035U White Noise Test Set OA 2090B. 
44990- 120P Twelve chann el Noise Generator 

TM 7816A 
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Filters & Noise Measuring Sets 

" B" FILTER CHARACTERISTICS 

BAND-LIMITING 
.FILTERS (TK 2095 and 
TK 2096 series) 

Cut -off frequency• 

High-pass (11) 

Low- pass (f2) 

Band -l imiting and band-stop filters of 
the TK 2094. TK 2095 and TK 2096 
series meet CC IR Recommendation 
399 -2 Geneva 1974 or 482 Geneva 
1974 at th e frequenci es specified in 
the above documen ts. At other ~· 
frequenc ies the characteri sti cs are 
derived by interpolat ion from CC I R 
recommendat ions . 

Nom. Nom. 
freq. Tolerance freq. Tolerance 
kHz kHz kHz kH z 

12 ±0·5 
60 ±1 

316 ±5 

60 ±0·5 1296 ±8 
108 ±1 1796 ±12 
156 ±1 2600 ±20 
204 ±1·5 3284 ±25 
252 ±2 4100 ±30 
300 ±2 4892 ±40 
408 ±3 5600 ± 50 
552 ±4 5884 ±50 
804 ±6 8160 ±75 

1052 ±8 .12360 ±100 

Insertion loss Within pass-band: Varia ti on less than 
0·2 dB in a ba nd w hich includes the 
outer measuring chan nel. 

BAND-STOP FILTERS 
(Part of TK 2094 series) 

Characteristic 

72 

Outside pass-band: 
Frequency Loss greater than 

0 8f1 
1·1f2 
1·2f2 

25 dB 
20 dB 
25 dB 

•oefined as the cut-off frequency of a 
hypothetical filter with square cut -off 
characteristics transmiuing the same 
power as the p ractical filter. 

I 
I 

- - -----.l--

·»11 ___ _____ __ __ -- " .. ._ .. .. 
- ~ - --- ---- - ---- -

-·+ --- -- ----- --- .. 

Bandw idth. in kH z Bandw idth . in kH z 
Centre relat1ve to fc. relat ive to fc. 

frequency over w hich outsid e of w hi ch 
1n kHz di scrim ination is the di scrim inati On 

( fc) 

70 dB 
(f5) 

16 ± 1 5 
40 ±1 ·5 
56 ± 1 5 
70 ±1 5 
98 ±1 5 

140 ± 1 5 
185 ±1 ·5 
240 ±1 5 
270 -< 1 5 
394 ±1 5 

534 ±1 ·5 
77 0 ±1 5 

1002 ±1 5 
1248 ±1 5 
1730 ±1 5 

2438 ±1 5 
3150 ± 1 ·5 
388 6 ±1 ·5 
4650 ±1 5 
5340 ±1 ·5 

7600 ±1 ·5 
11700 ±1 5 

BAND -PASS FILTERS 
AND LOCAL 
OSCILLATORS 

(Part of TK 2094 series) 

at leas t : 

55 dB 
(f4) 

±2· 1 
±1·8 
±1·8 
±2 ·2 
±1·8 

± 1 8 
±1·8 
±1·8 
±2 3 
±3 ·0 

±3·5 
±3 8 
±4 ·0 
±4·0 
±4·2 

±4·5 
±9·0 
±1·8 
±2 ·0 
±2 2 

±2-4 
±3·0 

does not exceed: 

30 dB 3 dB 0 5 dB 
(f3) (f2) (f1) 

±2 ·7 ± 5 ±7 
±2· 1 ±4 -
±2·1 ± 5 ± 10 
±3·5 ±12 ± 18 
±2 1 ±4 ±9 

±2 ·2 ±5 ±14 
±2 ·2 ±5 ± 17 
±2·2 ±5 ± 21 
±2·9 ±8 ±24 
±4·5 ±11 ±35 

±7·0 ±15 ±48 
±8 0 ±21 ±70 
±9·0 ±27 ±90 

± 11 ·0 ±35 ±11 0 
±_1 4 0 ±48 ±155 

± 19·0 ±60 ±220 
±22 0 ±85 ±285 

±3·5 .±12 ± 100 
±3·8 ±13 ±120 
±4·0 ±14 ± 140 

±4·6 ± 16 . ±200 
±7 0 ±20 ± 300 

Characteristic Designed to su it the corresponding 
band -stop fi lter. 

"A" FILTER CHARACTERISTICS 

BAND-LIMITING 
FILTERS 

(TM 7720 and 
TM 7728 series) 

Characteristic 

Band - limiting and Band- stop filt ers of 
the TM 7720. TM 7728 and TM 7729 
seri es meet CC IR Recommend ati on 
399. Geneva 1963. 

~~I J ·····~ 



Insertion loss Within pass-band: Variation less than 
1 dB. 

BAND -STOP FILTERS 

(TM 7729 series) 

Characterist ic 

Outside pass-band: 
Frequency Loss greate.r than 

0·811 25 dB 
1·112 25 dB 

.. t 
'• ' ' "'•'" 

Atten uation is greater than 80 dB 
over a bandw idth of at least 3 kHz 
and grea ter than 3 dB at frequencies 
of ± (0·2fc +4) kHz from the cen tre 
frequency, fc. 

BAND-PASS FILTERS 

(TM 7730 series) 

OA 2090 series 

Characteristic Designed to suit the corresponding 
band-stop fi lter. 

OUT-OF-BAND FILTER CHARACTERISTICS 

t' .. 
Out-of-band fi lter sets TK 2084 seri es 
consist of a band-stop filter . a 
band-pass filter and a local osci ll ator. 
The filter sets meet CC I R 
Recommendation 398-2. New Delhi 
1970. i.e. the attenuation of the 
band-stop fi lters exceeds 50 dB over 
a minimum frequency band of 
± (0005f+2) kHz* (f being the 
centre frequency in kHz of the 
measuring channe l). The additiona l 
attenuation . caused by the insertion · 
of the band-stop fi lters at the lower 
and at the upper edges of the total 
multiplex sign al band. does not 
exceed 0 ·3 dB referred to the 
additional attenuation caused in the 
cen tre of the multiplex signal band . 
*Except when the centre frequency is 
10kHz; the minimum frequency band 
is then 10 ± 1 kHz. 

"B" FILTERS (CCIR 399-2 and CCIR 482 GENEVA 1974) 

Low-Pass Filter Noise Measunn g Type Order Code 
(kHz) Type Order Code Sets· (kHz) 

60 • TK 2095/28 52095-328B 16 . TK 2094/9 52094-104R 
108 • TK 2095/8 52095-094E 
156 . TK 2095/18 52095-3180 
204 . TK 2095/29 52095-329K 
252 . TK 2095/ 9 52095-104 L 

40 TK 2094!1 0 52094-1 14U 
56 • TK 2094!11 52094-124V 
70 . t TK 2094 52094-014N 
98 • TK 2094/12 52094-134M 

300 . t TK 2095 52095-014P 
408 . TK 2095/12 52095-134Y 

140 . TK 209 4/26 52094-326 F 
185 . TK 2094!1 4 52094-154F 

552 . t TK 2095/1 52095-024A 
804 . TK 2095/13 52095-144S 

1052 . TK 2095/14 52095-154C 
1296 . t TK 2095/2 52095-034 L 
1796 . TK 2095/10 52095-1140 
2600 . t TK 2095/3 52095-044D 
3284 . TK 2095/11 52095-124B 
4100 . t TK 2095/ 4 52095-054B 
4892 . TK 2095/19 52095-319T 

240 . TK 2094/15 52094-164P 
270 • t TK 2094/1 52094-024W 
394 • TK 2094/16 52094-174A 

534 . t TK 2094/2 52094-034R 
770 . TK 2094/19 52094-204M 

1002 . TK 209 4/20 52094-214H 
1248 . t TK 2094/3 52094-044 U 
1730 . TK 2094/ 17 52094-184 L 

5600 t TK 2095/5 52095-064Y 2438 . t TK 2094/4 52094-054V 
5884 TK 2095/27 52095-327U 3150 . TK 2094!18 52094-194D 
8160 . t TK 2095/6 52095-074S 3886 t TK 2094/5 52094-064M 

12360 t TK 2095/ 7 52095-084C 4650 TK 209 4/27 52094-327G 
5340 t TK 2094/6 52094-074H 

High-Pass Filter Type Order Code 
(kHz) 

7600 t TK 2094/7 52094-084F 
11700 t TK 2094/8 52094-094P 

12 • TK 2096/2 52096-034X 
60 t TK 2096 52096-014E 

316 t TK 2096/1 52096- 024G 

The specification of the above filters are to the following recommendations: NOTE: Noise Measuring Sets TK 2094 series consist of one Band-stop 

t CCIR 399-2 GENEVA 1974 Filter for the Noise Genera tor. and one Band-pass Filter and one Local 

• CC/R 482 GENEVA 1974 Oscill ator for the Noise Receiver. 
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Filters & Noise Measuring Sets 

A" FILTERS (CCIR 399 GENEVA 1963) 

Low-Pass 
~ 

No1se Measuring 
Fi lter (k Hz) Type Order Code Sets (kHz) Band Stop Band Pass Local Osc. Order Code · · 

60 TM 7720/8 14 TM 7729 TM 7730 TM 7793 52092-414V 
108 TM 7720 27 TM 7729/21 TM 7730/21 TM 7793/4 52093-424M 
156 TM 7720/1 4 34 TM 7729/12 TM n30/12 TM 7793/2 52093-434H 
204 TM 7720/10 40 TM 7729/1 TM 7730/1 TM 7793/1 52093-444F 
25 2 TM 7720/15 56 TM 7729/13 TM 7730/13 TM 7793/3 52093-454P 

I 
TM 7730/16 TM 7794/6 52093-514F 
TM 7730/6 TM 7794/4 52093-524P 
TM 7730/15 TM 7795/5 52093-534A 
TM 7730/7 TM 7795 52093-544L 
TM 7730/8 TM 7795/1 52093-5540 

3886 TM 7729/9 TM 7730/9 TM 7795/2 5209:3-564B 
High- Pass 5340 TM 7729/17 TM 7730!17 TM 7795/6 52093-574Y 

Fi lter {kHz) Type Orde r Code 8002 TM 7729/10 TM 7730/10 TM 7795/3 52093-584S 
12150 TM 7729/1 1 TM 7730/11 TM 7795/4 52093-594C 

12 TM 7728 46855-006K 
60 TM 7728/1 46855-005B ··order Code specifies complete Noise Measuring Set 

316 TM 7728/2 46855-004R 

OUT-OF- BAND FILTERS (CCIR 398 -3 GENEVA 1974) 

Noise Measuring Noise Measuring 
Sets (kHz) Type Order Code Sets (kHz) Type Order Code 

10 TK 2084 52084-014Y 3200 TK 2084/10 52084-114E 
50 TK 2084/1 52084-024$ 3250 TK 2084/11 52084-124G 

11 9 TK 2084/2 52084-034C 4715 TK 2084/1 2 52084-134X 
270 TK 2084/3 52084-044E 4765 TK 2084/13 52084-144Z 
304 TK 2084/4 52084-054G 6199 TK 2084/14 52084-154J 

331 TK 2084/5 52084-064X 6300 TK 2084/15 52084-164T 
600 TK 2084/6 52084-074Z 9023 TK 2084/1 6 52084-174K 
607 TK 2084/7 52084-084J 9073 TK 2084/17 52084-184N 

1499 TK 2084/8 52084-094T 13627 TK 2084/18 52084-194W 
1549 TK 2084/9 52084-104C 13677 TK 2084/21 52084-224J 

NOTE: Noise Measu ring Sets TK 2084 series consist of one Band -stop Filter. one Band-pass Filter and one Local Oscillator. 

RECOMMENDED FILTER FREQUENCIES 

CCIR 399-2 (GENEVA 1974) CCIR 482 (GENEVA 1974) 

Limits of 
band 

occupied by 
telephone 

Effective ~ut-off 

frequencies of 
band-limit ing fi lters 

(k Hz) System 
capacity 

(channels) 
ch annels -------­ Frequencies of ava il able measuring 

chan nels (k Hz) 

60 
120 

300 

600 

900 

960 

1200 

1260 

1800 

2700 

(kHz) 

60 -300 
60-552 

~ 
60-1300 
64-1296 
60-2540 
64 -2 660 

316 -4188 

{ 
60-4028 
64-4024 

316-5564 

{ 

60-5636 
60-5564 

312-8120 
312 -8204 
316-8204 
312-12336 
316-12388 
312-12388 

High-pass Low-pass 

60 ± 1 
60±1 

} 60±1 

} 60±1 

316o!.5 

} 60 ± 1 

316±5 

{ 60±1 

J316 ±5 

I 
J316±5 

300±2 70 270 
552±4 70 270 534 

1296±8 70 270 534 1248 

2600±20 70 270 534 1248 2438 

4100±30 534 1248 2438 3886 

4100±30 70 270 534 1248 2438 3886 

5600±50 534 1248 2438 3886 5340 

5600±50 70 270 534 1248 ?438 3886 5340 

8160± 75 

12360±100 

534 1 248 2438 3886 5340 
7600 

534 1248 2438 3886 5340 
7600 11700 

System 
capac ity 

(chann els) 

12 
24 
36 

48 
60 
72 

96 
132 
192 

252 
312 
432 

612 
792 
972 

1092 
1332 
1872 

Limits of 
'>and 

occu pi ed by 
telephon e 
channels 

(kHz) 

12-60 
12-108 
12-156 

12-204 
12-252 
12-300 

12-408 
12-552 
12-804" 

12-1052 
12-1300 
12-1796 

12- 2540 
12-3284 
12-4028 

12-4892 
12 -5884 
12-8120 

Effective cut-off 
frequencies of 

band-li miting fi lters 
(k Hz) 

High-pass Low-pass 

Frequenci es of avail ab le 
measuri ng chann els 

(k Hz) 

12±0·5 
12±0·5 
12±0·5 

60±0·5 16 56 

12±0·5 
12±0·5 
12±0·5 

12±0·5 
12±0·5 
12±0·5 

12±0·5 
12±0·5 
12±0·5 

12±0·5 
12±0·5 
12±0·5 

12±0·5 
12±0·5 
12±0·5 

108±1 16 98 
156±1 16 140 

204±1·5 
252±2 
300±2 

408±3 
552±4 
804±6 

1052±8 
1296±8 
1796± 12 

2600±20 
3284±25 
4100±30 

4892±40 
5884±50 
8160±75 

16 185 
16 240 
16 270 

16 240 394 
16 240 534 
16 394 770 

16 534 1002 
16 534 1248 
16 534 1002 1730 

16 770 1730 2438 
16 1002 2438 3150 
16 1002 2438 3886 

70 1002 2438 4650 
70 1002 3150 4650 5340 
70 1002 3150 5340 7600 

We are prepared 10 accept orders for band-limiting filters or notse measuring sets at frequencies other than those in the above tables. The untt 
cost will necessarily reflect the design time tnvolved and it is essenttal 10 specify the Recommendauon to which the ftlter charactenstics should 
conform when making the enquiry. 

74 



Twelve Channel Noise Generator TM 7816A 

o Simulates up to twelve voice or data channels .. 
o Measures complete system line:in to line-out 
0 Tests multiplex intermodulation and cross-talk 

mi · .. · 
POWER OH 

TWS.VE CHANNEl NOISE GENERATOR 
MOOEl TM7816A 

-'oTTE.'If,JAllC.•~ dB OiArH.L ..:::NfCJR£0 G G G 
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22 10 

24 
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Model TM 7816A extends the usefulness of noise loading 
techniques to systems having 24 channels or less (or 
equiva lent bandwidths) . The twelve voice-frequency­
range noise signa ls produced can be used to simu late 
traffic in put to Troposcatter. SSB. FM or other multi­
channe l systems. Cross-talk and intermodulation distortion 
in multiplex equ ipment ca n be measured by connecting 
the mu ltiplex back-to-back. 

The instrument has been designed to generate twelve 
independent voice- frequency- range (300-3400 Hz). 
gaussian distribution. noise signals. 

Semiconductor noise sou rces are used and the circuitry 
is comp letely transistorised. The twelve bank. 32 dB 
range attenuator is slave driven from the front panel 
control using a rotary so lenoid selector switch. 

To test a complete system the noise generator outputs 
are connected to the telephone or data line inputs of the 

EACH NOISE 
GENERATOR CHANNEL 

Noise bandwidth ± 0 · 2 dB over the range 300 to 
3400Hz. 

Noise power output 0 dBm maximum (1 mW in 600 0). 

Attenuator 0 to -32 dBm (each channel) in 
2 dB steps. 

Attenuator accuracy ±0·25 dB incremental. ±1 dB overall. 

Noise output 
meter accuracy ±0·5 dB. 

Statistical peak to rms 
ratio of noise signal 8 dB for 1% of time. 

Output 1mpeacmce 600 0 balanced . 

0 0 0 • 0 • • 0 8 

-
multiplex equipment at the transmitter. The noise level 
is adjusted to load the system under test to the desired 
amount and the resulting noise output (P1) from a given 
test channel at the remote receiver. measured . Then the 
noise loading is removed from the test chan nel and ·the 
remaining spurious noise (P2) measured. If P1 is plotted 
against P2 an overall performance curve of the system wi ll 
be obtained over its full dynamic range. Also using these 
results. the NPR. signal-to-noise ratio. weighted spurious 
noise and error rate to the test channel can be deduced . 
Tests can be made on several channels to measure the 
NPR distribution over the baseband. 

The distortion and noise measured include components 
from the comp lete communication system. from the 
telephone line input of the sender. to the line output of the 
remote receiver. Separation of cross-ta lk and inter­
modulation can be achieved by connect ing the multiplex 
back-to-back. 

Spurious noise in a 
nominally " OFF" 

channel , with all other 
channels " ON" Less than 16 dBrnC. 

SAFETY Designed to meet the requ irements 
of IEC 348. 

POWER REQUIREMENTS 
A. C. mains 100 to 125 V or 210 to 250 V. 

40 to 100Hz. 20 W. 

DIMENSIONS AND 
WEIGHT Height Width Depth Weight 

178 mm 432 mm 318 mm 11 A kg 
7 in 17 in 12! in 25 lb 

ORDERING NUMBER 
44990-120P Twelve Channel Noise Generator 

TM 7816A. 

Made in U.S.A. 

75 



.·.·.-· 

... ~-· 

Selective Level Measuring Set 

D Microprocessor control of both sender and receiver 
for simplicity of operation 

DSynthesizer tuning of both sender and receiver. 
10Hz resolution, 6kHz to 20!M Hz 

DSwitched impedances of 50,60 and 75 o unbalanced; 
1 24, 1 35 and 1 50 o balanced 

Dlevel ranges: sender from - 70 d Bm to + 10 d Bm ; 
receiverfrom-121 dBmto + 26 dBm 

DTracking generator for network characterization using receiver only 

DThree receiver bandwidths: for pi lots. noi~e· and channel power measurements 

-· ,_ -c.-,_. D "" 
~ • .... • 

14356/1 

Level Oscillator TF 2356 (the sender) and Selec­
tive Level Meter TF2357 (the receiver) combine to 
form an entirely new concept in selective level 
measuring sets. Both sender and receiver incorpor­
ate high stability 5 Hz resolution frequency 
synthesizers and each is microprocessor controlled . 
The application of these techniques has enabled 
the instruments to provide a previously unattain ­
able level of versatility coupled w ith extreme 
simplicity of operation . At the same time the per­
form ance equals (and in some areas exceeds) the 
measurement precision of earlier generation equip ­
ments. 
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Both sender and receiver are available in manual 
form or. when fitted w ith the optiona l G PI B* 
interface. they are both fully programmab le via the 
instrument bus . Addition of the G PI B interface 
(which may be added retrospectively ) also allows 
the sender to control the receiver and a printer . 
Th is pre-programmed bus contro l capability gives 
the Se lect ive Level Measuring Set severa l powerful 
and currentl y unique modes of operation . 

* GPIB - Marconi Instruments ' General Purpose Instrument Bus is in 
accordance with IEEE Standard 488- 7 975 and IEC document 66 
(Central Office) 22. 



20 M Hz Level Oscillator TF 2356 

The Level Oscillator generates signals which are 
highly stable both in frequency and amplitude. 
Frequency may be set from below 6 kHz to 20 M Hz 
at power levels from -71 dBm to + 11 dBm. 
Balanced and unbalanced outputs may be selected 
over a w ide range of impedances. 
Frequency and level are read from digital displays 
which flash w hen an out-of-range cond ition is 
se lected in error. Pre-programmed bus control and 
genera l programmable operation are described later. 

Tuning 
The tuning synthesizer may be controlled either by the 
keyboard or by a conventional tuning knob : in both cases 
the frequency is displayed on a 7 digit display to 1 a Hz 
resolut ion. Accuracy using the internal standard is 1 in 
1 as. or an external 1 a M Hz standard may be used. The 
keyboard and MANUAL TUNING control can both be 
used in two ways. Or the Level Oscillator may be 
synchronously tuned from the recei ve r. 

Keyboard tuning 
Direct Entry. The frequency required is entered on the 
keyboa rd . 
Incremental. This mode is used to increase or decrease 
the tuned frequency by a set amount. For examp le to 
increase the frequ ency by 4 kHz enter + 4 kHz on the 
keyboard, then press ENTER key: frequency is incremented 
by a further 4kHz each time the ENTER key is pressed. 

Manual tuning 
Normal Mode. Turnin g the control increments the 
synthesizer in 5 Hz steps. thus providing cont inuous 
tun ing with no range switching. 
Spinning Wheel. Spinning the control causes a motor 
drive to come into operation: this gives the effect of a 
mechanica l flywheel . Having spun the control it wi ll 
normally continue to rotate until either limit of the frequen­
cy range is reached. but it may be stopped at any time 
ei ther manually or by pressing any key on the keyboard. 

Synchronous tuning 
The tuning of the Level Oscillator may be controlled 
from the receiver (TF 2357). Thi s is accomp li shed by 
connecting two coax ial cab les between the instruments. 

Level setting 
Output level is entered in dB via the keyboard and dis ­
played with 1 dB reso lut ion on a 3 digit display. Fractions 

TF2356 
TF235 7 

of dB are set with a continuously var iable control in 
conjunction with the meter scaled ± 1 ·1 dB. Alternative ly, 
output level may be entered digitally to a-1 dB resolution 
with the meter disabled. Level increments may be entered 
via the keyboard al low ing the output level to be changed a 
preset number of dB each time the ENTER key is pressed. 
Th ough level and attenuator accuracy are high, send level 
uncertainty may be further reduced by applying an external 
levelling signal from a monitor such as a standard mW 
test-set equipped with d.c. error output. Level calibrat ion 
is switchable to dBm or dB relative to a-775 V (1 mW into 
6aao) and the output is automatica lly disabled during 
changes to frequency or level. Manual output disable is 
also provided. 

20 M Hz Selective Level Meter 
TF 2357 
The Selective Level Meter is a high stability 
receiver. tunable from below 6 kHz to 20 M Hz. 
w hich measures true r.m.s. levels accurately from 
-121 dBm to +26 d Bm . Three measuring filter band­
w idths are provided : a 50 Hz pilot filter and 1·74 
kHz and 3·1 kHz channel filters . A w ide range of 
'thro' or terminated. balanced or unbalanced im­
pedances may be switch-selected and a high 
impedance zero-loss probe is available. 
As in the sender the frequency and level are read 
from digital displays wh ich flash to indicate that 
an out-of-range condition has been incorrectly 
selected. 

Tuning 
The tuning arrangement is the same as for the sender w ith 
frequency displayed on a 7 digit display to 1 a Hz resolut ion. 
Accuracy is 1 in 1 as from the internal standa rd or an 
external 1 a M Hz standard may be used. The four modes 
of tuning considerably simplify measurements of f.d.m. 
systems. 

Keyboard tuning 
Direct Entry. To measure the level of a known frequency 
such as a pilot. the frequency is entered directly. 
Incremental. This mode may be used when measuring a 
series of equa lly spaced signals such as adjacent channels 
in a group. 

Manual tuning 
Normal Mode. Manual tuning using the rotary control is 
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TF 2356 
TF 2357 
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invaluable when searching for spu ri ous tones or when 
plotting filter responses. 
Spinning Wheel. Spin tuning greatly facilitates sea rching 
for high level tones. since the instrument can be set to 
scan automatical ly an entire ba seband. locking automati­
cal~y to any signal which exceeds a preset th reshold. 
(See "Search above threshold") . 

Synchronous tuning 
Outputs of the internal 10 M Hz standard and variable 
loca l oscillator are ava il ab le at rear sockets for connection 
to the sender by coaxia l cables in the conventiona l way. 
The tuning of the sender may thus be entirely controlled 
from the receiver. 

Automatic frequency control (AFC) 
Switch selection of automatic f requency control locks 
the receiver to an incoming signal. The capture range 
is a function of the filter bandwidth selected. but the 
hold range extends over the full frequency range of 
6 kHz to 20 MHz since the a.f.c. ope rates by digitally 
retuning the synthesizer. In this mode signals are 
held with in 5 Hz of the centre frequency of the measuring 
filter. 

Level measurement 
Th e versatility of th e receiver is enhanced by the ab ility 
to measure level in two ways: either automatically with a 
digital display. or manually with a meter display. Level 
indication is switch-se lected in dBm or dB relative to 
0·775 volts and a warning lamp li ghts if the tota l broad­
band input power exceeds a level which might cause 
erro rs due to internal inte rmodulation products. LOW 
NO ISE or LOW INTER MODULATION measurement is 
available. 

A UTO. The receiver attenuatQrs automatically balance 
to the tuned signal and the level is presented on a 4 digit 
display with 0·1 dB resolution (the meter is inoperative). 
Thi s mode is ideal for fast precision measurements. Low 
noise or low intermodulation .operation is selected 
automatically. 
MANUAL. The meter is used to disp lay the level difference 
between the incoming signa l and a reference level entered 
on the keyboard and displayed on the digital readout This 
is espec ial ly useful w hen sett ing a signal to a desired level 
since an ana logue movement is easier to follow than 
changing digits on a digital display. The reference level 
may be incremented in a simi lar way to level incrementing 
on the sender. LOW NOISE or LOW INTERMODU LATION 
may be selected manually. 
The meter. which is centre-zero w ith two switched scales 
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of ± 6 dB or ± 0·6 dB. giving a reso lution of 0·01 dB, may 
also be externally monitored via the RECORDER output 
Automatic calibration 
Errors due to both frequency response and attenuat ion 
are compensated by an automatic calibrator which injects 
into the measuring ci rcuits a standa rd level at the tuned 
frequency. The process is initiated w hen the instrument 
is first switched on and subsequently whenever the 
bandwidth. frequency or level of the measured signal 
changes. In steady state conditions the receiver auto­
matically calibrates at approximately fi ve minute intervals. 

Search above threshold 
In the manual mode the spinn ing wheel may be used to 
search for signals above a pre-set level. With AFC 
selected the· threshold level is entered on the keyboard 
and the spinning wheel is set to sea rch over the frequency 
band of interest. When a signal is detected above the 
thresho ld level the spinning stops and the receiver 
disp lays frequency and leve l. The sea rch may be continued 
by spinning the tuning control again. The search rate is 
automatically optimised for the bandwidth selected. 

Filter bandwidths 
Three switch-selected filters are provided as standard 
equ ipment 
50 Hz Pilot Filter. This high selectivity filter with a 60 d B/3 
dB shape factor below 4:1. is suitable for measuring 
pilot tones in traffic. part icularly when they are adjacent 
to signall ing tones or suppressed ca rriers . 
1·74 kHz Channel Filter. The filter is su itable for pso­
phometrically weighted noise measurements on individual 
channels or inter-supergroup slots. 
3·1 kHz Channel Filter. Entering the frequency of the 
suppressed carrier and selecting upper or lower sideband 
appl ies automatic carrier shi ft to give a cor.rect ly demodu­
lated output A built-in loudspeaker wi th volume control 
is also provided. 

Tracking Generator 
A 0 dBm output signal at the tuned frequency is provided 
to allow characterisation of circuits without the need for 
the compan ion sender. It permits a dynamic range in 
excess of 140 dB . 

Battery 0 peration 
Both sender and receive r can be suppl ied w ith recha rge­
able battery packs to provide approx imately 5 hours 
operation. Recharging time is about 14 hours an d the 
instruments trick le cha rge during normal operation. 
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Pre-programmed bus control 
When fitted with G PI B interfaces the sender and receiver 
may be connected to a printer via the bus. Simple data 
entry on the sender keyboard provides a number of 
powerful. and currently unique, automatic measurement 
sequences. 

Frequency Selection 

Synchronous (single frequency) . 
Keyboard entry of frequency at the 
sender sets both sender and receiver 
to the same frequen cy. 

Synchronous incrementing. The 
sender keyboard is used to enter a 
start frequency, frequency incre­
ment and stop frequency. The 
instruments wi ll then automatically 
increment in synchronism. 

Incremen ting with offset. The sen ­
der and receiver increment with a 
fixed frequency offset. Sender start 
frequency. increment and stop 
frequency followed by the receiver 
sta rt frequency are entered on the 
sender keyboard. 

Inverted increment with offset. This 
is simila r to 'incrementing w ith 
offset' except that as the sender 
frequency steps upw ards. the re­
ceiver frequency steps downw ards . 
A typical use is for the step-by-step 
measurement of the frequency re­
sponse of a group translation 
equipment. 

Level selection 

t 
Sender 

t 
Receiver 

-t t t t t t 
Sender -t t t t t t 

Receiver 

t t t t t t 
Sender 

-t t t t t t 
Sender 

-t t t t t t 
Receiver 

-t t t t t t 
Receiver 

Single level. All measurements are made at the same 
sender level. 
Level incrementing. By . entering a start level. level 
increment and a stop level measurements are made over 
a range of sender levels . 
Output disable. Permits the selected frequency sequence 
to be executed with sender output off. This may also 
precede 'Single level' or 'Level incrementing'. 

Mode selection 
Manual. Each measurement is initiated by a manual 
command. This is especially useful when a digital printer 
is not used . 
Single cycle. One complete automatic sequence (cycle) 
of measurements is made. a further cycle can be started 
manual ly. 
Repeat cycle. Further cycles are initiated automatically. 
Delay. Can be used in any of the above three modes to 
delay a measurement following any change of level or 
frequency (delay over the range from 1 second to 1 hour 
can be entered on the sender keyboard). 

Sequence Selection 
When both level and frequency increments have been 
entered, the sender keyboard can be used to select 
measurements at one level through al l frequencies before 
proceeding to the next leve l: or vice versa. 

Printout 

TF2356 
TF2357 

When a printer is connected all initial data values (fre­
quencies. levels. mode and delay) are recorded at the 
beginning of the first cycle. During a measurement 
sequence. receive frequency and level data are produced 
and. under certain conditions. sender frequency and 
level are printed. 
Where a printer is not connected the manual or delay 
modes may be selected to allow time for the sender and 
receiver displays to be noted. 
The sender will also automatically increment in frequency 
and level when operated by itself. A GPIB interface is not 
required in this configuration. 

Example printout using pre-programmed capability 
The printout shows extracts from a series of measure­
ments of the performance of a master-group translation 

.... ' equipment. The Level Oscillator is acting as the bus 
controller with inverted increment with offset for 
frequency; level incrementing with initial output 
disable.: single cycle mode with 5 seconds delay; and 
frequency within level sequence. Frequency and level 
ranges apply in this example to a mastergroup 
translation equipment with input and output trans­
mission levels of -36 dBr and -33 dBr. The first six 
measurements are of output noise across the top 
mastergroup and the subsequent groups show 
frequency response for input levels of -20 dBmO and 
-10 dBmO respectively. 

I'< HZ 
8{{)8. li.l0 
24B. (1({) 

2040. V.)(~ 
:1.237'::.>, ({)0 

DISABLE 
I..S1. 
INC 

t.. . ~>:?. 

~5 I 

KHZ 
f:H!lB. (10 

12:39::?.. 12)0 

1056. (/.)0 
1. 21.44 . ({)0 

20t.!B. 00 
ll :l.~i2. QJ0 

8 (JJ B . (!)({} 
12392. ~)(/.) 

204B.00 
1. 11.5::.~ . 0({} 

FSl 
+ INC 

FS2 
FR:I. 
DBM 

56.0 
+ :U-3 

46.0 

DELAY 

DBM 

.... 1.09. :30 

--H39 . Bel 

.... Hl8. 4(!1 

~':i6. 0 
5~3. 42 

146.0 
4:3.28 

Sender start fr.equency 
Sender frequency increment 
(positive) 

Sender stop frequency 
Receiver start frequency 

Sign indicates receiver will 
increment dow nwards 

Sender output is f irst disabled 

Sender output then set to init ial 
level 

Sender level increment (positive) 
Sender final level 

System waits 5 seconds before 
printing 

Single automatic measurement 
cycle 

First sender frequency with 

output disabled 

First receiver measurement 

Measurement at second 

frequency. output disabled 

Measurement at sixth (and final) 

frequency. output disabled. 

First of si x measurements w ith 

-56 dBm send level. 

Last of six measurements with 

-46 dBm send level. 
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General bus control and 
associated equipment 
Both the sender and receiver may form part of a more 
complex test configuration in which dse the sender will 
act as a listener: its own controller capability being 
overriden . Such configurations may include, for example~ a 
programmable calculator with a plotter or video display 
unit for network characterisation. and other bus controlled 
equipments to test additional parameters. 
As part of an automatic test system. the capabilities of the 
receiver can be considerably extended by the addition 
of other ml bus controllable units. 

Coaxial Switch Unit 
TF 2365 Coaxial Switch Unit may be used to scar:J ... any 
number of 75 0 sources for input to the Selective -tevel 
Meter. The unit comprises a series of four-way switch 
modules which are assembled to provide between 4 and 56 
inputs per unit. The Coaxial Switch Unit is stackable for 
requirements in excess of 56 and may be controlled 
manually, via the instrument bus. or remotely usmg 
b.c.d./t.t.l. logic. 

Baseband Filter Unit 
The bandwidth capabilities of the Selective Level Meter 
(50 Hz. 1·74 kHz and 3·1 kHz) may be extended to 
include 48 kHz (group), 240 kHz (supergroup) and 
1200kHz (mastergroup), all tunable over the full 20 MHz 
range. using TK 2366 Baseband Filter Unit. 
Additionally for power measurement in hypergroups 
(super mastergroups) and complete f.d .m. basebands. 
high and low pass filters may be selected. For measure­
ment of noise in narrow slots between active blocks of 
traffic. pre-filtering of the receiver input may be selected 
to provide the equivalent of 80 dB n.p.r. performance. 
TK 2366 is add ressed via the receiver. 

Automatic Baseband Monitor 
A particular application of the SLMS and its associated 
equipment is automatic baseband monitoring. OA 2358 
Automatic Baseband Monitor scans up to 56 or more f.d .m. 
basebands sequentially under the control of OA 1800 
General Controller. The operator holds a conversational 
dialogue via a video display unit for initialising the system, 
selecting test sequences. choosing methods of fault 
reporting, and other routines. Measurements may be 
selected from the following with a further choice of 
different modes during pre -assigned "routine" and "peak" 
traffic times: 

All pilot levels Mastergroup power 
Selected pilot levels Supergroup power 
Inter-supergroup slot noise Group power 
Baseband power Channel power 
Hypergroup power Carrier leak 

All measurements are compared with limits which are 
set by the operator. Faults may be reported immediately 
or retained for summary reporting at set times. 

Diagnostic sub-routines can be incorporated in order to 
determine the cause of faults . If. for example, a super­
group power is found to be high, each group can then be 
individually measured . Every high level group is then 
examined further so that high level channels or excessive 
carrier leaks within the group may be identified. This 
technique offers cons iderable time saving compared with 
the separate measurement of all individual channels or 
carriers. 

Since the monitor contains a non-volatile memory and is 
se lf-sta rting after supply interruption, it is particularly 
suitab le for remote locations from where it can be 
interrogated and/or controlled from a central computer. 

Detailed literature on the Automatic Baseband Monitor is 
ava il able on app li cation as is information relating to other. 
less sophisticated. intermediate levels of system 
configuration. 

Systems testing of 12 M Hz coaxial cable terminals. By courtesy of the British Post Office. 

-
80 



20 M Hz Level Oscillator TF 2356 

FREQUENCY 

LEVEL 

Range 6kHz to 20M Hz (unbalanced) . 
6kHz to 6.20 kHz (balanced) . 
Usable down to 100Hz. 

Resolution 

Accuracy 

Control 

Display 

Range (see note 1) 

Display 

Output disable 

Level accuracy 

Frequency response 

Attenuator accuracy 

5' Hz. display resolution 10Hz. 

±1 in 10 6 (internal standard) . 

Keyboard entry and MANU AL TUNING 
control. 

7 digits w ith decimal point and units 
(e.g.12345·67 kHz). 

·Switchable to d Bm or dB relative to 
0·775 V. 

-70 dBm to+ 10 dBm (-80 dB to 
0 dB). 1 dB steps via keyboard plus 
± 1·1 dB con tinuously va ri ab le or0 ·1 dB 
steps via keyboa rd . (Remote control 
-70dBmto+1 1 dBmin0·1 dB steps.). 

Note 1. Maximum output via keyboard 
of + 3 dBm on 50 0 and 60 0 
unbalanced output impedances. 

3 digits w ith deci mal point and meter 
scaled ± 1·1 dB in 0·1 dB divisions. 
Meter inoperat ive when level is entered 
on keyboard to 0·1 dB resolution. 

The output may be suppressed by at 
least 60 dB. This is automati c du ring 
frequ ency or level -change. or manua lly 
controlled. 

± 0·1 dB at 0 dBm 100kHz. 75 0 with 
nomina l mains vo ltage. 

± 0·15 dB. 6kHz to 20 MHz. referred to 
100kHz at 0 dBm. 75 0. unbalanced. 
± 0·15 dB. 6kHz to 620kHz. referred to 
100kHz at 0 dBm, ba lanced. 

±0·1 dB. 

OUTPUT IMPEDANCE 

Unbalanced 0 0. 50 0. 60 0. 75 0. 

Return loss:> 34 dB at 75 0. 

Balanced 0 0 , 124 0.135 0.150 0. 

Return loss:> 30 dB. 

Balance ratio:> 40 dB. 

SPURIOUS SIGNALS 

Harmonically related Better than - 50 dB at 1 M Hz and 
OdBm. 

Non harmonically related Better than -60 dB. 

INPUTS 

External1 0 MHz standard 50 0 input impedance 
Level:-1 0 to 0 dBm. 
( d.c. path of less than 1 0 k 0 must be 
present to disable in terna l standard). 

30-50 M Hz 50 0 input from receiver fo r 
synch ronized operation . 
Level: -1 0 dBm. 

External levelling Approx. 33 mV /dB over range ± 1 dB. 
(equivalent to 2 mV rms per 1% a.m .). 

Bandwidth : d.c. to 100kHz. 

Impedance: 1 0 k 0. 

Application: to enable sender levelling 
over the range 6kHz to 20M Hz within 
typically ± 0·02 dB of the response of a 
standa rd mW test set w ith d. c. error 
output of 30 mV/ 0·01 dB sensiti vity. 

Remote command Remote initi ation of pre-prog rammed 
sequences is co ntrolled by co ntact 
closure at a rear panel socket. 

TF 2356 
TF 2357 

REMOTE CONTROL 

PRE-PROGRAMMED BUS 
CONTROL CAPABILITY 

SAFETY REGULATIONS 

LIMIT RANGE OF 
OPERATION 

· .. · 
Temperature 

CONDITIONS OF 
STORAGE AND 
TRANSPORT 

Temperature 

Humidity 

Altitude 

POWER REQUIREMENTS 

ACsupply 

Battery option 

Operation time 

Charging time 

DIMENSIONS AND 
WEIGHT 

All functions are remotely 
programmable via the IEEE/IEC bus 
when sender is fitted with GPIB Kit 
(see optional accessories) . 

When connected to the receiver and a 
printer. the sender acts as bus 
controller . Modes of operation are 
described in the text. 

Complies w ith IEC 348 and BS 4743 
safety requirements. 

-40°C to + 70°C. 

Up to 90% relat ive humidity. 

Up to 2500m. (pressurised freight at 
25 kN/m 2 differential. i.e. 3·7 1bf/in2 ). 

95 to 130Vor 190to 260V. 
45 to 500Hz. 40 VA (including 
GPIB option). 

See optional accessories. 

Approx. 5 hours. 

Approx. 14 hours (t rickle charges when 
mains operated). 

Height 
135mm 
5·25 in 

Width Depth Weight 
430 mm 570 mm 16 kg 
17 in 22·5 in 351bs 

VERSIONS AND ACC ESSOR IES 

When ordering please quote eight-digit code numbers 

Ordering numbers Versions 

52356-900S Level OscillatorTF 2356 

52356-301 H Leve l Osci llatorTF 2356 factory fitted 
w ith GPI B interface option. 

Supplied Accessories 

Supply Lead (Side Entry) 43129-003W 
Front Panel Cover (with stowage for 

leads) 41690-179K. 
Cover Internal Lid (includes operating 

summary). 

Optional Accessories 

41148-605K Board Extractor. 

44827-868H Extender Board (Wide). 

44827-869E Extender Board (Narrow) . 

43126-012S Lead (BNC- BNC) 50 0. 1 ·5 m. 

46883-319F GPI B Interface Kit. 

43129-189U GPIB Lead. 1m. (Ampheno157, 
24 way connectors). 

43113-004K Battery Unit (including battery pack of 
24x 1·2V NiCd D type ce lls). 

54351-011 F Lead (BNC-BNC) . 75 0. 1·8 m. 

54127 -071 H Rack Mounting Kit. 
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TF 2357 

20 MHz Selective Level Meter TF 2357 

FREQUENCY 

Range 

Resolution 

Accuracy 

Control 

Display 

LEVEL MEASUREMENT 

Automatic mode 

Remote control mode (with 
G PI B interface only). 

Manual mode 

Measurement accuracy 

Frequency response (at 
0 dBm relative to 1OOkHz) 

Attenuator accuracy 

Calibrate 

INPUT IMPEDANCE 

Unbalanced 

Balanced 
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6kHz to 20 MHz (unbalanced). 
6kHz to 620kHz (balanced). 
Usable down to 100 Hz. 

5 Hz. Display resolution 10Hz. 

± 1 in 10 6 (internal standard). 

Keyboard entry and MANUAL TUNING 
Control. 

7 digits with decimal point an d units 
(e.g. 12345·67 kHz) . 

Switchable to dBm or dB relative to 
0·775V. 

Range:-115 d Bm to + 20 dBm 
(-125dBto +10d B). 

Resolution:0·1 dB. 

Display: 4 digits w ith decimal point 
(e.g. -1 02·6 dBm) 

Range: -120 dBm to+ 20 dBm 
(-1 30 dB to + 1 0 dB). 

Resolution:0· 01 dB. 

Range:-1 21 dBmto + 26dBm 
(-131 dBto + 16dB). 

Display (digital) : 3 digit keyboard 
entered reference level 
(1 dB resolution). 

i.' 

Display (analogue): Meter scaled to 
±0·6 dB. 0 ·02 dB divisions and 
+ 6 dB. 0·2 dB divisions. 
switch selected. 

± 0 ·1 dBatOdBm.100kHz.20° C 
with nominal mains vo ltage. after 
self-ca libration. 
Note: for optimum accuracy AFC 
should be switched ON ensuring that 
input and calibrate signals are 
coinciden t in frequency. 

±0.1dB20kHz to16 MHz) b I 
±0·15 dB 6kHzto20MHz una. 
±0·15 dB 6kHz to 620kHz balanced. 

±0·1 dB . 

Calibrates at tuned frequency to 
compensa te for frequency response and 
r.f. attenuation error. AUTO MAT I C. 
Sl NGLE SHOT or OFF switch se lected. 
In automatic mode operates w henever 
frequency or level is changed or every 
minute and at switch on. 

50 0. 60 0. 75 0 terminated and 
approximately 10 kO 'thro' . 

Return loss: > 34 dB. 

Frequency range: 6kHz to 20M Hz. 

1 24 0. 1 35 0. 1 50 0 terminated and 
approximately 20 k 0 'thro'. 

Return loss: > 30dB. 

8 alance ratio: > 40 dB. 

Frequency range: 6kHz to 620kHz. 

BANDWIDTH 

Pilot ± 0·1 dB. 40Hz. 
- 3 dB> 50 Hz. 
-60 dB. 190Hz nominal. 

Noise -0·5 dB. 1 kHz. 
- 3 dB. 1 ·74kHz nominal. 
-60 dB. 5kHz nominal. 

Effective noise band- width: 1 · 7 4 kHz. 

Channel -0·5 dB. 2kHz. 
-3dB.3 ·1 kHznominal. 

,. AUTOMATIC FREQUENCY 
CONTROL 

Function 

Frequency indication 

Search above threshold 

INTERNAL DISTORTION 

-60 dB. 6kHz nominal. 

Phase detector enables receiver to lock 
input signal to centre of pass band 
wi thAFC ON. 

When locked, display frequency is that 
of input signal± 5Hz. 

In manual mode with automatic 
frequency incrementing in itiated by 
spinning manual tuning control. a.f.c. 
locks onto any signal exceeding the 
digitally entered threshold level. 

Harmonic 2nd and 3rdharmonics better than 
-70dB. 

OUTPUTS 

Audio 

Loudspeaker 

Recorder 

Tracking generator 

Synchronising for Level 
Oscillator TF 2356 

Probe supply 

INPUT 

External 1 0 M Hz standard 

FILTER UNIT 
CONNECTIONS 

Wideband output 

2·1 MHz (wide) output 

2·1 MHz (narrow) output 

Output impedan ce 600 O,leve l 
approximately 0 dBm when meter 
reads 0 dB. Upper or lower sideban d 
demodulation by switch· selection on 
3·1 kHz bandwidth. 
Permits audible monitoring of 
demodulated output. A vol ume control 
is provided. 

±0·6 V corresponding to full scale 
points of centre-zero meter across a 
1 kO load. 

Provides output signal at tuning 
frequency. 

lmpedance:75 0 . 

Leve/:OdBm. 

Frequency response: ±0·2 dB. 
6kHz to 20M Hz. 

lnterna l1 0 MHz standard. 50 0 output 
impedance. -10 dBm. 
30 to 50 M Hz output. 50 0 output 
impedance. -10 dBm. 

Supply ava ilable at front panel socket 
to power Zero Loss Probe TK 2374 
series. 

50 0 input impedance. leve l in range 
0 dBm to - 10 dBm (d.c. path of less 
than 1 0 k 0 must be present to disable 
intemal standard). 

Filter UnitTK 2366 may be connected 
via the fo llowing inputs and outputs. 

6kHz to 20M Hz. 75 0 output 
impedance. 

2 ·1 MHz. 1 ·2 MHzbandwidth, 
75 0 output impedance. 

2 ·1 MHz. 48kHz bandwidth, 
75 0 outpu t impedance. 
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Detected input and ~ V ER SIONS AND ACC ESSORIES 
control lines Filter Unit detector input to receiver and 

cont rol lines to control Filter Unit from When ordering please quote eight-digit code numbers 

REMOTE CONTROL 

BUS CO NTROL BY LEVEL 
OSCILLATOR 

SAFETY REGULATIONS 

LIM IT RANGE OF 
OPERATION 

GPIB via receive r. 

All functions are remotely 
programmable via the IEEE/I EC bus 
w hen receiver is fitted w ith G PI B kit 
(see optional accessories) . 

When connected to the sender and a 
printer, the receiver is controlled by the 
sender. Modes of operation are 
described in the text. 

Complies wi th I EC 348 and BS 4 7 43 
safety requirements. 

Temperature 0 to 55°C. 

CONDITIONS OF 
STORAGE AND 
TRANSPORT 

Temperature -40°C to+ 70°C. 

Humidity Up to 90% relative humidity. 

Altitude Up to 2500 m (pressu rised freight at 
25 kN/m 2 differential. i.e . 3 ·7 1bf/ in 2 ). 

POWER REQUI11EMENTS 

AC supply 

Battery operation 

Operation time 

Charging time 

DIMENSIONS AND 
WEI GHT 

95 to 130 Vor 190 to 260V. 
45 to 500Hz. 40VA (including GPIB 
option). 

See optional accessories. 

Approx. 5 hours. 

Approx. 14 hours (trickle charges w hen 
mains operated). 

Height 
135 mm 
5·25 in 

Width Depth Weight 
430mm 570mm 16 kg 
17in 22·5in 351bs 

Ordering Numbers 

52357-900Z 

52357-301S 

fl'' ,. 

41148-605K 

44827-868H 

44827-869E 

43126-012S 

46883-319F 

43129-189U 

43113-004K 

54351-011 F 

54127-071H 

52374-901R 

52374-900C 

52365-SOOY 

52366-900T 

Versions 

Se lective Level MeterTF 2357. 

Selective Leve l MeterTF 2357 factory 
fitted with G PI B interface option. 

Supplied Accessories 

Supply Lead (Side Entry) 
43129-003W. 

Front Pa nel Cover (with stowage for 
leads) 41690-179 K. 

Cover Interna l Lid (includes operating 
summary). 

10M Hz Standard Output 50 0 load. 
30-50 MHz Output 50 0 load. 

Optional Accessories 

Board Extractor. 

Extender Board (Wide). 

Extender Board (Narrow). 

Lead (BNC-BNC). 50 0, 1·5 m. 

G PI B Interface Kit. 

G PI B Lead. 1m, (Amphenol 57 , 
24 way connectors). 

Battery Unit (including battery pack of 
24x 1·2 V NiCd type ce lls). 

Lead (BNC-BNC). 75 0. 1.8m. 

Rack Mounting Kit. 

Zero Loss Probe, 75 0 version, 
TK 2374/1. 

Zero Loss Probe, 50 0 version. 
TK 2374. 

Associated Equipment 

75 0 Coaxial Switch Unit TF 2365. 

Baseband Filter UnitTK 2366. 
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The accuracv of anv measuring instrument is dependent on the accuracv of the 
standards against which it is caltbrated, so that the operation of an efficient stan­
dards laboratorv is a vital element. Our laboratories are fullv environmentallv con­
trolled and operate under clean air conditions. 
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_. , __________________________________________ _ 
DC Power Supply 

_. , ___________________________________________ _ 
0 Output voltages up to 60 V 
o Output currents up to 4A 
o 15 or 30W maximum 
o Fixed 5 V output for standard! logic circuits 
o Current limiting for load protection 
o Two-terminal and centre-tapped versions 

· .. · 

2 3 
10 15 4 

~
1 ...---L_~o 5 

0 ~ ·~~ . . GA 

Meter 

3010 6 2 
V V A A 

o~ 1 5
' "Yv 

2A 
0·_ 

~,~ ~ 
Range 

--. 
0-JOV 1A 

mi 0-15V 2A 

0-7·5V 4A 

+ 

D.C. POWER SUPPLy TF2154 

MARCONI INSTRUMENTS 

This series of general purposes power supplies provides an 
output capability of up to 60 volts. depending on model. 
continuously variable by means of an uncalibrated front 
panel control. Load current limits of up to 4 amps ca n be 
selected. 

Carefully arranged push -button controls make the 
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power supp lies very simple to operate . Two push-buttons 
alongside the panel meter select monitoring of output 
voltage or current. with two sensitivities for each mode. 
Operation of these buttons has no effect on the output of 
the unit. 



TF 2154, TF 2155 series 

A bank of four push-buttons permits the selection of Built-in protection circuits also prevent internal damage in 
any of nine combin at ions of voltage range and current the event of a short circuit across the output terminals. 
limit. When any one button is pressed the voltage range A useful feature of all these supplies is the provision of 
and current limit associated with it are obtained. If more an output voltage stabilized at a fi xed value of five volts, 
than one button is operated the output is that corres- ·,·· for use with standard logic circu its. 
ponding to the lowest levels selected. Thus any current 1. •• The standard version of each power supply provides a 
limit can be selected up to the maximum output obtainable two-terminaL fully-floating source complete ly isolated 
on any voltage range. from the case. An alternative version of each unit is 

Protection of the load circuit is given by the current- available with an accurately regulated centre-tap. The 
limiting facility. If the load resistance is such that the current limit operates if the current in either half of the 
current limit would be exceeded at the power supplies supply exceeds the specified va lue. and both halves of the 
vo ltage setting the circuit automatically converts to a supply voltage are reduced together. 
constant current source and the output voltage is reduced If higher power or voltage outputs are required two or 
to a level such that the current limit is not exceeded. more power supplies may be connected in series . 

OUTPUTS Push-button selected. 

TF 2154 0 to 30 V at 1 A. 
0 to 1 5 V at 1 A or 2 A. 
0 to 7·5 Vat 1 A, 2 A or 4 A. 
5 V ± 1% at 1 A 2 A or 4 A. 

TF2155 Oto60Vat0·5A 
0 to 30 V at 0· 5 A or 1 A. 
0 to 15 Vat 0·5 A 1 A or 2 A. 
5 V ± 1% at 0· 5 A, 1 A or 2 A. 

TF 2154/1 } As above plu s centre-tap facility. 
TF 2155/1 

OUTPUT IMPEDANCE Typically 15 mOat 1 kHz. 

CURRENT LIMIT 

REGULATION 

Nominally 110% of selected full 
load current. 

Supply Line Less than 0·02% of maximum output 
for a 10% a c. supply line change. 

RIPPLE AND NOISE 

TEMPERATURE 
COEFFICIENT 

METER RANGE 

Load Less than 2 mV +0·05% of max i­
mum output on the ran ge selected 
for a 100% load change. 

Less than 1 mV p-p. 

Typi ca lly less than 0·02% per °C 
at 25°C. 

Push-button selected . 

TF2154 Oto10Vand0to30V; 
0 to 2 A and G to 6 A. 

TF 2155 0 to 20 V and 0 to 60 V; 
0 to 1 A and 0 to 3 A. 

TRANSIENT RESPONSE Recovers to 50 mV withi n 20 llS 
for full load step change. 

CENTRE TAP 
TRANSIENT RESPONSE 

CENTRE TAP TRACKING 
(TF 2154/1, TF 2155/1) 

OPERATING 
TEMPERATURE RANGE 

SAFETY 

POWER REQUIREMENTS 

Recovers to 50 mV wi thin 30 llS 
for full load step change. 

49 to 51 % of total output 
±100 mV (dow n to 4 V total output). 

0 to 45°C. 

Designed to meet the requirements 
of I EC 348. 

AC supply 110. 120, 220, 240 V ± 10%. 
50 to 60Hz. 

DIMENSIONS AND 
WEIGHT 

VERSIONS 

Height Width Depth Weight 
180 mm 153 mm 255 mm 4·5 kg 
7 in 6 in 10 in 9 9 lb 

When ordering please quote eight-digit code numbers 

Ordering numbers 

52154-900E 
52154-901V 

52155-900W 
52155-901D 

Versions 
TF 2154. 
TF 2154/1, Centre-tapped version. 
TF 2155. 
TF 2155/1, Centre-tapped version . 

87 



--
•t--'• --------------------------------------------~------------..1 

TF 2162 MF Attenuator 
I ,, 
\-· .. ---------------------------------------------------------:...1 

I 

0 0 to 111 dB 
o Steps of 0·1 dB 

I . ,. 
TF 2162 is a general - purpose va riab le attenuator suitab le 
for use at frequenc ies up to 1 M Hz. 

It consists of three ten- step swi tched attenuato rs in 
cascade. covering 0 to 1 dB. 0 to 10 dB. and 0 to 100 dB 
respecti ve ly. An additi onal " infinity" position of the 
1 dB switch and on the 10 dB switch completely iso lates 
the input from the output terminal. 

Provision is made for switching an internal terminating 
res istor into c ircu it in order to prese rve th e va lidity of 
the ca lib ration When the attenuator is feedi ng a high 
impedance load . 

The instrument confo rms to the M .l. modu lar dimen­
siona l standard; an d. in its bench mounting form . is 
housed in a one-thi rd modu le cas ing. It ca n. of cou rse. 
occupy any position in a full-m odule rack-m ounting 
case. and is provided w ith an auxili ary rea r input socket 
for co nvenience when used in this way. 

IMPEDANCE 
Input 

Output 

600 0 unbalanced, w hen 
termi nated w ith 600 0 . 
Switched terminating res istor is 
incorporated. 

600 0 unbalanced. when 600 0 
source is connected . 

DIMENSION S AND 
WEIGHT 

14094/1 

Height Width Depth Weight 
195mm 145mm 270mm 2·5 kg 
7~ in 5~ in 10t in 5t lb 

FREQUENCY RANGE DC to 1 MHz. VERSIONS AND ACCESSORIES 

ATIENUATION 

Range 

Maximum input 

Minimum attenuation 

Accuracy 

SAFETY 
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0 to 111 dB in 0·1 dB steps, and 
infinity. 

+ 30dBnior1 Wor 25V 
into 600 0. 

Less than 0 01 dB. 

± 1% of dB setting ±0·01 dB. 
at d.c. 
±2% of dB sett ing ±0·2 dB . 
at 1 MHz. 

Designed to meet the requirements 
of I EC 348. 

When ordering please quote eight-digit code numbers. 

Ordering numbers 
Versions 

52162-900L TF 2162. Instru ment in case for 
bench use . 

Sup pi ied Accessories 

Accessory Kit 46883-095 D comprising: 
Sh ielded AdapterTB 39868 ( 431 68-008S) 
Coax ial Free Plug 23441-014W. 

Optional Accessories 

41635-041P Rack -mounting Case TM 7010. 
41674- 015P Blank Pane l Un it (t modu le) TM 6844. 
43125- 028T Signa l Lead TM 6958. I; 

' 



UHF Attenuator TF 21635 

o 0 to 142 dB in 1 dB steps 

o VSWR:l-1 up to 200 MHz 
1·5 up to 1 GHz 

o 50 o impedance 

o Low insertion loss 

TF 2163S is a 50 0 switched attenuator su itable for use at 
all frequencies up to l GHz. Its accuracy and freedom . 
from standing waves has been achieved tiy the use of a ~· ,. 
novel design in which special resist ive pads are selected fJ AITENUATOR CT.553 fJ 

-

ll 6625-99- 519-9976 
by cam-operated microswitches. Careful attention to 
internal screening prevents errors due to leakage fields 
at high attenuation settings . 

Controls 
Attenuation is selected by means of two rotary step 
controls, one covering 120 dB in 20 dB steps and the 
other cover ing 22 dB in 1 dB steps. The sum of the 
settings gives the overall attenuation. 

Connections 
Type N inlet and out let sockets are provided . 

Hqusing 
The instrument conforms to the Marconi modular 
d imensional standard; and in its bench mounting form is 
housed in a one-third module casing . It can . of course 
occupy any position in a full-module rack mounting case . 
It is supplied . with a front panel lid equipped to stow a 
coaxial fuse unit spare fuses. and two type N to BNC 
adapters. 

FREQUENCY RANGE DC o 1 GHz. 

ATTENUATION 

Range DC to 1 GHz. 

IMPEDANCE 

VSWR 

Accuracy 

MAXIMUM 
POWER INPUT 

INSERTI ON LOSS 

SAFETY 

0 to 142 dB in 1 dB steps. 

Up to 130 dB at 1 kHz ±0·5% 
±0·1 dB. . 
Up to 100 dB at 1 GHz ±1% 
±0·2 dB . 
Up to 130 dB at 1 GHz ±1·5% 
±0·2 dB. 

50 0 input and output. 

Not exceed ing: 
1·1 below 200 MHz. 
1·25 be low 500·MHz. 
1·5 below 1 GHz. 

05 w. 
Approx. 0·3 dB per 100 M Hz. 

Designed to meet the requirements 
of IEC 348. 

•1c•u•••'1 
~·="•::" =~-::- ...::(J=:=:=M:-KA __ __':V~ + Add dB- + 

INSERTION LOSS 
0PPf'ox O·ld8 per IOOHc(l 

MARCONIJNSTRUMENH 1!0 

DIMENSIONS 
AND WEIGHT 

TF216JS 
MADE IN ENGlAN D 

11002/ 2 

Height Width Depth Weight 
195 mm 145 mm 270 mm 3·63 kg 
7i in 5iin 10iin 8 lb 

VERSIONS AND ACCESSORIES 

When ordering please quote eight-digit code numbers 

Ordering numbers 

Versions 

52163-025J UHF Attenuator TF 2163S. 
(NATO Cat. No. 
6625-99- 519- 9976. CT 553). 

Optional Accessories 
43126-026A Connecting Lead TM 4726/286, 

50 0, Type N, 457 mm (18 in). 
43281-001W RF Fuse TM 5753. 
23411-503T Box of five concentric fuses. 
41635-041P Rack Mounting Case TM 7010. 
23443-804G Adapter Type N (male) to BNC 

(female), 50 0. 
41674-015P Blank Pan13l Unit (1 /3 module) 

TM 6844 (2 required). 
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TF 2167 RF Amplifier 

D Up to 10 W monitored output 
D 50 kHz to 80 MHz bandwidth 
D 47 dB gain 

mf 

Supply 
On 

RF AMPLIFIER TF 2167 
MARCONI INSTRUMENTS [!D 

Input SO-n 

Meter Rana:e 

LO HI 

Outpu t 

·OS·IO MH:r 
41 dB G11ln 

The TF 2167 is a broad-band, solid-state power amplifier for use 
over the frequency range 50 kHz to 80 M Hz. It is capable of delivering 
up to 10 watts into a 50 n load. with low harmonic and intermodula ­
tion distortion. and its 47 dB gain enables the ful l output to be 
obtained with an input voltage of less than 100 mV. The output level 
is accurately monitored by a front-panel meter w ith two switch 
selected ranges (0 to 7 volts and 0 to 30 volts). g iving good discrimi ­
nation at low levels. 

The instrument is protected aga inst input and output overloads 
and providing that the input level is within 100 mV the output may be 
open-circuited or short-circuited without,damage to the instrument. 
Input levels up to 3 volts will not damage the amplifier provided it is 
correctly loaded. A Thermal cut-out switch provides further protec­
tion against overheating. 

Freedom from the need for tuning or band-switching enables the 
amplifier to be used with maximum convenience in conjunction with a 

FREQUENCY 
Bandwidth 50 kHz to 80 MHz. 

Response characteristic Flat ± 1 dB over above bandVI(ith 
when feeding 50 ll load . 

OUTPUT LEVEL 10 W p.e.p. (max. ) into 50 o load. 

GAIN At least 47 dB . 

OUTPUT MONITOR 
Voltage ranges 

Voltage accuracy 

Power ranges 

Power accuracy 

0 to 7 V. 0 to 30 V. switch selected. 

± 3% f.s. 

0 to 1 W. 0 to 15 W. switch selected . 

± 6% f.s. 

SIGNAL PURITY 
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Harmonic distortion Total harmonic content is less than - 30 dB 
relative to fundamental. 

Hum and noise Less than - 70 dB relative to 10 W. 

low-power. variable frequency, signa l source - such as a signal 
generator or sweep generator- for a number of applications. These 
i nci~,Jde calibration and test of r.f. voltmeters and power meteJs, 
measurement of feeder loss or v.s.w.r. by monitoring the forward and 
return power. and plotting the radiation patterns of aerials. The high 
level r.f. output available is also useful in the ca librat ion of attenuators, 
in tests on filters. and for testing such components as r.f. transformers. 
capacitors. and dummy loads. The TF 2167 may also be used as a 
driver amp lifier for checking the output stage of an h.f. transmitter, 
with a signal generator or sweeper as the primary source. Most 
modulated signals can be amp lified to high power levels w ithout 
sign ifi cant distortion. 

The instrument is compact and portable. the need for very large 
dissipative components being obviated by the use of forced air 
cooling. It is normally housed in a well ventilated cabinet suitable 
for bench use. but is also available in standard 19-inch rack mounting 
form . 

INPUT CONDITIONS 
Input impedance 50 o. 

VSWR 1·15 : 1 
Maximum rated input level 0·1 V. 

CONNECTORS BNC input and output. 

SAFETY Compl1es with the requirements ol IEC 348. 

POWER REQUIREMENTS 
AC supply 105 to 125 V and 210 to 250 V. 

50 to 60Hz. 

DIMENSIONS AND 
WEIGHT 

VERSIONS AN D ACCESSORIES 

Height 
130 mm 
5:1:in 

W1dth 
220 mm 
8!in 

When ordering please quote eight-digit code numbers 

Ordering numbers 

Versions 
52167-301Z RF Amplifier TF 2167. 

Optional Accessory 

Depth 
370 mm 
14:1: in 

Weight 
9 kg 
201b 

54127-{)11 N Standard 19 inch Rack Mounting Kit. 

Made in U.S.A. 



RF Amplifier TF 2175 

0 Bandwidth: 1-5 MHz to 520 MHz 
0 300 mW linear output 
0 27 dB gain 
0 All solid state 
0 light and compact 

Supply 
On 

RF flOWER AM 
MARr...... I'UFIER TF2175 

'-VI'I INSTI\Lt1EN-... ,, LTD 

• 27dB 

l.5-520MJ.iz 

Input 

IV rnax 

RF Amp li fie r TF 2175 is a compact. genera l purpose amplifier capab le 
of providing moderate power outpu ts over a w ide frequency range. 
It can be used to extend the power output capabi lity of signal genera­
to rs. sweep generato rs and other signal sources. 

W ith this ampl if ier the output of any signal source can be increased 
by 27 dB. giving a linear output power of more tha n 300 mW over the 
frequency range of 1 5 to 520 M H.z. The output w il l be a faithful re­
product ion of the input for most forms of modulation includ ing AM. 
FM. SSB , CATV and pulse modulation. 

TF 2175 is uncond itiona lly stable and w ill operate into any load 

FREQUENCY 

Bandwidth 1· 5 MHz to 520 MHz. 

Response characteristic Flat to ± 1 dB over the above bandwidth 
when feeding a 50 0 load. 

OUTPUT LEVEL 

Maximum linear power output Greater than 300 mW {+24·8 dDm. 3·9V) 
into a 50 0 load. 

Input for 300 mW output 0·6 mW (-2 ·2 dBm. 170 mV into 50 0). 

GAIN 

OUTPUT IMPEDANCE 

SIGNAL PURITY 

27 dB ± 1 dB. 

50 0. 

Harmonic distortion Total harmonic content !s less than 
-30 dB relative to the fundamental at 
200 mW output. 

Typical 3rd order 
intermodulation intercept point +35 dBm. 

Noise figure Less than 9·5 dB (typically 8 dB). 

DYNAMIC RANGE 

STABILITY 

INPUT CONDITIONS 

Greater than 80 dB. 

Unconditionally stable. 

Input impedance 50 0. 

w ithout fai lure or osci ll ation. It fea tures a low-noi-se. linear Class A 
amplifier and has very low harmon ic and intermodu lation distort ion. 
When used as a video amplifier it w ill faithfully reprod uce pu lse 
waveforms w ith rise t imes as short as 1 ns. · 

Other likely appl ica ti ons include use as a drive source for antennas 
and lasers . ultrason ic appl ica ti ons and RF I test ing. The high output 
and low noise f igu re make it suitable for the ampl ificat ion and 
distribut ion of televisi on and other signals over long cables . 

The instrument is all solid-state. usi ng hybr id integrated circuits 
mounted on a microstrip module. and is light. compact and rugged. 

VSWR Less than 2: 1. 

Maximum input level Instrument will withstand an input up to 
1 V r.m.s. (+14 dB overdrive) for all 
output load conditions . 

CONNECTORS 

SAFETY 

POWER REQUIREMENTS 

BNC. 

Designed to meet the requ irements 
of IEC 348 

AC mains 115 V or 230 V. ± 12%. 
50 to 400 Hz; 20 W. 

DIMENSIONS AND WEIG HT 

VERSIONS AND ACCESSORIES 

Height 
98 mm 
3~in 

Width 
165 mm 
6~in 

Depth Weight 
112 mm 1·1 kg 
4~in 2~!b 

When ordering please quote eight digit code numbers. 

Ordering numbers 
Versions 

52175- 301Y RF Amplifier TF 2175. 

Complementary equipment 
52167- SOOV RF Amplifier TF 2167. 

Broad band power amplifier for 
frequency range 50 kHz to 80 MHz. 

Made in U.S.A. 
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.,_:-------------------------------------------------------------------------------------

X -Y Display 
.,_:---------------------------------------------------------------------------

D Large screen display 
D Built-in marker adder 
D Sensitivity: 5 mVfcm 
D Automatic spot blanking 

• .. · 

mt X-Y OI ~PLAY Tf 221lA 

Pol~rity 

Norm lnw • 
V Gain 

Pu!I- XIO G1i11 
Intensity 

Pull-Power On 

....;.;.HA.:::_RC:.:.ON.:::.I.:::_INS:.._:TR:::_UH_:.::.£N.:::_TS:.._:L:_" _:.::.£N:..:_Gl:.._:ANO:..:__ _ _ _ _ _ _ _ - - -·-·----

X-Y Di sp lay TF 2212A is primari ly intended for use w ith a 
sweep generator or spect rum ana lyse r, or for simi lar app li ­
cations. It is idea lly sui tab le for use wi th Marconi Instru ­
ments Sweep Generato r TF 2361, and M I-Sa nde rs 
Microwave Sweep Osci ll ato r type 6600A. It emp loys an 
11 inch ca th ode -ray tube w ith electromagnet ic deflection, 
giving a usable viewing area of 220 x 170 mm (8~ x 6~ 
inches). A grat icule marked on a removab le perspex screen 
forms a gri d of 2 em squares, w ith horizontal and verti ca l 
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cen tre lines marked in 2 mm divis ions. 
The ve rti ca l de fl ect ion system is d.c. coupled, w ith a 

3 dB bandwidth of 10 kHz. The ga in of the ve rti ca l 
amplifi er is continu ously va ri ab le from ze ro to a ca librated 
sens itiv ity of 5 mV/cm. By pu lli ng out the rotary ga in 
con trol knob, a 10 :1 attenuator may be switched into 
circu it giving a ca librated sensiti vity of 50 mV/cm at the 
maximum gain sett ing. A fron t -pa nel POLA RITY switch is 
provided for invert ing the trace. 



TF 2 212A series 

A marker -adder circu it also forms part of the ve rti cal In order to prevent accidental burning of the cathode-ray 
deflection system. Thi s facilitates the superimposition of tube screen by a stationary spot. an automatic blanking 
verti ca l marker pulses on the disp lay. w ithout the need for system cuts off the electron beam when the horizontal 
an external mixing network and w ith complete iso lation of deflection ve locity fa ll s to zero. 
the marker generator from the device under test. The /· ,, . . . 
associated input socket is at the rea r of the instrument An Important feature of the mstrument IS the ready 
together w ith an inverting swi tch . enabling marker pu lses access1b_il1ty of 1ts Internal c1rcu1 t un1ts for ease of se rv1 c1ng. 
in the upward and downward di rect ion to be obtained Util1s1ng all-sol1d-state act1ve elements. the c1rcu 1ts are 
from input pu lses of either po larity. Provis ion is also made formed on pnnted boards. which are easily replaceable. 
for producing brightness markers (Z mod ulation) from The Instrument IS constru cted . on the pnnc1ple of a bas1c 
pos itive or negative going in put pulses. open framework carrymg the c1rcu 1t un1ts. w1th detachable 

Th e gain of the horizontal deflection system is also panels to form the outer casmg . 
continu ously va ri ab le dow n to zero. the deflection TF 2212A/1 is a long persi stence tube version of the 
sensiti vity at maximum gain being normally 100 mV /em. standard TF 2212A. 

VERTICAL AXIS 

Sensit ivity Calibrated 5 mV / em and 50 
mV / em positi ons w ith cont inuously 
variab le contro l. 

Maximum input 250 V. 

3 dB bandwidth DC to 10 kHz. 

Input impeda nce App rox imately 500 kO. 

Input connector Front panel BNC. 

HORIZONTAL AXIS 

Sensitivity 

Maximum input 

3 dB bandwidth 

Input impedance 

Blanking 

Input connector 

PULSE MARKER 

Pulse polarity 

Repetition rate 

Input 

Sensitivity 

Input impedance 

Input connector 

Approximatel y 100 mV /em w ith 
cont inuously variable control. 

350 v. 
DC to 1 kHz. 

Approximately 500 kO. 

Automat ic spot blanking is 
provided for a no signa l input 
condi ti on. 

Rear panel te_r minals. 

Switch se lec ted pos itive or 
nega tive. 

M aximum pul se repetiti on rate 
100 kHz. 

50 V max imum w ith independent 
amplitude con trol. 

Better th an 2 V /em. 

Approx imately 50 kO. 

Rear panel termina ls. t> 
~ 

- ~ 

INTENSITY 
MODULATION 
MARKER (Z AXIS ) 

Input pulse amplitude + 2/ -2 V for intensity modulation. 

Maximum input 50 V. 

Input connector Rear pane l BNC socket. 

VOLTAGE OUTPUT Rear pane l term ina l provides 
samp le ou tput from verti ca l 
ampl ifi er. 

SAFETY 

POWER 
REQUIREMENTS 

DIMENSIONS AND 
WEIGHT 

Compli es w ith the requirements of 
IE C 348. 

100. 110. 1 20. 200. 220 or 240 
V a.c. ±1 0%. 50 to 60 Hz 
approximate ly 40 VA. 

Height W idth Depth Weight 
268 mm 280 mm 292 mm 6·5 kg 

_, 10~ i n 11in 11~in 143 1b 

VERSIONS A ND ACCESSORIES 

Wh en ordering please quote eight-digit code numpers -, \ ~ 

Ordering numbers '1;~ 

Versions 
52212- 910P X-Y Display TF 2212A. Standard 

version. 
52212- 911X X-Y Display TF 2212A/1. Versi on 

w ith long- persistence P7 tu be. 

Optiona l Accessories 
54127- 031R Rack M ounti ng Kit. 

''1 , Made in Japan 

. 
'~ 

\ , ) 
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X-Y DISPLAY 

0 Dual channel display 

0 28 em screen size 

0 Sensitivity: 1 mV/ div 

0 Automatic spot blanking 

The X-Y Di sp lay TF 2213A is a large screen du al cha nnel 
unit incorporating trace invert faci lities. A lthough it is 
primarily intended for use with S'-!Yeep generators. it has 
general app li cati ons fo r instructiona l purposes and 
w herever a large screen display is required. It is particular ly 
suitab le for use with Marconi Instruments Sweep Gen­
erator TF 2361 and Television Sweep A nalyse r OA 2900. 

Both ve rtical channe ls have switched input attenuators 
giving ca li brated sensitiv ity of 1 mV/div to 1 V/d iv in four 
20 dB steps. with a fine variable control allowing inter­
po lation between the four switched positions. The 
frequen cy bandwidth of each channe l is d.c. to 1 0 kHz 
±3 dB. and the maximum input is 250 V p-p. 

The vertica l disp lay modes are: CHANNEL 1 on ly, 
CHANNEL 2 on ly. or ALTERNATE for horizontal deflection 
signa ls in the range 0 to 100 Hz. Both amp lifiers have 
front-panel se lect ion of either a.c. or d.c. coup ling and 
norma l or inve rted in puts. 
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Two refe rence marke rs may be app li ed to the ve rti cal 
amp lifiers simultaneously These are the intensity modu la­
ti on (Z-axis) ma rkers and the pulse added marker. with 
associated input sockets at the rear of the instrument. The 
pulse markers can be sw itched to positive or negative and 
thei r amp litudes attenuated as required 

The horizontal axis amplifier has a 1 kHz bandwidth and 
a sensitivity of 100 mV / div. with a continuously variab le 
control and a maximum input of 250 V. If no horizontal 
input is applied the trace is automatica lly blanked to 
prevent burning of the screen phospho r. 

Sc reen size is 28 em (11 inches) with a calibrated 
graticu le of 1 0 divisions by 14 divisions. Two versions of 
the instrument are availab le: TF 2213A with a standard P4 
phosphor. and TF 2213A/1 w ith a long-persistence P7 
phosphor. 



VERTICAL AXIS 

Sensitivity 

Accuracy 

Variable attenuater 

Frequency bandwidth 

Input imped ance 

Maximum input voltage 

Input coupling 

Vertical display modes 

Polarity inversion 

Vertical linearity 

Vertical sample output 

Input connector 

HORIZONTAL AXIS 

Sensitivity 

Gain 

Frequency bandwidth 

In put impedance 

Maximum input vo ltage 

Input cou pli ng 

Hori zontal l inearity 

Hori zontal input modes 

Z AX IS 

Inpu t co nnector 

Sensitiv ity 

Polarity 

Input connector 

1 mV /div to 1 V /div in fo ur 
calibrated steps. 

Within ± 5% of indicated deflection 
wi th VARIAB LE set at maximum 
clockwise (CAL) posi t ion. 

Reduces the sensitivity by up to ten 
times the indicated deflect1on factor. 

Within ±3 dB (referred to 1 kH z). 
DC to 10kHz. 

500 kO ± 30%. 

250 V p-p (d.c. + a.c. p-p). 

AC or d.c. coupled. 
Selected by front-panel AC - DC 
switch. 

CH 1: Channel 1 only. 
CH 2: Channel 2 only. 
A LTERNATE Dual trace. alternate 
betw een channels. For horizontal 
deflection signals in the range 0 to 
100Hz. 

Both C H 1 and C H 2 can be inverted. 

Within 10%. 

Approx 0 5 V p-p fo r 5 division 
display 

BNC connector (both channels). 

100 mV/div (uncal1brated). 

Cont inuously variable down to zero. 

W1thin ±3 dB (referred to 100Hz). 
DC to 1 kHz , 

500 kO ± 30%. 

250 V p-p (d.c. + a.c. p-p). 

AC or d.c . coupled. 
Selected by rear-panel switch 

W ithin 10%. 

Ll N E Lin e voltage stepped dow n. 
EXT Sweep si gn al. 

BNC type coaxi al connector. 

2 V p-p signal produces no ticeable 
modulat1on at normal intensity. 

Posit ive. 

BNC type coax1al conn ector 

'\.' 

TF 2213A series 

PULSE MARKER ADDER 

Sensitivity 

Amplitude 

Frequency bandwidth 

Input impedance 

Maximum input voltage 

Pulse polarity 

Input connector 

SAFETY 

POWER REQUIREMENTS 

AC mains 

CATHODE RAY TUBE 

Tube type 

Phosphor 

Acce lerating potential 

Graticule area 

DIMENSIONS AND 
WEIGHT 

2 V/div. 

Continuously variable down to zero. 

W ithin ±3 dB (referred to 10kHz). 
20 Hz to 30 kHz. 

50 kO ± 30%. 

50 V p-p (d.c. + a.c. p-p ) 

Positive or negative. switched . 

1 2 mm terminal. 

Designed to meet the requirements 
of I EC 348 . 

90 to 1 32 V or 180 to 264 V 
50 to 60 Hz. 60 VA approximately. 

280 VB4 11 - inch 90 -deg ree 
deflection. 

TF 2213A: P4 (standard). 
TF 2213A/ 1: P7 (long - persistence) 

Approxima tely 6 kV. 

10 div (vertical) x 14 div (horizon tal). 

Height 
220 mm 
8~ in 

Width Depth Weigh t 
380 mm 300 mm 8 5 kg 
15 in 11~ in 191b 

VERSIONS AND ACCESSORIES 

When ordering please quote eight-digit code numbers 

Ordering numbers 

5221 3-910E 

5221 3-911 u 

Made in J apan 

Versions 
X-Y Display TF 2213A Standard 

version. 
X-Y Display TF 221 3A/1. Long 

persistence tube version. 

Supplied Accessori es 
Hood. 
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Marconi Instrumentation 
Written by engineers for engineers this jou rna I, issued 
three times a yea r, is an authoritative publication recog­
nised throughout the industry for many years as a lead­
ing technical publication for users of electronic measur­
ing instrumentation. It gives details of new instrument 
designs and the associated measuring techniques and 
measurement problems. 

Ml Contact 
This news bulletin summarises the current activities of 
Marconi Instruments with features of technical interest, 
details of new products and brief reviews of useful 
applications and servicing notes. 

Please advise your nearest local sales office if you wish 
to receive issues of the above two items regularly. 

M easu retest 
A series of notes describing in detail new and unusual 
applications for M I measuring instrumentation . Each 
note deals with one principal new app licat ion or 
measurement technique. 

Details of the availability of Measuretest and other infor­
mative literature are given in Ml Contact. 
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···---------------------------------------------------------------------------------------------------
FM/AM Modulation Meter 

···-------------------------------------------------------------------------------------

o Measures f.m. deviation up to 500 kHz at carrier frequencies up to 1200 MHz 
0 Measures a.m. depth up to 9&% at carrier frequencies up to 400 MHz 
o Very low inherent noise facilitates narrow-deviation measurement 
0 Optional crystal oscillator for setting of regularly-used test frequencies 

~, .. 
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14135/2 
TF 23008 with optional Crystal Oscillator TK 2302 

FM/AM Modu lation Meter TF 2300 8 measures f.m . 
deviation and a.m. depth. and consists basica lly of a 
superhete rodyne receiver having very linea r. switch­
selected f.m. and a.m . demodu lators. The demodulated . 
signal is amp lified. rectified, and applied to a panel meter 
which is ca librated directly in kHz peak deviation and per 
cent modulation depth as appropri ate. With its wide range 
of deviation frequency. modulation bandwidth and carrier 
frequency it is suitable for development. production and 
maintenance testing of equ ipment for fixed and mobi le 
communications. broadcasting, telemetry and mu lt i ­
channe l links in the h.f .. v .h.f. and u.h.f. bands. Distort ion 
and channel separation tests on f .m. stereo transmitters 
can also be made. the performance being more than 
adequate for testing to FCC and CCI R standards. 

TF 23008 has very low internal f .m. noise and includes 
a filter for f.m. or a.m. noise measurement. A plug-in 
crystal oscillator unit is ava ilable as an accessory where 
very low noise measurements are required at the higher 
frequencies . 

FM Measurement 
The instrument is capab le of indicating peak deviation 
up to a maxill}um of 500kHz at modulation frequen cies up 
to 200 kHz; but it is equally su itab le for measurement of 
the ve ry low values of deviation that are often produced by 
noise or spurious modulation of the signal under test. The 
sensitivity of the measuring system can be varied by means 
of a six-position switch. from 1·5 kHz full scale to 500kHz 
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full sca le; and the instrument can also be switched to 
indicate positive or negative peak deviation so that the 
symmetry of the modulation can be accu rate ly assessed. 

For measurement of very low values of deviation there 
is provision for connecting a sensit ive external indicator. 
via a coaxia l socket to the output of the l.f. amplifier. This 
outlet is also useful for applying the demodu lated signal 
to secondary test equipment- e.g .. an oscilloscope. 
psophometer or wave ana lyser - for checks on waveform . 
modulation frequency, etc. Thi s faci lity for using the 
instrument as a test rece ive r is furthered by th e provision 
for swi tching standard de-emphasis filters of 50. 75 or 
750 11s into the l. f. amplifier. 

FM Noise 
In order to avoid masking of very sma ll measured devia­
tions it is important that the interna lly generated f.m. noise 
sha ll be commensurately sma ll. In the TF 23008 this noise 
level is very low. At 200 MHz it is typically -56 dB relati ve 
to 5 kHz deviation in the noise measuring bandwidth. 

A plug-in crystal oscil lator is available as an optional 
accessory and provides st ill lower noise levels at the higher 
ca rrier frequencies . It is also recommended for use in test 
situations ca lli ng for repeated operation at a few spot 
frequencies. Up to three crystals can be plugged into the 
oscillator unit and any one se lected by a switch. 

Provision is also made for connecting an external local 
oscillator with a frequency 1·5 MHz above the r.f. input 
signal and at a level of approximately 200 mV. 



TF 23008 series 
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Typical modulation meter noise levels 

Bandwidth Selection 
Measurement can be made in a cho ice of bandwidths: 
flat responses up to 200 kHz and 15 kHz for f.m ., or 
50 kHz for a.m. In add iti on a noise filter can be switched in 
to give the conventional response 'of -3 dB at 50 Hz 
and 15kHz for noise measurements on both f.m . and a.m. 
The high frequency cut-off can be further restricted. if 
required. by the use of the de-emphasis filters. 

AM Measurement 
The a.m. section of the instrument is designed to measure 
modulation depth up to 95% over the carrier frequency 

FM MEASUREMENT 

Carrier frequency range 

Deviation range 

Modulation frequency 

Accuracy 

AM rejection 

Inherent noise 

AM MEASUREMENT 
Carrier frequency range 

Modulation depth range 

4 to 1200 MHz. 

Six ranges with fu ll scale indications 
of 1·5- 5- 15- 50- 150 and 500kHz. 
Positive or negative deviation 
indication selected by a switch. 

30 Hz to 200 kHz on all ranges 
except the 1·5 kHz deviation range 
which is limited to 30 Hz to 3-4 kHz. 

±3% of f.s.d. for deviations up to 
500 kHz and modulating frequencies 
between 30 Hz and 1 50 kHz. 
±5% of f.s.d. on the 1·5 kHz 
deviation range. 
± 1 0% of f.s.d. fo r deviations up to 500 
kHz and for rpodulating frequencies 
between 1 50 kHz and 200 kHz. 

Additiona l deviation error typically less 
than 150 Hz in a 15 kHz bandwidth 
when the a.m. depth is 80% and the 
modulating frequency is 1 kHz. 

Deviation relative to a leve l of 5 kHz 
deviation in a -3 dB bandwidth of 
50 Hz to 1 5 kHz is less than: 
-50 dB from 4 to 200 M Hz 
(typically -56 dB) 
-40 dB from 200 to 1038 MHz 
(typi ca lly -46 dB). 

4 to 400 MHz. 

Two ranges w ith full sca le indi cations 
of 30% and 100%. Peak and trough 
indi cations se lected by a switch. 

range 4 to 400 M Hz. Th e modulation frequency range 
is nominally 30 Hz to 15 kHz. but the bandwidth of the 
a.f. system actua lly extends up to 50 kHz to facilitate 
measurement of harmonics. In orde r to give an indication 
of the symmetry of the modulation envelope. the meter 
may be switched to indicate the peak or trough amplitude 
relative to the mean carrier level. · 

IF Output 
An i.f. output is ava il ab le at a front-panel socket and can 
be used -for the rapid assessment of distortion of an 
ampl itude modulated envelope by connection to an 
oscilloscope. 

Accuracy 

RF INPUT 

Frequency range 

Calibration accuracy 

Sensitivity 

Maximum input 

Input impedance 

IF OUTPUT 
Frequency 

Amplitude 

Output impedance 

±3% of f.s.d. for modulating 
frequencies between 30 Hz and 
15 kHz. and modulation depths up 
to 80%. 
±5% of f.s.d. for modulating 
frequencies between 30 Hz and 
50 kHz. and modulation depths up 
to 95%. 

4 MHz to 1200 MHz in 11 bands as 
follows: 4 to 8. 8 to 15. 15 to 27. 27 
to 48. 48 to 84. 84 to 147. 147 to 
255. 255 to 426. 426 to 650. 650 to 
1 038 and 1 038 to 1 200 M Hz. Usable 
with reduced sensit ivity up to 1600 
M Hz with internal oscillator and at 
higher frequencies w ith an externa l 
osci ll ator. 

±3%. 

Better than 12 mV between 4 and 426 
M Hz (typically 5 mV). 
Better than 35 mV between 426 and 
1038 M Hz (typically 1 5 mV). 
Better than 100 mV between 1038 
and 1200 M Hz (typically 50 mV). 

3 V r.m.s. (200 mW) . 

Nominally 50 o. 

Nominally 1·5 M Hz. 

Between at least 220 mV and 1 V 
e.m.f. 

Nominally 10 k 0. 

99 



TF 23008 series 

LF OUTPUT 

Frequency range 30 Hz to 200 kHz w ith switchab le 
15 kHz low pass filter on f.m . except 
on the 1·5 kHz deviation range. 

SAFETY 

Noise filter 

Stereo 

De-emphasis 

Output level 

Distortion, FM 

Distortion, AM 

LIMIT RANGE OF 
OPERATION 

Temperature 

30 Hz to 3·4 kHz on the 1·5 kHz 
deviation ran ge. 
30 Hz to 50 kHz on a.f1:1. 

Modifies respol}se to a nomin al -3 dB 
bandwidth of 50 Hz to 15kHz for noise 
measu rements at output term inals 
on ly. Usa ble for f .m. and a.m. 

Channe l separation typ ica lly 44 dB 
from 200 Hz to 15 kHz decreasing to 
39 dB at 50 Hz. Suitab le fo r 
measurements on stereo transm itters 
designed to meet FCC regu lations and 
CC I R Report 293-2. 

Switchable to 0. 50. 75 or 750 ~s. 

Nominally 0 dBm into 600 o when 
meter reads full sca le. except on the 
1·5 kHz deviation range w hen the 
output is nominal ly - 10 dBm . 

Less than 0·2% for f.m. deviations up 
to ± 75 kHz and modulating 
frequencies up to 1 5 kHz (typica lly 
less than 0·1 %). 
Less than 0 ·3% for f.m. deviations up 
to ±300 kHz and modulating 
frequen cies up to 25 kHz (typi cally 
less than 0 · 2%) . 
Less than 3% for f.m . deviations up 
to ±500 kHz and modulat ing 
frequencies up to 200 kHz (typi call y 
less than 2%). 

Less than 1% for a.m. depths up to 
80% (typica lly less than 0·5% up to 
60% depth). 
Less than 2% for a.m. depths between 
80% and 90% (typically less than 
1·0% between 60% and 90% depth) 

Designed to meet the requireme nts of 
IEC 348. 

0 to 55 °C. 

Crystal Oscillator TK 2302 

Provides an alternat ive to the interna l variab le loca l 
oscillator. particular ly for low noise measurements at high 
f requencies . Fits into the recess in the front pane l as seen 
in the illustration of the instrument. 

FREQUENCY RANGE 

SENSITIVITY 

FM NOIS E 

CRYSTALS 

100 

80 to 1000 M Hz for f.m. 
80 to 400 M Hz for a.m. 

Better than 1 2 mV between 80 and 
500 MHz (typically 5 mV). 
Better than 100 mV between 500 and 
1000 M Hz (Wpically 30 mV). 

Deviation relative to a level of 5 kHz 
deviation in a 3 dB bandwidth of 
50 Hz to 15 kHz is less than: 
-52 dB up to 800 MHz (typically 
-56 dB) 
- 50 dB from 800 to 1000 MHz 
(typically -55 dB). 

Up to three switch selected crystals 
may be used. 
Marco ni type 00 1670 Serres. in 
fundamental frequency range 40 to 
60 M Hz. Equivalent seri es resistance 
35 0 ±5 0. 
When ordering crystals please 
specify the r.f. operating frequency 
and we w ill advise the correct 
crys tal frequency. 

CONDITIONS OF 
STORAGE AND 
TRANSPORT 

Temperature 

Humidity 

Altitude 

-40°C to + 70°C. 

Up to 90% relative humidity. 

Up to 2500 m (pressurised frei ght at 
25 kN / m 2 differential. i.e. 3 7 lb f/in 2) 

POWER REQUIREMENTS 

AC mains 95 to 130 V or 190 to 260 V. 
45 to 500 Hz. 12 VA. 

DIMENSIONS AND 
WEIGHT Height Width Depth Weight 

175 mm 426 mm 380 mm 12·5 kg 
7in 16 i! in 15in 27·5 1b 

V ERSIONS A ND ACC ESSOR IES 

When ordering please quote eigh t-digit code numbers 

Ordering numbers 

·•' 
Versions 

52300- 920F TF 2300B standard version. 
The following versions may be 
available to special order. 

52300- 301 J TF 2300BM With parallel l.f. output 
socket on the rear panel. 

52300- 302 F TF 2300BM With hiQh-level 

52302- 900T 

54452- 011E 
54431 - 021 8 
54431 - 011 D 
54422- 011A 
43281 - 007C 
54127- 131M 
41690- 079Z 
43126- 012S 

aperiodic a.m. detector. 

Supplied Accessories 
Extension Board TM 7926 

(44688-003C). for use w hen 
servrcrng printed boards. 

Optional Accessories 
Crystal Oscillator TK 2:302. 
Crystals. The required carrier 

frequencres should be specrfred. 
Signal Sniffer. 
20 W. 50 0. 20 dB Attenuator. 
1 W. 50 0. 20 dB Attenuator. 
1 2 W. 50 0 Termination. 
RF Fuse Unit TM 9884. 
Rack Mounting Conversion Kit. 
Protective Front Panel Cover. 
Coaxial Input Lead TM 4969/3. 

BNC. 1575 mm (62 in) 

0 CRYSTAL -~ 
OSCILLATOR 

MARCONI INSTRUMENTS I!D 

TK 2302 

.... 



TF2300BM 

0 Version with low-distortion auxiliary a.m. detector 

o Measurement of a.m on f.m. 
o AM measurements from 1-5 to 1000 MHz 
0 Accurate measurement of low modulation depths 
o Distortion measurements on a.m. waveforms 

This model is particularly valuable for making measure­
ments of a.m. on f.m. of broadcast transmitters. The very low 
distortion of the auxiliary detector also makes it su itab le for 
measuring distortion on a.m. waveforms, with a Distortion 
Factor Meter such as TF 2331 series connected to the LF 
OUTPUT socket. 

For measurements using the auxili ary detector an 
external high impedance, sensitive a.f . voltmeter. su ch 
as TF 2600 series, must be connected to the LF OUTPUT 

AP ERIODIC AM 
M EASUR EM ENT 

Carrier frequency range 

Sensitivity 

Maximum input 

Input impedance 

Demodulation distortion 

1 5 to 1000 M Hz. 

5 V r.m.s. 

5 V r.m.s. at 40% a. m. 
3 5 V r.m.s . at 100% a.m. 

Nomina l ly 50 0. 

Less than 1% at 9 5% modulation 
depth w i th an input of at leas t 2 V. 

7424 7!1 

socket. Modul ati on depth can be read from the voltmeter 
w ith 10 mV being equivalent to 1% modul ation depth. 

The detecto r operates over a frequency range of 1 ·5 to 
1000 MH z. w ith inputs betw een 1·5 and 3·5 V for 100% 
a.m. or 1 ·5 and 5·0 V for 40% a.m. The model retains all 
functions of the standard model w hen the auxi li ary detec­
tor is not in use. 

The specification for thi s model is as for the standa rd 
version w ith the follow ing additions . 

LF output level 

Modulat ion frequency 
range for distortion 

measurements 

Demodulator .bandwidth 

ORD ER ING NUMB ER 

52300- 302F 

10 mV per 1% modu lation depth 
± 10%. 
i.e. 1 V r.m.s. ±10% fo r 100% 
modulation depth 

30 Hz to 15 kHz . 

30 Hz to 50 kHz. 

FM/AM Modulation Meter 
TF 2300 BM. 
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-
Programmable FM/AM Modulation Meter 

·· '.-------------------------------------•• ..1 

D Suitable for automatic or manual operation 

D Measures f.m. deviation up to 500 kHz at carrier frequencies up to 1000 MHz 

D Measures a.m. depth up to 95% at ~arrier frequencies up to 500 MHz 

D Modular construction using all-solid-state active elements for maximum reliability 

0 0 

• ~· 

I;;_ 
• 

• @ m1 0 

TF 2301 A is an FM / AM Modulation Meter suitable for in ­
corporation into programmed automatic test systems or 
for use in a manual mode . The switching from one mode 
of operation to the other is by push-button on the front 
panel. 

Basically the instrument is a low-sensitivity superhetero­
dyne receiver having very linear f . m. and a. m _ demodu­
lators_ After demodulation the l _f. signal is amplified, then 
rect ified using a peak detector, and the resulting d _c_ 
signal is made ava ilable through a socket mounted on the 
rear panel _ In the manual mode the detected signal is also 
used to drive a panel meter cal ibrated in peak deviation 
and percentage modulation depth . A particular feature of 
T F 2301 A is the design of the peak detector in that it can 

RF INPUT 

102 

Frequency range 4 to 1000 M Hz on f _m_ Usable to higher 
frequencies at a reduced r. f. input 
sensitivity_ 

4 to 500 M Hz on a.m. 

RF input level The instrument has an a.l.c. system 
which allows the input to be w ithin the 
range determined at the lower end by 
the sensitivity and at the higher end by 
the maximum sa fe input, without 
further adjustment. The levelling sys­
tem comprises a linear con trol loop 
acting on the i_f. ampli fier, and 
up / down counter setting the r .f. input 
attenuator . 

Sensitivity Better than 500 mV on fm* (typically 
better than 250 mV)_ 
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Eat std lntlld . ~- PROGRAMMABLE FM/A M MODULATION METER TF2JOIA 

follow rapidly increasing or decreasing modulat ion depths. 
When used in an automatic system execut ive control of 

the f.m _f a_m_ function, modulat ion range , maximu m 
modulation f requency, and de-emphasis is by b. c.d. 
signals applied via a mu lt i-pin plug on the rea r of the unit . 
Signal level contro ls are unnecessary since TF 2301 A has 
an automatic signa l levelling circuit (a. l. c _) which main­
tains the r.f. input level to within the range 500 mV to 5 
vo lts for f.m. or 25 mV to 5 volts for a.m. without further 
adjustment. 

In either mode an external oscil lator tuned to 1 · 5 M Hz 
above the signa l frequency is required; in automatic sys­
tems this would normally be a programmable synthesiser_ 

Better than 25 mV on a.m. (typically 
better than 12 mV) _ 

These levels apply for a constant local 
oscillator level of 800 mV e_m _ f. from a 
500 generator _ 

Maximum safe input 0·5 W (5 V r_m_s_ for c.w. signal )_ 

Input impedance Nominally 50 o 

LOCALOSCILLATOR The instrument requires an external 
generator for use as the local osci l­
lator. 

Level 800 mV ±2 dB e. m.f. from a 50 o 
source_ 

Frequencyrange 5·5 MHz to 1001 · 5 MHz. The local 
oscillator should be tuned to 1 · 5 MHz 
above the r_ f. input frequency _ 



TF 2301A 

IF OUTPUT 
Centre frequency 1 · 5 MHz. 

Level Approximately 500 mV. 

Output impedance Nominall y 10 k o 

FM MEASUREMENT 

Deviation range 

Modulation frequency 

Measurement accuracy 

6 ranges with fu ll scale indications of 
1·5 kHz* , 5kHz, 15 kHz, 50 kHz, 150 
kHz and 500kHz. 

Selection of positive or negative 
deviation measurements. 

30Hz to 200kHz on deviation ranges 5 
to 500kHz. 

30 Hz to 3·4 kHz on 1·5 kHz deviation 
range. 

±3% full sca le (±4% using meter 
readout) on deviation ranges 5 to 500 
kHz and at modulation frequencies 
from 30 Hz to 150kHz. 

±10% of full scale for deviations up to 
500 kHz for. modulation freq uencies 
from 150kHz to 200kHz. 

±5% of full scale on 1·5 kHz deviation 
range. 

AM rejection The additiona l deviation error, when 
a.m. depth is 80% and the modulati ng 
frequency is 1 kHz, is typica lly less 
than 300 Hz in a 15kHz bandwidth . 

Inherent noise Using a low noise local oscillator, the 
residual deviation is less than 25Hz for 
a bandw idth of 30 Hz to 15 kHz, 
measured at the LF output using an 
r.m.s. voltmeter. 

Calibration A front panel preset control is pro­
vided for f.m. calibration of the instru­
ment against the internal standard. 

AM MEASUREMENT 

Modulation depth range 2 ranges with full scale indications of 
30% and 100% (maximum usable 
measurement 95% l. 

Modulation frequency 30Hz to 50 kHz. 

Measurement accuracy ±3% of full scale (±4% using meter 
readout) for modulating frequencies 
from 30 Hz to 15 kHz, and modulation 
depths up to 80%. 

+ 5% of full scale for modulating fre-

DC OUTPUT The d.c . output is proportional to 
modu lation. 

On a.m . 0·1 V for f.s.d. on 100% full scale 
range. 

Onf.m. 

0·3 V for f.s.d. on 30% full scale 
range. 

0·5 V for f .s.d. on 5, 50 and 500kHz 
full scale ranges. 
1·5V for f.s.d. on 1·5, 15 and 150 kHz 
full scale ranges. 

Output impedance Less than 1 ko The output is intended 
for use with a high impedance volt-
meter. 

CONTROL 

Programmable mode Mode selected by panel switch. Pro­
grammable operation is not affected 
by manual control sett ings, except by 
the set calibration controls. 
Control is by b.c.d. (1-2-4-8 weight­
ing) data applied to connector on the 
rear panel. 

Control function No of lines 

FM / AM 
±DEVIATION or PEAK / TROUGH 
MODULATION RANGE 
DE-EMPHASIS 
MAX. MOD . FREO. 
HOLD ATTENTI ON 

1 
1 
3 
2 
1 
1 

Input levels (see also Optional acces­
sories): 

'0' state is 0 to +5 V or short circuit to 
common, sinking 9 mA ma ximum. 

'1' sta te is +9 to +25 Vor open circuit. 

Setting time: 5 s maximum from when 
the r.f. and local oscil lator signals are 
applied. 

Manual mode Mode selected by panel switch. In­
coming b.c.d. information is ineffec­
tive on Manual operation. Manual 
work ing is by front panel controls. 

CONNECTIONS All connect ions to the instrument are 
to the rear panel. 

POWER 
REQUIREMENTS 

AC supply 95 to 130 and 190 to 264 Vat 45 to 65 
Hz, 60VA. 

quencies from 30 Hz to 50 kHz, and DIMENSIONS AND 
depths up to 95%. WEIGHT 

LFOUTPUT 

Calibration A front panel preset control is provi­
ded for a.m. calibration against a suit­
able external 50% a.m. standard. 

Bandwidth on f.m. 30 Hz to 200kHz on deviation ranges 5 
to 500kHz. 
30 Hz to 3· 4kHz on 1· 5kHz deviation 
range. 

The bandwidth can be restricted to 15 
kHz w ith a switchable low pass filter. 
This filter also restricts the deviation 
measu'rement bandw idth . 

Bandwidth on a.m. 30Hz to 50 kHz. 
De-emphasis Selection of 0, 50, 75 and 750f.IS. 

Level Nominally 0 dBm (775 mV) into 600 o 
load for full scale on both a.m. ranges, 
and all f.m. deviation ranges, except 
the 1 ·5kHz deviation range. Normally 
- 10 dBm (245 mVl into 600o load on 
the 1 ·5kHz deviation range. 

Output impedance Nominally 600 o. 

ACCESSORIES 

Suppl ied 

Optional 

Standard 19 in. rack mounting. 

Height Width Depth Weight 
180 mm 420 mm 405 mm 16 kg 
7 in 16! in 16 in 361b 

Mains Lead 43122-017 

Shorting link 34461-305 

14-way free socket, Ether Ltd ., Type 
No . MRAC 14S-JTC2-1AOO-HD with 
pins. 

12-way P.C.B. Extender Card 44815-
115 
24-way P.C.B. Extender Ca rd 44815-
116 

43281-007C RF Fuse Unit TM 9884 
43168-008S Shielded Adapter (GE 51002) 

TK 7084/3 Logic Level Converter Module. (This 
module makes the modulation meter 
suitable for contro l by DTL and TTL 
positive true logic.) 
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. ' • --------------------------------------------------------------------------------------------------
FM/AM Modulation Meter 

. '• .. ------------------------------------------------------------------------------------------------~ 

D Specifically designed for tests on mobile radio transmitters 

D Measures f.m. deviation in three ranges from 1"5 kHz to 15 kHz 
at carrier frequencies up to 520 MHz 

D Measures a.m. depth up to 95% at carrier frequencies up to 225 MHz 

D Operates from a.c. mains or internal rechargeable battery 

[J Range of accessories facilitates connection to transmitters 

Supply 
r 

DC Supply 

The TF 2303 FM/AM Modulation Meter. which covers all the 
frequency bands commonly used for mobile radios. both f.m. and a.m .. 
has been specifically designed for production testing and servicing 
of narrow band radio transmitters used in fixed and mobile point-to­
point communications systems. The sensitiv ity of the instrument also 
enables it to be used to check the outputs of signal generators used 
for receiver measurements. 

It is basically a low-sensitivity superheterodyne receiver in which 
the i.f. output is demodulated. amplified. rectified and applied to a 
front-pane l meter calibrated directly in kHz peak deviation and 
percent modulation depth as appropri ate. 

The instrument's small size and light weight. together w ith its 
optional internal rechargeable battery, make it very su itable for field 
use. This is further aided by the optional carrying case w hich permits 
operation of the instrument in the case w hile slung over the shoulder. 
A w ide range of accessories enables measurements to be made on 
any transmitter with output power from 100 mW to 30 watts. These 
accessories ensure good interfacing between the transmitter and the 
modulat ion meter. and enable measurements to be made at the full 
transmitter output power. 

The instrument can be operated on a.c. ma ins or from an internal 
rechargeable nickel cadmium battery pack. w hich is ava ilable as an 
opt ional accessory. The battery w ill give a full 8 hours continuous 
operat ion and it can be fully recharged overn ight from the a.c. mains 
supply, using the built-in charger. When the instrument is operated on 
a.c. mains the battery receives a continuous trickl e charge. 

i=M Measurement 
Measurements can be made on f.m. transmitters w ith carr ier fre­

quencies in the rang e 25. to 225 MHz and 380 to 520 MHz. The 
frequency range from 225 to 380M Hz is not ca librated. but is avail­
able if requ ired. Three narrow-deviation ranges are provided of 
1 ·5kHz. 5k Hz. and 15kHz full scale. The modu lation frequency range 
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of 50 Hz to 9 kHz caters for low frequency calling tones and for two 
channel systems in addition to the vo ice frequency band. The meter 
can be switched to indicate positive or negative peak deviation so 
that the symmetry of the modulation can be accurately assessed. 

For measurement of very low values of deviation the audio fre­
quency demodulated output is ava ilable at a front panel socket for 
connect ion to an external sensitive meter. This output can also be used 
for use wi th an oscilloscope, wave-analyser or distort ion factor 
meter for checks on waveform. modulation frequency etc. A 7)50 flS 
de-emphasis unit is available as an optional accessory for connecti on 
to the a.f. output socket to restore a modulation signal that has had 
pre-emphasis applied. 

To avoid masking of very smal l measured deviations it is important 
th at the internally-generated f.m. noise shall be commensurately 
small. In the TF 2303 this is ensured by the use of a high stability 
varactor-diode tuned oscill ator emp loying a low noise FET. By this 
means low microphony and good spectral purity are obta ined . Even 
at the highest carrier freq uencies th e deviation due to noise is less 
than 50 Hz in a nom inal 3 dB bandwidth of 10 Hz to 14kHz. To aid 
long-term monitoring . or for use w ith an unstable signal source, an 
a.f.c. facility is provided for locking the loca l oscillator to the incoming 
signal. This can be switched into operat ion by means of a front-panel 
push-button after the instru ment has been manually tun ed. 

AM Measurement 
Measurements can be made on a.m. transmitters in the carrier fre­

quency range 25 to 225 MHz. Modulation depths up to 95% can be 
measured at modulation freq uencies from 50 Hz to 4kHz. In order to 
give an indication of the symmetry of the modulation envelope the 
meter may be switched to indicate either peak or trough amplitude 
relative to the mean ca rri er level. An i.f. output is ava ilable at a front 
panel socket and can be used to examine the symmetry of modulation 
directly on a low frequency oscill oscope. 



RF INPUT 

Carrier frequ ency rang e Five bands: 

Scale accuracy 

Sensitivi ty 

Maximum safe input 

25to 43MHz } 
43 to 75 MHz 
75 to 129 MHz a.m. and f.m . 

129 to 225 MHz 
380 to 520 M Hz f.m. only. 

±5%. 

Better than 50 mV r.m.s. from 25 to 225 MHz: 
100 mV r.m.s. from 380 to 520 M Hz. 

1 W (7 V r.m.s. approx.). 

Maximum working input Approx imately 150 mV on the bottom range 
and 700 mV on the top range. 

RF leve! control range At least 20 dB at 520 MH z. 

Input impedance Nominally 50 0. 

FM MEASUREMENT 

Deviation ranges Three ranges with full-scale indications of 
1·5 kHz. 5 kHz and 15 kHz. Positive or 
negat ive indication is selected by a switch. 

Scale accuracy ±3% of f.s.d. at 1 kHz modulation frequency. 
±5% at extremes of operating temperature. 

Modulation frequency rang e Over the range 50 Hz to 9 kHz. deviation 
measurement are wi thin 0·5 dB with respect 
to 1 kH z. 

Inherent noise Devi ation due to noise is less than 50 Hz at 
the highest ca rr ie r frequency and in a 
nominal 3 dB bandwidth of 10 Hz to 14kHz. 

AM rejection Addit ional deviat ion error is at least 26 dB 
be low the reading for 5 kHz deviation when 
a.m. depth is 30% at 1 kHz modulation 
frequency. 

AM M EASUREMENT 

Modulation depth range Full-scale indication 100%. Usable up to 
95%. Peak or trough indication is selected 
Uy a switch . 

Accuracy ±3% modulation depth for depths up to 80% 
and modulation frequency of 1 kHz. 
±5% at extremes of ope ra tmg temperature. 

Modulation frequency range Over the range 50 Hz to 4 kHz. modulation 
depth measuremen ts are within 0·5 dB with 
respect to 1· kHz. 

Noise Better than -50 dB with respect to 1 00% 
modulation in a nominal 3 dB bandwidth 
of 10 Hz to 24kHz. 

TF 2303 

IF OUT PUT 

Frequency 500 kHz. 

Leve l 1 00 mV e.m. f. nommal. 

Output impedance Nom inally 1 r.o. 

AF OUTPUT 

Output level 1 mW nominal 1nto 600 0 with meter at f.s.d. 

Distortion Less than 1% for f.m. deviations up to 15kHz. 

SAFETY 

POW ER REQUIREMENTS 

· .. · AC mains 

Internal battery 

DIMENSIONS AND W EIGHT 

CONNECTORS 

VE RSIONS AND ACCESSORIES 

Less than 3% for a.m. depths up to 80%. 

D-e signed to meet the requi rements 
of IEC 348. 

95 to 130 V or 190 to 264 V; 
45 to 500Hz. 5 VA approx. 

21 V rechargeable Nickel Cadmium 
battery can be f itted . 

Height Width 
140 mm 280 mm 
51, 111 11 in 
(With lid and battery) 

Depth 
305 mm 
12 in 

Weight 
5·7 kg 
13 lb 

BNC sockets for r.f. input. i.f. output and 
a. f. output. 

When ordering please quote eight-digit code numbers 

Ordering numbers Versions 
52303-015F TF 2303. Standard ve rs ion. 

54112-031T 
54412-011K 
54422- 011A 
54431 - 011 D 
54431-021B 
54452-01 1E 
54463-011D 
43126-012S 
4328 1-007C 

Supplied Accessories 
Lid. 4 1634-0652 

Optional Accessories 
Carrying Case. 
750 ~s De-emphasis Unit. 
12 W. 50 0 Term 1nation. 
20 dB. 1 W Attenuator. 
20 dB. 20 W Attenuator. 
S1gnal Sn iffer. 
Rechargeable Bilttery. 
Coax1al Lead TM 4969/3. 50 0 . 
R.F. Fuse U111t TM 9884. 

OPTIONAL ACCESSORIES------..;...._------------
CARRYING CASE, 54112-031T 
Case w ith shoulder strap for carrying the TF 2303 and accessories. 
The instrument is secured by a retaining screw and can be operated 
in the case . 

DIMENSIONS 

W EIGHT 

340 mmx300 mm x 160 mm 
( 1 3~ lnx 11 ~ i nx6~ in) . 

Case alone: 1 ·8 kg (41 b) . 

750 f.lS DE-EMPHASIS UNIT, 54412- 011 K 
Low-pass R- C f ilter w ith a t ime constant of 750 f.lS for de-emphas is 
purposes. It can be connected to th e a.f. output socket of th e TF 2303. 
The unit shou ld be terminated in 600 0 and an interna l 600 0 loa d 
ca n be switched in w hen working into a high impedance. 

CONNECTORS 

DIM ENSIONS 

BNC plug to BNC socket (may be connected 
e1the r way round). 

94 mmx25 mmx25 mm (3jl inx 1 inx 1 in) . 

For deta il s of other opti onal accessories refer 
to pages 110 and 111 
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FM/AM Modulation Meter 
' . .. --------------------------------------------· 

0 Automatic operation- no tuning or signal levelling required 
0 Carrier frequency range: 9 to 12·5 MHz and 18 to 1000 MHz 
0 FM deviation in eight ranges: 1"5 to 150 kHz f.s.d. 
0 AM depth in three ranges: 10; 30 and 100% 
0 Two sensitivity versions available 
0 High and low level indication 
D Light and compact; a.c. supply or rechargeable battery operation 
o High accuracy, low price 
o Optional accessories for mobile radio testing 

FM/ AM Modu lation Meter TF 2304 combines high 
accuracy with automatic tuning and automatic level 
setting. It has been designed primarily for the servicing 
and production testing of radio communications systems, 
particularly mobile radio transmitters, and it covers carrier 
frequencies from 9 to 12 ·5 M Hz and from 18 to 1 000 M Hz. 
FM deviation is measured in eight ranges from 1 ·5 kHz to 
150 kHz full scale. and a.m. depth is measured in two 
ranges of 30% and 100% full scale, with a further uncali­
brated range of 10%. Accuracy for both f.m . and a.m. 
measurements is ±3% of full scale. 
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An outstanding feature of this instrument is its ease and 
speed of use-leading to considerable time savings in 
production testing. To make a measurement it is only 
necessary to couple the r.f. signal to the input and select 
the measurement required, the meter will then tune auto­
matically to the carrier frequency, set the signal level and 
display the f.m. deviation or a.m. depth on the panel meter. 
The whole measurement process takes only a few seconds. 

Applications 
This new modulation meter has been designed with 



TF2304 

mobi le radio testing in mind. and deviation ranges have 
been selected as the most suitable for this purpose. It w ill 
find application in servicing and production testing of 
communi ca ti ons equipment for land mobil ia . maritime. 
ae ronauti ca l and .mi litary uses - its ca rrier frequency range 
cove rin g all frequen cies used for these purposes. The 
exten sion of the range down to 9 M Hz permits the instru­
ment to be tuned to cove r the standard 10 ·7 MHz inter­
mediate frequency. Other app li ca tion s for TF 2304 include 
prod ucti on line testing of signa l generators for w hich its 
high deviation range is very va luable and se rvicing of fi xed 
communi ca ti on links. Its good accuracy also makes it 
suitab le for use in design laboratories. 

Design features 
TF 2304 is basica lly a supe rheterodyne rece ive r con­
sisting of a tuneable loca l oscil lator. mixer, i.f. amp lifi er. 
a.m. and f.m. detectors. aud io amplifier and peak vo ltmete r. 
The local oscillator is swept in freq uency and its ou tput 
signa l is mixed w ith th e incoming signa l. The i.f . amplif ie r 
operates at 400 kHz and w hen an output appears at this 
frequency the instrument locks to the incom ing signal and 
stops sw eep ing. Once it has locked. automatic levelling 
takes place. Th e i.f. output is demod ulated and app lied to 
a pane l meter calibrated in peak deviation and pe rcen tage 
modu lation depth The low distortion a.m. and f.m. 
detectors are fo llow ed by very effective audio frequency 
fi lters w hich extract th e demodu lated signa l. 

A samp li ng type mixer is us~d. resu ltin g in a very flat 
response up to 1000 M Hz together w ith a w ide dynami c 
range . The local oscill ator is tu ned automatica lly to the 
correct frequency, and the correct r.f. input level to the 
mixe r is set automaticall y. Tw o l. e.d. lamps on the front 
pane l indicate if the signa l level is too low or too high for 
correct operat ion, the appropr iate lamps li ghting w hen an 
out-of- range input is present. This prevents unnoticed 
mixe r over loading w hich is pa rticu lar ly importa nt for a.m. 
measu rements. 

FM Measurement 
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Fig. 1 Typical modulation meter noise levels 
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Fig 2 Sample audio frequency resp onse to f m signal on 5 kHz range 

Freoqut'f'ICy 

Peak deviati on can be measured w ith full -sca le defl ec- Fig. 3 Sample audio frequency response to a.m signal on 700% range 
t ions from 1 ·5 kHz to 1 50 kHz over th e modulation 
frequency range of 50 Hz to 9 kHz. Deviat ion se lection is 
by three push-buttons in conjunction w ith a toggle switch 
giv ing multiplication factors of x 2 and x 10 and providing 
a total of eight deviati on ranges. Push-button se lecti on of 
positi ve or negative peak deviation measurement permits 
assessment of modulation symmetry. 

Interna lly generated f .m . noise is small. better than 
42 dB down on 5 kHz deviat ion (equ ivalent to 40 Hz 
deviation) at 150 MHz. Figure 1 show s typica l modulation 
meter noise levels. Wi th de -emphas i's sw itched in . noise 
w ill be reduced further. The modulation frequency 
response is fl at from 300 Hz to 3 kHz. and figure 2 shows 
the response curve of a samp le instrument. r 
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AM Measurement ~' 0 

Modulation depth can be measured in three ranges of 1 0% 
(unca li brated). 30% and 100% full -sca le. selected by 
push-buttons. over the modulation frequency r-ange of 
50 Hz to 9 kHz. Push -button selecti on of pe ak or trough 
ampl itude permi ts assessment of the symmetry of the 
modu lation envelope. 

Figure 3 shows the modulation frequency response 
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curve of a sample instrument. Fig. 4 Nominal750 J.lS de-emphasis response 
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Screening 
The instrument has ve ry effi cient r.f . screen ing, enab ling it 
to be operated sat isfactorily in areas of high r.f. field. For 
examp le. tests have shown that a 9 watttra r1smitter can be 
measured in close proximity to a 250 watt transm itter. The 
screen ing also ensures low leakage from the loca l 
oscill ator so that nea rby recei ve rs w ill not be affected. Th is 
good screening and the ove r-and under-level indication 
vi rtu ally elimi nates the possibi li ty of false locking, pro­
viding that the instrument is co rrect ly coup led to th e 
source. 

Input Sensitivity 
Two ve rsions of TF 2304 are ava il ab le. providing a cho ice 
of r.f. sensitivity. .. 

For transmitter testing on production lines and ill 
servic ing, the standa rd 1 watt ve rsion. type 52304- 900S. 
wou ld normally be used. This inc ludes a bu ilt - in 20 dB 
attenuato r and accepts input leve ls betw een 50 mV and 
1 vo lt r.m.s. The attenuator avo ids ove r-sens iti v ity of the 
instrument and also provides extra protection for the mixer 
wh ich wi ll not be damaged if a high power transmitter is 
accidenta lly connected to the input. A second 20 dB 
attenuato r can be inserted by operat ion of a push-button. 
extending the maximum input level to 7 vo lts or 1 watt 
continuous . With the optiona l accessor ies avai lab le any 
in put betwee n 50 11W and 1 kW can be accepted. 

For laboratory use a high sensitiv ity ve rsion. mode l 
52304- 302E. is avai lable. This is similar to the standard 
ve rsio n except th at the fixed 20 dB atte nuator has been 
omi tted. Thus its sensitivity is 5 mV to 1 00 mV r.m.s., 
extended to 1 vo lt by insertion of the switc:1ab le 20 dB 
atten uator. The maximum working input is 20 mW and 
maximum input w ithout damage is 250 mW. This high 
sensi ti vity vers ion is particu larly su itab le in laboratories 
and workshops for use wi th signal generators of limited 
output. 

Outputs 
An i. f. output is available from a front pane l BNC socket 
and it can be used to examine the modu lation enve lope of 
an a.m. signa l. 

An a. f . ou tput with ve ry low harmonic distorti on is also 
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ava il ab le for app lyi ng the demodu lated signal to externa l 
equipment for checks on waveform distort ion, noi se and 
modulation frequency. A standard de-emphasis network 
w ith time constant 750 11s can be switched in, to provide 
de-emphas is of 6 dB per octave as shown in Fig . 4. This is 
useful for measu rements of modulation distortion on phase 
modulated transmitters (as requi red in th e C.E.P.T. specifi­
cations of some· European count ri es) . 

Power Requirements 
The modulation meter opera tes either from an a.c. supply 
or from an optional rechargeab le nicke l-cadmium battery 
w hich can be mounted inside the instrument. The battery 
can be fully cha rg ed overnight by con nection to an a.c . 
supp ly and it w ill receive a steady tri ck le cha rge wh ile the 
instrument is being operated from the a.c. supp ly. A full y-

,. charged battery w ill give eight hours continuous operation 
and a battery monito r switch is inco rporated to enab le the 
battery vo ltage to be disp layed on the meter. 

Construction 

In the design of TF 2304 great attention has been paid to 
ach ieving sma ll size and light we ight together w ith a 
mechanically simp le const ruction wh ich provides good 
accessibi lity for serv icing . The use of a w rap-a round 
we lded case and the effi cient sc reening ensu re im munity 
to r.f. interference. Extens ive use of integrated circuits ha-s 
resu lted in a low component count and high reli ability, 
which is f urther ensured by the full environmental testing 
ca rried out during the design of the instrument. The 
modulation meter is ava ilable in a rack mounting version if 
required. 

Accessories 

A w ide range of optiona l accessories is available for direct 
coupli ng to the transmi tter under test. These include 
attenuator pads. a 50 0 load and a signa l sn iffer wh ich can 
be used to coup le a sma ll fract ion of a transmitte r output 
to the modulation meter. 

A ca rrying case w ith a shou lder strap and with provision 
for carrying accessories is a useful optional accessory for 
on -site servicing. 
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RF INPUT 
Carrier frequency ra nge 

Sensitivity 

Maximum w orking input 

Maximum sa fe input 

Sw itchable attenuator 
Input impedance 
Level ind ication 

FREQUENCY 
MO DULATIO N 

Deviation ranges 

Deviation accuracy 

Modulation frequency 
range 

9 to 12·5 MHz and 18 to 1000 M Hz 
w ith auto ma tic tun ing and au tomati c 
level se ttin g. 
Maxi mum time to reading : 
approxi mate ly 5 s. 
Vers ion 52304-900S 
(Standard sensitivity) . 
Better than 50 mV up to 600 M Hz. 
Retter than 1 00 mV up to 1 000 M Hz. 
Version 52 304-302 E ( High sensiiivi ty) . 
Better tha n 5 mV up to 600 MH z. 
Better than 10 mV from 600 to 800 M Hz. 
Better than 20 mV from 800 
to 1000 M Hz. 
Version 52304-900S· 
1 V r.m.s. extending to 7 V w ith 
switchab le 20 dB nomi nal pad. 
Version 52304- 302E 
1 00 mV r.m.s. ex tending to 1 V wit h 
sw itchabl e 20 dB nominal pa d. 
Version 52304- 900S 
1 W (7 V 1nto 50 0) continuous. 
Version 52304-302E 
250 mW (3 ·5 V into 50 0) 
con tinuous w ith 20 dB attenuator. 

20 dB nomina l. 
50 0 nomina l. 
Two l.e.d. lamps indi cate if the inpu t 
level is too low or too high. 

Ei ght ranges (u sing x 2 and x 10 
swi tches) giving fu l l sca le peak 
devia tions of 1·5. 3. 5. 10. 15. 30. 
50 and 150 kHz. Positive or negative 
devia tion indication is selected by a 
sw itch. 
±3% of f.s.d . at 1 kHz modulation 
freq uency. 

Over the range 50 Hz to 9 kHz. 
deviati on measu rements are wi thin 
±0·5 dB w. r. t. 1 kHz. 

Inherent noise Deviation du e to noise is less tha n 
40 Hz at 150 M Hz (42 dB dow n 
on 5 kHz devia ti on ) . measured in 
3 dB ba n-dwidth of 1 5 kH z nomina l 
w ith 100 mV input. 

AM rejection Better than 2p dB below output 
correspondi ng to 5 kHz deviati on 
with 30% a.m. at 1 kHz modulation 
frequency (normally better than 

AMPLITUDE 
MODULATION 

36 d B). 

Modu lat ion depth range Full sca le indication 10%. 30% and 
100% (usab le up to 95%). Pea k or 
trough indica ti on selected by a 
swi tch. 

Depth acc uracy ±3% of f. s.d . on 30% and 100% 
ranges for depths up to 80% and 

Modulation f requency 

1 kHz modu lation freq uency. at 
ca rr ier frequencies up to 400 M Hz. 

range Over the range 50 Hz to 9 kHz. 
modula tion depth measu rements are 
w ithin ±0·5 dB w. r.t. 1 kHz. 

TF2304 

Noise 

IF OUTPUT 
Frequency 

Level 

AF OUTPUT 

Level 

3 dB bandwidth 
Distortion 

De- emphasis 

CONNECTORS 

POWER REQUIREMENTS 
AC supply 

Interna l battery 

SAFETY 

DIMENSIONS AND 
WEIGHT 

Better than 50 dB down on 100% 
modulati on output in a nomina l 3 d B 
bandw idth of 1 5 kHz at an inpu t 
level of 1 00 mV. 

Avai lable at front pa nel socket. 
400 kH z nomin al. 

100 mV e. m.f. nominal from 1 kO 
sou rce. 

Demodul ated a. f. output available at 
fron t pane l socket. 
1 mW nominal into 600 0 w ith 
meter at f .s .d . 
Nominally 20 Hz to 15 kHz. 
Less than 1% for a.m. up to 80% 
depth (normal ly less than 0· 5%). 
Less than 1% for f.m. up to 150 kHz 
devia tion (normally less tha n 0· 5%) . 
Sw itchable to 0 or 750 fl S. On 750 flS 
position output fal ls at nominal 
6 d B/octave above 300 Hz. 

BNC sockets fo r r.f. input. i. f output 
and a.f. output. 

9 5 to 1 30 V and 190 to 2 64 V 
45 to 500 Hz. 6 VA approximate ly. 
21 V rechargeable Ni ckel Cadm ium 
battery. Nominally eight hou rs 
operation on full charge. 

This instrument complies w ith 
I EC 348 and BS4 7 43 safety 
requi rements. 

Height W idth Depth 
1 00 mm 206 mm 305 mm 
39 in 8· 1 in 12in 
(Weight wi thou t ba ttery. ) 

Weight 
2·7 kg 
6 lb 

VER SIONS A ND A CC ESSORIES 

When ordering please quote eight digit code numbers 

Ordering numbers 

52304- 900S 
52304- 302E 

43126- 0125 
43281- 007C 
5411 2- 121N 
54422- 011A 
54431 - 011 D 
54431- 0218 
54452- 011E 
54463- 011 D 
46883- 283J 

Versions 
FM/AM Modulation Meter TF 2304. 
TF 2304. High Sensi ti vity version. 

Option al Accessories 
Coaxial Lead TM 49 69/3. 
RF Fuse Un1t TM 9884. 
Carrying Case. 
12 W, 50 0 Term ination. 
1 W. 50 0 , 20 d B Attenu ator. 
20 W, 50 0. 20 dB Attenuator. 
Signa l Sni ffer. 
Rechargeable Battery. 21 V. 
Rack Mounting Kit 
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OPTIONAL ACCESSORIES 

COAXIAL LEAD, 50 0, 43126-0125 {TM 4969/3) 

LENGTH 

CONNECTORS 

1520 mm (5 ft). 

BNC plugs. 50 0. 

RF FUSE UNIT, 50 0,43281-007C (TM 9884) 
Fuse for protection against accidental overload. 

VSWR 

INSERTION LOSS 

RATING 

CONNECTORS 

DIMENSIONS 

Not greater than 1 · 5 at 4 70 M Hz. 

Not greater than 0·6 dB at 400 MHz. 
Not greater than 1·0 dB at 470 MHz. 

OAW. 

50 0 . BNC plug to BNC socket. 

88 mm x 14 mm (3 ·5 in x 0 ·55 in) . 

12 W, 50 0 TERMINATION, 54422-011 A 
A good non-radiating termination for transmitters up to 
15 W. May also be used with signal sniffer for transmitters 
up to 12 W at frequencies up to 600 M Hz. 

IMPEDANCE 

FREQUENCY RANGE 

RATING 

CONNECTOR 

DIMENSIONS 

50 0 nominal. 

DC to 1 GHz. 

12 W co nti nuous. 15 W for up to 
5 minutes. w ith off peri ods of at 
least 5 minutes. 

50 0 . BNC plug . 

50 mm x2 5 mm nominal 
(2 in x 1 in nomi nal) . 

1 W, 50 0, 20 dB ATIENUATOR, 54431 - 011 D 
Attenuator or termination for transmitters up to 1 W. 

ATIENUATION 

FREQUENCY RANGE 

IMPEDA NCE 

RATING 

CONNECTORS 

DIMENSIONS 

110 

20 dB nominal. 

DC to 1 GHz. 

50 0 nomi nal. 

1 W cont inuous. 

50 0 . BNC plug to BNC socket. 

66 mm long x 16·5 mm dia . nominal 
(2 ·6 in x0· 65 in nominal) . 

FUSE UNIT 



TF 2304 being used for on-site testing. 
showing carrying case in foreground. 

TF 2304 

20 W, 50 0, 20 dB ATTENUATOR, 54431-021 B 
Attenuator for use with signal sniffer where additional 
attenuation and/or termination is required with trans­
mitters up to 30 W, or without sniffer for transmitters up to 
20W. 

ATIENUATION 

FREQUENCY RANGE 

IMPEDANCE 

RATING 

CONNECTORS 

20 dB nominal. 

DC to 1 GHz. 

50 0 nominal. 

20 W continuous. 30 W for up to 
5 minutes with off periods of at 
least 5 minutes. 

50 0. BNC plug to BNC socket. 

;.' .SIGNAL SNIFFER, 54452-011 E 
T connector for insertion between transmitter and load 
with pick-up to give a small signal from the T branch to 
the modulation meter. 

ATIENUATION 

DIMENSIONS 

CONNECTORS 

Dependent upon frequency. 
Approximate range is - 66 dB at 
4 M Hz. -50 dB at 25 MHz. 
-24 dB at 500 MHz. -18 dB at 
1000 MHz When terminated by 50 0. 

66 mmx66 mmx15 mm 
(2·6 inx2 ·6 inx0-6 in). 

BNC plug to BNC socket (may be 
connected either way round). 

CARRYING CASE, 54112-121N 
Case with shoulder strap for carrying the TF 2304 and 
accessories. The instrument is secured by a retaining 
screw and can be operated in the case. 

DIMENSIONS 

WEIGHT 

360 mmx230 mmx170 mm 
(14·2 inx9·1 inx6·7 in). 

Case alone: 1·5 kg (3·3 lb). 

RECHARGEABLE BATTERY, 54463-011 D 
21 V nickel cadmium battery fitting into the TF 2304. 
Battery has a lead with polarized connector to mate with a 
connector in the instrument. A fuse supplied with the 
TF 2304 must be fitted for battery operation. 

OPERATIONAL LIFE 

WEIGHT 

Continuous operation approximately 
8 hours after full charge. 
Recharging time from ful ly 
discharged is approximately 14 hours. 
The battery voltage is monitored by 
the meter. 

0·92 kg (2 lb). 
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Pulse Code Modulation and Digital 
Transmission 
By G. H. Bennett 

A book for the engineer and student who has a grounding in 
telephone communications systems - but requires an 
introduction to the practical aspect of PCM. The fundamentals 
of digital transmission are examined particularly in the context of 
symmetric pair cables, leading to the concept of a regenerative 
repeater and its composite elements . The author then describes 
how progression to higher rate systems is achieved by means of 
digital multiplexing and highlights the future possibility of 
integral digital transmission switching. 
G. H. Bennett is the Head of Digital Systems Development in 
the Telecommunications Development Department of the British 
Post Office . He represents the B.P.O. on digital matters at 
meetings of the International Telegraph and Telephone 
Consultative Committee (CCITT) and the Conference of 
European Posts and Telegraphs (CEPT) . 
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Wave Analyser 

D Frequency range: 20 Hz to 76 kHz 
D Measures amplitude of individual frequency components 
D Suitable for f.m. - stereo encod~d signals 
D Restored-frequency and BFO outputs 
D Built-in r.f. demodulator 

, 
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·Wave Analyser TF 2330A is a narrow-band se lective 
voltmeter tunab le over the frequency range 20 Hz to 
76 kHz in one cont inuous tuning range . It is primarily 
intended fo r amplitude measurement of individual 
f requency components of complex waveforms; and it 
can be set to indicate directly in voltage or in terms 
re 1ative to a fundamental datum level- either in decibels 
or in percentage. In addition to its norma l harmonic­
ana lysis appl ications the instrument may be used for 
direct measurement of network response over its frequency 
range. without the need for a separate signal source 
-see BFO OUTPUT overleaf. The frequency range of the 
TF 2330A is such that the instrument is suitable for 
response or amp litude measurements at all f .m.-stereo 
encoded signal frequencies. including the additional 
background ·music channel. 

Sensitivity and Selectivity 
Discrimination between close ly spaced frequency 

components is faci litated by the 7 Hz bandwidth. This 
imp lies a necessity for accurate tuning ; but. once the 
component has been se lected. internal automatic tre-
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Outputle¥el 

• 
quency contro l can be switched into operation. locking 
the Wave Analyser to the signal component and. inci­
dentally, obviating continual retuning to correct for any 
small amount of frequency drift. 

There are 1 5 ranges of voltage sensitivity from 30 1N 
fu ll sca le to 300 volts full sca le. the lowest usable meter 
reading being at 3 f.!V. The minimum measurable level 
of a distortion component. however. depends !Jpon the 
rejection ratio of the band pass filters within the instrume[1t 
and. for signal levels between 30 mV and 300 volts fed · 
directly to the Wave Analyser. frequency components 
down to -75 dB re lative to the fundamental can be 
measured . 

Restored Frequency Output 
When the Wave Ana lyser is tuned to any frequency 

component of a waveform it de livers. at the panel 
termina ls, a "restored-frequency" output; i.e .. a voltage 
at the component's frequency. The output leve l is variable 
by means of a manua l contro l; but. for any contro l setting. 
the output vo ltage is a direct function of the amplitude 
of the frequency component. This feature is usefu I for the 



application of particular frequency components to 
external measuring equipment; e.g., the isolation of the 
fundamental from very heavy noise. It also facilitates the 
use of an electroni c counter for digital monitoring of any 
frequency component selected, an appli catioJl whi ch may 
be useful in identifying a particular frequency component 
which is not harmonically related to the others. 

TF2330A 

RF Demodulator 
For convenience when checking distortion of modula­

tion envelopes the TF 2330A is fitted with a linear r.f. 
detector. whi ch may be switched into circuit in cascade 
with the normal a.f .. input of the instrument. 
Construction Features 

The TF 2330A Wave Analyser conforms to the modular 
standard; and is available in bench or rack-mounting 

BFO Output form. All active circuit elements are solid state, with the 
· The TF 2330A can also be switched to function as a advantages of portability, reliability, and low power 

b.f.o., delivering a continuous output at the tuning fre- consumption. Although the instrument is normally 
quency of the selective voltmeter regardless of the intended for mains operation. it can be driven from external 
input signal-as distinct from the restored-frequency batteries hav1ng voltages between 18 and 30 volts. This 
output of normal operation . This feature prov ides a very is a particularly useful attribute in the case of a wave 
convenient means of measuring the frequen cy response analyser because. apart from the portability aspect it may 
of active and passive netw orks. By apply ing the signal be desirable to use the instrument at frequencies close 
to the 1nput of the netw ork and mon1tonng the voltage at , · to the supply frequency or its low-order harmonics. 
1ts output w 1th the tuned voltmeter sect1on the response ' '' where even the very small hum level resulting from mains 
of the netw ork can easily be measured. operation may be troublesome. 

INPUT FREQUENCY 

Working range 

Accuracy 

AFC 

AMPLITUDE RANGES 

Waveform analysis 

SELECTIVE VOLTAGE 
MEASUREMENT 

Range 

Accuracy 

Selectivity 

Internal noise and 
distortion 

Input resistance 

RF INPUT 

20 Hz to 76 kH z. 

±1%. ±5 Hz. 

Tuning remains locked to input 
frequency over ± 1 00 Hz drift. 

Range: Measurements down to 
-7 5 dB with respect to any 
fundamental leve l between 30 mV 
and 300 V. For fundamental leve ls 
be low 30 mV the measurement 
range is progressively reduced. 

3 ~V to 300 V in 15 ranges of 
30 ~V to 300 V f.s. d. in 1-3 -1 0 
sequence. 

±5% of full sca le. 

±3·5 Hz bandwi dth. at least 
3 dB down. 
±20 Hz bandwidth. at least 
45 dB down. 
±40 Hz bandwidth. at least 
63 dB down. 
±80 Hz and above. at least 
80 dB down. 

Res idual hu m and noise. and 
distortion to measured signa l at 
least 80 dB down. 

100 kO on maximum attenuator 
settings between 30 mV and 1 V: 
1 MOon settings between 3 and 
300 V. 

Frequency range 1 00 kHz to 500 M Hz. 

Input impedance 50 0 (type N connector) . 

Amplitude range 

Restored 
frequency output 

BFO output 

1 to 4 V r.m.s. at maximum 
modulat ion depth. 

Range: 20 Hz to 76 kHz. 
Output: Va riable up to 2·8 V p- p 
out of 600 Q sou rce. w hen meter 
reads f.s.d. 

Range: 20 Hz to 76 kHz. 

Output: Vari able up to 2·8 V p -p 
nut of 600 0 sou rce. 

Recorder output 

SAFETY 

LIMIT RANGE OF 
OPERATION 

Temperature 

CONDITIONS OF 
STORAGE AND 
TRANSPO RT 

Temperature 

POWER 
REQUIREMENTS 

Humidity 

Alt itude 

AC supply 

DIMENSIONS 
AND WEIGHT 

External DC 

Response: Flat to w ithin ±0·1 dB 
over frequency range, terminated 
or unterminated. 

100 ~A ±2% into 2·5 kO. 
Recorder input to be isolated 
f rom ground. 

Designed to meet the.requirements of 
IEC 348. 

- 40°C to + 70°C. 

Up to 90% relati ve humidity. 

Up to 2500 m (pressurised f reight at 
25 kN/m2 di fferenti al. i.e. 3·7 lbf/ in 2) . 

95 to 130 V and 190 to 260 V, 
45 to 1000 Hz. 4 VA. 

18 to 30 V. 11 0 mA V maxi mum ; 
positive earth. 

Height Width Depth Weight 
280 mm 470 mm 280 mm 13·1 kg 
11 in 18·5 in 11 in 29 lb 

VERSIONS AND ACCESSORIES 

When ordering please quote eight-digit code numbers 

Ordering numbers 

Versions 
52330- 035C W ave Ana lyser TF 2330A. 

St andard version . 

Supplied Accessories 
Accesso ry Kit 46883-11 85 comprising: 

Shielded A daptor T B 3986tl 
(4 31 68-0085 ) (Gree npar type 
GE 51002) fo r conve rtin g input 
or output terminals t o a BN C 
coaxial socket . 
Miniature J ack Plu g 23421-6 1 OM, 
f or use in Ext. M on itor socket . 
(Ren dar type MJ P/600. ) 
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Distortion Factor Meter 

0 Fundamental range: 20 Hz to 20 kHz 
0 Input frequencies up to 100 kHz 
o Distortion and noise from less than 0·05% . 
o Built-in r.f. demodulation · 

o Balanced and unbalanced inputs 

· .. · 

DISTORTION FACTOR I"'£TER TFlJJIA .,...,._, ,.---H,_:_ __ __ 

-~~ 
lllVdc Max) 

• 
TF 2331 A is an improved ve rsion of the Marconi Instru­
ments Di stortion Factor Meter TF 2331. retaining all of the 
previous model' s features and offering in add it ion a 
full y floating 600 0 balanced input w hich is parti cul arl y 
useful for broadcast and line communications work. The 
noi se weigh t ing filter included has also been changed to 
conform to the current CCI R Rec0mmendation 468. The 
instrument compensates automatical ly fo r the loss 
introduced w hen thi s filter is switched in . 

Thi s Di stortion Factor Meter measures the tota l noise 
and disto rtion content of audio signals with fundamental 
frequencies in the range 20 Hz to 20 kHz . The measure­
ment is made by the convent ional method of suppressing 
the fundamental component. with a fundamental rejection 
ratio of at least 80 dB. and then comparing the amplitude 
of the residue with th at of the overa ll signal. A pane l mete r 
indicates the distortion f actor both in per cent and in 
decibels; and provision is made for standardis ing the 
sensiti vi ty of the instrument so that the amplitudes are 
indi cated direct ly in abso lute te rms; i e .. vo lts or dBm. 
The indicating system can also be switched direct ly to the 
input terminals and used independently of the filtering 
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14212/ 2 • 
circu its so that the instrument fun ctions as an electronic 
vo ltmeter wi th 1 M 0 input impedance over the freq uency 
ran ge 20 Hz to 100 kHz. The ove rall bandw idth of the 
TF 2331 A extends from 20 Hz to 1 00 kHz; and . for normal 
operation . the indi cated impu rity ihcludes all the noise 
and distortion components w ithin 'th is band. Provision is 
made. howeve r. for switching into ci rcuit a low pass filter 
to restrict the upper lim it of the noise and drstortion 
measurement band to 20kHz. thus eliminating freq uency 
components which are beyond the audio range There 
is also the fac ility for introducing an l.f. cut fil te r for the 
suppression of hum components that may produce 
mi slead ing results. Th is filter reduces 100Hz components 
by more than 20 dB. but has negligible atten uation for 
frequencies above 400 Hz. 

With these band limiting filters. the TF 2331 A is very 
suitab le for sig nal-to -noi se ratio measurements on 
amplifiers and receivers. And. to increase its usefu lness in 
this app li cation . a psophometri c weighting network is 
inco rporated having a frequency response fo llowing the 
characteri stic recommended by CCI R for broadcast use. 



For convenience w l1en checking distort ion of mod u­
lati on enve lopes the TF 233 1 A is fi tted w ith a linea r r.f . 
detector, w hich may be sw itched into circuit. 

The minimum no ise level that can be measured is -72 
d Bm. For di stort ion measurement how ever. the low limi t 
is determined by the am ount of d isto rt ion introd uced by 
the instrument itse lf. W ith fu nda menta l frequenc ies 
betw een 200 Hz and 6kHz. this is less tha n 0 ·025%, and 
outside the range it may ri se to 0·04%. The output f rom 
the fin al amplifi er of the instrument is ava il ab le from a 
pair of termin als on th e front pa nel. the output leve l bei ng 
150 mV from a so urce impeda nce of 1 kO. Th is facili ta tes 
the connecti on of an osc ill oscope, for v iew ing the 

FUN DAM ENTAL 
FREQUENCY 

DISTORTION 
M EASU REM EN T 

Ra nge 

Accuracy 

Range 

Bandwidth ( - 3 d B} 

Instrument distortion 

Fundamental reject ion 
2nd harmon ic attenuat ion 

Residua l component 
measurement accuracy 

(after fi ltering) 

LF cut 

Input sensitivity 
600 0 and HiZ 

Input resistance 

20 Hz to 20 kH z in 6 ranges of 
3·16:1 rati o. 
±3%. 

Seven ranges in 1 - 3-10 sequence 
wi th full scale ind ications from 
0· 1% to 100%. 
Nominally 100 kHz or 20 kH z, switch 
selected. 
Unbalanced: 
Less than 0·02 5% from 200 Hz to 
6 kHz. 
Less th an 0 04% from 20 Hz to 200 Hz 
an d from 6 kHz to 20 kHz. 
Balanced: 
Less than 0 025% from 200 Hz to 
6 kHz. 
Less th an 0 04% from 100 Hz to 
200 Hz ·and from 6 kHz to 20 kHz . 
Less than 0·1 % from 50 Hz to 100Hz 
fo r inputs up to 10 V. 
Less than 0·15% from 20 Hz to 
50 Hz for inputs up to 3 V. 
At least 80 dB. 
Less than: 
0 5 dB fo r fundamentals up to 1 kHz. 
1 dB for funda mentals up to 6 kHz. 
2 dB fo r funda mentals up to 20kHz. 

±2% of full scale ±1% of readi ng 
from 50 Hz to 12 kH z. 
±2% of ful l scal e ±2% of rea ding 
from 20 Hz to 1 00 kHz. 
Can be introduced below 400 Hz 
to reduce hum co mponents. 

300 mV (less than - 8 dBm into 
600 0) to approximately 30 V 
( +32 dBm into 600 0 ) . 
600 0: bal anced and unba lanced. 
Return loss: better than 25 dB at 
1 kHz. , 

;.' 

TF 2331A 

waveform of the signa l or the impurity, or a tru e r.m. s. 
meter. 

A three posit ion sw itch se lects in put impedance of 
eithe r 600 0 (balanced or un balanced ) for termin ati on 
purposes . or a hi gh impedance of 10 kO/V or 100 kO 
depend ing upon the vo ltage range. 

Being eas il y po rtab le. the TF 2331 A is we ll suited for 
fi eld use; and although normally pow ered by a.c. mains, 
it ca n be operated from an external battery if des ired. 

A n h.f. sc reened version is ava il ab le des igned to work 
in enwonments w ith high r.f. fi elds in th e m.f . and h.f. 
bands. It is parti cul arl y suitab le for use in transmitter hall s. 

•· Programme weighted 
noise filter Weighted to CC I R Recommendation 

468 (New Delhi 1970) 

VOLTAGE 
MEASUREMENT 

Indication M ea n- leve l meter ca librated in volts 
r.m. s. (sinewave) and in decibels. 

Ranges 

Voltage accu racy 
(Above 1 00 flV) 

In put res istance 

RF INPUT 
Frequency range 
Input impedance 
Ampli tude range 

AF OUTPUT 

POWER REQUIREMENT S 

Ten vo ltage ranges in 1 -3 -10 
sequ ence from 1 mV to 30 V full 
sca le. 
Decibe l sca le calibrated from -12 to 
+2 dB rela ti ve to 1 mW in 600 0. 

Unbalanced: ±2% of ful l scale ±1% 
of rea ding from 50 Hz to 55 kH z 
±2% of ful l scale ±2% of read ing 
fro m 20 Hz to 1 00 kHz. 
Balanced: ±2% of full sca le ±1% of 
readi ng fro m 50 Hz to 55 kHz 
± 8% of full scale ±2% of reading 
from 20 Hz to 100 kHz. 
Unbalanced: 1 MO or 600 0. 
Balanced: 600 0 . 
Return loss: better than 30 dB at 
1 kHz. 
Balance: better than 50 dB at 1 kHz. 

500 kHz to 500 M Hz. 
50 0 , type N conn ecto r. 
1 V to 4 Vat maximum modulation 
depth. 

1 50 mV from a 1 kO sou rce w ith 
meter reading at full sca le. 

AC supply 95 to 1 30 V and 190 to 260 V. 
40 Hz to 500 Hz. 3 VA. 

Extern al battery 18 to 45 V d.c., 25 mA. 

SA FETY Compl ies with IEC 348 and BS 4743 
safety requi rements. 

DIMENSIO NS AND 
WEIGHT Height Wid th Depth Weig ht 

200 mm 440 mm 280 mm 9·7 kg 
Bin 17.\- in 11 in 22 lb 

Balance: better than 50 d B rejection 
at 1 kHz. VERSIONS AND ACCESSORIES 

NOISE MEASUREM ENT 
(M ade with tone off} 

Indication 

Inst ru ment noise 
Bandwidth 

HiZ: Nominally 10 kO/V up to 10 V 
input 
Nomina lly 100 kO from 10 V to 30 V 
inpu t 

Mean va lue of noise relati ve to signal 
is ind icated in 7 ranges in 1-3-1 0 
sequence wi th full sca le indications 
from 0·1% to 1 00%. 
Range of signal to noise ratio 
measurements is at least 0 to 72 dB. 

Less than 0 02% (200 ~V ) . Typically 50 ~V 
1 00 kHz or 20 kHz or via prog ramme 
weighted network. 

When ordering please quote eight digit code numbers. 

Ordering numbers 
Versions 

52331- 91 OT TF 2331 A. Standard versio n. 
The following version may be 
avail abl e to specia l order. 

52331-309N TF 23 31AM. HF Screened version . 

Optional Accessories 
41635- 041 P Rack Moun ti ng Kit TM 701 0. 
44827- 522 R Telephone Weig hting Network. 

To CCITT Recommendations P53 
'secti on A (Geneva 1972) . 

43168- 00BS Shrouded Adapter TB 39868 to 
adapt termina ls to BN C co nn.ection. 

L-----------------~-----
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~--------------------------------------------------------------------------------------------------------------------------

MFTransmission Measuring Set 
.•-.,____;_ _________________________________________ _ 

o Frequency range: 30 Hz to 550 kHz 
o Measures response of active and passive 

transmission networks 
0 Suitable for multichannel applications up to basic 

supergroup bandwidth 

-.-
10152/1 

The TF 2333 is a transmission measuring set of the conventional 
type that normally forms part of the essential test gear for audio and 
baseband equipment of multichannel telecommunications systems. 

It comprises a Signal Source. for energising the network under 
test. and a Level Meter for measuring the resulting output power 
from the network. It can· be used for measurement of gain or attenua­
tion and. therefore. frequency characteristic. The Level Meter can be 
applied to a.f. and m.f. power measurement. And a multi-range 
voltmeter facility provided in the instrument can also be used for 
fault finding . 

The Signal Source consists of a variable frequency RC oscillator. 
cover ing the range 30 Hz to 560 kHz. followed by a monitored 
attenuator. The output level. indicated directly in dBm. is variable 
over the range -70 to + 3 dBm. Source impedance is switch selected 
to suit the equipment under test. the choice being 600 0 balanced 
or unbalanced. 150 0 balanced, or 75 0 unbalanced. 

For normal t.m.s. operat ion. the oscillator is connected to the 
attenuator via a coaxial jumper at the rear. Its output can. however. 
be brought to the front panel terminals by the ope!ation of a switch. 
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In this cond ition it can be operated separately from the other 
sections of the instrument for general test purposes. 

The input level applied to the attenuator is monitored by its panel 
meter. The equipment is normally used with the oscillator output set 
to give a constant deflection (usually 0 dBm)--v"ariation of the test 
signal level being made by means of the attenuator controls. The 
sensitivity of the monitor is standardised at 1 kHz at the factory; but 
provision is made for re-standardisation at other frequencies against 
an external meter if desired. 
The panel meter can also be switched to function as the indicator 
of a multi -range voltmeter. Four d.c. ranges. with full scale deflections 
from 0 ·1 to 500 volts. cover the requirements for checking supply 
voltages to most valve or transistor circuits; and a single a.c. range 
with 10 volts f.s.d. facili tates the checking of valve heater supplies. 

The Level Meter is a wide-band amplifier/voltmeter designed for 
use over the frequency band 30 Hz to 560· kHz. It is calibrated directly 
in dBm and covers the range -70 to + 25 d Bm. A load impedance 
switch automatically adjusts th e sensitivity of the voltmeter so that 
the power indication remains direct for each standard impedance 



used. and the need for calcu lation is· obviated. The Level Meter can 
be switched to act as the terminating load of a network under test or 
to high impedance for monitoring the power in an external termina­
tion. 

The amplified signal is also brought out to a pair of terminals on 
the front panel of the unit. This enables the amplified test signal to 
be applied to an oscilloscope or other external measuring equipment. 

SIGNA L SOURCE 

OSCILLATOR 

Frequency range 30 Hz to 550 kHz in f ive ranges : 
A · 30 to 300 Hz. 
Ax 10 . 300 to 3000 Hz. 
Ax 100 : 3to 30kHz. 
B : 30 to 150 kHz. 
C : 11 5 to 550 kHz. 
The dia l is calibrated and performance 
mainta ined up to 560 kHz. 

Frequency accuracy ± 3%. 

Maximum ou tput At least +J dBm. 

ATTENUATOR 

Range 70 dB m 10 dB and 1 ds steps. 

Accuracy 50 Hz to 20 kHz: ± 1% of dB setting 
±0·2 dB. 
20kHz to 560k Hz : ±2% of ·dB setting 
±0·2 dB. 

Output impedance Unbalanced: 600 0 and 75 0. 

DISTORTION 

HUM 

MONITOR 

Ranges 

Accuracy 

Frequency response 
(relative to 1 kHz) 

VO LTMETER 

Balanced: 600 0 and 1 50 0. 

Less than 1% at 0 dBf~!. 

Less than -70 dBm. 

0 d Bm and + 1 0 d Bm centre-scale. 
meter graduated -6 dBm to +6 dBm. 

±0· 2 5 dB under the conditions at which 
standardrsatron was carried out. The 
normal con drtrons are 600 0 unbalanced. 
1 kHz. 0 dBm meter reading and zero 
attenuatron. A panel preset control · 
allows restandardrsation at other 
impedances. 

±0·1 dB from 300 Hz to 50 kHz: 
±0·5 dB from 100 Hz to 200kHz : 
±1 ·2 dB from 50 Hz to 560kHz. not 
applicable to 600 0 balanced above 
200 kHz. 

Ranges DC: 0 ·1-1-50 and 500 V full -sca le. 
AC (power line frequencies): 10 V 
full-,cale. 
Also percentage sca le calib rated 
±50% relative to 0·5 V d.c. 

Accuracy ±5% of full-scale. 

LEVEL METER 

FREQUENCY RANGE 

LEVE L MEASUR EMENT 
RANGE 

MEASUREMENT 
ACCURACY 

FREQUENCY RESPONSE 
(relative to 1 kHz at 0 dBm) 

50 Hz to 560 kHz. 

+25 to -70 dBm. 

Can be standardised against signal 
source at 0 dBm. 1 kHz. 

200Hz to 20kHz: ±0·1 dB at all 
Impedances : 
50 Hz to 100kHz; ±0·25 dB at all 
impedances ; 
100kHz to 300k Hz; ±0·25 dB at 150 
and 75 0: 
300kHz to 560kHz: ±0·5 dB at 150 
and 75 0. 

TF 2333 

The instrument conforms to the Marconi modular standard. and 
comprises three one-third sub-modules. It is available for bench or 
rack mounting. The bench type can be fitted with a protective front 
cover which also houses leads and accessories. 

Being fully transistorised. the TF 2333 is easily portable and well 
adapted for field. use. Although it is normally intended for a.c. 
mains operation. it can be operated from exter.nal batteries if desired. 

RANGE SWITCH IN G 
~CCURACY 

Up to 100 kHz 

Up to 560 kHz 

METER SCALE ACCURACY 

INPUT RESISTANCE 

±0·3 dB from +20 to -50 dBm ranges 
at all impeda nces. 
±0·5 dB on -60 dB m range at all 
impedances. 

+0·5 dB from +20 to -50 dBm ranges 
at150 and 75 0. 
± 1 dB on -60 dBm ranges at 150 and 
75 0. 

±0·1 dB per 1 dB increment relatrve to 
0 dB between +5 and -5 dB. 

Terminated Balanced: 600 0 and 150 0 . 
Unbalanced: 600 0 and 75 0. 

Unterminated At least 15 kO on - 10 to -60 dBm 
rang es: 

REJECTION OF COMMON 
MODE SIGNALS ON 
BALANCED LIN ES 

MAXIMUM INPUT 

AMPLIFIER OUTPUT 

GENERAL 

POWER REQUIREMENTS 

100 kO (unbalanced) on 0 to +20 dBm 
ranges : 
200 kO (ba lanced) on 0 to + 20 dBm 
ranges. 

At least 40 dB at 1 kHz: at least 34 dB 
at 560 kHz (subject to maxrmum r.m.s. 
voltage limitations of 0·5 Von. -10 
d Bm ranges and below. 70 V on 0 
dBm to +20 dBm rang es at 50 Hz and 
14 V ai 560 kHz). 

AC or d. c. vo ltage between termrnals 
or from terminals to Chassis must not 
exceed 100 V peak or 0· 5 W. 
whichever is more s1gn:ticant. 

Available at two front-panel termrnals. 
Output approximately 85 mV r.m.s. 
Nhen meter reads 0 dBm. Output 
impedance nominally 1 kO. 

. AC supply 190 to 260 and 95 to 130 V, 45 to 500 
Hz: 5 W. 

Extern al d.c. 21 · 5 to 30 V 50 rnA. 

SAFETY 

DIMENS IONS AND 
WEIGHT 
(with front cover attached) 

VERSIONS AND ACCESSOR IES 

Complies with IEC 348 and BS 4743 
safety requirements. 

Height Width Depth Weight 
190mm 470mm 320mm 12·7kg 
7~in 18 ~ in 12im 281b 

When ordering please quote eight-digit code numbers 

Ordering numbers 
Versions 

52333- 900Y M F Transmission Measuring Set TF 2333. 
Standard version. 

Supplied Accessories 
Unbalanced Output Lead TC 40069 

(43128-011J). Two supplied. 
Balanced Output Lead TM 4726/208 

(43125-037B) Two supplied. 
Protective Cover (Lid Assembly) TM 7510 

(154124-01 1 K). 

Optional Accesso ri es 
41635-041 P Rack Mounting Case TM 7010. 
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-'"--------------------------------------------------

Automatic Distortion Meter 
···--------------------------------------------------

0 Indicates distortion factor and signal level simultaneously 

0 Measures distortion down to 0·01% at signal level down to 100 mV 

D Rapid measurement of SINAD ratios 

0 All push-button controls 

0 No level-calibration or filter-tuning adjustments 

0 Unaffected by signal frequency variation up to + 5% 

1.1 ,, 

Automatic Distortion Meter TF 2337 A enables extremely 
rapid measurements to be made of both level and distort­
ion factor of audio frequency test signals . Its novel design 
eliminates the need for sett ing a feference level and for the 
usual precise tuning of a fundamental rejection filter . The 
only contro ls are push-button switches for selection of 
input voltage range, distortion range and fundamental 
frequency. 

Once the appropriate ranges have been selected any 
number of similar distortion and level measu rements can 
be made without further adjustment to the instrument. 
TF 2337 A is thus high ly suitable for repetitive measure ­
ments. as may occur in factory test ing of a.f . amplifi ers. 
oscillators·. tape reco rders etc . 

Interna l noise is very low owing to the use of field -effect 
transistors in the input stages. so that distortion down 
to 0.01% ca n be measured with an input signal of 100 mV. 
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DISTORTION 

The Measuring System 
The instrument measures distortion factor in the con ­
ventiona l way; i.e. by filtering out the fundamen tal 
component and comparing the amplitude of the resid ue 
with th at of the total signal. 

A novel ratio circuit is used for making the measure­
ment. The input signal. after impedance conversion and 
amplifi cat ion. is sp lit into two paral lel paths One path 
includes a fundamental rejection filter consisting of an 
active twin -T tour stage element. After rejection of the 
fund amenta l. the harmonic and noise content are 
amp lified and fed to an a.c . to d.c. conve rter. In the 
pa rall el path the comple te signal. fundamental plus 
harmonic. is passed through an a.c. to d.c. converter and 
is then recombined with the filtered signa l in a ratio 
c ircuit. The output of this circuit is related to the va lue 
of the harmonic con tent of the total signal and is displayed 
on the front-panel DISTORTION meter. 



Fundamental Frequency Rejection 
Distortion measurements can be made with test signal 
frequencies of 400 Hz and 1000 Hz ~ using the 
rejection filters built into th e instrument filter selection 
being effected by pressing the appropri ate push button 
in the FUNCTION bank. Rejection filters for other 
frequencies in the range 20 Hz to 2 kHz are available as 
optional accessories which may be fitted by the customer 
in place of the standard filters. 

Simultaneous Distortion and Level Measurement 
With a test signal frequency appropriate to the selected 
internal filter the instrument measures distortion factor 
from 0.01% to 30% at any level of input signal between 
1 00 mV and 1 00 volts. 

Six distortion ranges are provided with full-scale 
indications ascending in half-decade steps giving clear. 
open. easy-to - read meter scales . The meter is ca librated 
both in per cent distortion and in decibels. the distortion 
factor in decibels being given by the sum of the meter 
reading and the dB figure assoc iated with the DIS ­
TORTION RANGE push button. 

FUN DAM ENTAL 
FREQUENCIES 400Hz ± 5%. 

1kHz ± 5%. 

BANDWIDTH 
(Upper-3dB point) 

(Optional frequencies available on 
application) . 

Level measurement Nominally 20kHz. 

Distortion measurement Nominally 10kHz. 

INPUT IMPEDANCE 

DISTORTION 
MEASUFlEMENT 

1 00 k 0 :J: 1 0% unbalanced in 
parallel wi th Jess than 50 pF. 

Range 0·01 to 30 ·0% in six ranges : 
0·01 to0 ·1% 
0 ·03 to 0·3% 
0·1 to 1 ·0% 
0·3to3 ·0% 
1 to 10% 
3 to 30%. 

Measurement accuracy ± 2% of reading ± 3% of Is. d. 
for each range. 

Minimum input level 0·1 V r.m .s. 

Maximum input level 100 V r.m.s. 

FILTER 
CHARACTERISTICS 

Fundamental rejection At least 83 dB. within ± 3% of centre 
frequency. 

Harmonic frequency 

At least 66 dB. within ± 5% of cent re 
frequency. 

response 400Hz filter : 760Hz to 10kHz 
wi thin 0·6 dB. 
1 kHz filter : 1 ·9 kHz to 10kHz 
within 0·6 dB. 

TF 2337A 

The instrument has six push-button selected level 
measurement ranges. with full -scale indications ascending 
in half -decade steps from 300 mV to 100 volts. In addition 
to its voltage scale the LEVEL meter also carri es a decibel 
scale which is used in connection with a dB figure above 
the LEVEL RANGE push button to give the level in 
decibels relative to 1 volt 

Wide Band Level Measurement 
For measuremenr-of signal amplitude or amplifie r response 
over the audio frequency band. the level measuring 
facility can be utilised independently of the distortion 
measuring system. wh ich can be rendered inoperative by 
pressing the · LEVEL button located in the FUNCTION 

... -bank. The instrument can then be used for measurement 
'~<' of signal level from 30 mV to 100 volts at any frequency 

within the range 20Hz to 20kHz. 

SINAD Measurements 
TF 2337 A is particularly suitable for rapid produ ction 
measurements of Sl NAD ratio (the ratio of signal + noise + 
distortion to noise + distortion) on mobile radio receivers . 
The internal 1kHz band stop filter is used and the SINAD 
ratio is indicated directly in dB . 

LEVEL MEASUREMENT 
Range 0·03 to 100 VTm.s. in si x ranges : 

0·03 to 0 ·3 V r.m .s. 
0·1 to 1 ·0 V r.m.s. 
0·3 to 3·0 V r.m.s. 
1 ·O.'to 1 0·0 V r.m .s. 
3 to 30 V r.m .s. 
10to100Vr.m.s. 

Accuracy ± 3% of Is. d. of each range. 

Frequency response Flat to w ithin 1 dB from 20Hz to 20kHz 

POWER REQUIREMENTS 
AC supply 95 to 125 V and 190 to 250 V. 

50 to 60Hz. 6 VA. 

SAFETY 

DIMENSIONS AND 
WEIGHT 

Complies wit h the requirements 
.of IE't.: 348 . 

Height 
210mm 
8·2 in. 

Width Depth Weight 
285 mm · 270 mm 6kg 
11·2if]. 10·6in. 121b. 

VERSIONS AND ACCESSORIES 

When ordering please quote eight digit code numbers 

Ordering Numb,ers 

Versions 
52337-910N Automatic Distortion Meter TF 2337 A. 

Optional Accessories 
54497-151D 50 Hz Band S.top Fi lier. 
54497-161 B 60Hz Band Stop Filter. 
54497-171Y 69 Hz Band Stop Filt~r . 
54497-141 L 150Hz Band Stop Filter. 
54497-131A 16·00 Hz Band Stop Filter. 

Filters at other trequenc1es 1n the range 
20Hz to 2kHz may be available. 

Complementary Equipment 
52331-910T Distortion Factor MeterTF 2331A. 

This ,is a manually-operated 
distortion meter suitable for 
development and type-approval 
testing . 
For full detai ls see separate data 
sheet. 

Made in Japan 
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110 MHz Spectrum Analyser 

D 100 dB displayed dynamic range 
0 0·1 dB and 5 Hz resolution 
D 30 Hz to 110 MHz frequency range . 
D Frequency measurement to 1 Hz resolution 

D Phase lock tuning 
D Digital storage of spectral information 
D Split store mode gives dual display 
D Built-in tracking generator 

TF 2370 with Zero Loss Probe TK 2374 

TF 2370 is a comprehensive Spectrum Ana lyse r cove ring 
the frequency range 30 Hz to 11 0 M Hz. Outstanding 
features of th is unique inst ru ment inc lude 100 dB 
displayed dynamic range. reso lut ion of 0 1 dB and 5 Hz. 
and a ve ry advanced data presentation system emp loying 
electron ic storage. 

Thu s the TF 2370 has important advantages over al l 
previous spectru m ana lyse rs for measurements of com­
munications signals inc luding broadcast. f d.m. p.c.m .. 
s.s.b. and f.s.k. 

Swept se lective measurements for the frequency 
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response characte ri sa t ion of active and passive networks 
ove r wide dynamic ranges are made possib le by th e 
inclusion of a tracking generator. A dua l disp lay mode and 
the 9 -dlgit frequency counte r togethe r enha nce the 
precision measurement capabi lity. 

Simplicity of operation is achieved by a logic programme 
wh ich automat ica lly se lects the best r.f. /i. f . gain ratio. 
sweep rate and filter bandwidth. elim inating the possibility 
of measurement error resu lting f rom incorrect setting of 
the controls. 



The standard mode l of TF 2370 has input and output 
impedances of 50 0 An alternative ve rsion. TF 2370/1. 
is availab le for 75 0 use. In thi s mode l the RF input. 
Tra cking Generator output and Ca librator output are all 
at 75 0 impedance. TF 2370!1 is particu lar ly suitab le for 
measurements on i.f .s. and basebands of f.d.m. systems 
w here the normal impedance is 75 0 . 

Data Store and Display 
The detected output from the receiver section of the .,~ 
analyser is conve rted to digital fo rm giv ing a 256 leve l by 
512 ordinate rep resentation which is stored in am o.s.f.e.t 
recircu latory digita l sto re. The stored information is 
continuously scanned and displayed on a bright 130 x 100 
mm te levis ion camera monitor tube as a brightness 
modu lated picture on a vertica lly scanned raster. 

Superimposed on this displ ay is an electronical ly 
produced graticule w hich may be shifted ve rti ca ll y or 
horizonta lly and sca led horizontal ly against the internal 
counte r to give an exact frequency calib rati on. 

A bright line curso r coupled to the coun ter can also be 
superim posed on the display after any sing le sw eep 
recording and it can be positioned to enable the frequency 
of anv point on the screen to be measured. In the MANUAL 
mode this electronic cursor becomes an edit pointer 

I 

TF 2 370 series 

indicating the man ual tun e pos ition and enab li ng th e 
di sp lay to be se lectively updated around points of interest 

· an d the frequency to be measured to a reso lution of 1 Hz. 

A split-store mode permits the store to be used in two 
ha lves. each of 256 ordinates. to superimpose two reco rd ­
ed displays w ith the fac ility for updating one store wh ile 
retaining the oth er for comparison purposes. One image 
can be dimmed re lative to th e other for easy identification. 

Frequency Measurement 
The 9 -dig it electroni c counte r gives readout in M Hz with 
automati c positioning of the decima l point Three modes 
of operation are availab le: in the PAST CENTRE mode the 
cen tre frequency is measured and displayed each time the 
data is renewed. In the BR IGHT LINE mode the counter 
disp lays the frequency corresponding to the position of the 
bright line. and in the DIFF mode the counter displays the 
difference between these two va lues. This is useful. for 
~xamp le. in measuring sideband frequencies relative to a 
camer. 

X-Y Output 
X. Y and pen-lift outputs suitab le for driving most pen 
recorders are available at a socket on the rear panel of 
th e disp lay unit 
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TF2 370 series 
'v.---------------------

FREQUENCY 
MEASUREMENT 

Range 
Tuning 

Reference 

Frequency reading 

Resolution 

AMPLITUDE 
MEASUREMENT 

Vertical scale range 

Vertical scale display 

Vertical scale range 
accuracy 

Vertical scale display 
accuracy 

Frequency response 
(relative to 10 MHz level) 
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Bandwidth / scan width 
switching accuracy 

Overall accuracy 

Amplitude stability 

Maximum input level 

Input impedance 

Input v.s.w .r. 

30Hz to 110 MHz. 
Fou r REFERENCE FREQU ENCY 
cont rols provide frequency cover of 
0 to 11 0 M Hz. ± 1 M Hz. 
± 70 kHz and ± 1 kHz respective ly. 

Th e reference frequency fo r sca n 
wi dth expan sion can be selE>Cl•od by 
fr ant panel pushbutton to be either 
the cen tre or the left hand side of 
the display. 

~I 

By calib rated electronic graticu le and 
9-digit elect rOn iC counter. The counter 
resolution is automatically switched to 
suit the combination of filte r/scan 
width se lected. 

1 Hz using the MANUAL MOD E. 
5 Hz filter and 200 Hz scan wi dth. 

There are two logarithmic and one 
linear vertical scales. 

+ 30 to - 159 dBm using 10 dB/div 
sca le. 
+ 30 to - 109 dBm using 1 dB/div 
scale. 
(1 div = approx. 1 em). 

Log: 10 dB/div for a 100 dB full 
screen d1splay. 
1 dB/div for a 10 dB full screen 
d1splay. 
Linear: 300 mV/d1v to 300 nV/div in a 
1. 3. 1 0 seque nce on a 1 0 div1sion 
display. 

10d8steps: ± 0·3 dB/10 dB; 
cumulative error less than ± 1·5 dB. 
1 dB steps: ±0·1 dB/1 dB; cumulative 
error Jess than ±0·3 dB. 

Log: 10 dB/d1v ±1 dB (0 to -80 dB) 
±1 ·5 dB ( -80 to 
-100 dB} 

1 dB/div ±0 1 dB. 
Volts/ div linearity: ±1·5%offull­
scale range. 

±1 dB from 100Hz to 110 MHz 
-3 dB at less tha n 30 Hz. 

Maximum error when switching 
between bandw idths an d Hz/ div 
se tt ings (1 5 to 25°C}: 
Log: ±1dB ±1% f.s.d. 
Linear: ± 1 0%. 

Accu racy w hen set aga inst in ternal 
ca li brator ±0·3 dB at 10 M Hz. 

±0·1 dB per °C. 

+2 5 dBm co ntinuous (4 V r.m .s. ) 
+30 dBm for fi ve minutes (7 ·1 V r.m.s.) 

TF 2370 : 50 0. 
TF 2370/1 : 75 0 . 
(BNC socket) . 

Less than 1·2: 1. 

SWEEP AND FILTER 
CHARACTERISTICS 

Sweep modes 

Frequency scan width 
(dispersion) 

Scan width accuracy 

Sweep speed 

Filter bandwidth 

Bandwidth accuracy 

Bandwidth selecti'!ity 

Resolution 

Skirt resolution 

A UTO : Ana lyser sweep free runs. 
MAN UA L: Tuni ng point indicated by 
position of electronic BR IGHT LINE 
cursor. In this mode the instrument 
may be used as a selective leve l 
measu ring se t. a 1 ·5 Hz bandw idth 
video fi lter for noise averaging being 
automa ti ca lly se lected. 
SINGLE: A sing le sweep may be 
in itiated by the START con trol. 
START: Initia tes a new sweep on 
either AUTO or SING LE . 

200 Hz to 1 00 M Hz. 1 8 ca librated 
ranges 10 M Hz/div to 20 Hz/div in a 
1. 2. 5 sequence an d in two bands. 
kHz/div and M Hz/ div. In the kHz/div 
position the 0 to 110 M Hz and ±1 
MHz REFERENCE FREQ UE NCY 
contro ls are phase locked in f requency 
increments of 1 M Hz and 100 kHz 
respective ly. 

±1 0% of full -scale ± 20 Hz against 
electronic grat icule. May be set to 
w ithin ± 1% ±20 Hz using in ternal 
counte r. 

Automatically selec ted to match the 
dispersion and filter bandw idth 
chosen. 
100 ms to 100 seconds in 1. 2. 5 
sequence. 
x 5 speed up over the optimum is 

availa ble by press button operation. 
A fixed 1 00 s swee p can be se lected 
for use w ith an X-Y recorder. 

5 Hz. 50 Hz. 500 Hz. 5 kHz and 50 
kHz at the -3 dB point. Up to three 
(NARROW. NORMA L and W IDE) 
are au tomati ca lly selected from the 
above five to match the selected 
dispersion. 

±20% of stated 3 dB bandwidth. 

Better than 10:1 from 60 d B.to 3 dB. 

Using the 5 Hz filter. signals 100 Hz 
away from a response at 0 dB can be 
measured to - 70 dB. 

(The frequency separat ion of two 
responses w hi ch merge w ith a 3 dB 
notch. } 

i 

D dB is the leve l difference and S Hz 
freq uency sepa ration for a 3 dB 
notch between the signals. 
Typica l skirt resolution for close -in 
signals: 

D (dB) 
>10 dB 
>20 dB 
>30 dB 

S (Hz) 
8Hz 

10 Hz 
12 Hz 



Frequency stability 

Temperature drift 

COUNTER 

Frequency measurement 
accuracy 

DISPLAY 

100 Hz per 1 0 min after 1 hour warm 
up and w ith the RANGE switch in 
kHz/div position . 

100Hz per oc with RANGE switch 
in kHz/div position. 

The nine digit counter enables 
frequency measurement to be made 
on any part of the spectral display. 
Modes of operation: 

PAST CENTRE : Displays the centre 
frequency of the la st sweep. 
BRIGHT LINE: Displays the 
frequency corresponding to the 
posi·tion of the electronic cursor .. 
Dl FF: Displays the frequency 
difference between the above two 
measurements. 

Using the counter. after 60 minutes 
warm up and using the internal 
frequency standard: 
AUTO SWEEP: ±20Hz ±1% of scan 
width ± counter accu racy. 
MANUAL: ±2 Hz ±counter 
accuracy. 
Counter accuracy: 
±1 count 
± 2 x 1 0 - 7 (accuracy of setting 
internal standard) 
±1 x 10 -6 per year (ageing ra te) 
±2 x 10 - 6 (temperature coefficient). 

A digital storage system giving infinite 
persistence wi th 100 ms minimum 
data renewa l time provides the 
follow ing STORE/D ISPLAY modes. 

HIGH DEFN : Full capacity of elec­
tronic store ( 500 x 

200 elements) is 
used to display the 
spectrum . 

DISPLAY'/'.': Half ca pacity of elec­
tronic store (250 x 

200 elements) is 
used to display the 
spectrum. 

DISPLAY ' B': Remaining half 
capac ity of electronic 
store (250 x 200 
elements) is used to 
display the spectrum. 

REFRESH 'A': In thi s mode. 

REFRESH ' B' : 

READ IN B/ U : 

PEAK MEM ­
ORY: 

DISPLAY 'A' is 
contin uously re­
freshed as in HIGH 
DEFN: DISPLAY 'B' 
is permanently stored. 

In this mode. 
DISPLAY 'B ' is 
continuously re ­
freshed as in HI GH 
DEFN; DISPLAY 'A' 
is permanently stored. 

Display ·Bright-up' 
indi cates the data 
renewal poin t on the 
displ ay. 

The peak signal leve l 
of a spectrum (whose 
level may be 
changing) is stored 
and displayed. 

I • 
.. • 

Display tube 

Intensity 'A' 

Intensity ·a· 

Vertical gain 

Vertical shift 

ELECTRONIC 
GRATICULE 

Vertical shift 

Horizontal shift 

Horizontal gain 

Intensity 

SPECTRAL PURITY 

I ntermod u I ation ca pabi I ity 

Residual responses 

Spurious responses 

Average noise level 
(between 1 00 kHz and 

110MHz) 

TRACKING GENERATOR 

Frequency 

Amplitude 

Frequency response 
(relative to 10 M Hz level} 

Output impedance 

Output v.s.w.r. 

TF 2 370 series 

Television camera viewfinder tube 
with 100 x 130 mm viewing area. 

Controls brightness of the HIGH 
DEFN and 'A' DISPLAY. 

Controls brightness of the 'B' 
DISPLAY. 

This control allows for pre-set 
adjustment of the display amplitude. 

This contro l allows for pre-set 
adjustment of the vertical display 
position. 

Generates nominal 1 em vertical and 
horizontal lines sub-divided 
horizontally to 2 mm. 

Positions the graticule over greater 
than 1 major division. 

Positions the graticu le over greater 
than 1 · 5 major divisions. 

Expands the graticule. Cover greater 
than ±15%. 

Indicator lamps show when the above 
controls are being operated in the 
uncalibrated position. 

Controls background brightness of 
the graticule. 

Better than -70 dB (two tone test) 
with signals at -40 dBm 
at input mixer and 500 Hz apart. 

30 Hz to 20kHz less than -90 
dBm. 

20kHz to 110 M Hz iess than -100 
dBm. 

Measured at the input mixer or 
input socket. w hi chever is the greater. 

Better than 70 dB below a single 
signa l at a leve l of -40 dBm at input 
mixe r. 

Less than - 1 20 d Bm w ith Counter 
On. 
Less than -130 dBm with 50 Hz 
filter and Counter Off. 

Enables the transfer characteris ti cs of 
any network to be measured over a 
dynamic range of up to 120 dB. 

Tracks the input tune frequency 
within ±2 Hz. 

-10 dBm ±2 dB at 10 MHz. 

±1 dB from 100Hz to 100 MHz. 
-3 dB at less than 20Hz und greater 
than 110 MHz. 

TF 2370 : 50 0. 
TF 2370/1 : 75 0. 
(BNC socket) . 

Less than 1·2:1. 
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TF2 370 series 
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CALIBRATOR 
Frequency 10 MHz ±20 Hz. 

Amplitude -1 0 d Bm ±0 3 dB. 

Output impedance 

EXT ER NAL 
STANDAR D INPUT 

Tf' 2370: 50 0 nominal 
TF 2370/1: 75 0 nominal. 
(BNC socket). 

Rear BNC socket permits interna l 10 ~,··· , 
M Hz standard to be locked to 
external 1 MHz standard. Green light 
next to socket glows w hen adequate 
signal is applied at the correct 
frequency to achieve satisfactory lock. 

SAFETY REGU LATION S 

DIMENSIONS 
AN D W EIG HT 

Displ ay unit 

R F unit 

This instrument com plies w ith 
IEC 348 and BS 4743 safety 
req uirements. 

Height Wi dth Depth Weight 

172 mm 440 mm 516 mm 20 kg 
6~ in 17.,.,. in 20 .,.,. in 44 lb 

156 mm 453 mm 516 mm 19·5 kg 
6 /, in 17 lt in 20 .,.,. in 43 lb 

Input impedance 

Signal level requi red 

Approx. 10 kO shunted by 100 pF. 

0 25 V to 1 0 V r.m.s. 
VERSIONS AND ACCESSORIES 

Frequency 1 M Hz. 

Accuracy requi red Better than 1 in 10 7
. 

D ETE CTED OU TPUT Rear pane l BNC socket provides 
demodulated output. 

Output impedance Approx. 600 0. 
Frequency response -3 dB at less than 30Hz to greater 

than 20 kHz using 50 kHz filter 
relative to the level at 1 kHz. 

Maximum output level 0 dBm ±3 dB into 600 0 load for 
1 00% a.m. signal. 
Maximum undistorted output leve l 
occurs if the unmodulated carr ier is 
set to the top of the screen on 1 
dB/div or 40 dB down from the top 
of the screen on 10 dB/div. 

X-Y RECORDER 
OUTP UTS From 1 5-way Ampheno l socket 

(type 17-1 0150) . on rea r pa nel of 
display un it. Enables TF 2370 to be 
used with X-Y recorder. 

X output A ramp of typically 0·8 V /div. 
10 V maximum amplitude from sou rce 
impedance of 1 kO. 
100 s sweep time. 

Y output A detected signa l of 0·2 V/div. with 
typically 2 V corresponding to 
display at top of screen. from output 
impedance of 1 kO . 

Pen- lift output A pair of contacts are closed du ring 
the sweep and opened by an 
interna l re lay dur ing the fl yback 
period. Enables the pen to be l ifted 
when used with X- Y recorders with 
automatic pen lift. 
Contact switch rating: 1 0 W 
Maximum curren t 0·25 A 
Maximum voltage 100 V 
Resistance 0·15 0. 

PROB E SU PP LY 
Supply available at front panel 
socket to power Zero Loss Probe 
TK 2374. 

POWER REQUIR EMENTS 
AC supply 200 to 250 V or 100 to 130 V at 

any frequency between 45 and 
500Hz. 
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Regulation: ±10% on the nominal 
su pply voltage. 
Approxtmately 150 W (190 VA) . 

When ordering please quote eight-digit code numbers 

Ordering numbers 
Versions 

52370- 015F TF 2370 Standard version. 
(NATO Cat. No. 
6625-99-529 -1124). 

52370- 901E TF 2370/1. Version with 75 0 input. 
Tracktng Generator ou tput and 
Caltbrator Output. Specification is 
otherwtse as for TF 2370. 

Supplied Accessories 
Extender Board 44827-235W. fo r use 

when servicing printed boards. 
Board Extractor 41 700-048A. 
Connector Assembly, (umbilica l) . 

170 mm (6· 7 in) long. 2-off. 
43169- 005C. 

Protective Cove r (2 -off) 41690-087N. 
Fuse Ki t 46883-219V co mprising. 

Fuse. quick acting. 250 mA. 
23411-004E 
Fuse. quick acting. 3·15 A 
23411-008L. 
Fuse. time-lag. 2 0 A. 23411-060M. 
Fuse. (2 -off) time - lag. 4·0 A. 
23411-063B. 

Stay Assembly 34900-209W (for use 
in servtctng). 

Plug. Ampheno l type 17 - 20150-0. 
fo r connection to X-Y recorder 
output socket. 

Optional Accessories 
52374- 900C Zero Loss Probe TK 237 4. 
52374- 901R Zero Loss Probe TK 237 4/1 
43168- 016X Adapter (BNC to phone jack). 
43281 - 007C RF Fuse Untt TM 9884. 
54127- 211H Rack Mounting Kit. 
46883- 267B Camera Hood. For use with Polaroid 

Mode l 77 camera for photographi c 

54112- 111 K 
recording of dtsplay . 

Carrying Case (Two required to 
carry the two halves of TF 2370). 

54431 - 021B 20 W. 20 dB. 50 0 Attenuator. 
43169- 010B Connector Assembly (umbilical). 

762 mm (30 in) long. For use 
during maintenance to enable 
TF 2370 to be operated w hi le 
separated into two halves. 

43126- 012S RF Connecting Cable TM 4969 /3, 
50 0 BNC. 1520 mm (60 in) long. 

54351 - 011F RF Connecttng Cable TM 4726/260. 
75 0 BNC. 1830 mm (72 in long .) 



Zero Loss Probe TK 2 37 4 series 

0 Active probe for use with Spectrum 
Analyser TF 2370 series 

o High input impedance 
o lntermodulation performance of JF 2370 

maintained 
0 Wide range of supplied accessories 

TK 2374 is an active, zero loss probe des1gned for use w ith .. 
110 MHz Spectrum Analyser TF 2370 to provide a high "··· 
input impedance, w ithout degradation of the intermodu­
lation performance of the anal yser. The high input 
resistan ce of the probe, shunted by a relati ve ly low 
ca pacitance, ensures that the probe absorbs negli g ible 
pow er from the c ircuit under test even at high frequencies. 
Tw o versions of the probe are ava ilable : TK 2374 for use 
w ith the 50 0 Spectrum Analyser TF 2370. and TK 237 4/ 1 
fo r use w ith the 75 0 mode l TF 2370/ 1. 
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Voltage div iders of 1 0 :1 and 1 00 :1 ratio are supp l ied 
wi th the probe so th at a w ide ran ge of input levels can be 
accepted . The probe itse lf can sa fel y w ithstand four volts 
peak a.c. in put extended to 80 vo lts by use of th e vo ltage 
div iders. Thu s th e ri sk of damage to the probe by acc idental 
over load is minimi zed . 

Thu s th e probe has many appli cati ons w here it is 
requ ired to investigate a 50 0 or 75 0 system wi th out 
loading it. A typica l use is the exami nat ion of sig nals in 
radio transmitters and rece ivers, in w hich r.f. and i.f. stages 
ca n be analysed and the output from local osci ll ators and 
mixers viewed w ithout d isturb ing the c ircuit under test. 
TK 2374 seri es may also be used in conjuncti on w ith the 
Spectrum A nalyser tracking generator for such appli cations 
as the measurement of i.f. crysta l fi lters w hich are designed 
to operate into a high impedance load . 

FREQUENCY 
RESPONSE 

(From 50 0 ±0 5 dB from 500Hz to 110 MHz 
or 75 0 source) -3 dB at 50 Hz and 200 M Hz. 

INSERTION LOSS 
AT 10 MHz 0 dB ±1 dB. 

INPUT IM PEDANCE 

Probe alone, Power ON Nominal ly 100 kO at d.c .. shunt 
capac itance not greater than 
5 pF at 10 M Hz. 

Probe alone, Power OFF . Shunt capacitance not greater than 
14 pF at 10 MHz. 

Probe with voltage divider Nominal ly 1 M O at d.c .. shunt 
ca pacitance not greater than 
2·5 pF at 10 MHz for 100:1 divider: 
not greater than 3·0 pF at 10 MHz 
for 10:1 divider. 

OUTPUT IMP EDANCE TK 2374: suitable fo r operation 
at 50 0. 

INTERMOf)ULATION 
CAPABILITY 

MAXIMUM SAFE 
INPUT 

TK 2374/1: sui tab le for operat ion 
at 75 0 . 

Does not degrade the specified 
performance of Spectrum Ana lyser 
TF 2370 provided that the signa l level 
at the probe ti p is less than 
-30 dBm into 50 0 or 75 0. 

Probe alone 4 V peak a.c. ± 100 V d.c. 

Probe with voltage 40 V peak a.c. ±200 V-d.c. 
dividers with 10:1 divider. 

80 V peak a.c. ± 200 V d.c. 
wi th 100:1 divider. 

Power to th e probe is provided from a d.c. outl et on th e 
Spectrum A na lyser front panel. or from an independent 
supply as required. 

TK 2374 is supplied complete w ith all accesso ries in an 
accessory case. 

AVERAGE NOISE 
LEVEL 

PROB E SUPPLY 

From 100 kHz to 11 0 M Hz w hen used 
with TF 2370: less tha n -105 dBm 
with 5 kHz filter. manual sweep an d 
counter off. 

Available at TF 2370 front pane l. 
or -7 · 5 V regulated at 60 mA d.c. 

TERMINATIONS Signal lead: BNC 
Supply lead: Subminiatu re 3 pin. 

DIMENSIONS AND 
WEIGHT Height Width Depth Weight 

(Accessory case with 56 mm 233 mm 142 mm 480 gm 
probe and all accessories) 2·2 in 9·2 in 56 in 1·1 lb 

VERSIONS AND ACCESSORIES 

When ordering please quote eight -digit code numbers 

Ordering numbers 

Versions 
52374- 900C Zero Loss Probe TK 2374. 

fo r 50 0 use. 
52374- 901R Zero Loss Probe TK 23 7 4/ 1, 

for 75 0 use. 

Supplied Accessories 
Accessory Case. 
Vo ltage Divider 10:1 
Vo ltage Divider 100:1 
BNC probe input adapter. 
Probe hook tip. 
Earth lead (2 off). 
Sprung earth bayonet. 
50 0 or 75-0 Th rough termination . 
Spare probe ti ps ( 3 off). 
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COMING SOON 
Provisional information is given below of new products which 
will shortly be introduced into the Marconi Instruments range. 

Frequency Extender TK 2373 
TK 2373 is an extender unit wh ich can be used to increas.e 
the frequency range of 110 M Hz Spectrum Analyser ·· 
TF 2370 to 1 ·25 G Hz. The extender provides a range of 
sweep w idths up to · the full 50 M Hz to 1250 M Hz 
frequency range. w ith a reso lut ion def ined by TF 2370. A ll 
basic features of TF 2370 are retained. TK 2373 is mou nted 
beneath TF 2370. and r.f. connections are made via the 
front panels . The r.f. input and track ing generator output 
are on the front pane l of TK 2373. 

FREQUENCY 
MEASUREMENT 

Frequency range 

Sweep widths 

TRACKING GEN ERATOR 
OUTPUT 

50 MHz to 1·25 GHz. 

50 MHz to 1250 MHz (full sweep) 
an·d 100 MHz/div to 10 MHz/div in a 
1. 2. 5 sequence. 

Frequency 50 MHz to 1·25 GHz wi thin 2 Hz of 
tuned frequency. 

Amplitude 0 dBm. 

Tracking Generator 
Amplifier TK 2375 
TK 2375 is an amplifier wh ich ca n be mounted beneath 1 
110 M Hz Spectrum Ana lyser TF 2370 and can be used to 
amplify its tracking generator output to + 10 dBm. w ith an 
improved f latness of ±0·5 dB. Its main application wi ll 
be fo r f requency response measu rements on networks such 
as f ilters. amplifi ers and i.f. strips. enab li ng them to be 
analysed at various leve ls to test their dynamic ranges. 

OUTPUT 

Amplitude +10 dBm ±0·5 dB at 10 MHz. 

Frequency response ±0· 5 dB from 1 00 kHz to 11 0 M Hz. 
re lative to the level at 1 0 M Hz. 

Impedance 50 o. 
VSWR Better than 1·2 :1. 

ATTENUATORS 
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Range 140 dB in six steps of 20 dB and 
twenty steps of 1 dB. 

Accuracy At 1 00 M Hz: 
±0·5% of setting ±0·2 dB. 0 to 
100 dB. 

lmpedanQe 50 o. 
VSWR Better than 1·1 :1. 

-- ~ 
I _!I c 
d~~-~----------------------~~~.~~~ 
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FREQUENCY 
METERS 



.~·''";·----------------------------------------------

Digital Frequency Meters 
.'t";·----------------------------------------------!.1 

D TF 2430: 
TF 2431: 
TF 2432: 

10 Hz to 80 MHz 
10 Hz to 200 MHz 
10 Hz to 560 MHz 

o Direct frequency measurement - resolution to 0·1 Hz 
D Automatic gain control - wide dynamic range 
D Bright LED display 
D Simple operation 
D Operation on internal or external frequency standard 
D Excellent reliability and servicing accessibility, two-year guarantee 
D Low cost, small size, light weight / . .. 

J' Olf>o• 5 D 5 ~ b 3 E -
Supp. , '~ o• • b • C J s;~ ----

~ I 
• m1 S60 MH"Z DIGITAL FREQUENCY METER TF 2431 

I C/,., . B D I q b 3 D · 
\upph ~ • ~;d 

---------------------------
10Hl·80MHz. 

• A Holdl 

• Resolution H:r. m1 IIOMtb DIGITAL FtiEQUENCY METER TF 100 

Thi s new range of Digital Frequency Meters provides 
general purpose freq uency measurement up to 560 M Hz. 
Direct frequency measurement. without pre-sca ling. gives 
reso luti on to 0· 1 Hz. 

Much of the circuitry is conta ined in an MOS - LSI chip. 
custom-des igned by GEC Semi co nductors Ltd. A mong 
th e benefits produced are operating simpli city. reli ability, 
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MH:r. kHz Hz 
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10 

1\esoludon H:r. 

14296!71 

smal l-size and light weigh t. Other features common to the 
range are a bri ght LED disp lay with memory. automatic 
positioning of decima l point. ove rfl ow indication and 
lead ing zero suppress ion . Th e instruments all have pro­
vision for operating w ith intern al or externa l frequency 
standard. They differ prin cipa ll y in th e frequency ranges 
covered. 



! 1. ,. 

Input channels 
TF 2430 and TF 243 1 both have sing le. high impedance 
inputs. w ith frequency cover f rom 10 Hz to 80 rvlHz and 
10 Hz to 200 fV1 Hz respect ive ly TF 2432 has two sepa rate 
inputs. se lected by a f ront-pane l switch. A h igh imped­
ance input covers the f req uency range 10 Hz.to 200 rvlHz 
and a 50 0 1nput covers the range 50 rvlHz to 560 rvlHz. 

Automatic gain cont rol on all inputs enables a wide 
range of signal leve ls to be accommodated without the 
need fo r a sensitiv1ty contro l o r manua l attenuator. 
Sensitivity of TF 2430 1s 25 mV r m s. and of the two 
higher f requency mode ls is 10 mV r.m.s. The maximum 
signal input with which the f requency meters wil l ope rate 
satisfactorily is not less than 260 V r.m.s. at the lower 
frequency range of each model. reducing to 5 V r.m s ot 
the highest f requenc1es The 50 0 high frequellCY input 
channel of TF 2432 is protected by a bui lt-in r.f. fuse 
App l ication of ove rload voltages up to 50 vo lts to this 
channe l wi l l on ly result in a b lown fuse 

Display 
Frequency readout is provided by bri ght LED disp lays 
w ith memory - a seven dig it d isp lay in TF 2430 and an 
eight-d igi t d isp lay in the two · higher-frequency mode ls. 
Cha racters are seven-segment and have a minimum he ight 
of 7 mm . 

Readout un its - fV1 Hz. kHz or Hz as approp riate - are 
indicated by front-pane l ma rkings adJacent to t he gate­
time push-buttons and reso lution in Hz is also indicated 
fo r each range Readout is retained du ri ng the gating pe riod 
or he ld indef ini tely by means of the front pane l HOLD 
button. 

Decima l poin t positioning. ove rf low ind icat ion and 
lead ing zero supp ress ion are all automatic. TF 2432 also 
inc ludes a digit check faci lity whereby all the LE D seg­
ments ( i e a se ries of '8's) and all decima l points are 
disp layed when all the ga te time buttons are simul­
taneous ly released . 

Frequency standard 
Gate t imes are derived from a built-in crysta l osc il la tor 
ope rat ing at 10 rvlHz and offering a stabi l ity better than 
± 5 in 1 0 " ove r the ope rating. temperatu re range . To com­
pensate for c rystal ageing the frequency of this oscil lator 
can readi ly be adjusted by means of a pre-set screwdriver 
con tro l on the front pane l. 

For measu rements which require a greater f requency 
accu racy the re is provision on all mode ls fo r operation with 
an externa l standard frequency app lied via a back-panel 
socket. On TF 2430 and TF 243 1 a rea r-pane l sw itch is 
used to select in terna l or externa l standa rd operat ion. and 
a front pane l disp lay is automatica lly il luminated to show 

TF2430 senes 

when the exte rn al standa rd is in use. On TF 2432 t he 
se lect ion of in terna l o r extern al standa rd is automat ic. 
When an extern al standa rd is connected t his overrides the 
interna l osci ll ato r and is aga in ind icated by the fron t -pa nel 
disp lay. If the externa l sta nda rd fai ls or is removed. the 
inst rumen t automat ica lly swi tches ove r to ope rat ion f rom 
the interna l osci ll ator. This feature is va luab le in auto mat ic 
or remote set-ups or whe re there is no access t o t he rea r 
pane l. 

TF 2430 and TF 243 1 requ ire an externa l standa rd 
ope rating at 10 rvlHz . TF 2432 will accept eithe r a 100kHz 
or 1 rvlHz externa l standa rd. as se lected by a rea r-pane l 
switch. The sensitivity and bandwidth ve rsati l ity of the 
externa l input on T F 2432 offer t he possibility of rat io 
measurements. 

High stabil ity internal oscillator 
Models TF 243 1 and TF 2432 are ava ilab le as ve rsions w ith 
a bui lt-in high stabi li ty frequency standa rd rep lacing the 
normal oscillator. This high-stability standard cons ists of 
an oven-cont ro lled 10 rvlHz osci ll ator with a tempe rature 
stability of be tte r tha n ± 1 in 10 ' over the ope rating 
temperatu re range 

Construction 
Pa rt icu lar atten t ion has been pa id in the design of these 
frequency meters to good electrica l and mecha n ica l 
const ruction in order to achieve exce llent rel iabi l ity 
togethe r with ease of access for se rvicing This has 
resulted 1n a very open · layout despite the sma l l size of the 
instruments. The to ro ida l mains t ransfo rmer is mounted on 
a sma ll sub-chassis which can be pivoted up to g1ve access 
to al l components of the power supply . 

On TF 2432 an add itional printed wcui t boa rd is 
inc luded. to which the display unit is connected . but 
specia l provis1on has been made to enable this boa rd to be 
unp lugged from its usua l pos1tion and p lugged in at right 
ang les to g1ve comp lete ,se rvicing accessib il ity whi le the 
instrument is sti ll fu lly ope rationa l 

These frequency meters have been designed to con form 
to IE C 348 and BS 4743 safety regulations No mains 
vo ltages appear on the printed ci rcuit boards. an d al l mains 
voltage poin ts are fu lly protected when the 1nstrument 
cove rs are removed. 

Accessories 
An accessory kit is avai lab le which provides a rea r stand to 
enab le the inst rument to be ope rated 1n a ve rtica l position 
The ki t also inc ludes the necessary right ang le mains lead. 
a protective lid fo r the front pane l and two sets of ca rrying 
st raps, fo r hand and shou lder. 

A kit is also avai lab le fo r mounting the f reque ncy 
meters 1n a standa rd nineteen inch rack. 
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TF 2430 series ,, ... ___________________ _ 

TYPE NUMBER TF 2430 TF 2431 TF 2432 

INPUT CHANNELS Single Channel. Two channels. switch selected. 

Frequency range 10Hz to 80 MHz. 10Hz to 200 MHz. LF INPUT: 10Hz to 200 MHz. 
HF INPUT: 50 MHz to 560 M Hz. 

Sensitivity 25 mV r.m.s. (sinewave). 10 mV r.m.s. (sinewave). LF INPUT: 10 mV r.m.s. (sinewave) 
from 10Hz to 70 MHz 
25 mV r.m.s. (sinewave) from 
70 MHz to 200 MHz. 
HF INPUT: 10 mV r.m.s. (sinewave) . 

Built-in a.g.c. provides capabi li ty for handling signa ls automatically over a w ide dynamic range. 

Dynamic range 80 dB. 90 dB. LF INPUT: 90 dB. 
HF INPUT:. 54 dB. 

Maximum sinewave 
input 260 V r.m.s. at 50 Hz 260 V r.m .s. at 50 Hz LF INPUT: 260 V r.m.s. at 50 Hz 

5 V r.m.s. at 80 MHz 5 V r.m .s. at 200 MHz 5 V r.m.s. at 200 M Hz. 
Degradation from 50 Hz Degradation from 50 Hz Degradation from 50 Hz to 200 MHz 
to 80 M Hz is approximately to 200 MHz is approximately is approximately 1·3 x10- 6 V/Hz. 
3x10-6V/Hz. 1·3 x1o-s V/Hz. HF INPUT: 5 V r.m.s. from 50 M Hz 

to 560 MHz. 

Maxi mum d.c. 250 V. LF INPUT: 250 V. 
HF INPUT: 5 V. 

Maxi mum pk a.c. +d.c. 250 Vat nominal 50 Hz. LF INPUT: 250 V. 
HF INPUT: 5 V. 

Input impedance Approximate ly 1 M o in parallel with less than 25 pF LF INPUT: Approximately 1 M o 
AC coupled via 0·1 ~F. in parallel with less than 25 pF. AC 

coupled via 0·1 ~F . 
HF INPUT: 50 o nominal. 

DISPLAY Seven digit. with memory. I Eight digit. with memory. 
:>even-segment LtUs ot 1 mm m1n1mum height. 

Units and resolution Three push-buttons select gate times providing resolutions Four push-buttons select gate 
of 10, 1 or 0·1 Hz. and also indicate readout units. times providing resolutions 

of 100. 10, 1 or 0·1 Hz. and also 
indicate readout units. 

Decimal point automatically selected. Overflow indication. Leading zeros suppressed. 

Digit check facility to display all 
LED segments and decimal points. 

Display times Readout retained during gating period or held indefinitely by means of the HO LD button . 

Accuracy ±1 count ± stability of frequency standard. 

FREQUENCY STANDARD Internal crystal oscil lator or external input selected Internal crystal oscillator or 
by rear panel switch. external input automatically 

selected. Application of external 
signal overrides internal oscil lator. 

Front panel indication when external standard is in operation. 

INTERNAL CRYSTAL 
OSCilLATOR 

Frequency 10 M Hz. Provision for adjusting oscillator f requen cy via fron t panel to com pensate for ageing. 

Temperature stability Better than ±5 in 10 6 over the operating temperature range. 

Ageing rate Approximately 4 in 109 per day at constant temperature. 

OPTIONAL HIGH 
STABILITY FREQUENCY 
STANDARD 

Frequency 10 M Hz. The crystal frequency may be adjusted via the 
front panel to compensate for ageing . 

Temperature stability Better than ±2·5 in 10• per oc average. 

Ageing rate Nominally 1 in 107 per week after 1 month of continual use. 

Warm-up time Stabilises to within 1 in 10 6 of the final value in 5 minutes 
from switch -on at ambient temperature above 20°C. 

AUXILIARY OUTPUT Internal standard available at rear panel. 

Frequency 10 M Hz I 1 MHz 

0 utput level Greater than 100 mV p-p into 50 o (approximately 4·0 V p-p e.m.f.). 

Output impedance Approximately 2 k o . 
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TF 2430 series 

TYPE NUMBER TF 2430 TF 2431 TF 2432 

EXTERNAL FREQUENCY 
STA NDARD 

Frequency 1 0 M Hz si new ave or squarew ave. 1 00 kHz or 1 M Hz selected by 
rear panel switch. Usable from 
10kHz to 10 MHz for ratio 
measurements. 

Input level 2·5 V to 5·5 V p-p. 50 mV r.m.s. to 5 V r.m.s. 

Input impedance A pproximately 300 o. a.c. coupled. Approximately 1 M o in paral lel 
w ith less than 25 pF. 

SAFETY Desig f) ed to meet the requirements of I EC 348·. 

POWER l. ,. 

REQUIREMENTS 

AC supply 95 to 130 V or 190 to 264 V: 45 to 500H z. 

1 0 VA approximately. 15 VA approxi mately. 

DIMENSIONS AND Height Width Depth Weight 
WEIGHT 100 mm 220 mm 31 0 mm 2·2 kg 

4 in l 8 j} in 12 in 4 i lb. 

OPERATING 
TEMPERATURE RANGE ooc to +40°C. · 

VER SION S 

Ordering number 52430- 900Y 52431-301Y 52432- 301T 
and description 80 M Hz Dig ita l Frequency 200 M Hz Dig ital Prequency 560 M Hz Digital Frequency 

Meter TF 2430 M eter TF 2431. Meter TF 2432 . 
With standa rd 10 M Hz With standard 10 M Hz 
Crystal Oscillator. Crystal Oscil lator. 

52431-302N 52432-302P 
200 M Hz Digital Frequency 560 MHz Digital Frequency 
Meter TF 2431. M eter TF 2432. 
With high stability 10 M Hz With high stability 1 0 M Hz 
Crysta l Oscil lator. Crystal Oscillator. 

OPTIONAL 
ACCESSORIES 

Ordering number 46883- 281N Accessory Kit comprising: 
and description Storage lid for f ront panel. 

Rear stand. 
A lternat ive right ang le mains lead . 
2 sets of carrying straps- hand anp shouldBr. 

46883-282L Rack Mounting Tray Ki t. 

14174 ! 8 14175/7 

In terior view of TF 243 1 showing the transformer sub -chassis 
pivoted up for access 

Interior view of TF 2432 showing control p.c. b. mounted 
in servicing position. 
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COMING SOON 
Provisional information is given below of new products which 
will shortly be introduced into the Marconi Instruments range. 

2 GHz Digital Frequency 
Meter 

I 
"j. ,. 

TF 2435 

TF 2435 provides frequency measurement from 1 0 Hz to 
2 GHz w ith an eight -digi t l.e.d. disp lay and reso lut ion to 
0·1 Hz. The display incorporates memory, automati c 
positi oning of the decima l po int overflow indi cati on and 
leading zero suppression. 

Tw o inputs are provided, cha nnels A and B. w ith 
automati c ga in contro l on both channels giving a w ide 
dynamic range and high tol erance to signa l distortion and 
noise. Ch an nel B is a high impeda nce in put covering the 
frequency range 1 0 Hz to 200 M Hz. Channel A is a 50 0 
in put coverin g the range 200 M Hz to 2 G Hz. 

The reference frequency can be derived from either an 
internal 10 MHz crystal oscill ator or an externa l standard. 

FREQUENCY RANGE 

SENSITIVITY 

Channel B 1 0 Hz to 200 M Hz. 

Channel A 200 M Hz to 2 G Hz. 

Channel B 10 mV r.m.s. (sinewave) up to 
70 M Hz. 
25 mV r.m .s. (sinewave) up to 
200 M Hz. 

Channel A -13 dBm (50 mV r.m.s. p.d. into 
50 0). 

INPUT IM PEDANC E 

Channel B 1 M 0 in parallel with 25 pF. 

Channel A 50 o. 

TEMPERATURE 
STABILITY ±5 in 10 6 over the temperature range 

0 to 40°C, with internal frequency 
standard. 

100 MHz Universal Counter 
Timer 

520 M Hz Universal Counter 
TF 2437 Timer TF 2438 

TF 2437 is a un ive rsa l counter timer covering the frequency 
range 0 to 100 M Hz. Measu rement functions provided are 
frequency, sing le peri od . period average. time interva l. time 
interva l ave rage, count and ratio . 

An eight-dig it l.e.d. disp lay has automatic positi on ing of 
decima l · po int ove rflow indication and lead ing zero 
suppression. TF 2437 ca n be operated either w ith an 
intern al or externa l frequency standard. 

FREQUENCY 0 to 100 MHz. direct count. 

Resolution 1 kHz to 0· 1 Hz. 

PER IOD 100 ns to 1000 s. single and average 
mode. 

Resolution 1 0 ~s to 1 00 ps. 

TIM E INTERVAL 100 ns to 1000 s. sing le and average 
mode. 

Resolution 1 0 ~s to 1 00 ps. 

COUNT Up to 10 7 events per second. 

RATIO Frequency range 1 kHz to 10 MHz. 

TEMPERATURE 
STA!3ILITY ±5 to 1 o• over operating temperature 

range 0 to 40°C, using interna l 
osci ll ator. 
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TF 2438 is a uni versa l counte r timer covering th e frequency 
range 0 to 520 M Hz. Measurement fun cti ons provided are 
frequency, single period, per iod average. t ime interva l, time 
interva l ave ra ge. count and ratio. 

An eight -d igit l.e.d. display has automat ic posit ioning of 
decimal point overfl ow indicat ion and leading ze ro 
suppression. TF 2438 can be operated ei th er w ith an 
internal or external frequ ency stan dard. 

FREQUENCY 0 to 520 MHz. 

Resolution 1 kHz to 0·1 Hz. 

PER IOD 100 ns to 1000 s. single and average 
mode. 

Resolution 1 0 ~s to 1 00 ps. 

TIME INTERVAL 100 ns to 1000 s. single and average 
mode. 

Resolution 1 0 ~s to 1 00 ps. 

COUNT Up to 10 8 events per second. 

RATIO Frequency range 1 kHz to 1 0 M Hz. 

TEMPERATURE 
STABILITY ±5 in 106 over the operating 

te mperatu re range 0 to 40 °C, using 
internal osci ll ator. 
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TF893A 10 VVatt AF Power Meter 

-------------------------------------------------------------------------------------

o Frequency range: 20 Hz to 20 kHz 

0 Five power ranges: 1 mW to 10 W full scale 

o Impedance: 2·5 o to 20 ko in ~48 steps 

0 Balanced or unbalanced inputs 

0 Direct calibration in watts and dBm 

This Aud io Power Meter covers an exceptionally w ide range o.f 
power and ma intains its accuracy at both very high and very low 
frequencies. 

Power is measured by a temperature-compensated constant­
resistance multi-range rectifier voltmeter. the req uired input imped­
ance beir:~g obta ined by the use of a tapped transformer and by a 
switched resistance-changing pad. Provision is made for measuring 
either balanced or unbalanced inputs. 

The instrument is contained in a compact portable case. w ith the 
input terminals fitted in a recess in the case top; this protects the 
terminals from accidenta l mechan ical damage. The lid of the recess 
may be swung back to support the instrument at a conven ient 
viewing angle. w hile the sloping front pane l hinges upward for ease 
of servicing . 

Impedance selection 
The Meter measures the power deliverea by an audio frequency 

source into a load provided by the instrument itself. and its excellence 
of performance over so w ide a range of power. impedance and 
frequency is due primari ly to two important points of design. Firstly, 
the patented feature - the use of a resistance network. forming an 
impedance-chang ing pad. to select the signif icant figures of the 
value of the input impedance ; secondly. the use. for the decade 
multiplication of impedance. of a transformer using a wound-strip 
core of an isotrop ic magnetic al loy. 

Centre-tapped input 
There are f ive power measurement ranges. w ith cal ibration direct ly 

in watts or mil li-watts and in decibels relative to 1 mW. The overal l 
impedance range of 2 · 5 to 20 000 0 is in forty-e ight steps arranged 
in two groups identified by the use of engraving in contrasting 
colours . The primary of the input (impedance-match ing) transformer 
of low d.c. resistance. is isolated from the case and is provided w ith 
a centre tap for push-pul l -working; th e centre tap also allows 
impedances down to 0·625 0 to be correct ly terminated. but with 
some fa lli ng off in measurement accuracy. 

RANGE 

ACCURACY 

Power 0 to 10 W in f ive ranges. 
Full-scale deflections are: 1-10 and 
100 mW~ 1 and 10 W. 

Impedance 2·5 0 to 20 kO thus : 2·5-3-4-5-6-8-
6·25-7·5-10-12·5-15-20 with multipliers 
x 1. x 10. x 100. x 1000. 
Impedances of one-quarter the above­
extending the range down to 0·625 0-
can be obtained by using the input centre 
tap. bu t wi th reduced accuracy. The 
impedance of the Power Meter falls when 
it is connected into a circuit ca rrying d.c. 
At 50 Hz a drop of approximately 5% is 
produced by 60 rnA at the 100 0 setting 
or 4 rnA at 20 kO setting. 

(at 1 kHz and i0°C) 
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Power 2.;% of full scale up to half-sca le 
deflection . 5% of the reading from 
half-sca le to full scale deflection . 

Impedance 5%. 

FREQUENCY 
CHARACTERISTIC 

SAFETY 

DIMENSIONS 
AND WEIGHT 

ORDERING NUMBER 

With all controls at approx imately 
mid -sett ing the response of a typi ca l 
Power Meter is. relative to indication at 
1 kHz flat to within -0·5 dB from 50 Hz 
to 10 kHz ; at 20 kHz the response is 
approx. 1 dB down. At other control 
settings. the maximum variation from the 
above is ±1 dB at 50 Hz and ± 1· 5 dB 
at 20kHz. The instrument can be used 
over the extended frequency rang e. 
20 Hz to 35 kHz. with reduced accuracy. 

Designed to meet the requi rements 
of IEC 348. 

Height Width Depth Weight 
280 mm 190 mm 170 mm 4·1 kg 
11 in 7~ in 6i in 9 lb 

50893-91 OV 10 Watt AF Power Meter TF 893A. 



RF Power Meter 

o DC to 1 GHz 
o 3 W f.s.d. 
o VSWR 1-1 : 1 
o Thermocouple for true 

mean power 
o Uncalibrated fast-response diode 

meter for peaking 

MOO OUT 

MARCON I INSTRUM ENTS!!" 

TF 2501 is an r.f. absorption power meter of very advanced 
design . intended for use with low power transmitters at 
frequencies up to 1 GHz. 

True mean power is indicated by means of a thermo­
coup le meter. with switch-selected sens iti vity of 1 watt 
or 3 watts f.s.d . As range . selection is effected by 
changing the sensitivity of the d.c. side of the measuring 
circuit. it is impossible to damage the thermocouple 
by inadvertently switching to the wrong power range . A 
fast-response diode meter is also incorporated as a 
convenient ind icator for transmitter tuning adjustments. 
The sensitivity of this second indicator is continuously 
variable for ease of operation; and the diode also functions 
as a demodulator for a.m . signals. the a.f. output being 
availab le from a telephone jack on the front panel. 

The instrument is full y demountable; the thermocouple/ 
load unit may be separated from the main body of the 
instrument for remote indication of output power when 
the r.f. connect ion is not easily accessible; or the r.f. load 
(TM 8587) can be removed from the power meter 
altogether and used independently. 

· MADE IN ENGLAND 

POWER 
MEASUREMENT 

Ranges 

Accuracy 

Frequency range 

Input impedance 

VSWR 

DIODE "DETECTOR 

Frequency range 

DIMENSIONS AND 
WEIGHT 

SAFETY 

ORDERING NUMBER 

52501-015E 

TF 2501 

(Calibrated thermocouple meter). 

1 and 3 W f .s .d. 

±5% of f.s.d. (true mean power) . 

DC to 1 GHz for stated accuracy. 

50 0 . 

1 ·1 1. 

(Uncalibrated). 

From below 5 M Hz to at least 
1 GHz. 

Height Width Depth Weight 
1 30 mm 220 mm 120 mm 1 4 kg 
5 ~ in 8~in 4i in 3 lb 

Designed to meet the requirements 
of IEC 348. 

RF Power Meter TF 2501. 
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TF 2502 RF Power Meter 

o DC to 1 GHz 
o 10 W f.s.d. 
o VSWR 1-1: 1 
o Thermocouple for true 

mean power 
o Uncalibrated fast-response diode 

meter for peaking 

--------------·····--····--- -
R.F. POWER METER TF 2502 

MARCONI INSTRUMENTS I!D 

TF 2502 is an r. f . absorption power meter of very advanced 
design, intended for use with low power transmitters at 
frequencies up to 1 GHz. 

True mean power is indicated by means of a thermo­
couple meter, with switch-se lected sensitiv ity of 3 watts 
or 10 watts f.s.d. As range selection is effected by 
chang ing the sensitivity of the d.c. side of the measuring 
circuit, it is impossible to qamage the thermocoup le 
by inadvertently switching to the wrong power range. A 
fast-response diode meter is also incorporated as a 
conven ient indicator for transmitter tuning adjustments. 
The sensitivity of this second indicator is continuously 
variable for ease of operation; and the diode also functions 
as a demodu lator for a.m. signa ls, the a.f. output being 
available from a telephone jack on the front panel. 

The instrument is fully demountable ; the thermocouple/ 
load unit may be separated from the main body of the 
instrument for remote indication of output power when 
the r.f. connection is not easily accessible; or the r.f. load 
(TM 8544) can be removed from the power meter 
altogether and used independently. 
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MAO£ IN ENGLAND 

POWER 
MEASUREMENT (Calibrated thermocouple meter). 

Ranges 3 and 10 W f.s.d. 

Accuracy ± 5% of f.s .d. (true mean power). 

Frequency range DC to 1 G Hz for stated accuracy. 

Input impedance 50 0 . 

VSWR 1 1:1 

DIODE DETECTOR (Uncalibrated) . 

Frequency range From below 5 M Hz to at least 
1 GHz. 

DIMENSIONS AND 
WEIGHT Height Width Depth Weight 

1 30 mm 220 mm 120 mm 1 ·4 kg 
5i in 8~ in 4~ in 3 lb 

SAFETY Designed to meet the requirements 
of I EC 348. 

ORDERING NUMBER 

52502-015W RF Power Meter TF 2502 . 



RF Power Meter 

o DC to 1 GHz 
o 100 W f.s.d . 
o VSWR 1·1: 1 
o Thermocouple meter for true mean power 
o . Uncalibrated fast-response diode meter for peaking 

TF 2503 is an r.f. absorption power meter of ve ry advanced 
design, intended for use with medium and low power 
transmitters at frequencies up to 1 GHz. It is one of a new 
range of power meters. in which the smal l size and 
unusua ll y low v.s.w.r. have been achieved by the use of 
new materials and the application of high-vacuum 
eva poration technique 

True mean power is indicated by means of a thermo­
couple meter. with switch -se lected sensitivities of 30 watts 
an d 100 w atts full scale . A Marconi patented thermocouple 
is emp loyed. with its heater element forming part of the 
inner conductor of the coaxia l line. Thi s arrangement has 
the advantage th at the load remai ns' independent of the 
indicator. but the correct characteristic impedance is main­
tained throughout the link between the input socket and 
the load. 

A fast-response diode meter is also incorporated as a 
convenient indicator for transmitter tuning adjustments. 
The sensitivity of this second indicator is continuous ly 
varia ble for ease of operation; and the diode also functions 
as an a.m. demodulator. the a. f . output being ava il ab le 
from a te lephone jack on the front panel. 

The instrument is full y demountable; the thermocouple 
unit. w ith the load attached. may be separated from the 
main body of the instrument for remote indication of out­
put power when the r.f. connection is not readily accessib le 
or the r.f. load can be removed from the power meter and 
used independently 

' ~ ,. 

R.F. POWER METER TF250l 

MARCONI INSTRUMENTS I!" 

POWER MEASUREMENT 

Ranges 

Accuracy 

Frequency range 

Input impedance 

VSWR 

Overload Capacity 

DIODE DETECTOR 

Frequency range 

SAFETY 

DIMENSIONS AND 
WEIGHT 

ORDERING NUMBER 

52503-015A 

TF 2503 

(calibrated thermocouple meter) 

0 to 30 W and 0 to 100 W 

± 5% of f.s.d. (true mean pow er) . 

DC to 1 GHz for stated accuracy. 

50 0. 

Not greater than 1·1 :1 

20% continuously 

50% for period s of up to 30s. 

(uncalibrated) 

From below 5 M Hz to ill least 1 G Hz. 

Designed to meet th e requirements of 
IEC 348. 

Height 

160 mm 

Width Depth Weigh 

6:1, in 

280 mm 11 0 mm 4 kg 

11 in 4~ in 1 0 lb 

RF Power Meter TF2503 . 

139 



.......... .. 

TK2509 75/50.o RF Transformer 

D Matches 75 o sources to 50 o power meters 
D Power rating: 100 W continuous 
D Frequency range: 1-4 MHz t9 200 MHz 
D VSWR: 1-1 : 1 up to 100 MHz; 1-2 : 1 up to 200 MHz 
D Can be operated in reverse mode 

TK 2509 is an impedance matching transformer w hich 
enables 50 0 power meters to be used for measurements 
on 75 0 sources. It is primarily intended for use w ith the 
Marconi Instruments RF Power Meters TF 2501. TF 2502 
and TF 2503. but it is suitable for use wi th any equivalent 
50 0 absorption power meter. When used in thi s way the 
power meter wi ll give a direct indication of power from 
a 75 0 source . 

The transformer has a continuous power rating of 1 00 
watts when terminated in a 50 0 load. It covers the 

POWER RATING 

FREQUENCY RANGE 

INPUT IMPEDANCE 

OUTPUT IMPEDANCE 

INPUT VSWR 

DISSIPATION LOSS 
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When terminated in a 50 0 load the 
transformer w ill transmit 100 W 
continuous ly. 

1-4 M Hz to 200 M Hz. 

75 0. 

50 0. 

When terminated in a 50 0 load : 
Better than 1·1 :1 from 1-4 M Hz to 
100 MHz. 
Better than 1·2:1 from 100 MHz to 
200 MHz. 

When terminated in a 50 o load: 
Not greater than 0·25 dB at 200 MHz 
Typically less than 0·25 dB down to 
1-4 MHz. 

frequency range 1 -4 M Hz to 200 M Hz wi th good v.s .w.r. 
when terminated in 50 0. 

For matching a 75 0 power meter to a 50 0 source the 
transformer can be operated in the reverse mode with a 
small deterioration in v.s.w.r. 

The tran sformer is enclosed in a small box w ith type N 
input and output connectors. and ca n be plugged 
direct ly onto the input socket of the TF 2501. TF 2502 or 
TF 2503. without requiring a connecting cable. 

REVERSE MODE 

CONNECTORS 

SAFETY 

Input 

Output 

DIMENSIONS AND 
WEIGHT 

ORDERING NUMBER 

52509--015D 

When used as a 50/75 o transformer 
the v.s.w.r. is typically 1·1 :1 up to 
100MHzand1 ·25:1 upto200MHz. 

Type N. 75 o socket. 

Type N. 50 o plug . 

Designed to meet the requirements of 
IEC 348 . 

Height Width Depth 
42 mm 124 mm 51 mm 
1j in 5 in 2 in 
(includes connectors). 

Weight 
0·275 kg 
10 oz 

75/50 o RF Transformer TK 2509 . 



RF POVVER METER 

o DC to 500 MHz 
o 10 W and 30 W f.s.d. 
o VSWR 1·2: 1 
o Measures true mean power 

TF 2512 is a low-cost. direct-reading r.f. absorption power 
meter. speci fi ca lly designed for use by manufacturers and 
users of mobile radio communication s equipment. It has 
two measuring ranges of 0 ·5 to 10 Wand 5 to 30 W. and a 
frequency range from d.c. to 500 MHz. Measurement 
accuracy is ± 5% up to 250 M Hz and ± 7% up to 500 M Hz. 

By virtue of its two power ranges. TF 2512 is ideal for 
measurements on 8 W mobile radio transceive rs and 25 W 
base station transmitters. It measu res true mean power. 
irrespective of the applied wave shape, and so can be used 
for modulated signals; a.m .. f.m . and pulsed Calibration of 
the power meter is simple and can be performed at d.c. or 
50 Hz using a dynamometer. 

The dissipative element cons ists of a heavy- duty, high­
stab ility resistor mounted so that it forms the centra l 
conductor of. a slab or parallel-plate line. Connection of 
the power source is made to a type N coaxia l socket. the 
input being fed to the I ive end of the resistor by an 
outward-tapering section wh ich preserves a constant 
impedance between the con nect0r and the relatively 
large-diameter resistor . From l ive to earthy end of the 
resistor the broad metal · plates which form the outer 
conductor have an inward taper so that continuous 
matching· is maintained along the whole length of the 
resistor. 

Indication is by means of a moving-coil mete r and' 
robust vacuum thermocoup le fed from a tap on the load 
resistor. Changing the power range is done by altering the 
meter sensitivity rather than by altering the proportion of 
input power app lied to the thermocouple heater; it is thus 
impossible to damage the thermocouple by inadvertently 
swi tching to the wrong power range. 

POWER MEASUREMENT 

Ranges 

Accuracy 

SAFETY 

Frequency range 

Input impedance 

VSWR 

DIMENSIONS AND 
WEIGHT 

ORDERING NUMBER 

52512-SOOL 

TF 2512 

0· 5 to 10 W and 5 to 30 W. 

±5% of f.s.d. of true mean power 
from d.c. to 250 MHz. · 
±7% of f .s.d. of true mean power 
from 250 M Hz to 500 M Hz. 

DC to 500 MHz. 

50 o nominal, type N connector. 

Better than 1·2:1. 

Designed to meet the requirements of 
IEC 348. 

Height Width Depth Weight 
190 mm 137 mm 345 mm 3 kg 
H in 5! in 13! in 6! lb 

RF Power Meter TF 2512. 
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Television Video Transmission Measurements 
By L. E. Weaver 

This book has been produced to advise practising television 
engineers of some of the techniques which have been found 
operationally satisfactory for the measurement of the various 
distortions of the video signal, as a result of the authors long 
experience in the field of television broadcasting. Attention has 
been focused on the most basic measurements, with particular 
reference to the handling of colour signals. 
To assist engineers in the understanding of the ways in which 
they are derived, the subject of working tolerances has been 
dealt with in some detail, together with values suitable for use in 
a high-quality television service. 
Until he became an international TV engineering consultant 
L. E. Weaver was head of the British Broadcasting Corporation's 
measurement laboratory and has made many important 
contributions to the techniques of TV measurements. 



VOLTMETERS 



Video Volt meter 

D Twelve voltage ranges: 1 mV to 300 V f.s.d. 

D Frequency range: 10 Hz to 10 MHz 

D large, clear linear voltage scales 

D Basic accuracy: 1% over wide range 

D High input impedance 

D DC and AC outputs available 

-s 
-10 

dBm (600f'l) 0 

VOLTS +. 

14240 

· .. · 

TF 26008 is a sensitive wide band a.c. voltmeter consisting 
of a linear video amplifier with a full-wave average­
responding detector in the negative feedback loop and a 
meter calibrated in r.m.s. va lue of a sinewave. A measure­
ment accuracy of 1% can be obtained over a large oart 
of the frequency and vo ltage range. 

A large panel meter incorporates an ant i-para ll ax 
mi rror for reading accuracy. The 10 dB step attenuator 
gives twelve voltage ranges in a 1-3-10 sequence from 
1 mV to 300 V f.s .d . with two linear voltage scales 
calibrated down to 10 ll V on the most sens itive range. 
A dB scale gives readings from +2 to -12 dBm. Input 
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impedance is 10 M 0 in para llel with a capacitance of 
15 to 25 pF depending on range. 

A d.c. output proportional to the a.c. input is avai lable 
at rear pane l terminals. and can be used to provide a very 
accurate drive to a digital voltmeter. An a.c. output 
proportional to the a.c. input is available at a rear panel 
BNC socket permitting mon itoring of the input frequency. 

The stability of the instrument is such that the specified 
accuracy and frequency response applies over the normal 
working temperature range and no appreciab le variation 
occurs as a result of variations in the mains voltage. 



A C VOLTAGE RAN GES 1 mV to 300 V f .s. d. in 1 2 ranges 
w ith 1-3-1 0 sequence. 

AC CURACY AND 
FREQUENCY RESPONSE 
(at 23°C ± 5°C) 

Accuracy on the main voltage ranges is as follows: 
% of reading + %of f.s.d. 

10 Hz 30 Hz 

:,~,(: 1 ., . , 1 >0 5 >05 

Accu racy at extremes of th e vo ltage range is modi fied as fo ll ows : 

1 mV I ±2 f.s .d . 

3 mV I ±2 f.s. d. 

300 v I ±2 f.s.d. 

METER 

±1 

±1 

±1 

500KHz 

±1 ±1 ±2 ±1 

±1 ±1 ±2 ±1 

± 1 ±1 ±2 ±1 ±3 ± 1 

Calibration Ca li brated in r.m.s. value of a sine 
wave but responding to average 
va lue. 

Voltage scales Two linea r vo ltage sca les 137 mm 
(5-4 in) long. ca librated from 
0 to 1·0 with 100 minor divis ions and 
0 to 3·0 w ith 60 minor divisions. 

dB scale Ca li brated from +2 to - 12 dB. 
0 dB corresponds to 0·77 5 V. 

... ' 

TF 26008 

INPUT 

Input impedance 1 mV to 1 V ranges: 10 M O in 
parallel w ith 25 pF ±10%. 

3 V to 300 V ranges: 1 0 MO in 
parallel w ith 15 pF ±10%. 

Connector 50 0 BNC socket on f ro nt panel. 

Maximum safe input 1 mV to 1 V ranges: 
300 V r.m.s. from 10 Hz to 1 kHz 
150 V r.m.s. from 1 to 10 kHz 
30 V r.m .s. from 1 0 kHz to 10 M Hz. 

3 V to 300 V ranges: 
300 V r.m.s. from 10 Hz to 3 M Hz 
100 V r.m .s. from 3 M Hz to 10 M Hz. 

DC OUTPUT Available at rea r panel terminals. 

Level Not less than 1 V e. m.f . at f.s.d . 
Output linearly proportio na l to the 
a.c. input. 

Source impedance 1 0 kO approximately. 

AC OUTPUT Output proport iona l to a.c. input 
ava ilable at rear panel BNC socket. 

Level Not less than 50 mV into 50 0 at 
f.s .d. on all ranges from 10 mV to 
300 V Not less than 5 mV into 50 0 
at f.s. d. on 1 mV an d 3 mV ranges. 

Source impedance 50 0 nominal. 

Frequency range 10 Hz to 10 M Hz. 

POWER REQUIREMENTS 

AC supply 95 to 130 V and 190 to 264 V 
45 to 500 Hz 7 VA. 

SAFETY REGULATIONS Compl ies w ith IEC 348 an d BS 4743 
safety requirements. 

DIMENSIONS AND 
WEIGHT Height Width Depth Weight 

132 mm 204 mm 255 mm 3·0 kg 
5:t in Bin 10in 6i lb 

ORDERING NUMBER 
52600-920L Video Voltmeter TF 2600B. 

145 



"-',.··· 

R F Electronic Millivoltmeter 

• 
D Wide frequency range 50 kHz to 1500 MHz 

D High sensitivity: from 300 fl V 

R F ELECTRONIC MILU\I:XJMETER TF 2603 

. . ,' .,. 
: ~. . ' .:.Y.. ::-:~ 

r---mv---
3 10 30 100 

k ~ ~0 ~ 

14093/2 

The TF 2603 is a highly sensitive. precision millivolt­
meter for use at frequencies between 50 kHz and 1 500 
M Hz. Reliability and freedom from microphony are 
assured by the use of semi -conductors throughout. 
Inherent noise w ithin th e instrument is low. enab ling 
vo ltage measurements down to 300 f..tV r.m.s. to be made. 

The basi c conf iguration consists of a detector. loca ted in 
a probe head. from which the d.c. ou tput is passed via a 
balanced attenuator to an electro-mechan ica l chopper. 
Th e resultant 100 Hz sq uare wave is then amplified and 
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VOLTS 

recti fied to produce the d .c. required to drive the meter. 
Access to test points in closely packed circuits is eased by 
the small diameter of the detector probe-only ~ inch . 
Full -wave detection . us ing a pair of go ld bonded diodes. 
gives minimum errors when dea ling w ith signals contain ­
ing asymmetric waveforms or noise. A spr ing- loaded 
earthing _ spike faci litates low-inductance connection for 
measurements at high frequencies . 

To achieve the low inherent noise level pecu li ar to the 
instrument a number of precautions have been taken. 



These include the use of a balanced output from the 
detector circuit. a 1 00 Hz chopper of the electro­
mechanical variety. and low noise transistors in the 
narrow band a.c. amplifier. The choice of a synchronous 
detector not only discriminates against noi se but retains 
polarity sense. This means that on the most sensitive 
ranges. any inherent noise will on ly show as a small dither 
about the mechanical zero mark. 

TF 2603 

vol tag e of 20 to 32 vo lts may be used; e.g. f ive PP8 
batteries givi ng 120 hours at 4 hours per day rate. 

Among th e many tasks that this instrument can perform 
are: 

(a) The sea rch for spur ious oscil lations at frequenc ies 
between 1 and 1 500 M Hz in wi de band video 
multi- stage amplifiers-carried out usi ng a loop 
connected to the probe and holding it near to each 
part of the circu it in turn. Front panel controls have been redu ced to two: a ~· ,. 

range switch and balance control. The latter is used only 
to balance out residual microvolts of d.c. deve loped in (b) Accurate measurement of noise. made possible by 

th e response of th e probe being almost true r.m.s. 
for inputs less than 30 mV- extending to 3 vo lts by 
the addition of the 100 :1 multiplier TM 7947. 

the instrument. and will have maximum effect on th e 
1 mV range. with no significant effect on the 30 mV 
range and above. A meter vo ltage scale. 1 27 mm (five 
inches) long. gives good resolution and is vi rtuall y linear. 
Adjacent to the vo ltage scale there is a dB scale. the 0 dB 
co inciding with full sca le deflection . The 1 mV range is an 
exception . being 95 mm (3i in .) long and sq uare law; 
and the dB scale does not appl y. 

On ly one supply rail is used. stabi lised by means of a 
we ll-tried conventional series regulator circui t. Provisio n 
for external battery operation is inc luded for portability. 
and conditions where accurate voltage measurement is 
difficu lt due to earth loops. Any battery supp lying a 

PROBE r-----,. 
I CHOPPER• 

I 

(c) Testin g of filter frequ ency responses. particularly in 
the stop band-achieved without excessive vo ltage 
requ irements from the signal generator. 

(d) Measurements of tran sistor parameters-for instance 
fT in the 500 to 1500 MHz range . 

(e) Measurement of di stortion over a w ide frequ ency 
range. 

(f) Measurement on battery-operated equipment at 
locations remote from mains supp ly. 

HIGH LOW 
CR 

_£FULL WAVE i ~ BALANCED 
I I I 11--c>-- f-c>- -t>- BAND· PASS f-c:- AMPLIFIER IMPEDANCE NOISE 

DETECTOR I I ATTENUATOR I • I FILTER AMPLIFIER 

~-c-
I 

·•If-
PAIR 

input " f 
I . -.. 

' I ' I 
I I I 

I I ' 
-------negative feed:back s witching--- .l.------- ------ ' l- --- ------------ -- .- "'T----- - ..J 

\'::·. ' 
~ I I 

·•I ' 
·:, _ balanced d.c. o_utput 

I 
' ,------mv ' ,-v-, ' I I 

I 3 10 30 I 100 300 I 3 I 

~ 
I ___ o ' 
' PHASE 

~ -- -- -------
' SENSITIVE 
I DETECTOR I 

RANGE (fsd) ' BALANCE ' I . I 
I 

~ 
I 
I 
I 

+ I 

to PROBE HEATER~ ' I 
OUTPUT I LINEARIZING 

THERMOSTAT I- L----
battery AMPLIFIER CIRCUIT 
supply t::o 

,.,,.J 
18- 32V 

~ 
95-132V I mains~ 

PHASE 

RECTIFIER I STABILIZER + f--<r- LOCK 
supply OSCILLATOR AMPLIFIER 

'lOllS 

190·265V I MAINS 

Block diagram _of R F Electronic Millivoltmeter type TF 2603 
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TF 2603 

1M!\ lOOMJl. 

' 
TM 79 47 SH UNT RE SISTAN CE A ll I VOLTA GES 

TM 79 47 SH UNT CAPACITANCE= 2·1pF 

1-- 1 V I NPUT f--

IIIII t--., 

III II ' I'-
1 lOO k!\ OMJt 

f:::= lOOm V INPUT 

' 

- ~OmV INPUT '---

........ ' 

w l Ok i\ 
CD 
0 - '-

\ 1 MJt Typical input resistance 
of p robe and multiplier 

f-- SHUNT CAPA CITA NCE OF PROBE = 2pF 
0: 
Q_ 

1---~ . 

i 

\ 

l k l\ I\ \ 
1 OOkJt 

1---f- . 
I--I- - PROBE 

~ ~----- - ---- -- -MULT I PLIER (TM 79 47) 

1001\ 
O·l 

VOLTAGE RANGE 

FREQUENCY RANGE 

ACCURACY 

FREQUENCY RESPONSE 
CHARACTERISTIC 

METER SCALES 

INPUT IMPEDANCE 
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10 

F REQUE NC Y 

1 mV r.m .s. to 3 V r.m.s. in 8 ranges. 
Ma ximum input: 8 V r.m.s. Probe 
will withstand up to 300 V d.c. 

50 kHz to 1500 M Hz. 

10 mV and higher ranges: ± 3% 
of f.s.d. 
3 mV range: ± 5% of f.s .d. 
1 mV range: ± 5% of f.s.d. 
200 kHz to 50 M Hz. 
(From 18°C to 28 °C.) 

100 1000 

SAFETY 

1 Ok!l. 

Designed to meet the requirements 
of I EC 348. 

POWER REQUIREMENTS 

AC Mains 190 to 265 V or 95 to 132 V. 45 to 
500 Hz (also 500 to 1000 Hz at 
± 10% on 230 V). Power 5-4 W. 

External DC 20 V minimum. 32 V maximum. 

DIMENSIONS AND 

Current: 142 mA (heater on). 67 mA 
(hea ter off). 

Supply to be floating; i.e .. neither 
side earthed. 

Using Coaxial 'T' Connector TM WEIGHT Height W idth ' Depth Weight 
7948 w ith respect to 200kHz; 200 mm 290 mm 280mm 8 ·75 kg 
50 kHz to 200 kHz: + 0, - 0 4 dB. 8 in 11 ~in 11 in 19~ lb 

50 MHz to 200 MHz: ± 0 ·4 dB, VERSIONS AND ACCESSORIES 
200 MHz to 500 MHz: ± 1 0 dB, . 
500 MHz to 900 MHz: ± 2·0 dB. When ordermg please quote eight-digit code numbers. 
900 M Hzto 1500 MHz : ± 3·0 dB. 

0 to 3·162 and 0 to 10 virtuall y 
linear. 127 mm (5 inches) long. 
Calibrated in the r.m.s. value of a 
sinewave. Special scale for 1 mV 
range. Decibel scale 0 to - 11 dB. 
0 dB at full scale . Range switch in 
10 dB steps dB scale not appl icable 
to 1 mV range. 

Input resistance: > 1 50 kO at 1 M Hz 
and 1 V r.m.s. 

Input capacitance: < 2 ·5 pf at 
1 M Hz and 1 V r.m.s . 

Ordering numbers 

52603- 304P 

43167- 007Z 
43168- 011S 
43168-010V 
44411 - 015N 

Versions 
R F Electronic Millivoltmeter TF 2603. 

Supplied Accessories 
Earthing Clip TM 7936 ( 44314-602L). 
Earthing Sleeve TB 46843 (33631-901 J) · 
100 1 Multiplier TM 7947 (44416-050G) 
Accessory Case TM 7960 (41673-015N). 

Opt ional Accessories 
Coaxial T Connector TM 7948 . 
Adapter type N, terminated TM 7949. 
Adapter type N. unterminated TM 7950. 
50 0 Load. d, W. TM 7967 . 



Accessories 

SUPPLIED 

OPTIONAL 

TM 7936 Earthing Clip (44314-602 L) 

TB 46843 Earthing Sleeve (33631-901 J) 

TM7947 100 :1 Multiplier (44416-050G) 

100 :1 capaci ti ve divider giving 
100 mV f.s .d. to 300 V f. s.d . in 
8 ranges over frequency range 
500 kHz to 500 M Hz. 
Accuracy (with respect to exact 
100:1 ratio ): 
0·5-20 MHz: ± 0·1 dB. 
20-100.MHz : ± 0·3 dB . 
100-300 M Hz: ± 0·7dB. 
300-500 MHz : ± 1·5 dB. 

Input impedance: 
Resistance : > 20 M 0 at 1 M Hz. 
> 1 MOat 50 MHz. > 150 kO at 
300 M Hz. 
Capacitance: < 2·5 pf. 

Maximum input: 
300 V r.m.s. up to 100 M Hz. Above 
100 M Hz. max. r.m. s. voltage is : 

3 x 1 o• 
voltage = ---

p 

where f is in M Hz. 
Peak a.c. plus d.c. shall not exceed 
1000 v. 

TM 7960 Accessory Case (41673-015'N) 

TM 7948 Coaxial 'T' Connector 
( 43167- 007Z) 

VSW R not greater than 1 ·2 :1 at 
1500 M Hz when terminated in 50 0 
and TF 2603 probe plugged in side 
entry. When using this connector. 
the accuracy and freq uency re­
sponse figu res given earlier apply to 
vo ltage across a 50 0 load. 

TM 7949 Adapter type " N", terminated 
( 43168-011 S) 

Allows voltage measuremen t across 
load mounted in 50 0 type "N" plug . 
Maximum power input. t W. VSWR 
when mounted on TF 2603 probe : 
maximum of 1·1 :1. 50 kHz-500 
M Hz ; maximum of 1 ·2 :1. 500 M Hz 
-900 MHz. 

TM 7950 Ad apter, type "N", unterminated 
(43168-010V) 

50 0 type "N" adapter. as above· 
but wi thout 50 0 load. 

TM 7967 50 0 load, t W. (4441 1-015N) 

Load mounted in type "N" plug. 
VSWR not greater than 1 ·05 :1 . 
d.c .- 1500 M Hz. 

TF 2603 

· .. • 
I ... ,, 
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Electronic Voltmeter 

D Excellent zero stability 
D Seven a.c. ranges: 300 mV to 300 V full scale, 

20 Hz to 1500 MHz 
D Input capacitance: 1·5 pF 
D Eight d.c. ranges: 300 mV to 1 kV full scale 
D Multipliers for up to 2 kV a.c. and 30 kV d.c. 

· .. · 

ELECTRONIC VOL Ti'1ETER TF 2604 

MARCONI I NSTRUMENTS~ 

The TF 2604 is an electronic voltmeter combining versatility w ith 
high accuracy and extremely good stability . It allows for precision 
measurements to be made w ithin the ran ge of 20 Hz to 1500 M Hz 
w ith further fac iliti es incl uded for mea'suring a w ide ran ge of d.c. 
voltages and res ista nce. 

Th e major var iant affectin g the read ing stability of a va lve voltmeter 
is its power supp ly. So it is not surpri sing that the greatest emphasis 
was placed on this aspect throug hout the des ign stages of th e 
TF 2604. Thus the good reading stab ility inheren t in this instrumen t 
is reali sed by the full stabi lisa tion of va lve heaters and the h.t. line; 
using a series va lve circ uit for the h.t.; and a transistor circuit 
control led by a zener diode for the l.t. supply. Thi s means that 
changes in the mains supp ly voltage by as much as 1 0% w ill ca use a 
deflection change of less than 4 mV at ful l sca le on al l ranges. 

Voltmeter Circu it 
A well proven push-pull circuit is used to drive th e meter. each 

half of the push-pu ll circuit consist ing of a va lve ampl if ier and ca thode 
follower. To ensure that the accuracy is relative ly independen t of 
va lve selecti on . the amplifi er has a high loop gain w ith a large amount 
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of negative feedback. The meter is protected from gross overload on 
the most sensitive ra nges. and the effects of meter temperature 
coeff icien t are offset by a series thermistor. Both a.c. and d.c. inputs 
are isolated from the vo ltmeter cha ss is by 50 M 0 . 

AC Measurements 
The probe used for a.c . measurements houses a disk-seal diode 

rectifier of an advanced type . A low capaci tance of only 1·5 pF. short 
transit time. and a 3000 M Hz resonance freq uency. together w ith a 
unique probe head design, make possib le th e frequency response of 
up to 1500 MH z. Smal l and cylindri ca l. this li ghtwe ight probe has 
been des igned for easy handling. 

A specia l plug -on ground connector is also supp lied to faci litate 
the making of the ultra-short connection necessary at the higher 
frequenc ies. Th e high stab ility circuits combined with the special 
diode enable a w ide range of voltages to be measured ; down to 25 
mV on the most sens it ive range. and up to 300 volts on th e highest 
rang e. An a.c. multipl ier probe TM 5032 IS ava ilable as an optional 
extra to extend the range to 2 kV r.m .s. at f req uenc ies from 10 kH z 
to 10 MH z. 



DC Measurements 
Volts and ohms measurements are simplified by the special dual 

purpose d.c. probe with its finge~-tip V/0 selector; set to ;V· an 
isolatmg res1stor 1s mtroduced to sh1eld the c1rcu1t under test from the 
effects of probe lead capacitance. For d.c. measurements the meter 
can be sw itched to give forward deflectiefl wi th positive or negative 
voltages; for centre zero measurements. such as the precise deter ­
mination of the null point in bridges or discrim inators. a standing 
d.c. current is applied to bias the meter to mid-scale. 

DC measurements as low as 10 mV and as high as 1000 volts 
ca n be made. the input resistance being 100 M 0. By using the 
optional d.c. multiplier type TM 5033A the higher limit can be 
extended to 30 kV. with an input resistance of 3000 MO. 

AC MEASUREMENTS 

Ranges 

Accuracy 

Frequency response 

Input conditions 

DC MEASUREMENTS 

Ranges 

Accuracy 

Input conditions 

STABILITY 

Optional Accessories 

25 mV to 300 V in seven ranges. 
Full scale deflections: 300 mV. 1-3-10 
30-100 and 300 V. 

1 -3- 10-30- 100 and 300 V ranges: 
±2% of ful l scale ±10 mV. 
300 mV range: ±3% of full scale ±10 mV. 
(At 1 kHz and between 18° and 28°C.) 

Typ ical characteristic (measured using 
T Connector TM 5031 B) relative to 
response at 1 kHz : 

20Hz -0·25 dB ±0·25 dB 
40 MHz -0·1 dB ±0·3 dB 

100 MHz - 0·5 dB ±0·5 dB 
400 MHz - 1·0 dB ±1·0 dB 
900 MHz +0·5 dB ±1 ·5 dB 

1500 MHz +4 ·5 dB ±2·5 dB 

Shunt capacitance: approx. 1·5 pF. 
Resistance: approx. 5 M 0 at 1 kHz. 
approx. 500 kO at 10 MHz. and approx. 
150 kO at 100 MHz. 

10 mV to 1000 V in eight ranges. 
Full sca le deflections: 300 mV. 1 -3-10 
30- 100-300 and 1000 V. positive or 
negative. Centre zero faci lity on all ra nges. 

±2% of full scale ± 10 mV on all ranges 
(except for centre zero) between 18° and 
28°C. 

Resistance: 103·5 MO ±5%. 
Capacitance to ground: approx. 2 pF. 

A mains supply variation of 10% will cause 
a deflection change at full scale of less 
than 4 mV at full scale on all ranges . 

Two mu lt ipl iers and a coaxial T junction are ava ilab le for use with the 
Voltmeter. For stowing the multipliers and T junction. a po lished 
carry ing case . Type TM 4935, can also be supplied . 

AC Multipli er, TM 5032 
Transmitter vol tages up to 2 kV r.m.s. at frequenci es of 10 kHz to 
10 M Hz can be measured w ith this auxili ary probe cap w hich fits 
readi ly over the normal a.c. probe head . It comprises a capacitive 
divider w ith a nominal rati o of 100:1. and places a capacitance of 
about 2 pF across the circu it under test. The calibration of the 
multiplier is accurate to +4 -0% at 10 kHz changing to ±2% at 
10 M Hz. i. e. it is accurate to w ithin ± 2% of a standard curve . 

TF 2604 

Resistance Measurements 
The d.c. supply for resistance . measurement is derived from a 

stabi l ised l.t. supply, obviating the need for batteries. A common 
zero control is included to standardise at infinity ohms before 
connecting the unknow n resistor. 

Four optional accessories still further increa se the useful ness of 
i.' the TF 2604. High voltages up to 30 kV d.c. and 2 kV a.c . can be 

measured w ith plug-on d.c. and a.c. multipl iers. For measuring 
voltages on a coaxial line. there is a plug-on T-connector for the a.c. 
probe. 

RESISTANCE 
MEASUREMENTS 

Ranges 0·2 0 to 500 MO in seven ranges. Full 
sca le deflections: 500 0. 5 kO. 50 kO. 
500 kO. 5 MO. 50 MO and 500 MO. 

SAFETY 

POWER 
REQUIREMENTS 

DIMENSIONS 
AND WEIGHT 

VERSIONS AND ACCESSORIES 

Des igned to meet the requirements 
of IEC 348. 

100 to 130 V and 200 to 250V. 
45 to 500 Hz: 36 W. 

Height Width Depth Weight 
203 mm 292 mm 251 mm 5·8 kg 
Sin 11!,:in 10!;:in 12·751b 

When ordering please quote eioht-digit code numbers 

Ordering numbers 
Versions 

52604-902S TF 2604, The basic instrument in a 
case fo r bench use. 

Supplied Accessories 
Grounding Clip. TC 23535/3C. to fit 

a. c. probe. 
RF Grounding Sleeve. TC 23533/3. to 

fi t a.c. probe. 

Optional Accessories 
43167-00S H Coaxial T Connector. TM 503 1 B. 
44416-003Z AC Multiplier. TM 5032. 
44416-037E DC Multiplier. TM 5033A. 
41675-003X Carrying Case for accessories TM 4935. 

Details of accessories are described below. 

Coaxia l T Connector, TM 5031 B 
Thi s device can be titted to the a.c. probe head to faci litate voltage 
measurements on 50 0 coaxial cab les. For this purpose one of the 
two series arms of the T is terminated in a type N plug and the other 
in a type N socket. The v.s.w.r. of the connector is of the order of 
1·2 at 800 MHz. 

DC Multiplier, TM 5033A 
(with connector TM 5749) 
This enables high voltages . such as in televis ion receivers. to be 
measured w ith safety. When connected to the Voltmeter. it gives a 
voltage reduction ratio of 30:1, and is usable up to 30 kV. -When 
using the mu ltipli er. measurement accuracies of approximately 
4-l,% can be obtained, and it has an input impedance of 3000 M 0. 
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FET Multimeter 

o l5 mV to 1500 V full scale, a.c. and d.c. 
0 0·15 ~A to l5 A full scale, a.c. and d.c. 
0 50 kV and 150 A with optiona l_ probes 
0 Accuracy: ± l5% over wide range 
0 Resistance and decibel measurement 
o Temperature measurement with optional probe 
0 Battery or a.c. supply operation 

· .. · 

"" Fl , . lOOMO 856~ 75 
Od9•0J'7$\1mW/60001 

ZEROR ml FET MULTtMETER ZERODC 

@ TF2650 ~ 

TF 2650 is a comprehensive. general purpose. all -solid ­
state mu lt imeter. employing a FET front end w hich gives 
high input res istance an d overl oad protection. The 
instrument also features exce llent li nea rity, high sensitiv ity 
and outstandi ng long-te rm stab ility. A w ide range of 
measu rement fu nct ions is offered. including a.c. and d .c. 
vo ltage and current. res istance and dec ibels. Th ese 
features combine to form a ve ry versat ile meter w hich is 
eq ually su itab le for laboratory, educati on and se rvice 
app li cati ons. 
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Thirteen voltage and eight current ran ges are provided 
giv ing full sca le readings of 1 5 mV to 1500 V and 0 ·15 flA 
to 1 ·5 A both a.c. and d .c. Th e freq uency limits for a.c. 
measurements are 10 Hz to 20 kH z. On most ranges 
accuracy is ±1·5% and in put res istance for vo ltage 
measurement is 1 00 M 0. 

Res istance ca n be measured in four ranges from 10 k 0 
to 10000 M 0 full sca le. with mid sca le readi ngs of 100 0 
to 100 M 0 . A low- leve l test vo ltage is ava il abl e. to allow 
measurements to be made on so lid -state c ircuits w ithout 



• 
turning-on the device. Decibel measureme-nts ca n be 
made from -80 to +66 dB wi th the meter sca led w ith 
refe ren ce to 1 mW into 600 0 

The 150 mm (6 in) mirror-backed sca le gives excellent 
reading discrimination and resolution, wi th co loured 
scales used to avoid confus ion. A centre-zero facility 
permits use of the multimeter as a sensi ti ve null detector 
for use with bridges or for f.m . discriminator alignment. 
The floating input c ircuit ensures sa fety in opera tion and 
adds to the measurement ve rsat ility, g iving a high 
common-mode reject ion facto r of 90 dB. Good overload 
protect ion IS incorporated for vo ltage, current and 
resistance measurements. 

A wide range of optional accesso ri es is ava il able, 

MEASUREMENT 
RANGES DC and AC vo ltage. 

DC and AC current. 
Resistance. 
dBm with reference to 600 0. 
Optional temperature range. 

Mode and range selection Six push-button switches plus 
25-position rotary switch. 

DISPLAY 150 mm (6 in ch) mirror backed scale-. 

Voltage, current and 
temperature scales Two black linear scales calibrated 

0 to 5 and 0 to 1 5·. 

Resistance scale Green, calibrated 0 to 1 000. 

dBM scale Red. calibrated -20 to +6. 

Add itional scales Centre zero scale and battery supply 
voltage level indicator. 

DC VOLTAG E 
Ranges 1·5, 5, 15, 50, 150, 500 mV. 

1 5. 5, 15, 50, 150, 500, 1500 v 
full scale. 
(The optional High Voltage Probe 
54451-081 C extends the range to 
50 kV). 

TF 2650 

inc lud ing probes to extend voltage measurements up to 
50 kV and current measu rements up to 150 A. An RF 
Detector Probe extends the frequency I im it of both 
vo ltage and cu rrent measurements to 1 G Hz. and a 
temperatu re probe is also availab le which gives the 
capabi lity of measuring temperatures from - 150°C to 
+500 °C. . 

The instrument is operated from interna l batteries. w ith 
an optiona l Ma ins Power Supp ly Unit avai lab le. TF 2650 
is supp lied in a heavy duty leathe r carrying case w ith 
shou lder and neck straps. These faci lities make the 

... · multimeter su itab le for .use in the labo ratory and workshop 
~· and also for fi eld use. Th is latter use is enhanced by the 

very rugged meter movement incorporated. 

TF 2650 in its supplied carrying case 

Accuracy ± 1·5% of f.s.d. 

Input impedance 100 MO. 

AC VOLTAGE 

Ranges 1 5, 5, 1 5, 50, 150, 500 mV, 
1·5. 5, 15, 50, 150, 500. 1500 v 
full scale. 
(The optional High Voltage Probe 
54451 -081 C extends the range to 
30 kV r.m .s.) 

Frequency range 10 Hz to 20 kHz. 
(The optional R F Detector Probe 
54451 -091 E extends the frequency 
range to 1 GHz.) 

Accuracy ±1·5% of f.s .d. except on 1·5 mV 
range, w here the accuracy is 
additional ly : ± 1 · 5% of reading from 
30Hz to 10kHz. 
±3% of reading from 10Hz to 30Hz 
and from 1 0 kHz to 20 kHz. 

Input impedance 10 MO in parallel with approx. 60 pF 
on 1 ·5 to 1 50 mV ranges. 
100 MO in parallel with approx. 20 pF 
on 500 mV to 1500 V ranges. 
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DC CURRENT 

Ranges 0·15. 1·5. 15 flA. 0 ·15. 1·5. 15 mA. 
0 ·15. 1 ·5 A full sca le . 
(The optional Current Shunt 
54461-021Z extends the range to 
150 A) 

Accuracy 

Input voltage drop 

± 1 5% of f.s .d. 

5 or 50 mV nominal depending on 
range se lected and on 1nput curren t 
level. 

AC CURRENT 

Ranges 0 ·15. 1 5. 15 flA. 0·15. 1 ·5. 15 mA .· 
0·15. 1·5 A full sca le . 1.' ,. 

(The opt1onal Current Shunt 
54461 -021 Z extends the range to 
150A) 

Frequency range 10 Hz to 20 kHz on 15 flA range and 
above. 1 0 Hz to 1 kHz on 0 1 5 flA 
and 1 · 5 flA ranges . 

Accuracy ± 1 5% f.s.d. and additionally: . 
± 3% of reading from 10 Hz to 30 Hz. 
± 1 5% of read1ng from 30 Hz to 
20 kHz. 

Input voltage drop 5 or 50 mV nominal depending on 
range se lected and on 1nput cu rrent 
level. 

RESISTANCE 

Ra nges 

Accuracy 

X1 0: 1 00 0 mid scale. 1 0 kO 
full sca le. 

X1 k: 10 kO mid scale. 1 MO 
full sca le . 

X100 k: 1 MO mid scale. 100 MO 
full sca le. 

X10 M: 100 MO mid sca le. 
10.000 MO full scale. 

± 5% at mid sca le. 

Test voltage on input 

DECIBELS 

CENTRE ZERO 

terminals 24 mV on x 10 range. 1·2 Von other 
ra nges. 

Range -80 dB to +66 dB in 13 steps. 

Meter scale -20 to +6 dB (0 dB= 1 mW or 
0·775 Vin to600 0). 

Accuracy ±1 ·5% of f.s.d. except on -60 dB 
range where the accuracy is 
add itional ly: ± 1 ·5% of reading from 
30Hz to 10kHz. 
± 3% of readi ng from 1 0 Hz to 30 Hz 
and from 10 kHz to 20 kHz. 

SENSITIVITY Up to 50 f.!V or 5 nAper division 
nominal. 

COM MON MODE 
REJECTION FACTOR 90 dB nominal. 

TEMPERATURE Using the optional Temperature 
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Probe 54451-131Y. temperatures in 
the ran ge 0 ° to +500°C can be 
measured to an accuracy of ±1 ·5% 
f.s .d. ±2°C. Temperatures in the range 
0°C to -1 50°C can be measured 
at reduced accuracy by referen ce to 
charts in the instruction manual. 

STABILITY 

Zero stability (at 
constant temperature) 

Temperature coefficient 

Internal noise 

OVERLOAD 
PROTECTION 

Short term overload 
(less than 1 second) 

Contin uous overload 

Maximum voltage between 
common line and earth 

SAFETY 

POWER REQUIREMENTS 

Internal d .c. 

AC supply 

DIMENS IONS AND 
WEIGHT 

Zero drift less than 40 f.!V in eight 
hours. 

Less than 1 5 f.!V per °C from 0° to 
+ 50°C (specificat ion accuracy -
maintained from +5°C to +40°C). 

Less than 30 f.!V with 100 kO series 
resistor. 

1700 Von all DC and AC ranges. 

170 Von 1·5 mV to 150 mV ranges 
1700 Von remaining range s. 

1000 V. 

Designed to meet the requirements 
of IEC 348. 

1 2 to 1 8 V. 4 mA approx. 
Provided by 1 2 batteries of 1 · 5 V 
(IEC size R6). housed in battery 
cassette supplied. 

11 5. V or 2 30 V ± 1 5%. 40 to 60 Hz 
or 400 Hz. 5 VA. Using optional 
Mains Power Supply Unit 
54441-011T. 

Height Width Depth Weight 
200 mm 192 mm 105 mm 2·5 kg 
n, in 6~ in 3~ in 5 5 lb 
( Includes leather carrying case.) 

VERS IONS AND ACCESSORIES 

When ordering please quote eight-digit code numbers 

Ordering numbers 
Versions 

52650- 9006 FET Mul timeter TF 2650. 

Supplied Accessories 
Coaxial Cable. 1 ·5 m (59 in). BNC to 

two banana plugs. 
Crocodile Clips (2 supplied). For 

fitting into banana plugs. 
Test Probes 105 mm (4·1 in) long. 

(2 supplied). For fitting into 
banana plugs. 

Leather Carrying Case. 

Optional Accessories 
54311 - 051 G Coaxial T Connector. 
54441-011T Mains Power Supply Unit. 
54451 - 081C High Voltage Probe. 
54451-091E RF Detector Probe. 
54451 - 101L Peak-to- Peak Probe. 
54451 - 111 D RF Voltage Divider. 
54451 - 131Y Temperature Probe. 
54451 - 141S Clip-on Flexible Test Probe. 1 50 mm, 

Red. 
54451 - 151C Clip-on Flexible Test Probe . 150 mm, 

Black. 
54461 - 021Z Current Shunt. 



TF 2650 

OPTIONAL ACCESSORIES __ ! _________________ _ 

The accuracy specifications quoted below for the optional 
accessories are the tota l accuracy of the combination of 
TF 2650 and the accessory. 

COAXIAL T CONNECTOR 54311 - 051 G 
For use with 50 o coaxial systems 

I ... ,. 
Frequency range 1 kHz to 1 000 M Hz. 

VSWR (when fitted Typi ca lly 1 ·2: 1 at 1000 M Hz. 
with RF Probe) 

Connector Type N sockets. 50 0 . 

MAINS POWER SUPPLY UNIT 54441-011T 
Replaces battery cassette 

Power requirements 115 V or 230 V ± 1 5% (se lected by 
slide swi tch ) . 40 to 60 Hz or 400 Hz 
± 10%. 5 VA. 

HIGH VOLTAGE PROBE 54451-081 C 

Voltage ratio Nomina lly 1000:1 

Additional measurement 
ranges 1·5. 5. 15. 50 kV f.s. d. DC or AC. 

(Max peak voltage at probe inpu t 
50 kV). 

Accuracy ± 5% of reading ±! ·5% of f.s.d . 

Frequency range DC and 40 to 60 Hz. 

RF DETECTOR PROBE 54451 - 091 E 
Compatible with Coaxial T Connector 

Additional measurement 
capability 

Measurement ranges 

Accuracy (at 10 kHz) 

Frequency response 
(when used with 

Coaxial T Connector 
into 50 0 load) 

Input impedance 

Frequency range extended to 1 G Hz. 

1·5 . 5.15 V f.s .d. 

± 5% of f.s .d. on 5V and 15V ranges 
±7·5% of f.s.d. on 1·5 V range . 

Rela t ive to response at 10 kHz: 
±1 dBfrom1 kHzto100MHz 
±2 dB from 100 MHz to 700 MHz 
±3 dB from 700 MHz to 1000 MHz. 

Approximately 300 kO in para I lei 
with 2·5 pF at a frequency of 1 kHz. 
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PEAK-TO -PEAK PROBE 54451 - 101 L 

Additional measurement 
ra nges 

Maximum input vo ltage 

Accuracy (at 1 kHz) 

Frequency response 
(relat ive to 1 kHz) 

5. 15. 50. 1 50. 500. 1500' v p-p 

1500 v p -p. 

± 5% of f.s d . on 50 V to 1 500 V 
ranges 
± 10% of f. s.d . on 1 5 V range 
± 20% of f.s.d. on 5 V ra nge. 

±0·5 dB from 30 Hz to 1 M Hz 
±3 dB from 10 Hz to 10 M Hz. 

RFVOLTAGE DIVIDER 54451 - 111D 
For use with R F Detector Probe 

Addit ional measurement 
ranges 1 50 and 500 V f. s.d. 

Division rat io Nomin al ly 100 :1. 
(when used with RF 

Detector Probe ) 
Frequency range 10 kHz to 1 0 M Hz. 

Maximum input voltage 500 V pk. 

TEMPERATURE PROBE 54451 - 131 Y 

Additional measurement 
capabi li ty -150° to + 500°C in 5 ran ges. 

0 to -150°C 

Accuracy 

0 to - 50°C 
0 to +50°C 
0 to + 150°C 
0 to + 500°C 

±ZOC ± 1· 5% of f.s.d. from 0° to 
+500°C. 
Below 0°C ra nges 0 to - 50°C and 
0 to -150°C may be used wi th 
redu ced accuracy by reference to 
charts in the instru ction ma nual. 

CLIP -ON FLEXIBLE TEST PROBES 54451 -141 S Red 
54451-151 C Black 

Test Probes with flexible shank and gripping claws which 
open when plunger is depressed . 

Length 1 50 mm 

Shank breakdown 
voltage 3·2 kV 

Current rating 0 ·5 A 

Insulat ion resistance Greater than 75 MO. 

Maximum work ing 
temperature 60 °C. 

CURRENT SHUNT 54461 - 021Z 

Additional measurement 
ranges 
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Accuracy 

Shunt resistance 

Maxi mum measurement 
duration 

5. 15. 50. 150 A f.s .d. AC an d DC . 

± 3% of f.s.d. at DC and betw een 
30 Hz and 500 Hz. 
± 5% of f s. d. 500 Hz to 1 kHz. 

Nominal ly 1 mO. 

30s on 50 A and 150 A ranges 



DC Microvoltmeter TF2655 

o Measures direct voltage from 0·3 ~V to 1000 V 
D Measures direct current from 30 pA to 1 rnA 
D Stable and linear amplifier 
D Null detector facility 
D Push-button selection of function and range 
D All solid-state 

1.' ,. 

DC MICAOVOI..TME 
TEA TF26SS 

/looo I 3oo I loo I (; 
3o 1 

DC Microvo ltmeter TF 2655 is a versatile, genera l purpose 
meter for the measurement of direct vo ltage f rom 0·3 flV 
to 1000 V, and direct current from 30 pA to 1 mA. For 
voltage measurement the instrument has a high input 

resistance va rying from 5 MO to 100 GO depending on 
range; for current measurements it has a low and constant 
vo ltage drop at the fully-floating input terminals . 
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The capability of measuring very low levels of cu rrent 
and vol tage makes this vo ltmete r particu larl y suitab le for 
use with therma l and optica l devices and wi th a wide 
range of transduce rs for the measurement of physica l 
quantities such as temperature. pressure and force. Thus 
it wi ll find w ide app lication in unive rsiti es. research 
estab lishments and medica l and biological laboratories. 

The inclusion of a meter with a 10% offsg_t zero all ows 
the TF 2655 to be used as a null detector for d. c. bridges. 
and it may also be used as a very stable and linea r amplifie r 

MEASUREMENT 
RANGES 

DC voltmeter 3 f.!V to 1000 V f .s.d. in 18 ranges. 

DC ammeter 0·3 nAto 1 mA f.s.d. in 14 ranges. 

Accuracy ±2% f.s.d. 

Polarity Selected by front-pane l push 
button . 

Zero drift · Less than 1 f.!V in 24 hours. 

READOUT 

Meter Two scales ca librated 3 and 10 
f.s.d. 
Scale length: 95 mm. 
10% offset zero position . 

Response time 
(from 10% to 90% f.s.d.) Less th an 5 s on 3 f.!V range. 

Less than 3 s on 10 flV range. 
Less than 2 s on 30 f.!V range. 
Less th ap 1 s on remaining ranges. 

INPUT 
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Voltmeter mode Resistance: 5 M 0 to 1 00 G 0 
depend ing on range selected. 
Maximum current: 1 0 pA. 
Overload protection: ± 1 00 V on 
3 f.!V to 1 V ra nges. 
±1200 Von rem aining ranges. 

Ammeter mode Voltage drop across terminals: 
10 mV f .s.d. 
Maximum current overload: 
1 50 mA on f.!A range. 
5 mA on nA range. 
1·5 mA on 0·1 nA range. 

Amplifier a.c. noise Less th an 0·05 flV (with in put 
short circuited). 

w ith a regu lated vo ltage gain. the output be ing avai lable 
at the rear panel. 

Front -panel push buttons provide rapid se lection of 
funct ion. range and · input po larity, whi lst the two clear 
95 mm meter sca les pe rmit easy and reliab le reading. 
Adequate overl oad protecti on is inc luded and the zero 
stability is very good. 

The instrument is all so l id-state. robust and shock proof. 
and will w ithstand a wide range of operat ing temperatures. 

Isolation between 
negative terminal and 

case 500 M 0 (maximum vo ltage 
±500 V) . 

OUTPUT 

Maximum voltage 1 V ± 1 0%. 

Maximum current 
(without degrading 

accuracy) 1 mA. 

Recorder gain 
(output/input) 

Amplifier gain 

POWER 
REQUIREMENTS 

AC mains 

DIMENSIONS AND 
WEIGHT 

-60 dB to 110 dB depend ing on 
range selected. 

0 dB to 110 dB in 10 dB steps. 

110 or2 20V. -15% +10%. 
45 to 65Hz. 10 VA. 

Height Width Depth Weight 
184 mm 145.mm 230 mm 4 kg 
7·2 in 5·8 in 9·3 in 8·8 lb 

VERSIONS AND ACCESSORIES 

When ordering please quote eight-digit code numbers 

Ordering numbers 
Versions 

52655- 900H DC Microvoltmeter TF 26 55. 

Supplied Accessories 
Input Cable. 

Made in Poland 



BRIDGES AND 
Q METERS 
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o Frequency range: 1 kHz to 300 MHz 

o Very low residual loss 

o Capacitance range: 7"5 to 50Q pf 

0 Measures Q from 5 to 1000 

o Delta-0 and Q multiplier facilities 

o External oscillators, customer selected 

14246 

40kq\·50Mrji OSCilLATOR 
T'FI%4. ,.IOOl~,i\S 

MARCONI INSTRUMENTS~ 

D.otot.n:~E 
SlllfTtMSUIWlT 

· .. · 

TF 1245A is a wide range Circuit Magnification Meter 
suitable for d irect measurement of 0 values from 5 to 
1 000 at any frequency between 1 kHz and 300 M Hz. It 
utilises the we ll known series-resonance method of 
measurement; and the constant very low loss of its test 
circuit is an important feature. particularly at high frequen­
cies, where difficulty is experienced with some 0 meters 
due to variations in a significant residual shunt loss. 

The TF 1245A gives accurate and repeatable indication 
of 0 up to 1000 at all frequencies within its range 
regardless of the dynamic impedance of its resonant 
circuit. 

The 0-indicator and test-circuit section is a separate 
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a Meter and TF 1246 Oscillator 

unit energised by one of two spec ial ly designed external 
oscillator units TF 1246 and TF 1247: these have ranges 
of 40 kHz to 50 M Hz and 20 to 300 M Hz respectively, and 
one or both can be supp lied as required. Below 40kHz a 
conventional l.f. oscillator may be used. A transformer is 
available for coupling such an oscillator to TF 1245A over 
the frequency range 1 to 40 kHz. 

This flexible arrangement means economy for t he 
customer. whether the initial requirement is for wide-band 
or restricted coverage; it also allows for the addition of 
extra units at a later date . 

Matching units are available to allow the oscillators to 
be used as general-purpose signal sources. 



Test circu its 
TF 1245A incorporates two separate low-loss test 

c ircuits to ensure optimum operating conditions over the 
complete 1 kHz to 300 M Hz range. Both are of the con­
ventional series-resonant type, in which 0 is measured in 
terms of the voltage developed across the tuned -c ircuit 
ca pacitance. The l.f. test c ircuit uses 0·02 0 resi stive 
injection and operates in the rang e 1 kHz to 50 M Hz; 
whereas the h.f . test circuit range 20 to 300 M Hz 
employs 0 ·1 nH inductive injection . 

All surfaces of r.f . conductors in the test circuits are 
go ld plated to avoid the formation of resistive oxides. 
which would otherwise cause deterioration of t he very 
low res idual loss. 

FREQUENCY RANGE 1 kHz to 300 MHz using externa l oscil lators. 

MAGNIFICATION 

TF1245A 

The test circuits are coup led to separate panel inlets 
to which the appropriate oscil lator unit is connected by 
means of a special lead provided . 0 is read direct ly on a 
3-sca le pane l meter common to both test circuits and 
operated by a transductor-stabilised va lve vol tmeter. 
A second meter mon itors the input level to the test 
circuits and is calibrated in terms of 0-reading multiplica­
tion facto r. 

For ce rtain measu rements it is desirable to read small 
changes in 0 very precisely. The TF 1245A therefore has 
provision for backing off the meter reading in steps of 
50 0. so that any portion of the 0 range above 50 ca n be 
expanded. This expa nded - or 80-scale is directly cali­
brated to ±25 0 from a centre zero which corresponds 
to the sett ing of the switched backing-off contro l. 

VERS IONS AND ACC ESSOR IES 

FACTOR (Q) When ordering please quote eight-digit code numbers 

Ranges 5 to 50. 10 to 150. and 60 to 500. with 0 
multiplier at x 1. 

Q Multiplier range x 0·9 to x 2. 

Accuracy of Q reading With the 0 multiplier at x 1 and a 0 
reading of 50: ±5% up to 100 MHz. 
± 12% at 200 MHz. ±20% at 
300 M Hz. At 0 readings of 1 50 and 500 
measurement accu racy falls by about ±1% 
from figures quoted above. 

Delta-Q range 20-0-25. 

NOMINAL TEST 
CIRCUIT PARAMETERS 

1 kHz to 50 MHz test circuit Injection impedance: resistive. 0 ·02 0 . 
Shunt loss: 12 MOat 1 MHz. 

20 to 300 MHz test circuit Injection impedance: inductive. 0 ·1 nH. 
Shunt loss: 0·3 MOat 100 MHz. 

TUNING CAPACITOR 
(1 kHz to 50 MHz test circu it) 

Main capacitor 20 to 500 pF: accuracy. ±1 pF ± 1% 

Incremental 5-0-5 pF with 0·2 pF increments: 
accuracy, ±0·2 pF above 50 pF. 

TUNING CAPACITOR 
(20 to 300 M Hz test circuit) 

Main capacitor 7·5 to 11 0 pF : accuracy, ±0·5 pF ± 1%. 

Incremental 1- 0-1 pF with 0 ·05 pF increments : 
accuracy, ±0·1 pF above 16 pF. 
The h. f. test ci rcuit capacitor can be used 
in the l.f. ci rcuit by externa l 
cross connection . 

POWER REQUIREMENTS 

DIMENSIONS 

AC supply 95 to 130 V and 190 to 260 V. 
40 to 100 Hz. 22 W. 

AND WEIGHT Heig ht Width Depth Weight 
360 mm 430 mm ~40 mm 10·5 kg 
14 in 17:l: in 9! in 23 lb 

Oscillators TF 1246 and TF 1247 

RANGE 

TF 1246 40kHz to 50 M Hz in 8 bands. 

TF 1247 20 to 300 MHz in 6 bands. 

Frequency accuracy ±1% when used with TF 1245A. 
Additional errors of up to ± 1% may be 
encountered when used with TM 5726 
or TM 5727 and matched load. 

Output Suitable for use with TF 1245A. or with 
optional Matching Unit added. approx. 
3 V across 50 0 load. 

POWER REQUIREMENTS 

DIMENSIONS 

AC supply 100 to 1 50 V and 200 tc 250 V. 
40 to 100Hz. 

AND WEIGHT Height Width Depth Weight 
360 mm 260 mm 240 mm 12 kg 
14 in 10:l: in 9! in 27 lb 

Ordering numbers 

Versions 

51245 -910Y TF 1 245A. The basic instrument for bench 
use. 

Oscillators 

51246-SOOJ TF 1246. 40kHz to 50 MHz. 

51247-SOOM TF 1247. 20 to 300 MHz. 

Supplied Accessories 

Inductor Support Platform TC 28850 
(37563-1 03V). Supports smal l test 
co mponents. 

Coaxial Lead TM 5725 (43125-010A). 
Couples the TF 1245A to either the. 
TF 1246 or TF 1247 Osci llator. 

Two Tie Bars TB 2869 1 (33563-401 V). 
Bond the TF 1245A to either the TF 1246 
or TF 1 247 Oscillator. 

Optiona l Accessori es 

44811-702G Series Loss Test Jig T J 230. (For deta ils see 
next page). 

44411-{)09E 50 0 Matching Unit TM 5726. Enables 
TF 1 246 Osci llator to be used as a 50 0 
genera l-pu rpose test source. 

44411 - 008H 50 0 Matching Unit TM 5727 Enables 
TF 1247 Osci llator to be used as a 50 0 
general-purpose test source. 

43527-001C 1 to 40 kHz Transformer TM 5728A. 600 to 
0·5 0. For coupling TF 1245A to a 
conventional I. f. oscillator. 

46884-{)13C Set of 18 Inductors in case. TM 4520. 
Details of these inductors. which can be 
supplied separately, are to be found in 
the table on the next page under the 
type number TM 1438 se ries. Orderi ng 
numbers for individual inductors are 
featured alongside each type number. 

44133-0036 Inducto r TM 4947/1 } Details of these are 

44123-202T 1 d t TM 494712 to be found in the 
n uc or table on the next 

44114- 001 U Inducto r TM 4947/3 page. 
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TF1245A 
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OPTIONAL ACCESSORIES------------------------

Series Loss Test Jig T J 230 
T J 230 enab les the measurement of sma ll va lues of R and Land large 
values of C to be made by connecting them in series with the test 
circu it of the 0 Meter. 

Inductors TM 1438 series TM 4947 series 

A range of twenty-one inductors . any' of which can be supplied 
separately. is available for use with the 0 Meter. Two basic series are 
available: 

TM 1438 series : fo r l.f. test circuit; eighteen fully screened inductors 
on ceramic formers. fitted with "banana" plug connectors. Values 
range from 0 ·2 f.lH to 25 mH; each adjusted to w ithin ±3% ±0·05 f.lH 
of its nominal value. Can be supplied as a complete set. type TM 4520. 
in a polished hard-wood case. 

TM 4947 series: for h.f. test circuit; three fully screened inductors 
fitted with spade- lug connectors. 

The inductors ava ilable and details of their frequency coverage are 
given in the table opposite . 
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The unit consists of a printed-circuit base on which are mounted 
sockets to accept the TM 1438 series of inductors: and a pair of low 
inductance series- connect ion terminals across which the unknown 
is connected. The Jig is arranged for connection to the l.f. test 
circuit term inals of the 0 Meter. 

MEASUREMENT RANGE 

C 480 pF to 0 ·25 ~F . 

L 0·005 ~H at 50 MHz to 25 mH at 40kHz. 

R 0·003 0 at 50 MHz to 1·5 kO at 40kHz 

ACCURACY 

C and L Maximum accuracy of about 4% when 
C reading changes by 2: 1. 

R 

DIMENSIONS 

Type 

TM 1438A (44118-902U) 
TM 14388 (44127-901X) 
TM 1438P (44123-D02C) 
TM 1438C (44 12 5-201V) 
TM 14380 (44133-004K) 
TM 1438E (44135-003M) 
TM 1438F (44143-801U) 
TM 1438G (44153-802N) 
TM 1438R (44153-804J) 
TM 1438H (44153-803L) 
TM 14380 (44157-804H) 
TM 14381 (44157-803Z) 
TM 1438J (44163-801 N) 
TM 1438K (44167-801A) 
TM 1438L (44173-601 V) 
TM 1438M (44177-802H) 
TM 1438N (44177-803E) 
TM 14380 (44182-601 H) 
TM 4947!1 (44133-D03B) 
TM 4947/2 (44123-207T) 
TM 494 7/3 (441 14-001 U) 

Maximum accuracy of about 10% when 
0 of circuit is hal ved. 

Height Width Depth 
127 mm 95 mm 35 mm 
5in 3!in 1 i in 

Approx. 
Approx. Sel f - Approx. 

Nominal Magnifi- Capacity Frequency 
Inductance ca tion pF Range 

0·2 ~H 200 8 40-15 MHz 
1·0 ~H 200 8 22-8·5 MHz 
1·5 ~H 200 8 18-6·5 MHz 
2·5 ~H 200 8 14-5·2 MHz 
5·0 1-'H 200 8 9-3·5 MHz 
10 1-'H 200 8 6·5-2·5 MHz 
25 ~H 200 8 4·3-1·6 MHz 
50 1-'H 200 8 2·9-1 ·1 MHz 
75 1-'H 200 8 2·4-0·9 MHz 

100 1-'H 200 8 2·0-0·8 MHz 
200 1-'H 200 8 1·5-0·6 MHz 
250 1-'H 200 8 1·3-0·5 MHz 
500 1-'H 160 9 970-370 kHz 
1·0 mH 160 9 680-270 kHz 
2·5 mH 150 10 410-150 kHz 
5·0 mH 130 10 280-110 kHz 
10 mH 80 11 220-80 kHz 
25 mH 80 11 140-50 kHz 

2·5 1-'H 350 4·0 20-30 MHz 
0·5 1-'H 350 1·5 25-70 MHz 

0·05 1-'H 300 1·2 70-230 MHz 

f--



0 ·1% Universal Bridge TF 1313A 

D Measures l: 0·1 pH to 110 H at 1 and 10 kHz 
D Measures C: 0·1 pF to 110 ~F at 1 and 10 kHz 
o .Measures R: 0·003 n to 110 Mq at d.c. 
D 0·1% accuracy 
D Discrimination: 0·01% of full-scale 

The TF 1313A is a wide-range general-purpose impedance bridge 
w ith a measurement accuracy of 0·1%. 

At balance. the Inductance. Capacitance or Resistance va lue is 
read from the concentric dials of the coarse and fine main ba lance 
controls . The coarse control is. in fact. a 11 0-position switch: and 
its associated dial is directly calibrated. with the units and numerical 
markings appearing in shuttered windows coupled to the function 
and range selector switches to avoid any possibility of confusion. 
The continuously variable fine contro l also has a directly calibrated 

dial - the reading being added to that of the coarse control - and it 
permits accurate interpolation between the switched steps to an 
ultimate reading discrimination of 0 ·01% of full-scale . 

Comprehensive phase balance arrangements permit measurement 
of all a.c. impedances within the range of the instrument in either the 
series loss or parallel loss configuration at 1 kHz or above. Most of 
the cases met in· practice can be measured in the appropriate 
configuration at lower frequencies: but. in order to permit measure­
ment in those comparatively rare instances whe re the loss factor of 
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TF 1313A 
·'::.--------------------

the impedance is outside the range of the balance controls. the 
facility is provided for connecting an external variable resistor to 
pane l terminals . 

Provision is also made for the injection of a d.c. po larising vo ltage 
for use when testing electrolytic capacitors. lnc::remental inductance 
measurement can be made by the use of the DC Choke Adaptor 
TM 6113 connected externally. 

The out-of-balance voltage is indicated by an a.c. amplifier 
detector. which has adequate sensitivity over the whole of the 
measurement range . When .the bridge is d.c. energised for resistance 
measurement. the amplifier is preceded by a photo-electric chopper 
to convert the d.c. out-of-balance voltage to an a.c. signal. The 
internal a.c. excitation source can be switched to operate at either 
1 kHz or 10 kHz. the amplifier detector b~ng switch tuned to the 

RESISTANCE 
MEASUREMENT 

Range 0·003 0 to 110 MO in eight ranges with 
maxima of 11 0 to 110 MO in decade 
steps. 

Accuracy Basic measurement error: 
±0·1% of reading, or ±0·01 5% of 
range maximum whichever is greater. 
Range errors: 110 0 to 1·1 MO 
ranges. inclusive- basic errors only. 
11 0 and 11 MO ranges- basic 
errors. and additional ±0·1% of 
reading . 
11 M 0 x 10 range - basic errors. and 
additional. ±0·15% of reading . 

Residual resistance Less than 0·003 0. 

INDUCTANCE 
MEASUREMENT 

Range · 

Accuracy 

Residual resistance 

CAPACITANCE 
MEASUREMENT 

Range 

Accuracy 
(when D is not greater 

than 0·031) 

Residual capacitance 

TEMPERATURE 
RANGE 

0·1 ~H to 110 H in seven 
ranges with maxima of 110 ~H to 
110 H in decade steps. 
Basic measurement error at 1 kHz: 
±0·1% of read ing. or ±0·015% of 
range maximum. w hicheve r is greater. 
Basic measurement error at 10 kHz: 
±0·2% of reading, or ±0·025% of range 
maximum, whichever is greater. 
Range errors: 1·1 mH to 11 H ranges 
inclusive- basic errors only. 
110 ~H and 110 H ranges - bas ic 
errors and additional ±0·1% of reading. 
Additional errors at low 0: 

±(0·1 xt)%, where f is in kHz. 

Typically 0·05 ~H. 

0·1 pF to 110 ~Fin seven ranges 
with maxima of 110 pF to 11 O~F in 
decade steps. 
Basic measurement error at 1 kHz: 
±0·1% of reading. or 
±0·01 5% of range maximum. 
whichever is greater. 
(When D is greater than 0·031 additional 
error is typically ±0·302%). 
Basic measurement error at 10kHz: 
±0·2% of read ing or 
0·025% of range maximum whichever 
is greater. 
(When D is greater than 0·031 and less 
than 0·31 additional-error is typically 
±6D2%). 
Range errors: 0·0011 to 11 ~F ranges 
inclusive- basic errors only. 
110 pF and 110 ~F ranges- basic 
errors, and additional ±0·1% of reading 
Less than 0·05 pF. 

18°C to 28°C for the stated accuracies. 
Temperature coefficient Additiona l error of ±0·01% per 

dewee C. for temperatures between 
10 C and 18°C, 28°C and 35°C. 
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appropriate frequency in order to avoid errors due to distortion or to 
non-linearity in the impedance under test. 

For measurement at frequencies other than 1 or 10kHz. an externa l 
source may be connected via a telephone jack on the front panel; 
inserting . the plug into this jack automatical ly stops the internal 
osci llator. 

The output from the detector amplifier is available at a second 
jack socket on the front panel. This is useful when it is desirable to 
connect the bridge to a special form of balance indicator such as an 
oscilloscope or selective voltmeter for use at frequencies other than 
1 or 10 kHz. Insertion of the plug into the jack disconnects the filters 
from the amplifier but leaves the meter in circuit. permitting the use 
of the internal detector. in an untuned condition. when an external 
oscillator is used . 

Q AND D 
MEASUREMENT 

BRIDGE SOURCES 
AND DETECTOR 

Range 

Accuracy 

Internal sources 

External oscillators 

Additional L & C errors 

CAPACITOR BIAS 

POWER SUPPLY 

1 kHz 10 kHz 
Low 0 : 0 to 3 0 to 
Normal 0 : 0·5 to 31 5 to 310 
Normal D: 0·0005 to 0·005 to 0·031 

0·031 {limited) 
High D: 0·005 to 3 Not required 
Normal 0 : ±5% of reading, ±0·5% of 
full-sca le. 
Normal D: ±5% of reading . 
Low 0 and High D: ±10% of reading, 
±3% of full-scale. 

Additional D or~ error below 1 kHz. 

less than ±0·0005-with correction 
supplied or less than ±0·0015 without 
correction. 
(Above 1 kHz multiply by f kHz.) 

1 kHz and 10 kHz oscillators for Land 
C measurement. accuracy ±2·5%; 
output level. depending on loading. 
up to 750 mV. 
DC supply for R measurement. 
less than 100 mW component loading. 

Frequency range: 20 Hz to 30 kHz. 
Input level reqUJred: 3 to 20 V 
depending on frequency. 
(An external tuned detector is also 
necessary to achieve the quoted 
measurement accuracies.) 

Typically : 
z 

100Hz 
20kHz 
30kHz 

Up to 350 V d.c. may be appl ied 
for polarising electrolytic capacitors. 

AC mains 100 to 130 V and 200 to 250 V 
45 to 180. 275 to 300. 366 to 400 Hz. 
25 VA. 

DIMENSIONS Height Width Depth Weight 
AND WEIGHT 300 mm 500 mm 260 mm 13·2 kg 

11 ~ in 19~ in 10 in 29 lb 

VERSIONS AND ACCESSORIES 
When ordering please quote eight digit code numbers. 

Ordering Numbers 

51313--{)25C Versions 
0·1% Universal Bridge TF 1313A 

Supplied Accessories 
Three telephone plugs. type P40. for 

externa l oscillator and detector and 
bias jacks. 

Optional Accessories 
44412-702T DC Choke Adapter TM 611 3 

Enables direct current up to 200 rnA 
from an external supply to be passed 
through inductors under test at 1 kHz 
in the range 100 mH to 100 H. Errors 
introduced by the adapter do not 
generally exceed 3% and may be 
eliminated by simple substitution 
methods. 



Universal Bridge TF 2700 

D Transistorised oscillator/detecto ~ 

D Battery operation 

D Remarkable versatility 

Although this bridge uses the co nve ntional bridge con ­
tigurations. provis ion has been made for th e connection 
of a large number of externa l f acil ities. so that a wide-range 
general-purpose in strument can be rapidly co nverted for 
a specialised measurement. wi thout need of modification 
or specia I accessories. 

The internal battery- powered transistor osc ill ator pro­
vides a bridge source for measurements of L. C. and Rat 1 
kHz. or an external source can be used between 20Hz and 

20 kHz. The internal aperiodic detector also uses battery­
powered transistors. and may be used with both the internal 
and external bridge drive; an externa l detector can be 
used instead with either source. Resistance can also be 
measured with d.c. usi ng the internal battery and galvano­
meter. or with either replaced by external equivalents. 
Fina lly. mixed a.c. and d.c. can be applied to the bridge 
when measuring com ponents that require polarisation or 
for the determination of incremental properties. 
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TF 2700 
.. ..... ----------------------

ENERGISING SOURCE 

EXT. 

A.C. -~----'t-' 
VTI 

MEASUREMENT 
RAN.GES 

INDUCTANCE 
MEASUREMENT 

BIAS 

Ranges 

CAPACITANCE 
MEASUREMENT 

a 

Ranges 

DET + VE 

Lx 

HI 

FOR CAPACITANCE MEASUREMENT 
BALANCE & LOSS BALANCE 
ARMS REVERSED 

0·2 1-1H to 110 H. and 0·5 pF to 
1100 1-1F. each in eight decades. 
with phase defect value: at 1kHz 
from internal source. or 20 Hz to 
20 kHz from external source; and 
0·01 0 to 11 MO in eight decades. 
at d.c. or 1 kHz from internal 
sources. or at d.c. or 20 Hz to 
20 kHz from external sources. as 
detailed below. 

Maxima 11-110 1-1H 1-1-11-
110 mH. and H-11-110 H. 

Accuracy at 1 kHz: ± 1% of reading 
± 0·1% of range maximum above 
111-1H . +2%-10% of reading , +0 
-0·3 1-1H dependent upon 0 below 
111-lH. 

Residual correction: -0·2 1-1H. 

At 1 kHz: 0 to 1 0 . 

Maxima 1'1 0 pF, and 0·0011-
0·011-0·11-H-11-110-1100 1-1F. 

Accuracy at 1 kHz: ± 1% of reading 
± 0·1% of range maximum below 

' 11 0 1-1F. 
± 2% of read ing ± 1 1-1F above 
110 1-1F. 

Residual correction: -0·2 pF. 

1.' ,. 

D At 1kHz: Two ranges. 0 to 0·1 and 
0 to 10. 

RESISTANCE 
MEASUREMENT 

Ranges 
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Maxima 1·1 -11-1100. 
1·1-11-110 kO.and 1-1-11 MO. 

EMITTER 

FOLLOWER 

VT2 

3-STAGE 

AMPLIFIER 

SHUNT 

DIODE 

RECTIFfER VT3,4.5 

' SENSITIVITY·-------- --- -1\/WI.W'iVo.--

CsTo & LOSS BALANCE REPLACED 
BY 1000 RESISTOR FOR 
RESISTANCE MEASUREMENT 

Functional Diagram for AC Measurements 

BRIDGE SOURCES 

AC 

SAFETY 

POWER 
REQUIREMENTS 

DIMENSIONS AND 
WEIGHT 

DC 

Accuracy: ±1%ofreading ± 0 ·1% 
of range maximum above 1 ·1 0. 
±2% reading ± 1 mO below 
1·1 0. 

Residual correction: 0·002 0. 

1 kHz (±5%) from internal 
oscillator, or 20 Hz to 20 kHz from 
external source. for L. C or R 
measurements. Additional bridge 
error with external source is 
normally less than 0·25%. 

9 V for internal battery. or external 
supply for greater discrimination. 
for R measurement. 

Designed to meet the requirements 
of IEC 34S. 

Internal 9 V battery (consumption 
approx. 7 mA). 

Height Width Depth 
235 mm 290 mm 235 mm 

Sin 11tin Sin 

Weight 
3·S kg 
S-! lb. 

VERSIONS AND ACCESSORIES 

When ordering please quote eight digit code numbers. 

Ordering numbers 

52700-015L 

43535-009J 
44412-702T 

Versions 
TF 2700 standard version. 

Supplied Accessories 
Jack Plug. type P40. (Two supp lied). 

Optional Accessories 
Isolati ng Transformer TM 7120. 
DC Choke Adapte r TM 61 13. 



PCM TEST 
EQUIPMENT 
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Digital Error D etector 

D For use with p.c.m. bipolar 1'536 and 2·048 Mbitjs signals 
D AMI and HOB3 formats 
D Detects pulse omissions or additions in a pulse train 
D Built-in five digit electronic counter 
D Solid-state lamps indicate error rates in excess of 1 in 10 3

, 1 m 10 4
, 

1 in 10 5 and 1 in 10 6 

D AC mains or battery operation 

• ~ml DIGITAL ERROR DETECTOR TF1801/4 
~ MARCONI INSTRUMENTS LTD 

Lid &ror Rate 
Switch worse than 

v l in iO' 0 
Signal Errors 

lin lOs 0 
0 0 

~ Supply l inlo'0 
On 

l in 10 1 0 
Off 

Error 
Reset 

Format 

The Digital Error Detector TF 2801/4 detects the errors in 
a p.c.m. signal consisting of a train of bipolar pulses. and 
caters for AM I and H D 83 input signals . If a pulse is 
omitted from a signal. or if an extra pu lse is added. an 
error wi ll occur in the form of a·bipolar violation; i.e. two 
consecutive pulses of the same polarity. The instrument 
detects this violation and produces a pulse for every error 
that occurs. these pulses being totalised on a built-in fi ve 
digit electronic counter. w ith a so lid state readout. The 
HDB3 system invo lves the · deliberate introduction of 
bipolar vio lations. and in this system an error is defined as 
two consecut ive vio lations of the same polarity. To monitor 
these errors a double detection system is used wi th two 
a.m.i. detectors in tandem. 

Error rates are displayed in a statisti ca l manner by four 
l.e.d . lamps indicating error rates exceed ing 1 in 10 3

, 1 in 
1 O•. 1 in 10 5 • and 1 in 10 6 An analogue output is avai lab le 
for pen recorder drive. with di screte current leve ls 
indi cating the error rate . 

The instrument operates at two bit rates. 1 · 536 M bit/s 
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Read Check 

Btt Rate k bit/s 

14035/1 

and 2·048 Mbit/s. switch selected. the input signal being 
regenerated interna lly to ensure that the instrument 
functions correctly under conditions of high near-end 
cross-talk interference. The presence of a signa l is indi­
cated by an l.e.d. lamp. 

The counter normally ' locks' when the maximum count 
of 99999 is reached. but can be reset to zero at any time: 
This locking facility can be removed if required by altering 
an internal li nk. To redu ce power requirements the three 
left-hand digits of the display have leading zero suppres­
siori on them. 

TF 2801/4 ca n be powered either from a.c. mains or by 
internal dry batteries. The dig ita I readout is normally off 
during battery operation to reduce current drain and the 
error count total is displayed by pressing the READ button. 
Two se lf check fac ilities are inc luded. The ERROR 
CHECK introduces pulses into the counter ci rcuits at a 
rate of 600 per second wh ich enables the counter. display 
and recorder output cu rrent to be tested. On BATT CH ECK 
an l.e.d. lamp is lit if the battery is serviceab le. 



INPUT SIGNAL 

Bit rate 

Pul se amplitudes 

Duty cycle 

INPUT IMPEDANCE 

75 0 in put 

120 0 BAL input 

Return loss 

INPUT FILTERS 

Response 

SIGNAL INDICATION • Signal 

No signal 

ERROR INDICATION 

A p.c.m. signal of alternate mark 
inversion (AMI) or high density 
bipolar (HOB) coded . 

a) 1 · 536 Mbit/s ± 75 bit/s. 
b) 2·048 M bit /s ± 100 bit/,.s . 

a) 75 0 TERM : 1·29 V to 3·0 V 
(2 ·37 V nominal}. 

b) 2400 0 THRO: 37 mV to 100 mV 
(72 mV nominal). 

c) 120 0 BAL : 1·7 V to 38 V 
(3 ·0 V nominal). 

d) 3000 0 1·7 v to 3·8 v 
(3·0 V nominal). 

50% nominal. 

BNC socket. 75 0 unbalanced w ith 
two input conditions. 75 0 TERM 
and 2400 0 TH RO. switch se lected . 
75 0 TERM: for use w hen the 
instrument is used to terminate a 
75 0 source. 
2400 0 THRO: for use when the 
instrument is fed from a 2400 a 
source. 
Siemens socket. Balanced input wit~ 
two input conditions. 120 0 and 
3000 0. switch selected. 
120 0: for use when the instrument 
is used to terminate a 1 20 0 source 
3000 0 : for use when the 1 20 0 
source is terminated other than by 
the instrument. 

On 75 0 TERM. 2400 0 THRO and 
1 20 0 BAL. the return loss is not 
less than 20 dB over the range 
100kHz to 2·2 MHz. 

Selected by BIT RATE switch. 

a) 1·536 Mbit/s 
· Relative to level at 100 kHz: 
Not greater than -2 dB at 768kHz. 
Not greater than -6 dB at 1·5 MHz. 
Greater than -13 dB at 2 MHz. 
b) 2·048 Mbit/s 
Relative to the level at 100 kHz: 
Not greater than -2 dB at 1 MHz. 
Not greater than -6 dB at 2 M Hz. 
Greater than -13 dB at 2·5 MHz. 

A red lamp w ill be lit if the signal 
level is greater than 1·29 V (75 0 
TERM) or 37 mV (2400 0 THRO) 
or 1·7 V (120 0 and 3000 0) and 
does not contain more than 16 
consecu tive spaces. 

The lamp will be extinguished if the 
signal level is less than 0 ·84 V (75 0 
TERM) or 27 mV (2400 0 THRO). or 
if the pulse is absent for more than 32 
digit time slots. 

AMI: The presence of a violation. 
defined as two consecutive puises of 
the same polarity. wil l be indicated as 
an error. 
HOB: Two consecutive violations of 
the same polarity will be mdicated as 
an error. 

Counter The detected etrors are tota lized and 
displayed on an electronic counter. 
Display: Five-digit so lid state readout 
displaying detected errors. 
Display locks when 99999 count is 
reached and only resets when 
RESET switch is operated. 
Read: To conserve b'attery life. the 
display section of the counter is 
normally unlit w hen internal battery 
operation is se lected. The totalized 
error count can be displayed by 
operating the biased READ switch. 
On a.c. mains operation the display is 
always li t. 
Reset: RESET swi tch sets display to 
zero. 

Error rate indication Four solid state lamps indica te error 
rate exceeding 1 in 10 3 • 1 in 1 0'. 
1 in 105 • and 1 in 106 . 

TF 2801/4 

ERROR COUNT 

Input impedance 

Pulse amplitude 
Pulse width 

Repetition period 

RECORDER OUTPUT 

Error rate 

ERRORS CHECK 

REGENERATOR 

Gating 

Clock extraction circuit-0 

NOISE IMMUNITY 

SAFETY 

POWER REQUIREMENTS 

Internal battery 

AC mains 

DIMENSIONS AND 
WEIGHT 

BNC socket. 75 0 unbalanced. 
Return loss: not less than 24 dB over 
the ran ge 40 kHz to 3·0 M Hz. 
+2·0 V to 5·0 V peak. 
200 ns to 600 ns. 
From single shot pulse to pulses with 
250 f.IS interval. 

Unbalanced output. Constant current 
source for load resistance of 0 to 
4 kO. Damping normally preset at 
40 kO. Suitable for a pen recorder of 
1 rnA f.s.d. 

Di screte cu rrent levels indicate: 
No signal (375 f.IA approx. or less) 
1 in 103 errors (397 pA approx.) 
1 in 1 0' errors ( 446 f.I A approx.) 
1 in 105 errors (500 f.IA approx.) 
1 in 10 6 errors (562 f.IA approx.) 
No errors (667 f.!A approx.) 

A biased push button switch provides 
a se lf check of the error counting and 
display circuits and of the recorder 
output. Injected error rate 
approximately 5 kHz. 

The signal is reger>erated by gating 
during a short period near the 
mid-point of each time slot. The 
timing clock ci rcuit is locked to the 
frequency at the input socke t. 

Set to enab le jitter test as in B PO 
specifi-cation No. RC5450B to be met. 
Drift less than 0·4%. 

With an error-free pseudo-random 
signal (2 ' 5 -1 bits) and an interfering 
signal simulating n.e.x.t. interference 
added together. such that a 
signal-to-noise ratio of 20 dB is 
obtained. the error rate is less than 
1 in 10 7 bits. i.e. not more than an 
average of 9 errors per minute for 
1·536 Mbit/s or 12 errors per minute 
for 2·048 Mbit/s. 

Designed to meet the requirements 
of IEC 348. 

Internal batteries or externa l mains 
supply. switch selected. 

2 x 9 V batteries (type PP9. DT9 or 
equivalent). Recommended for 
intermittent use only. 
Battery check: When BATT CHECK 
switch is operated. the battery lamp 
will be lit if the voltage is above a 
satisfactory level. 
Lid switch: The i.nternal battery 
supply will be switched off w hen the 
clip-on front cover is fitted. 

95 V to 130 V and 190 V to 264 V. 
45 to 500 Hz. 
2 VA maximum. 

Height Width Depth Weight 
190 mm 146 mm 375 rnm 4·1 kg 
7~in 5 ~ in 14 ~ in 9 lb 

VERSIONS AND ACCESSORIES 

When ordering please quote eight-digit code numbers 

Ordering numbers 

52801 - 9048 

52801-309T 

52801-311 D 

Versrons 
TF 2801/4. Ve rs ion wi th 8NC 

connectors and 75/120 0 input. 
The following versions may be 

available to speci al order. 
TF 2801/ 4. Version with BNC 

connecto rs. 75/120 0 input. and 
bit ra tes of 1·544 and 2·048 Mbit/ s. 

TF 2801/4. Version with P.O. No 1 B 
connecto rs and 75/120 0 input. 

Supplied Accessories 
Clip-on Front Panel Cover. holding 

power supply lead. 
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Pattern Generator and SLMS 

·.;·.~ .. _________________________________________ __ 

0 For use with p.c.m. systems at 1·536 and 2·048 Mbit/s 
o AMI or HDB3 formats 
0 External bit rate facility 
0 Recorder output for long term SLMS monitoring 

• Supply 

PATTERN GENERATOR AND S.L.M.S. TF 2802/i 

(!)o-

~B·~~ 
SUPPRESSED ZERO 

dBm · 
30 

-so 
-60 

Variable 
L~v~l 

•Cal 

5 

4 

Modulation 
Fr~qu~ncy 

9 10 II 

MARCONI INSTRUMENTS LTD ~ 

Pattern 

O n Su~rvlsory--------1 
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Input 
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Output 

Off 

The Pattern Generator and Selective Level Measuring Set TF 2802/2 
is a combined pulse pattern generator and se lective level measuring 
set used for testing and fault finding on p.c.m. links consisting of up 
to 18 regenerators. When used with. or as part of. a regenerator test 
set the clock tuning patterns of the TF. 2802/2 enable the regenerators 
to be set up accurately. 

The instrument produces general porpose test signals. regenerator 
clock tuning patterns and a signal of bipolar doublet and triple pulse 
trains at any one of fourteen pattern densities. the tr io pulse train 
being modulated at any of 18 audio frequencies by reversal of the 
pattern polarity. 

The bipolar triple pulse (trio) pattern differs from a normal p.c .m. 
pattern in that bipolar violations (consisting of two consecutive 
pulses of like polarity) are introduced causing a shift in mean d.c. 
level of the signal. The shift in mean d.c. level is alternated positively 
and negatively by the modulating frequency giving an audio 
component to the test waveform. 

Each reg enerator location in a p.c.m. link has a band-pass filter 
(b.p.f .) associated with it of wh ich the centre frequency is one of the 
audio modulation frequencies . When the appropriate modulation 
frequency is present in the p.c.m. signal then an output from the b.p.f . 
is returned to the test location on a supervisory line or is used to 
switch the test pattern onto a return p.c.m. line. 
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(a) 

(b) 

(a) Transmitted pattern signal of modulated trios. 

(b) AF component through band-pass filter of selected regenerator. returned ro 
SLMS 

Trios test transmitted and received test signafs. 

The Selective Level Measuring Set and the Pattern Generator are 
synchronously tuned and a level meter enables the level of the 
returned a.f . component from any selected regenerator to be observed 
as the pattern density is increased . 

A 20 volt d.c. supply is fed from the instrument via the supervisory 
line to activate the b.p.fs. A second pulse train (digital drive} is 
provided to drive unused p.c .m. lines. particularly the second set of 
regenerators in systems having two regenerators per regen erator unit. 

The instrument will operate at 1·536 Mhits/s and 2·048 Mbits/s 
from internal clocks or from 1·25 to 2·25 Mbits/s using an external 
clock. 



PATTERN GENERATOR 

PATIERN OUTPUT 
Bit rate Internal clock or externa l inpu t. switch 

selected. 
Internal clock: 
a) 1·536 Mbit/s ± 60 bit/s. 
b) 2·048 Mbit/s ± 80 bit/s. 
External input: • 
a) Pattern output driven from external 
clock. digital drive (2nd regenerator) 
from an internal 1·536 Mbit/s clock. 
b) Pattern output driven from an external 
clock. d1g1tal drive (2nd regenerator) 
Lorn an internal 2·048 Mbit/s clock. 

Pulse characteristic Duty cycle: 50% corresponding to h.a.d. 
of 326 ns ± 30 ns at 1 ·536 Mbit/s; and 
244 ns ± 25 ns at 2·048 Mbit/s. 
Pulse amplitude: 2·37 V ± 0·24 V 
across 75 0. 
Difference between positive and negative 
pulse amplitude not greater than 5%. 
Overshoot: Not greater than 5%. 
Mean pulse level: Nominally 0 V. 

Output impedance 750 unbalanced ± 10% (BNC plug). 

Return loss 

EXTERNAL CLOCK INPUT 

Frequency range 

FORMAT 

Input level 

Impedance 

Pulse groups 
(switch selected) 

Pulse pattern 

Modulation frequency 

TRIGGER OUTPUT (BNC) 

Better than 30 dB between 100 kHz and 
2·2 MHz. 

Input of 2·5 MHz to 5 MHz sine or square 
wave producing a bit rate at half input 
frequency. 

Between 500 mV and 3 V p-p from 75 0 
source. 

200 0 approximately. 

PCM signal of alternate mark inversion 
(AMI) or high density bipolar (HDB3) 
coded pseudo-random pattern. 

a) Pseudo-random HDB3 : HDB3 coded 
pseudo-random sequence of length 21• -1 
bits. 15 consecutive 'zeros' included. 
Feedback connected from 14th and 15th 
stages. 
b) Pseudo -random AMI : Pulses of 
alternate polarity in a pseudo-random 
sequence as for HDB3. 
c) 1010: Pulses of alternate polarity 
separated by empty time slots. 
d) 1111 : A continuous series of pulses 
of alternate polarity. 
e) 17/15 : Pulses of alternate polarity in 
a sequence of 17 consecutive 'ones' and 
15 consecutive 'zeros'. Regenerator 
clock tuning pattern. high density. 
f) 9/15 : Nine pulses of alternate polarity 
separated by empty time slots. followed 
by 1 5 consecutive 'zeros'. 
Regenerator clock tuning pattern. low 
density. 
g) Trio or doublet : Three pulses of 
alternate polarity in consecutive digit 
time slots (trio) or two pulses of alternate 
polarity in consecutive digit time slots 
(doublet) . switch selected. 

PATTERN switch selects trio or doublet 
pulse group densities from one group per 
three digit time slots to one group per 
sixteen digit time slots in fourteen steps. 

Trio polarity inverted at selected 
frequencies from 1185 Hz to 3100 Hz in 
18 steps as follows : 
1185. 1260. 1340. 1420. 1500. 1585, 
1675. 1770. 1870. 1980. 2095. 22 15. 
2345. 2480.2620.2770. 2930.and 
3100 Hz. 
Accuracy: ± 1 O, Hz on nominal frequency. 
Modulation mark/space: 1 :1 nominal. 

One of four trigger output waveforms 
automatically selected. 
a) Pseudo-random : negative going pulse 
occurring once per pseudo-random 
sequence. Approximately 1 bit width . 
b) 1010. 1111 : Negative going pulse 
occurring at bit rate. Approximately 100 ns 
width . 
c) 17/ 15. 9/ 15 : Negative going pu lse 
occurring twi ce per 32 bit pulse group. 
the second pulse occurring 17 digit time 
slots after the first. Approximately 
1 bit width. TRIGGER switch selects 
one of 16 timing points . At position 1 
the trigger pulse occurs immediately 
before the 1st and 17th slot. Each 
successive position selects trigger 
occurrence 1 digit t ime slot later. 
culm inating at position 16 immediately 

TF 2802/2 

before the 16th and 32nd time slot. 
d) Trio: Squarewave at modulation 
frequency. 
Pulse amplitude: Greater than 1 V p-p 
into 75 0. 
Rise time: Not greater than 25 ns. 
Overshoot: Not greater than 10%. 

DIGITAL DRIVE BNC plug on rear panel. 
Output switched by biased toggle switch 
normally on. 

Format Pulses of alternate polarity in consecutive 
time slots. Duty cycle nominally 50%. 

Bit rates BIT RATE switch ganged with digital 
output. selects one of two rates from 
internal clock independent of internal or 
external bit rate selection. 
Switch selects digital drive phase locked 
to digital output or not locked. 
1·536 Mbit/s ± 60 bits/s. 
2·048 Mbit/s ± 80 bit/s. 

Pulse amplitude 2·37 V ± 0·24 V across 75 0. 

Mean pulse level Nominally 0 V. 

Output impedance 75 0 ± 10% unbalanced. 

SELECTIVE LEVEL MEASURING SET 

Supervisory input Level range: -71 dBm to +1 dBm in 7 
ranges. using the dBm switch and meter. 

dBm switch 0 dBm to -60 dBm in 10 dB steps. 

Level meter Calibrated from +1 dB to -11 dB. 

Variable level Control range: At least 10 dB with CAL 
position. 

Overall level Accuracy: ± 1 dB ± 15 Hz of centre 
frequency. 

Tuning Synchronou s with pattern modulation 
frequency 1185 Hz to 3100 Hz. 

Locking range Will lock to an incoming frequency within 
± 30 Hz of selected modulation frequency 
with reduced accuracy. 

Input impedance 1200 0 ± 10% balanced. ( PO jack No. 
99A) . 
Balance: Better than 50 dB at 1·5 kHz. 

Power feed To energise the filter amplifier whilst 
simultaneously measuring the audio 
frequency. 
20 V ± 0·5 V. 
1 kO nominal source impedanc.e. short 
circuit protected. 

Recorder output Output current corresponds to SLMS 
level. 
Current at 0 dB nominally 500 ~A into 
1·9 kO. 
Nominal range +3 dB to -11 dB. 

Rear panel connector Provides supervisory input and power feed 
from TF 2823 and digital drive to TF 2823. 
(7 -way socket. Painton 159 series, type 
No. 74/1 0/0755/l 0.) 

SAFETY Designed to meet the requirements 
of IEC 348. 

POWER REQUIREMENTS 

AC supply 

DIMENSIONS AND WEIGHT 

VERSIONS AND ACCESSORIES 

190 to 264 V and 95 to 130 V. 45 to 
500Hz. 20 VA nominal. 

Height Width Depth 
190 mm 280 mm 405 mm 
7·5in 11in 16in 

Weight 
7·25 kg 
161b 

When ordering please quote eight digit code numbers 

Ordering numbers 
Versions 

52802-302M TF 2802/2 version with BNC connectors. 

The following versions may be ~vail able 
to special order. 

52802-301X TF 2802/2 Version with PO No. 1 B 
connectors. 

52802-303C TF 2802/2 Version with hit rates of 
1·544 and 2·048 Mbit/s_. 

Supplied Accessories 
Clip-on Front Cover. holding a.c. supply 

and signa l input leads. 
Signa l Input Lead 1·8 m long. 
PO ~ug (No. 316) 43125-070C 
Board Extractor 41148-605K (TM 8089). 

Optional Accessories 
44836-104L Extender Board. . 54411-011 s Matching Unit. 75 0 unbalanced to 

120 0 balanced. 
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PCM Regenerator Test Set 
:':;.··· .. ------- ---------------- ---------------------------------

~I 

0 Performs complete checks on p.c.m. regenerators 
prior to installation 

0 For use with p.c.m systems at 1'536 and 2·048 Mbit;s 
0 AMI and HOB 3 formats 
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Mode/52805-3155 with P.O. connectors 

OA 2805A comprises three separate instruments combined 
in one case. and performs al l the tests necessary for th e 
comp lete checking of p.c. m. regenerators pri or to their 
install ation in a line system. It simu lates t he co nd itions 
which a regenerator wi ll encounter in operation and it is 
suitab le for use w ith p.c. m. systems operating at 1·536 
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and 2 048 Mbit/s and for both AMI and HDB3 formats. 
Tests which ca n be ca rried out inc lude measurements on 
the c lock tuning and output leve ls of regenerators. and 
checks on no ise immun ity and the functioning of super­
visory test sig nals and filters. 



The three instruments incorporated in OA 2805A are 
Digita l Error Detector TF 2801/4. Pattern Generator and 
SLMS TF 2802/2. and PCM Regenerator Tester TF 2823 . 
The TF 2823 inc luded in this latest mode l of OA 2805A 
features the improvements referred to in the TF 2823 pages 
of this cata logue. 

The Pattern Generator produces a va riety of p.c.m. 
sig nals including pseudo-random sequences in both AMI 
and HDB3 fo rm. and also regenerator "clock tuning 
patterns. PCM Regenerator Tester TF 2823 provides a 
noise signa l to simulate near-end crosstalk (n.e .x t) and 
combines this with the signal from the pattern generator. 
It also inc ludes cab le simu lators eq uiva lent to var ious 
lengths of cable for insertion in the signa l path. Four cab le 
si mu lators are bui lt-in. with provision for connect ing 
externa l simu lators if required. Power signa ls for the 
regenerators under test and for the supervisory test filters 
are also provided by" TF 2823. The output from the re­
generator under test is monitored by the Error Detector 
w hich total ises errors on a five-dig it electronic counter. 

Among tests w hich can be carried out w ith the OA 
2805A are: 

1. Tuning of regenerators using test signa ls produced by 
the Pattern Generator. 

2. Checks on the performance of reg enerators in the 
presence of noise 

3. Checking of the regenerator performance when using 
the supervisory test sig na l. 

4. Mon itoring of the output level of regenerators on a peak 
reading vo ltmeter. 

5. Measurement of th e d.c. cu rrent and vo ltage powering 
the regenerators. 

6. Separate testing of the superv isory test filters. 

These tests carried out on a regenerator prio r to its 
instal lation ensure that it is optim ized to give its best 
pe rforman ce and life capabi lity in operation. 

SAFETY Designed to meet the requirements 
of IEC 348. 

POWER 
REQUIREMENTS 

AC supply 95 to 1 30 V or 190 to 264 V. 
45 ro 500Hz. 

DIMENSIONS AND 
WE IGHT Height Width Depth We ight 

370 mm 430 mm 380 mm 25 kg 
141, in 17 in 15 in 55 lb 

OA 2805A 

For fu l l spec ifi cat ions of the three instruments incorporated in 
OA 2805A refer to th e appropriate pages in this sect ion. 

VERS IONS AN D ACCESSO RIES 

When ordering please quote eight digit code numbers. 

Ordering numbers 
Version 

52805-314V OA 2805A. Vers ion w ith bit rates 
1 536 and 2 048 Mbit/s: 
BNC connectors. 
Comprises: 
TF 2801/4 (52801-9048) 
TF 2802/2 (52802-302M) 
TF 2823 (52823-3 12D) 
The follow ing vers ions may be 
available to special order. 

52805-309 F OA 2805A. Version w ith bit rates 
1 544 and 2 048 Mbit/s: 
BNC connectors. 
Comprises: 
TF 2801 / 4 
TF 2802 / 2 
TF 2823 

52805- 315S OA 2805A. Version wi th bit rates 
1 546 and 2 048 Mbit / s: 
P 0 connectors . 
Comprises: 
TF 2801 / 4 (52801-311 D) 
TF 2802/2 (52802-301 X) 
TF 2823 (52823-311 W) 

Supplied Accessories 
(For 52805-314V version) 

Supply Lead 23423-159P. 
Terminal Regenerator Supp ly 
Lead 431 29-050K. 

Filter Supply Lead 43129-051 A. 
Line Regenerator Supp ly 

Lead 43129-052Z. 
Interface Lead 431 29-056Y 

(TF 2802/2 to TF 2823 rear 
panels). 

Flexible ·u· Link 43125-050Y 
(BNC to BNC plugs 3 suppl ied) 

Supp ly Distribution Unit 
44990- 094H. 

Board Extractor 41148-605 K. 
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PCM Multiplex Tester 
:':;.'··.------------..,.----------------------------- --

D Measures all major primary PCM multiplex parameters 
D Sender and receiver in one portable instrument 
D Quantizing distortion measur~d with noise or sinewave stimulus 
D All major measurements to CCITT recommendations 
D Fast and simple operation 
D Versions avaiiable for five crosstalk frequencies 
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TF 2807 A consists of a composite sender and receiver and 
can be used to check the overall performance of a p.c.m. 
multiplex system from audio input to audio output. 
measuring impai rments in performance introduced during 
multiplexing and analogue to digital conversion. The 
performance of digital systems may be assessed either 
end to end or looped a.t th e digital output/ input of the 
multiplexe r. Thi s model is an improved version of PCM 
Multiplex Tester TF 2807 wi th better stab ility, distortion 
and accuracy and· also w ith improved mechanical 
construction and sv,vi tches. Switched audio output 
frequencies replace the previous analog ue output giving 
increased ease of operation . Filters are inc luded con­
forming to CCITI recommendations. 

The tester covers al l the main tests necessary fo r 
commissioning and servicing a p.c.m. multiplex system. It 
includes two signal sou rces and a va riety of measurement 
functions including : 
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Quantizing distortion 
Signalling distortion 
Channel gain or loss 
Linea rity 
Channel frequency response 
Interchanne l crosstalk 
Idle cha nnel noi se 
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The receiver section of the instrument performs as a 
leve l mete r w ith filters · giving a va riety of passband 
cha racteristi cs. True r.m.s. va lue of the input signa l is 
displayed on the meter wh ich has a sho rt settling time 
allowi ng high speed measurement. 

Quantizing Distortion 
Two signa l sou rces are included in TF 2807A. pseudo 
random noise and sinewave, offerin g two CCITT approved 
methods of measuring quantizing distortion . The noi$e 
output has a probability distribution of amplitude 
approx imating to Gaussian form and band limited to 
conform w ith the latest CCITI recommendations. This 
measurement produces resu lts simi lar to those obta ined 
using w hite noise, but w ith a greatly reduced test time. The 
test signa l is app lied to the multiplex input and transmitted 
over the p.c.m. link . Distortion components together with 
the stimulating signa l, appear at the analog ue output of the 
multiplex and are separated in TF 2807 A by high pass 
filtering . The ratio of disto rt ion components to stimul ation 
sig nal is measured by a comb ination of preci sion 
attenuators and an r.m.s. vo ltmete r, both included in the 
tester. 

Quantizing distortion may also be measured using sine 
wave stimulu s. The measurement procedu re is simil ar to 
that using noise, except that the original signal is rejected 



r 

by a band stop filter wi th sufficient rejection to prevent 
summation of the residual signal w ith the distortion 
components. These components are measured w ith CCITT 
psophometric we ighting. 

Linearity 
Variation of channel gain with input leve l can be measured 
using either the noi se or sine wave source at the channel 
input. To give improved noise immunity at low si gnal 
leve ls the band limited input of TF 2807 A may be used to 

TF 2807A 

applied to one channel and the resultant output from 
other channels is observed. To cater for various national 
standards different ve rsions of TF 2807 A are available 
w ith different crosstalk frequencies . 

Idle Channel Noise 
TF 2807 A may be used to measure quiescent noise in a 
channel psophometrically to CCITT weighting character­
istics and time constants for telephone measurements. 

measure the audio output of the channel over the dynami c Channel Frequency Response 
range of the system. Measurement of channel linearity ·,.· Thi s may be determined by applying a sinusoidal input of 
is simplified w hen making loopback measurements by the " ''va rying frequency over the band 200 Hz to 3600 Hz, 
ganging together of the send and receive attenuators so provided by TF 2807 A at 18 switched frequencies . A w ide 
th at a decrease in signa l input to th e channel automati ca ll y band input is ava il ab le for use in conjunction w ith the 
gives a co rresponding increase in input sensitiv ity sinewave output for measurement of channel frequency 
Deviation of the centre zero meter indicates th e non- response. 
linea rity of the channel at the set input leve l. 

Crosstalk 
Intercha nnel crosstal k requires the measurement of low 
leve l signa ls. and to provide suffi cient noise rejection 
TF 2807 A has a high se lecti v ity input which is brought into 
circuit w hen the CROSSTALK function is se lected. For 
making these measurements a sinewave stimulu s is 

SENDER 

NOISE SIGNAL Pseudo random band limited noise 
conforming with CCITT 
recommendations. Near Gaussian 
probability distribution . The noise 
signa l is derived by bandpass 
fi lter'ng the output of a 17 -stage 
shift regis ter. 

Spectral density 1 spectral line per 2·6 Hz 
approximate ly. 

Noise bandwidth 3 dB bandwidth nominally 130Hz 
(Bandpass filter response) (at least 100 Hz wi th reference to 

the maximum leve l). 3 dB down at 
not less than 370 Hz and not 
greater than 530 Hz. 
Greater than 55 dB down at 
250 Hz and below. 
Greater than 20 dB down at 300 Hz. 
Greater than 6 d[3 down at 580 Hz. 
Greater than 20 dB down at 650 Hz. 
Greater than 40 dB down at 700 Hz. 
Greater than 50 dB down at 750 Hz. 
Greater than 60 dB down at 800Hz 
and above. 

Peak : r.m.s. ratio 10·5 dB. 

Amplitude accuracy Overall accuracy: ±0· 35 dB for 
total range of levels. 
± 0·15 dB at 0 dBmO. 0 dBr. 
± 0· 1 dB at 0 dBmO. 0 dBr at + 20°C 
± 5°C. 

Signalling Distortion 
A PULSE input is provided w hich, used in conjunction 
w ith the centre zero meter, displays the percentage 
distort ion of received signalling impulses. A corresponding 
PULSE output consisti ng of alternately high and low 
impedance connect ions at 17 Hz or 10Hz. switch se lected, 
is avai lab le for the provision of si mulated dialling impulses. 

SINE WAVE OUTPUT 

Frequency range 200 Hz to 3600 Hz. 
18 switched-positions as foll ows: 
200.300,325.400.600,800.820, 
850. 1 000. 1 020. 1 050. 1500. 1800, 
2040. 2400. 3000. 3400, 3600 Hz. 

Accuracy ± 1 %. 

Total harmonic distortion Less than 0· 1% from 300 Hz to 
3·6 kHz. 
Less than 0·2% at 200Hz. 

Amplitude accuracy Overall accuracy: ±0·35 dB for total 
range of leve ls. 
±0·1 dB at 0 dBmO. 0 dBr and 
1kHz at +20°C ±5°C. 
±0· 15 dB at 0 dBmO. 0 dBr an d 
1 kHz. 

Frequency response ±0· 1 dB at 0 d Bm relative to 1 kHz. 

SEND LEVEL 

Send range -76 to +12 dBmO. 

Coarse attenuator - 50 to +1 0 dBmO in 10 dB steps. 
(send and receive level) 

Fine attenuator - 10 to 0 dBmO in 1 dB steps. 
(send an.d receive level) 

Coarse attenuator -16 to 0 d Br in 2 dB steps. 
(send level) 

Fine attenuator 0 to +2 dBr in 0 ·2 dB steps. 
(se nd level) 

OUTPUT IMPEDANCE 600 0 balanced. 

Return loss Better than 36 dB from 300 to 
3600Hz. 

Balance Grea ter than 60 dB from 300 to 
3600 Hz. 
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RECEIVER 

MEASUREMENT 
ACCURACIES 
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Set ref sine 
300 to 3400 Hz 

Distortion sine 
850Hz 

Set ref noise 
350 to 550Hz 

Distortion noise 

-55 -50 -40 

Accu racies include meter. level. 
attenuators and frequency response 
errors as aoplicable. ~ 

Gain/level and frequency/ leve l 
measu rements w ith sinusoidal test 
signal. 
Total input range: - 70 dBm to 
+20 dBm ( -60 dBmO to +10 dBmO 
and - 10 dBr to +10 dBr). 
Level accuracy: ±0·35 dB fo r all 
receive levels. ±0· 2 dB at 0 dBmO. 
0 dBr and 1 kHz. 

Total distortion (in cluding quantizing 
distortion) measu red using an 
850 Hz sinusoidal test signal. 
Distortion measured using an ~· 
850 Hz band stop filte r and 
psophometer (telepho ne weig hted 
filter). Correction added to allow for 
noise power lost in 850 Hz notch. 
M easurement range: -42 dB to 0 dB 
signal to distortion ratio w ithin leve l 
ran ges -60 dBmO to +10 dBmO and 
absolute di stortion leve l not less than 
-72dBmO. 

Accuracy: ±0·5 dB. 

Gain / leve l measurement using band 
l imited pseu do random noise to 
CCITT recom mend ation. Input filter 
350 Hz to 550 Hz. 
Total input range: -70 dBm to 
+ 20 dBm. 
Level accuracy. ±0·35 dB for all 
levels. 
±0·25 dB at 0 dBmO and 0 dBr. 

Total distorti on (in cluding quantizing 
distorti on) measured. using band 
limited pseudo random noise to CCIT1 
recommendations. Distortion is 
mea sured in a bandwidth of 850 to 
3400 Hz and a correction add ed to 
relate measurement to teleph one 
channel bandwidth 300 tO· 3400 Hz. 
Measurement range: -42 dB to 0 dB. 
Level accuracy: ±0· 5 dB. 

-30 -20 -10 -6 0 

MEASURING LEVEL dBmO 

Limits of distortior(measurement accuracy 
(noise stimulus) using any combination of 
sender and receiver manufac!Ured to 
CCITT recommendations. 
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Crossta lk dBm Frequency: 850 Hz. 
M easurement range: - 82 dBm to 
-38 dBm. 

Accuracy: ±0·75 dB at 850Hz ±1%. 

Noise dBmp Measurement of idle channel noise 
using psophometer (telephone 
weighted filter). 

RECEIVE ATIENUATORS 

Send and receive 

Set ref attenuator 

Measure attenuator 
(Quantization distortion) 

Measure attenuator 
(Crossta lk) 

Measure attenuator 
(Noise) 

INPUT IMPEDANCE 
Return loss 

Measurement range: - 82 dBm to 
-38 dBm. 

Accuracy: ±0·3 dB at 800Hz at 
- 40 dBm. 
±1·0 dB wi th noise sign al. 

Controls ganged w ith SEND LEVEL 
attenuator and covering the same 
range . 

Switched: +8 dBr to -8 dBr in 4 dB 
steps. 
Variable: -2·2 dBr to +2·2 dBr wi th 
switch position for 0 dBr. 

Coarse: 0 to -30 dB in 10 dB steps . 
Fine: 0 to -10 dB in 1 dB steps. 

Coarse: -40 to -70 dBm in 10 dB 
steps. 
Fine: 0 to - 10 dBr in 1 dB steps. 

Coarse: - 40 to -70 dBmp in 10 dB 
steps. 
Fine: 0 to -10 dBmp in 1 dB steps. 

600 0 balanced. 
Better than 40 dB from 300 to 
3600Hz. 

Balance Grea ter than 60 dB from 300 to 
3600 Hz. 

METER SCALE -2 dB to +2 dB in 1 dB divisions 
with 0·2 dB sub-divisions. 

dBscaleaccuracy ±015at -2dBand + 2dBw.r.t. 
0 dB. 

Pulse scale accuracy See PULSE section. 

MEASUREMENT True r.m.s. (effective va lue). 

Meter settling time Approxima tely 2 s. 

RECEIVE FREQUENCY 
RESPONSE 

Distortion sine. Crosstalk and Noise 
300 ms approximate ly. 

300 to 3400 Hz Response w ith refe ren ce to the 0 dBm 
leve l at 1 kHz: 
±0 15 dB from 300 to 3400 Hz. 
Less than 3 dB dow n at 15 kHz. 

Distortion sine Below 600 Hz and above 1 200 Hz : 
psophometric telephone ci rcuit to 
CCITT 1972 Green Book Vol. V. 
Recommendation P.53 . 
From 835 to 865 Hz: 
greater tha n 60 dB down wi th 
reference to the 800 Hz level on 
Noise Function. 

350 to 550 Hz Ba nd l imited. Does not dim in ish the 
power of noise band between 350 
and 550Hz by more tha n 0·25 dB. 

Distortion (noise) Fil ter response : with reference to 
the maximum output level 2 dB 
bandwidth at least 24kHz. 
Greater than 60 dB down. 150 Hz 
and below. 
Greater than 55 dB down at 650 Hz. 
Grea ter than 35 dB down at 700Hz. 
Greater than 20 dB down at 750Hz. 
3 dB or greater at 800Hz. 
3 dB or greater at 34 kHz. 
Greater than 10 dB down at 3·5 kHz. 
Greater than· 20 dB down at 3·6 kHz. 
Greater than 40 dB down at 3·7 kHz. 
Greater than 50 dB down at 3· 75 kHz. 
Greater than 60 dB down at 5·0 kHz 
and above. 

Measurement is rela ted to distortion 
present in the full p.c.m. channe l 
bandwidth of 300 to 3400 Hz by a 
built - in correc tion factor. 



Crosstalk 

Noise 

PULSE 
Send pulse output 

Receive pulse input 

INTERFACE 
Normal mode 

Pulse 

850Hz ±10 Hz (0·3 dB points) . 
Filter response with reference to the 
maxi mum output level: 
Less than -0·6 dB at 840 and 860 
Hz. 
Greater than -3·0 dB at 810 and 
890 Hz. 
Greater than - 30·0 dB at .690 and 
1010Hz. 

Psophometri c telepho ne ci rcui t to 
CCI TT 1972 Green Book Vol. V. 
Recommendation P.53. 

When switched to PULSE al l switch 
con trols on the instrument are 
disabled. Signa l sou rce mode switch 
se lects one of two pu lse frequencies. 
10Hz or 17Hz ± 1Hz. 
Mark / space ratio: 1 :1 to 1 :1 01 . 
Output impedance: Mark- high 

Space- low 

W hen switched to PU LSE all 
instrument con trols are disabled. The 
meter provides a direct reading oi 
difference between actua l mark 
durMion and the correct du ration. 
Meter scale: -5% to + 5% of pulse 
period ( - 5 ms to +5 ms at 10Hz) . 
Accuracy: ± 5% of reading, ±Q·3% 
pulse period. 

4 mm sockets w ith centres at 1 2 mm 
and an addi tiona l chassis socket in 
line at 9 mm. 

4 mm socket. 

TF 2807A 

.... 

SAFETY 

LIMIT RANG E OF 
OP ERATION 

Temperature 

CONDITIONS OF 
STORAGE AND 
TRA NSPORT 

Tempera ture 
Humidity 

Altitude 

Designed to meet the requi rements of 
IEC 348. 

-40°C to + 70°C. 
Up to 90% relative humidity. 
Up to 2500 m (pressu rized freight at 
25 kN /m 2 differential. i.e. 3·7 lbf/in 2 ). 

VERSIONS AND ACCESSORIES 

When ordering please quote eight-digit code numbers 

Ordering numbers 

52807-910T 

52807-311Y 
52807-312N 
52807-313L 
52807-314J 
52807-315F 

52807 -316G 

52807-317V 

52807-319W 

Versions 
TF 2807 A Standard version wi th 

850 Hz crosstalk. 
TF 2807 A with 325 Hz crossta lk. 
TF 2807 A with 820 Hz crosstalk . 
TF 2807 A w ith 1020 Hz crosstalk. 
TF 2807 A with 1050 Hz crosstalk. 
TF 2807A with 820Hz crosstalk and 

French text front panel. 
TF 2807 A. P.O. Measu ring Set 

No. 53A. 
TF 2807 A with 1020 Hz crosstalk and 

"C" message filter. 
TF 2807 A w ith 850 Hz crosstal k and 

60%/40% pulse. 

Supplied Accessories 
Signal Lead 431 25-074A (Two 

supp lied}. 
Extender Board and Extractor 

44827 -735E. 
Front Cover Assemb ly 41 690-160N. 

with operatin g sum mary. 
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Data Line Analyser 
(· . .'---------------------------------------------- -

0 For testing data transmission Unks 
0 Measures peak-to-average rating, frequency response, and noise 
0 Self-contained and portable; battery operated 

• m• DATA LINE ANALYSER TF2809 . .. · 

Data Line Analyse r TF 2809 js a self-contained test set 
for assessment of ove ral l distort ion produced by com­
munication li nks when used for data transmission. It is 
useful for testing the suitability of voice-band trans­
mission systems - including telephone li nes. coaxia l 
cable systems. and microwave links - for data trans­
mission; and it can also be used as the mon itoring unit 
for adjustment of delay equa lise rs and in the manufactu re 
of modems. 

Three types of measurement can be made with th e 
instrument; v iz .. peak-to-average rating (usually known 
as PIAR). frequency response characteristic. and the noise 
level introduced by the system. , 

The peak-to-average rating, or PIAR. is a sing le number 
rating of the fidelity of a channe l used for the trans­
mission of data. This rating is a we ighted measure of the 
total gain and phase distort ion in the channe l. and is 
derived by comparing the peak-to-average ratio of an 
ideal signa l w ith the peak-to-average ratio of the output 
signal of the system under test. 

= { Peak-to- average rati o of the distorted signa l _
1

} x 
100 P/AR 2. . f .d I . I . Peak-to-average rat1o o an 1 ea s1g na 

The peak-to-ave rage ratio of the waveform is the ratio 
of its peak amplitude to its full- wave rectified average 
va lue. The sca le of PIAR measurement is such that a 
pe rfect tran sm ission system wou ld have a PIAR of 100. 
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Frequency kHz 

.., Chcck59-o Set 

Send 
Level 

Normal 

·IOdB 

·10dB 

0 

and a very poor system (which ha lved the peak-to-average 
ratio of the signa l) would have a PIAR of zero. 

Distortion in a data link usual ly lengthens the data 
pulses. so that each begins to interfere wi th the next pu lse 
in the t rain. Gain and delay distortion in the system cause 
most of this "smearing", which reduces t he peak-to­
average ratio of the received signal. Non -linea r disto rt ion 
and noise also cause the peak-to-average ratio of the 
recei ved signa l to fall. Thus PIAR is affected by gain 
distortion. delay distortion. non-1 inear distortion. and 
noise. The PIAR of a data li nk can also be correlated with 
the likelihood of transmission error. 

The Measurement System 

The TF 2809 cons ists of a test- signa l source- the send 
sect ion - and a measurin g c ircu it- the receive section -
both of wh ich are automatica lly arranged for the desired 
measurement fun ct ion by the action of a sing le se lector 
switch on the f ront panel. 

For PI AR measurement the send section generates a test 
signa l having a fi xed duty cyc le. and the receive circuit 
is so arranged that the meter indicates the PI AR of the 
system under test directly. The spec.trum of the PI AR 
test signa l inc ludes odd harmonics from 126·5 Hz to 
341 5 5 Hz. Thi s signa l is fed to the system under test 
at a leve l determined by the setting of the Send Attenuator. 



TF 2809 

and the output signal from the system is monitored by the The correction c ircuit of the TF 2809 completely over-
receive section of the analyser. comes this diffi culty so that this type of distortion 

In the receive section the signal is filtered so that its produces negligible error in the P/AR reading . 
spectrum approximates to that of a 2 4 kbit data signa l. Careful attention has also been given to the accuracy of 
and it is then detected by a peak- to-ave rage · atio c ircuit. the characteristi cs of the PI AR send signal. In the TF 2809 
Since th e test signal has a known fi xed peak-to-average the signal is derived from a crystal oscillator and has an 
ratio and the rece ived signal is measured by a true rati o accurately controlled frequency/phase characteristic. An 
c ircuit the meter reads P/AR directly, and accurate setting internal standard network with a P/AR of 59 is included 
of the rece ived-signal average leve l is unnecessa ry. in the instrument for calibration of the receive section . 

An important featu re of the receive sect ion is the inc lu- For end-to-end testing of a data link. therefore. the 
sian of a spec ia l ci rcuit for co rrect ion of phase-intercept send section of one Analyser ca n be used in conjunction 
distortion. This phenomenon occurs in single sideba nd with th·e receive section of another without loss of 
telephone systems. and is ca used by reinsertion of the accuracy. 
ca rrier with incorrect phase. The effect of this di stortion For frequency response measurements. the send section 
on data transmitted is marginal because of the acti on of has a built-in audio frequency oscillator. which is 
the modem. But the rec iver P/AR waveform ca n be affec- continuously tun able from 300 Hz to 3·1 kHz. and the 
ted quite seve rely when measured at vo ice band . P/AR ·,··· receive section becomes a simple level meter calibrated 
readings w ith instruments having no correct ion for " 'In dBm. 
phase-intercept distortion may va ry as much as 8 units as For noise measurement only the receive section of the 
the phase of the rei nse rted ca rrier drifts in and out of Analyser is used. and the average noise level in the 
synchronism. system under test is indicated in dBm. 

P /AR Measurement 

SEND SECTION 
( PI AR test signal 
produced) 

Signal spectrum 

Signal amplitude 
(Switch in Normal 

position) 

Output impedance 

Balance rejection 

Return loss 

Send attenuator 

RECEIVE SECTION 

Bipolar pulse shaped by linear 
band pass filter. 

Odd harmon ics from 126·5 Hz 
to 3415·5 Hz. 
Freq Hz 

126 5 
379 5 
632 5 
885·5 

1138 5 
1391 5 
1644 5 
1897 5 
2150·5 
2403 5 
2656·5 
2909 5 
3162 5 
3415 5 

Level dB 
-20 5 
- 2 3 
- 1 5 
- 08 
- 0 2 

0 
- 04 
- 2 2 
- 52 
- 8 7 
-12-4 
-1 6 0 
-19 5 
-23 1 

Even harmonics -50 dB on 
1391 ·5 Hz. 

0·69 V p-p ±5%. Equivalent 
in peak amplitude to a -10 dBm 
sine wave signal (-17·5 dBm 
power leve l). 

600 0 balanced. 

Better than 50 dB. 

Not less than 25 dB at 1 kHz. 

-10 dB (±0 2 dB) 
- 20 dB (±0 2 dB) 

Input impedance 600 0 balanced. 

Input levels +15 dB to -25 dB relative to 
the normal send leve l. 

P/ AR range Peak/Ave rage Rat ing measured 
on cal ibrated range 100-50. 
Uncalibrated range 100-0. 

Frequency /Response Measurement 

SEND SECTION 
(Sinewave test signal 
produced) 

Frequency range 

Typical accuracy 
Amplitude 
Send level 

RECEIVE SECTION 
Input level range 

Level accuracy 
Input impedance 
Balance rejection 

Return loss 

Noise Measurement 

RECEIVE SECTION 
Frequency response 

Input level range 

Accuracy 

Input impedance 

SAFETY 

POWER 
REQUIREMENTS 

Internal batteries 

DIMENSIONS 
AND WEIGHT 

300 Hz to 3·1 kHz cont inuously 
va riable. 
± 1%. 
0 dBm (±0 3 dB.). 
0 dBm. -1 0 dBm or -20 dBm. 

+2 dBm to less than -44 dBm 
using lower attenuator and meter 
sca le. 
±0·3 dB at 0 d Bm meter reading . 
600 0 ba lanced. 
Better than 50 dBm. 
Not less than 25 dB at 1 kHz. 

App roximately psophometric. 
- 28 dBm to - 74 dBm usin g 
lower attenuator and meter sca le. 
Average noise level measured 
w ithin ±0·3 dB at 800 Hz 
reference freq uency. 
600 0 ba lanced. 

Comp li es w ith the req uirements of 
IE C 348. 

Two PP9 or equiva lent (13 to 
18 ·v d.c. at 50 mA). 

Height W idth Depth Weight 
205 mm 280 mm 305 mm 6·75 kg 
8 in 11 in 12 ~~ 15 lb 

VERSIONS AND A_CCESSORIES 
When ordering please quote eight digit code numbers. 

Ordering numbers 
Version s 

52809-015S TF 2809. European version. 

Supplied Accessories 
Cl ip-on fron t cover. 
9 vo lt Battery, two supplied . 

Optional Accessories 
44836- 1 04L Extender Board. 
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PCM Regenerator Tester 
...... :·.___ ------------------------------------------------ -

o Provides composite test signal for p.c.m. regenerators at 1"536 and 2·048 Mbit/s 

0 Includes cable simulators and near-end crosstalk generator 
o Tests clock tuning, output levels and noise immunity of line and terminal regenerators . 
o Provides power feeds for regenerators and supervisory test filters 
0 Improved signal-to-noise measurement accuracy 
0 New long-life switch contacts 

mt PC M REGE>EMTOII TESTER Tf2B2l 

Funwon 
R.ezen Volu 

• "w'r 
On 

orr 

12924/3 

The TF 2823 provides fac ilities for testin g li ne and termin al 
regenerators for 24 and 30 chan nel p.c.m. systems at 
1 ·536 and 2·048 Mb it/s respect ive ly. It provides a noise 
signal to simulate near-end crosstalk (n .e.x. t .) an d com­
bines this with a p.c.m. test signa l from an extern al 
pattern generator. It also inc ludes cab le si mu lators 
equiva lent to va riou s lengths of cable for insert ion in the 
signal path and provides power supplies for the re­
generators under test and for superviso ry test filters. 

When used in conjunction w ith a pattern generator and 
an error detecto r the p.c.m. regenerator tester enab les the 
fo ll owing tests to be ca rried out: 
1. Regenerator tunin g. 
2. Checking regenerator performance in the presence of 

noise and ca ble distorti on. 
3. Mon ito ri ng regenerator output leve l. 
4. Monitoring the d.c. vo ltage and cu rrent supp ly to the 

regenerator, inc luding a reverse cu rrent check by 
wh ich correct operat ion of the fau lt location com­
ponents can be ascertained. 

The latest version of TF 2823 features ±~ dB sig nal-to­
noise measurement accuracy, and if also has switches wi th 
improved contact materials wh ich ensure that TF 2823 can 
cope eas ily w ith the continual switching which may be 
required in product ion testing. 

CABLE SIMULATORS 
There are fou r cab le simulators for use in the sig nal path 
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w ith atten uati on va lues of 5, 15. 25 and 37 dB at 1 MHz. 
which is ha lf the bit rate frequency for 2 048 Mbit/ s 30 
channe l systems. The simulators have responses derived 
from phase/frequency and atten uation/freq uency charac­
teristics of 28-pa ir 0 ·63 mm (1 0 I b) p.c.q .t. ca ble of 1000 
m length. A lternat ive ly, connection can be made to 
extern al simul ators. if requ ired. 

NEXT GENERATOR 
The interferen ce simu lator is a w hite noi se generator 
wi th a f lat frequency response from 30 kHz to 6 M Hz, the 
output of wh ich is shaped by either of two fi lters for 
2·048 or 1 536 Mb it/s systems so as to sim ulate n.e.x.t. 
interference. Before the noise is combined w ith the 
signa l from the cab le simu lators the signa l-to-noise rati o 
is set up by compar ing leve ls in the signa l and noi se 
channe ls using the interna l r.m.s. vo ltmeter. 

The composite signa l and noise is appl ied to the re­
generator under test together w ith the appropri ate power 
supp ly. Provision is also made for driving t he second 
regenerato r housed in the I ine regenerator unit w ith a 
signal derived from the associated pattern generator. The 
regenerator output is returned to the TF 2823 from wh ich 
it may be monitored by an externa l error detector. 

TF 2823 is avai lab le as a separate uni t or complete w ith 
Pattern Generator and SLM S TF 2802 / 2 and Digita l Error 
Detector TF 2801/4 in an assemb ly designated PCM 
Regenerator Test Set OA 2805A. 



PATTERN INPUT 

Bit rates 

Pulse amplitude 

Duty cycle 

Input impedance 

DIGITAL DRIVE 
(for 2nd regenerator) 

Bit rate 

Pulse amplitude 

Duty cycle 

Input impedance 

CABLE SIMULATION 

Insertion loss 

WHITE NOISE 
GENERATOR 

Frequency band 

Response 

NOISE 
CHARACTERISTICS 

NEXT Filters 

Output level 
(with pseudo-random 

signal) 

Coarse attenuator 

A p.c.m. signal of alternate mark 
inversion (AM I) or high density 
bipolar ( H D B3) coded. 

1·536 Mbit/s or 2 048 Mbit/s. 

2 37 V ± 0 · 24 V. 

50% nomina l. 

Nominal 75 0 unbalanced (BNC 
socket). 

A cont inuous series of pulses of 
alternate po lar ity. 

1·536 Mbit/s or 2·048 Mbit/s 
nominal. 

2·37 V ± 0 24 V. 

50% nomina l. 

Nom inal 75 0 unbalanced. (Rear 
panel 7 -way Plessey (Painton) 1 59 
series socket type No. 
74/10/0756/1 0.) 

4 cable simulator networks. 
Selected by push button switches. 
simu lating va ri ous lengths and 
weighting of telephone lines 
referred to by the insertion loss. The 
simulators are inserted between 
PATTERN IN PUT and SIGNAL 
OUTPUT. Connection may also be 
made to an externa l simulator. 

At 1 MHz (for 2 048 Mbit/ s}: 
5, 15. 25 and 37 dB nominal. 
At 800kHz (for 1 ·536 Mbit/s}: 
4-4 dB; 13 2 dB; 22 dB and 
32·5 dB nominal. 

A w hite noise signal is filtered to 
simulate near-end crosstalk 
(n.e.x.t.) The no ise level is 
va riable or can be sw itched off. 

10kHz to 6 MHz. 

Nominal f latness: 
10 kHz to 2 M Hz wi thin 0-4 dB. 
2 M Hz to 6 MHz w ithin 2·0 dB. 

Selected by BIT RATE switch. 
1·536 Mbit/ s: Response shaped to 
simulate n.e.x.t. on 1 536 Mbit/ s 
system (conforming to BPO filter 
for 24 channel). 
2·048 Mbit/s: Response shaped to 
simulate n.e.x.t. on 2·048 Mbit/ s 
system (conforming to BPO f ilter 
for 30 channel). 

Adj ustab le so that any signal to 
no ise ratio between 10 dB and 
30 dB may be selected by sw itched 
attenuators. calibra ted as signal to 
no ise rat io in dB. 

10 dB to 28 dB in 2 dB steps. 

Fine attenuator · 0 dB to 2 dB in 0·2 dB steps. 

SIGNAL TO NOISE 
MEASUREMENT 

Accuracy 

A null reading r.m.s . differential 
vo ltmeter. used w ith the SET REF 
control ca librates the wh ite no ise 
leve l relative to the pattern signal 
level fed to the regenerator under 
test. The w hite no ise output level 
attenuators indicate the se lected 
signal to no ise ratio in dB. 

±:!,-d B. 

TF 2823 

REGENERATOR 
SUPPLY Interface fo r line or terminal 

regenerators. compris ing pattern 
and noise test signa l outputs. 
return signals for measurement and 
power supplies (Front panel 
19-way Plessey (Painton) 159 
series socket. type No. 
74/10/1956/1 0). 

Signal and noise 
level Test pattern level determ ined by 

CAB LE SIMU LATIO N selected. 
Noise may be added at .a level set 
by SIGNAL TO NOISE RATIO and 
NOISE LEVEL controls or switched 
off. The signa l is fed via SIGNAL 
OUTPUT and REGEN . IN PUT 
extern ally linked for access. 

Noise reduce level 
attenuators 

Digital drive level 

10 and 20 dB. 
Accuracy: ± 1 dB. 
Impedance: 120 0 balanced for 
feed ing into regenerator under test. 

Max1mum of 3 V peak ±10% into 
120 0 and li nked to CABLE 
SIMULATION. select ing inserti on 
loss over the range 0 dB to 36 dB. 
Impedance: 1 20 0 balanced for 
feeding into sect ion of line 
regenerator not being tested. 

Pattern The regenerated pattern signal from 
the regenerator under test is fed to 
MON ITOR and REGEN. OUTPUT 
sockets (for connection to an error 
detector) and may be mon itored by 
the meter. 

REGENERATOR 
POWER SUPPLIES 

Filter Th e supervisory filter test signal 
from the regenerator is fed to the 
FILTER SUPPLY socket . 

Line regenerator 
current 48 mA ± 1 mA. isolated from ea rth. 

FEED POWER FEED switch selects one 
of twe lve power feeds as foll ows: 
One way working· 

1. Intermediate 
regenerator- input feed. 

2. Intermediate 
regenerator- input feed 

(reversed). 
3. Intermed iate 

regenerator- output feed. 
4. Intermediate 

regenerator - output feed 
(reversed). 

5. Power turn-round 
regenerator- input feed. 

6. Power turn-round 
regenerator - output feed. 

Two way working: 
7. Intermediate 

regenerator- input feed. 
8. Intermediate 

regenerator- input feed 
(reversed). 

9. Intermediate 
regenerator- output feed. 

10. Intermediate 
regenerator - output feed 

(reversed). 
11. Power turn-round 

regenerator- input feed. 
1 2. Power turn-round 

regenerator - output feed. 
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TF 2823 
\··----------------

Terminal 
regenerator voltage 

FILTER SUPPLY 

Signal output 

Signal input 

24 V d.c. nominal. isolated from 
earth . 

Interface for supervisory f ilter. 
comprising test signal. return signal 
for measurement and power 
supp lies. (Front pane"i socket 
11 -way Plessey (Painton) 159 
series socket. type No. 
74/1 0!1156/1 0). 

The TRIO test sig nal from a pattern 
generator is fed direct ly to the 
supervisory frequency filter or after 
passing through the regenerator 
under test. as selected by the front 
pane l REGENERATOR switch. 

The aud io signal from th e 
supervisory frequency f ilter is fed 
v ia the FILTER SUPPLY socket to 

Output impedance 

EXTERNAL 
SIMULATORS 

SAFETY 

POWER 
REQUIREMENTS 

AC supply 

DIMENSIONS AND 
WEIGHT 

2-4 kO nomina l. 

Provides connection to externa l 
cable simu lators. (19-way Plessey. 
Painton 159 series socket type 
No. 74/10/ 1956/1 0.) 

Designed to meet the requirements 
of IEC 348. 

190 to 264 V and 95 to 130 V. 
45 to 500Hz. 

Height W idth Depth Weight 
186 mm 420 mm 410 mm 10·9 kg 
7 3 in 16·5 in 16·2 in 24 lb 

the 7-way socket on the rear pane l ~· VERSIONS AND ACCESSORIES 

METER 

Filter power 
supply voltage 

Impedance 

1) Line regenerator 
supply reverse 
current 

2) Line regenerator 
48 mA 

3) Line regenerator 
voltage 

4) Terminal regenerator 
voltage 

5) Term inal regenerator 
current 

6) Regenerator output 

7) Set S/N ratio 

Measurement accuracy 

SIGNAL OUTPUT 

REGEN. INPUT 

REGEN. OUTPUT 

Output impedance 

OUTPUT M ONITOR 
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(for connecti on to an s.l.m.s.) · When ordering please quote eight digit code numbers 

From 20 V ±0·3 V to 11 V ±0·6 V 
selected in steps of 1 V ±0·3 V. 

Nominal 1 kO source impeda nce. 

Meter FUN CTI ON switch selects 
one of seven functions. 

Indicates supply current to 
regenera tor on reverse current 
check. Calibrated 200 11A to 
500 j.lA. 

Ind icates supply cu rrent to li ne 
regenerator. Calibrated 20 mA to 
70 mA. 

Monitors vo ltage drop across li ne 
regenerator. Calibrated 10 V to 25 V. 

Monitors terminal regenerator 
supp ly vo ltage. Ca li brated 10 V to 
25 v. 

Indicates terminal regenerator 
supply current. Calibrated 20 mA 
to 70 mA. 

Monitors regenerator output signal 
peak leve l." Cal ibrated 2· 37 V with 
± 10%band. 

Indicates correct sett ing of signal 
to no ise ratio. 

DC current and voltage: ±1 0%. 
Regenerator output peak vo ltage: 
±5%. 

Carries test pattern w ith added 
noise as se lected. (BNC socket). 

Provides access to the regenerator 
under test. (BNC socket). 
The SIGNAL OUTPUT and 
REGEN. INPUT are extern ally 
linked for normal regenerator 
testing. (BNC sockets.) 

Provides access to the regenerator 
under test. connected to an error 
detector for normal regenerator 
testin g. (BNC socket.) 

75 0. 

Provides monitoring facili ty of the 
output of the regenerator under 
test. (BNC socket. ) 

Ordering numbers 

52823-311W 

52823- 312D 

52823- 304F 

52823-305G 

44836-104L 

Versions 
TF 2823 Version in OA 2805A 

case. w ith P.O. connectors. 
TF 2823 Version in OA 2805A 

case. wi th BNC connectors. 
The fo llowing vers ions may be 

available to special order. 
TF 2823 Vers ion in sing le bench 

case w ith BNC connectors. 
TF 2823 Vers ion in OA 2805A 

case. w ith BNC connectors. 
Bit-rates: 1 ·544 and 
2 ·048 M bit/s. 

Supplied Accessories 
Board Extractor 41148-605 K 

(supplied w ith all versions). 
Interface Lead 43129-056Y 

(supplied with all versions). 
7 -way lead w ith Plessey 
(Pa inton) connectors for 
second regenerator drive and 
connect ion to TF 2802/2. 

Accessory Kit 46883-1 69 H 
(supplied w ith all versions). 
Compris ing Terminal Regenerator 
Supply Lead 43129-050K. Filter 
Supply Lead 43129-051 A and 
Line Regenerator Supp ly Lead 
431 29-052Z. 

Accessory Kit 46883-255S 
(suppled w ith vers ion 
52823-305G). Comprising 
Filter Supp ly Lead 43129-11 OT 
and Line Regenerator Supply 
Lead 431 29-111 P. 

Lead 43125- 050Y (TM 4726/164) 
BNC (th ree supp lied w ith 
versi ons 52823-312D. 
52823-304F and 52823-305G). 
For connection from TF 2823 to 
TF 2801/4 and TF 2802/2. 

Cord Assembly 431 29-057N 
(supplied w ith version 
52823-311 W). For connecti on 
from TF 2823 to TF 2801/4 and 
TF 2802/2. 

U- Li nk 23441-098U P.O. No.1 
(suppl ied with version 
52823-311W). To link SIGNAL 
OUTPUT and REGEN INPUT 
sockets . 

Optional Accessories 
Extender Board; for use when 

servicing printed boards. 



Cable Simulator TF2825 

D Simulates loss and phase of cable in p.c.m. links 

0 Sixteen switchable simulators . 
D Can be used to extend cable simulation of PCM Regenerator Test Set OA 2805A 
D Maintains regenerator power feeding continuity 

CABLE SIMULATOR TF 2825 SIMULATOR IA/MKA/1 
Han<book H52825-301 

MARCONI INSTRUMENTS LTD 

Input 

i! 120() Sal 

14115/2 

,-------------- Cable Simulation dB --------------, 

Off 
Bit Rate I 536 k bit/s 

o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 n Output 

2-3 4·5 6·8 9·1 IH 13-6 15·9 18·2 20·5 22·7 25·0 27·3 29·6 31 ·8 34·1 36·4 
Bit Rate 2 048 k bi t/s 

TF 2825 simulates both the loss and phase characteristics 
of 120 0 balanced ca ble pairs used to connect between 
regenerators in a primary order p. c. m. system . The un it 
consists of sixteen pass ive networks indiv idually se lected 
by front panel switches. and introduced between th e 120 0 
ba lanced input and output sockets. Provision is made w ith - _ 
in the simulator for maintaining rege[:)erator power feeding 
continuity. 

Loss at Loss at Equivalent Nominal Cab le Length 

The Cable Simulator may be connected betwee n 
installed regenerators. for examp le for loop-back purposes 
w hen check ing a link. and may also be connected toPCM 
Regenerator Test Set OA 2805A to increase the number of 
cab le lengths w hich ca n be simulated interna lly 

Design of th e ca ble simu lators is based upon the loss 
and phase response of 0·63 mm PCOT cab le of 1 km 
length. giving an equiva lent loss of 17 ·4 dB at 1000 kHz 
and 15 ·3 dB at 800 kHz. Tab le 1 shows the relationship 
between loss. cab le length and conductor diameter for the 
simulato rs inc luded in TF 2825. 

The simul ators are housed in a portable case comp lete 

800kHz 
(dB) 

2 
4 
6 
8 

10 
12 
14 
1 6 
18 
20 
22 
24 
26 
28 
30 
32 

1000kHz 
(dB) 
2·3 
4 5 
6 8 
9 1 

114 
13·6 
15 9 
18 2 
20 5 
22 7 
25 0 
27 3 
29 6 
31 8 
34 1 
364 

cab le length 
(0 63mm) 0·63mm 0·9mm 1· 27mm 

131 130 180 245 
261 260 360 490 
392 390 535 735 
523 520 710 980 
654 650 890 1225 
784 780 1070 1470 
915 910 1250 171 5 

1046 1050 1430 1960 
11 76 11 80 1600 2230 
1307 1310 1780 2450 
1438 1440 1960 2700 
1564 1570 2140 2940 
1699 1700 2320 3190 
1830 1830 2500 2430 
1961 1961 2670 3680 
2091 2090 2850 39 20 

w ith protective I id providing storage for the interconnecting Table 1. Relationship betw een loss. _ cable length and conductor 
leads. diameter. 
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TF2825 
,:· •. ________________ _ 

Characteristics of Cable Simulators 
Ea ch ca ble simulator is identified by its insert ion loss at 
800 kH z (approx imately half bit rate of a 1536 kbit /s 
system) . Referring to Briti sh Post Offi ce 28 pair 0 · 63 mm 
(1 0 I b) PCQT (Paper Covered Quad Tru nk) cab le. a 1 km 

! 

Frequency ( M Hz) 0 ·1 0 5 

2 dB Loss 0 9 1·4 

ca bl e Ph s -2 1 -5 ·5 

4 dB Loss 1 8 2 8 
.... 

cab le Phs - 4 2 - 11 ·0 

6 dB Loss 2 3 4 2 

cable Phs -6 3 - 16 5 

8 d B Loss 3 1 5 8 

cable Phs -8 4 -220 

10 d B Loss 3·5 7·1 

cable Ph s - 10 5 -27 5 

12 d B Loss 4· 1 8 9 

cable Phs - 12·5 - 32 9 

14 d B Loss 4 9 10 3 

cable Phs -14·6 -384 

1 6 dB Loss 5 7 12 3 

cable Phs -16·7 -43·9 

18 d B Loss 6 0 13 7 

cable Phs - 18 8 -49 4 

20 d B Loss 6 6 15 2 

cab le Phs -20 9 -54 9 

22 dB Loss 7 3 16 9 

cab le Phs -230 -60 4 

24 dB Loss 80 18 5 

cable Phs ' -25 1 -65 9 

26 dB Loss 8 8 19 9 

cable Phs -27 2 -71 4 

28 d B Loss 8 8 21 8 

cab le Phs -29 3 -76 9 

30 dB Loss 9 7 23 1 

cab le Phs -31 4 -82 4 

32 dB Loss 9 7 24·1 

cab le Phs -33 5 -87 8 
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,. 

length of a typical ca ble pa ir has an inse rti on loss of 
15·3 dB at 800 kH z. 

In the tab le. Loss =inserti on loss in dB and Phs= phase 
di storti on in degrees (i .e . dev iati on from li nea r phase; 
frequency character ist ic of 1700°/M Hz for 1 km) . 

0 8 1·0 1·5 2·0 

2 0 2 3 3 0 3 5 

-51 - 44 -2 1 + 1 ·0 

4 0 4 5 6 0 70 

-1 0 2 -8 9 -4 2 + 2·0 

6 0 6 8 8 8 1 0 ·6 

- 15 3 - 13 3 -6·3 +2 9 

8·0 9·1 11 8 1 3 6 

- 20 4 - 17 8 -8 4 + 3 9 

100 114 14 3 16 7 

-25 5 - 22 2 -10 5 + 4·9 

12 0 13 6 175 20 7 

- 30 ·6 - 26 ·7 -12 5 +5·9 

14 0 15 9 21 0 25 0 

-35 7 -31 1 -14 6 -~6·9 

16 0 18 2 23 6 27 5 

-40 8 -35 6 -16 7 +7· 8 

18 0 20 5 26 3 30 8 

-45 9 -400 -18 8 +8·8 

20 0 22 7 29·5 34 6 

-51 0 -444 -20 9 + 9 8 

22 0 25·0 32·3 38 1 

-56 1 -48 9 -230 +1 0 8 

24 0 27 3 35 ·1 40 9 

-61 2 -53 3 -251 + 11 ·8 

26 0 29 6 37 8 44 0 

-66 3 -57 8 -27 2 + 12 7 

28 0 31 8 41 0 48·5 

-71 ·4 -62 2 -29 3 + 13 7 

30 0 341 43 6 50 6 

-76 5 -66 7 -31 4 +14·7 

32 0 36 4 46 ·9 54 4 

-81 6 -71 1 -33 5 + 15 7 



SIGNAL INPUT 

Pattern 

Bit rates 

Amplitude 

Input impedance 

Return loss 

Input transformer 
balance 

Connector 

SIGNAL OUTPUT 

Output 

Output impedance 

Return loss 

Output transformer 
balance 

Bi-po lar p.c.m. signal. 

1 536 kbil /s or 2048 kbit/s nomina l. 

6 V p-p nominal. 

120 0 ba lanced. 

Better th an 20 dB from tOO kHz to 
2·5 M Hz. 

Balance about centre tap is greater 
th an 40 dB f rom 100kHz to 
2·5 M Hz. 

Three 4 mm sockets on f ront panel 
to f it Siemens 3-p in plug. 

In put signa l modif ied by cable 
simulator selected. 

120 0 ba lanced. 

Better t han 20 d B from 100kHz to 
2· 1 M Hz. 
Betterthan 18dBfrom2·1 M Hz 
to 2·5 MHz. 

Ba lance about cent re tap is greater 
t han 40 dB f rom 100 kHz to 
2·5 M Hz. 

Connector Three 4 mm sockets on front pane l 
to f it Siemens 3-pin plug. 

CAB LE SIMULATORS 

Selection By 18 push-button switches 
providing an OF F (open circui t) 
pos it ion. a 0 dB (th roug h) positi on 
and 1 6 simulator posit ions marked 
w ith insertion loss at 800kHz fo r 
1 536 kbit / s and at 1 M Hz for 
2048 kb it / s. 

Insertion loss In dB at approximately half th e 
bit- rate freq uency w ith switch 
buttons numbered from left to ri ght. 

Insert ion Loss (dB) 
Switch 

posit ion 1 536 kbit/s 2048 kb it /s 
(800kHz) (1 M Hz) 

1 - -
2 0 0 
3 2 2 3 
4 4 4·5 
5 6 6 8 
6 8 9 1 
7 10 11 4 
8 12 13 6 
9 14 15 ·9 

10 16 18 2 
11 18 20 5 
12 20 22 7 
1 3 22 25 0 
14 ' 24 27 3 
15 26 29 6 
16 28 31 8 
17 30 341 
18 32 36 4 

Phase distortion Phase 'response designed to 
simulate phase distortion 
encountered in PCOT cables from 
100kHz to 2 M Hz. 

Insertion loss 
accuracy ±0·5 dB at 800kHz. 

± 1·0 dB at 1 MHz. 
Over the frequency range 100 kHz 
to 2 MHz: 
± 1·0 dB for losses between 0 and 
40 dB. 

TF2825 

±1·5 dB for losses between 40 and 
50 dB. 
±2·0 dB for losses greate r t han 
50 dB. Less th an 1 dB loss in 0 dB 
(th roug h) pos iti on. 
In OF F switch positi on: 
Greater th an 70 d B f rom 100 kH z 
to 1 M Hz. 
Greater than 55 d B f rom 1 M Hz to 
2·5 MH z. 

POW ER FEEDING Con ti nu ity of phantom pa ir power 
feed arra ngements is ma intained 
between input and output. 
Maximum cu rrent 100 mA (50 mA 
per leg) at a vo ltage not exceeding 
1 50 V d.c. re lat ive to ea rth. 

INTERFACE 

Compatibility Compatibl e w ith PCM Regenerato r 
Test Set OA 2805A. 

' . 

Switch 
posit ion 

1 & 2 
3&4 
5 & 6 
7&8 
9 & 10 

11 & 12 
13 & 14 
15 & 16 
17 & 18 

SAFETY 

Interconnection Via 19-way socket on rea r pane l. 
Provides input and output 
connect ions in pa rall el w ith front 
panel sockets. W hen used w ith 
OA 2805A it also provides 
connecti ons to t hree attenuator 
networks and a diode network 
bui lt into TF 2825. When used as a 
cab le simulator on ly. these circui ts 
have no effect on t he operati on and 
specif icat ion of the instrument. 

Attenuators Three networks w ith attenuation 
selected by the cable simulator 
switch buttons . 
Attenuation accuracy: ±0·5 dB. 
Impedance: 75 0 . nom ina l. 

Network 1 
(S igna l 

measurement) 

Open circuit 
214 
18·3 
1 5 1 
11 ·1 
84 
5·2 
2 5 
0 1 

Attenuati on in d B 

Network 2 
(Noise 

measurement) 

Open circuit 
21 9 
18·8 
15 6 
1 1 6 

8 9 
56 
3·0 
0 6 

Network 3 
(Noise 

Attenuator) 

Open circui t 
0 1 
2 0 
4·3 
6 9 

10 6 
13 0 
15 0 
18 9 

Designed to meet the req ui rements 
of I EC 348. 

DIMENSION S 
AN D WEI GHT Height Width Depth Weight 

95 mm 290 mm 330 mm 3·2 kg 
3 7 in 11 ·4 in 13 1 in 7 lb 

V ERS IONS A ND ACCESSORIE S 

Wh en ordering please quote eight digit code numbers 

Ordering numbers 
Versions 

52825- 301 E Cab le Simu lato r TF 2825 

Supplied Accessori es 
Interface Lead Assembly 

43129-139T (For connect ion to 
OA 2805A) 

Interface Lead Assembly 
43129-140W (For connection to 
PCM Regenerator Tester 
TF 2342) 

Front Cover Assemb ly 
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PCM Digital Simulator 

, .... ,.L•·-----------------------------------------------

D Simulation of 2048 kbit/s HOB 3 encoded line signal 
to CCITT Recommendation G732 

D Range of frequencies from 200 to 3600 Hz . 
D Range of levels at 850 Hz from +3 to -60 dBmO 
D Simulation of alarm conditions 
D Remote control of essential functions through TTL interface 
D Optional GPIB* interface 

-• • I 
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PCM Digita l Simu lator TF 2828 generates a 2048 kbit/s 
frame st ru cture to CC ITI Recommend at ion G732. 
Provision is made. through front panel contro ls. for the 
simulation of a range of frequencies from 200 Hz to 3600 
Hz at a leve l of 0 dBmO. It is also possib le to simu late a 
range of level s at 850 Hz from+ 3 dBmO to -60 dBmO. 
Th ese digital sequences may be inserted in any one or all 
30 channel time slots. In the case of the former. remaining 
channe l time slots may be loaded w ith ze ro code. or a 
pseudo random code, representative of traff ic. 

Any of the 128 coding leve ls may be represented by 
manual se lect ion, and if required an automatic sweep of 
leve ls from 0 to 128 may be made in both positive and 
negative di rections. It is also possib le to generate 
increments of frequency in 30 Hz steps from 15 Hz to 
4000 Hz at a stepping rate of a.bout 1 increment per 
quarter second. Th is low stepping rate all ows for the 

*GPIB- Marconi Instruments ' General Purpose Instrument Bus is in 
accordance with IEEE Standard 488-1975 and IEC document 66 (Central 
Office) 22. 
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response time of commercially ava il ab le 'x-y' plotters 
which may be used to plot indiv idual channe l frequency 
response. 

A larms may be simu lated in time slots 0 and 16 
fo llowing the protocol recommended in CCITI G732. 
Selection of the required alarm cond ition is made throu gh 
a front pane l contro l. and this actuat ion. in con junction 
w ith the multiplex alarm logic. can be used to check the 
multiplex loss and rega in of the alarm condit ions. The 
result is indicated by 'pass' and 'fai l ' lamps which are an 
integral part of TF 2828 . 

Display lamps and switches provide fo r t he control of 
all bits conta ined w ithin TSO and TS16 including 'not' 
words in frame 0 and signa ll ing wo rd in TS16. 

The equipment may be remotely cont ro ll ed through a 
TIL interface . An opti on for GPIB* interfa ce bus w ill also 
be available. 



OUTPUT 

Format 

Bit rate 

Output impedance 
and amplitude 

EXTERNAL CLOCK 
IN PUT 

CONTROL MODES 

PCM frame structure to CCITT 
Recommendation G732. 

HOB 3 code. 

Internal clock generator 20.48 kbit/s 
±1 00 bit/s. 

75 n unbalanced: 
Return loss greater than 26 dB. 
Pu lse amplitude (terminated in 75 0) 
2·37 v ±10%. 
6 dB loss network simulating 6 dB of 
cable loss at 1 M Hz inserted in 
output path. 
120 n balanced: 
Re_turn loss greater than 26 dB. 
Pu lse amp li tude (terminated in 120 0) 
3·0 v ±10%. 
2400 n monitor: 
Pulse amplitude into 75 0 (with 
selected output terminated) 72 mV 
nominal. 

2048 kbit/s ±200 bit/s. 
Imp edance: 75 o unbalanced. 
Level: Greater than 1 V p-p sine or 
square wave. 

An illuminated control switch permits 
se lect ion of five operating modes. 
Modes 1, 2 and 3 select test signals 
for loading se lected channel time 
slots in an error-free frame structure 
(see AUD IO CHANNEL TESTS). 
Modes 4 and 5 allow modifications to 
the standard frame structure w ith the 
channel time slots loaded w ith a 
standard test signal (see ALIGNMENT 
TESTS). . 

AUDIO CHANNEL TESTS 

CHANN EL SELECTION 

CONTRO L MODE 1 
(0 dBmO sine wave) 

In control modes 1. 2 and. 3 selected 
test signals may be loaded into any 
one or all audio channel time slots as 
se lected by the ~ h annel switches and 
indicated on the seven segment 
displays. When a single channe l is 
selected. the unselected channe ls 
may be loaded w ith either a zero 
level or pseudo-random signal. 

Generates digital sequences 
representing sine waves at nine 
selected frequencies at a level of 0 
dBmO. The frequencies generated 
are l isted below. They are not 
sub-harmonics of the 8 kHz sa mpling 
rate except for the CCITT 
recommended 1 kHz. 

Nomina l frequency 
(Hz) 

200 
325 
850 

1000 
1800 
2400 
3000 
3400 
3600 

Clock derived 
frequency (Hz) 

203 
328 
859 

1000 
1797 
2390 
2984 
3391 
3609 

Frequency accuracy: derived from the 
clock source. 
Level accuracy: theoretical error of 
fundamental due to quantizing error 
no greater than ±0·01 dB. 
Signal to quantizing noise ratio 
greater than 35 dB. 
Signa l to quantizing noise ratio is the 
ratio of the fundamen tal frequency to 
the harmonic and subharmonic 
frequency components of the 
fundamental in the frequency range 
300 Hz to 3-4 kHz. 

TF2828 

CONTROL MODE 2 
(850 Hz sine wave) 

Generates digita l seq uences 
representing a sine wave of nominally 
850 Hz (859 Hz) at the nine levels 
li sted in the tab le be low. Theoretical 
leve l error of fundamenta l is 
introduced by quantizing . 

Leve l Theoretica l Theoretica l 
(dBmO) quantizing signal to 

level error quantizing 
(dB) noise ratio 

(dB) 

+3 <0·01 >35 
0 <0·01 >35 

-10 <0·01 >35 
-20 <0·01 >35 
-30 <0·01 >35 
-40 <0·01 >30 
-50 <0·05 >20 
-55 <0 05 >15 
-60 <0·05 > 10 

CONTROL MODE 3 The following definitions apply. 

Word Set by means bf eight two-position 
switches on the front panel. Switches 
indicate the state of the word prior to 
alternate dig it inversion. 
Left hand switch gives polarity: 1 = 
positive. 0 =negative. Of the seven 
remaining switches th e left hand 
switch gives the most significant bit 
and the right hand switch the least 
signif icant bit. 

Positive word As 'Word' but w ith the first (polarity) 
bit permanently set at '1' (first switch 
inoperative). 

Negative word As 'Word' but with first (polarity) bit 
permanently set at '0' (first switch 
i_noperative). 

Zero 

Word +1 

Level test 1 

Level test 2 

Step test 

Sweep level + 

Sweep level -

Sweep step + 

Sweep step -

Decoder test stimulus 
switch 

(500 Hz/ pseudo-random) 

Generates w ord XOOOOOOO w here X 
is a '1' or ·o· as set by 'Word' in same 
test sequence . 

Generates word advanced by one 
code level. e.g if 'Word'= - 106 then 
·word +1'= - 107. 
The foll owing test patterns may be 
inserted in to any or all aud io channel 
time slots. as indicated on the display. 

Generates a continuous sequence of 
eight positive words followed by 
eight negative words. 

Generates a continuous sequence of 
eight words and eight zeros . 

Generates a continuous sequence of 
eight words and eight words +1. 

Level test 2 is automatica lly 
sequenced from +0 through to + 127 . 

Level test 2 is automatically 
sequenced from -0 through to - 1 27. 

Step test is automatica lly 
seq uenced starting at +0 through to 
"+ 126. 

Step test is automatica lly 
sequenced starting at -0 through to 
- 126. 
For the preceding four tests the word 
changes after approximately two 
seconds (1024 multiframes). 

With thi s switch set to '500 Hz' the 
preceding seven tests occur as 
detailed above. With 'pseudo-random· 
selected the transition between the 
two words will occur at a 
pseudo-random rate. 
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TF2828 
.............. ~ ---------------------

TF 2828 

TF 28 07A 

2048 kbit/s HDB3 

PCM 
PRIMARY 

MULTIP LEX 

Ch 1-30 

TF 2828 used with TF 2807 A for testing a PCM Primary Multiplex 

Sweep frequency 
(0 to 4kHz) 

Recorder output 

Sweep/ Reset switch 

Set output high 

External word 

ALIGNMENT TESTS 

CONTROL MODE 4 

188 

0 dBmO sine wave is automatical ly .. 
sequenced in approximately 30 Hz '1.

1 

steps between 1 5 Hz and 4 kHz 
giving 1 28 frequencies. The frequen cy 
changes approximately every 0·25s 
(128 multiframes). 
Al l sweep tests are single shot and 
are controlled by a sweep/reset 
switch. A green lamp is ill um inated 
w hen a sweep is in progress. 

A positive going staircase for sweep 
tests available at a rear panel socket. 
Sweep rate: contro ll ed by test 
function. 
Amplitude: 0 to 3·5 V nominal. 
Output impedance: 1 0 k 0 
approximately. 

Initiates sweep or sets RECORDER 
OUTPUT to zero. 

Biased rear panel switch sets 
RECORDER OUTPUT to full scale 
irrespective of setting of reset control. 

Accepts input to EXT WORD INPUT 
socket on rear panel of instrument. 
Output of clocks are provided at 
2048 kbit/s and 8 kHz. 
Connector: 15 way Plessey 1 59 series 
socket. 

Function 

Bit 1 
Bit 2 
Bit 3 
Bi t 4 
Bit 5 
Bit 6 
Bit 7 
Bit 8 

2048 kHz output 
8 kH z output 

Earth 

Pin 

1 
2 
3 
4 
5 
6 
7 
8 

10 
12 
15 

Input logic level: positive log ic 
Logic 1 = +5 V. Logic 0 = -5 V. 
Input impedance: greater than 1 0 k 0. 
Output clocks level: +5 V to -5 V. 
Output impedance: greater than 1 0 k 0. 
The above levels are CMOS 
compatible. 

A standard 2048 kbit/s frame 
structure is generated to CC ITT G732 
and errors/alarm co nditions are 
inserted. Switches/internal st raps 
allow for change in frame strategy. 
Aud io channe l time slots are loaded 
w ith a di g ital pattern of peak code 
116 representi ng a sine wave at 1 
kHz and 0 dBmO. 
The logic associated with the alarm 
outputs can be checked to ensure 

Line 

AIS (Alarm indication 
signal) 

Errors 1 in 1 0 ' 

Errors 1 in 1 0 ' 

Errors 1 in 1 0 ' 

Start and stop pulses for 
counter-timer 

Frame 

Distant 

Multiframe 

Distant multiframe 

Trigger output 

Test lead to TF 2829 

correct functioning of th e multiplex. 
Rear panel socket TO M U L Tl PLEX 
allows access to alarm lines. 
Error conditions are activated by 
depressing the control function 
switch which illuminates w hile the 
error condit ion is present. 

Signal removed from output sockets. 

Generates a 2048 kbit/s stream of 
all '1's. 

Injects errors into the frame 
al ignment word at a rate of 1 in 10 3 . 

Injects errors into the frame 
ali gnment word at a rate of 1 in 10 4

. 

Injects errors into the frame 
alignment word at a rate of 1 in 10 5 . 

For the precedi ng three tests 
negative-go ing pulses ( +5 to -5 V. 
50 ~s nominal) are available from TO 
COUNTER/TIMER STA RT and 
STOP outputs on the rear panel. 
w hi ch in conjunction w ith alarm 
signals generated by the multiplex 
may be used to measure t ime taken to 
action the alarm. 

A sequence is generated w hich 
exercises the multiplex for loss and 
recovery of frame alignment in 
accordance w ith CCITT 
Recom mendation G732. 

A sequence is generated w hich 
exercises the multiplex for correct 
indi ca ti on of 'Distant' alarm. 

A sequence is generated w hi ch 
exercises the multiplex for loss and 
recovery of multiframe alignment in 
accordance w ith CCITT 
Recommendation G732 . 

A sequence is generated w hi ch 
exercises the multiplex for correct 
indi ca tio n of Distant Multiframe 
alarm. 

For the preceding four tests PASS 
and FAIL lamps indicate the 
functioning of the multiplex alarms. 
These four tests are normally single­
shot sequences. However. the rear 
panel switch REPEATED A LARM 
SEQUENCES al lows the above 
sequences to run continu ously. 

A trigger output at the start of each 
sequ ence is avai lable from TRIGGER 
OUTPUT on the rear panel for 
synch roniza tion w hen viewing 
multiplex alarm logi c. Tri gger 
cons ists of a 5 V squarewave. 
positi ve going edge coincident w ith 
start of sequence. 

Rear panel terminal provides for 
connection to PCM Digital Ana lyser 
TF 2829 for back-to-back testing of 
instrument alignment structure. 



CONTROL MODE 5 

Frame TSO 

Not frame TSO 

M ultiframe TS16 

Signalling TS1 6 

MULTIPLEX ALARM 
AND SIGNALLING 
HIGHWAY MONITOR 

SBRC 
(System busy receive 
common) 

SRH 
(Secondary receive 
highway) 

SF 
(System fail) 

As a fu rther aid to alarm testing the 
following words may be monitored by 
eight l.e.d.s and their logic states 
may be inverted by eight associated 
switches denoted NORMAL/INVERT. 

Frame alignment word norma lly 
10011011. 

Not frame word norma lly 11011111. 

Mu ltiframe alignment word normally 
00001011. 

Signalling w ords normal ly 01010101. 

Th e cond itions monitored are SBRC, 
SRH and SF which are alarm 
conditions monitored by the BPO. 
However. access to a single alarm 
condition on the multip lex and 
applied to SBRC and SRH inputs 
will enable alarm functioning to be 
assessed wh ile sequence testing in 
Contro l Mode 4. 

A larm lamps ON condition. 

Logic 1 (normally log ic 0). TTL logic. 

Continuously high (norma lly varying 
data). 

Li ne connected to earth (normally 
open circuit). 

REMOTE A ll essential fun ct ions can be 
remotely contro l led via a socket on 
the rear pane l (50 way Amp 
connector). A lamp ind icates 
REMOTE operation. 

The following table indicates the 
functions controlled (TTL negative 
logic) 

Control lines and functions Remote enable 
Data valid (held, high while cha nging 

control functions). 
Channel select (5 lines). 
Loading of unselected channels 
(2 lines): 

A ll channels selected. 
Pseudo random signa l in 
unselected channels. 
Zero level signa l in unselected 
channels. 

Contro l mode select (5 lines) 
Control mode 1 and 2. Nine levels 
(at a frequency set by Test word/ 
frequency lines) and CC ITT 
0 dBmO at 1 kHz. 
Control mode 3. Channel word. 
level tests 1 and 2. step test. 
(Channel word set by Test word / 
frequen cy lines) 

TF2828 

,. ' 

SAF ETY 

POWER 
REQUIREMENTS 

AC supply 

Supply outlet 

DIMENSIONS AND 
WEIGHT 

Control mode 4. Alarm tests 
(except Ll N E). 
Control mode 5. Set frame or not 
frame or multiframe or signall ing 
words. (Word set by Test word/ 
frequency lines). 

Test word/frequency select (8 lines): 
Sets frequency in control mode 1 
and 2. 
Sets channel word in control 
mode 3. 
Sets word in control mode 5. 

Line Off. 
Sine or Pseudo ra ndom on level tests. 
SBRC (output). 
SRH (output). 
SF (output). 
A larm sequence test pass/fail 
(output). 
Ala rm sequence test pass/ inh ibit 
(output). 
Ground. 

Designed to meet the requirements of 
IEC 348 . 

95 to 130 V and 190 to 264 V. 
45 to 65 Hz. 15VA nomina l. 

2A maximum out let for PCM Digital 
Analyser TF 2829. 

Height Width Depth 
148 mm 430 mm 444 mm 
5·75in 17·0in 175in 

Weight 
10 kg 
22 lb 

VERSIONS AND ACCESSORIES 

When ordering please quote eight digit code numbers 

Ordering numbers 
Versions 

52828- 900R PCM Digital Simulator TF 2828. 

54127- 071H 
54347- 012A 

54347- 013Z 

54511 - 012R 
54712-041M 
54712-051 H 
46883- 368R 

Supplied Accessories 
Accessory Pack 46883-366M. 

including Board Extractor. 
Lamp Extractor. Push button 
lamps and Fuse Links. 

Optional Accessories 
Rack Mounting Kit. 
Interconnecting Lead. For 

connect ion of a.c. supply 
between TF 2828 and TF 2829. 

Lead Assembly (Multip lex). Lead 
to connect TF 2828 to a Mult ip lex 

Extender Boa rd. 
Mu ltiway Plug (7 way). Painton. 
Multiway Plug (15 way) Painton. 
50 way Plug Kit. Am p. 

Associated Equipment 
PCM Digital Ana lyser TF 2829. 
PCM Mu ltip lex Tester TF 2807A. 
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,lp··---~---------------------------------------------

PCM Digital Analyser 
....... ________________________________________________ _ 

0 In-service or out-of -service monitoring of audio channels 
and digital display of peak code 

0 Detection and display of alar~ conditions 
0 Digital to analogue conversion of selected channels 
0 Optional GPIB * interface 

PCM Digital Analyser TF 2829 provides for the 'in­
service' or 'out -of-serv ice' monitoring of 2048 kbit/s 
HDB 3 encoded digital line signa ls conforming to CCITT 
Recommendation G732. The · cho ice of both input 
impedance and sensitivity allow s the user to opera)e 
TF 2829 in either a 'through' or 'terminated' mode. This 
obviates the need to remove the system from traffic before 
determin ing the state of alarms or to gain access to 
indi v idual channe l time slots. 

Through a combination of front pane l controls and 
displays, all alarm functions associated with time slots 
0 and 16 in the frame structure can be continuous ly 
monitored and displayed. The presentat ion of alarms is 
given in a logical priority inc luding a range of error 
conditions associated with TSO. Arrangements are made 
for channe l time slot select ion 1 to 30 inclusive. In this 
mode a decimal display indicates the peak code present in 
th e channe l, and the operator can se lect the display to 
indicate the maximum positi ve. maximum negative. or 
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whicheve r is greater (modu lus) with in the sampling 
pe ri od. 

An analogue output is also provided which represents 
the digital signa l contained w ithin the se lected channel. 
The distortion introduced by the digital to analogue 
converte r is sma ll compared w ith the minimum quantizing 
distort ion associated with commercia lly available multi­
plexes. The alarm and signa lling monitor functions 
comb ined with the precision digital to analogue converter 
al low for rapid and accurate determ ination of the primary 
p.c.m. multiplex perfo rm ance. The diagram indicates how 
these functions can be determined in combination with 
Marconi Instruments PCM Mu ltip lex Test Set TF 2807A. 

The equipment may be remotely contro lled through a 
TTL interface . An option for GPIB* interface bus wi ll also 
be avai lab le. 

•GPIB- M arconi Instruments' General Purpose Instrument Bus is in 
accordance with IEEE Standard 488- 1975 and IEC document 66 (Central 
Office) 22. 



INPUT 

Format 

Bit rate 

Input impedance 
and amplitude 

PCM frame structu re to CCITT 
Recommendation G732. 

HDB 3 code. 

2048 kbit/s ±200 bit/s. 
Synchronization wi ll be nfaintained 
with up to 1·5 bits p-p j itter in the 
range 5 Hz to 3·9 kHz. 

75 n unbalanced: 
Return loss greater than 30 dB 
between 1 00 kHz and 3·0 M Hz. 
Input pulse amplitude range 32 mV 
to 2·7 V. 
2400 n unbalanced: 
Input pulse amplitude range 1·0 V 
to 2·7 V. 
120 n balanced: 
Return loss greater than 26 dB. 
Input pulse amplitude range 40 mV 
to 3·3 V. 
3000 n balanced: 
Input pulse amplitude range 1·0 V 
to 3·3 V. 

FRAME STRUCTURE MONITORING 

ALARM MONITORING Lamps indicate the frame structure 
alarm conditions and are graded in 
order of priority. When severa l alarm 
conditions are simultaneously 
presented the highest priority alarm 
only is indicated. 
Two display modes are avai lable. 
A UTO RESET and LAMP LOCK. 

Auto reset Lam p extinguishes when alarm 
cond ition clears. 

Lamp lock Lamp remains on after alarm clears. 
However until the line is alarm free 
further alarm conditions will be 
recorded and held. Lamps remain on 
until manually RESET. This condition 
does not apply to ALARM PRESENT 
Lamp. 

Alarm present Lamp lights when an alarm condi ti on 
is present and. exti nguishes when 
alarm cond ition clears. This faci lity is 
usefu I af•er frame errors have been 
removed from the input signal as the 
error rate circuit takes up to 60s to 
clear. 

Alarm conditions in order of priority 
are: 

Line A lamp will l ight when the signal is all 
·o·s. 

AIS 
3rm indication signal) A lamp wi ll li ght w hen the signa l is all 

'1's. 

Frame A lamp will light when 3* consecutive 
Frame words or Not Frame words have 
been rece ived each with one or more 

. errors. 
' The number of consecutive Frame 
words or Not Frame words to be 
monitored during the above sequence 
can be varied-by adjustment of 
internal strapping. 
The lamp wil l extingui sh w hen a 
sequence of Correct Frame. Not 
Frame and Frame words has been 
detected. 

1 in 10 ' errors A lamp w ill li ght if the error rate on 
the incoming frame alignment word is 
grea ter than 1 part in 103 . Errors 
averaged over a 300 ms period. 

1 in 10 • errors A lamp wi ll light if th e error rate on 
the incoming frame ali gnment word is 
greater than 1 part in 10 4 

Errors averaged over a 3 s peri od . 

1 in 1 0 ' errors A lamp wi ll li ght if the error rate on 
the incoming frame ali gnment word is 
greater than 1 part in 1 os. 
Errors averaged over a 30 s period. 

TF 2829 

Recovery of error alarms is checked 
over a 30 s period. so up to about 
60s may elapse before alarm clears 
on remova l of errors. 

Multiframe A lamp wi ll light when two 
consecutive mu ltiframe alignment 
words have been received. each w ith 
one or more errors. 
Th e lamp wi ll extinguish w hen one 
correct mu ltiframe alignment word 
has been received. 

Distant A lamp wi ll light w hen the distant 
frame alarm is received on at least 
two consecutive occasions. The lamp 
wil l extinguish when non-alarm 
conditi on is detected. 

Distant Multiframe A lamp wi ll light when the distant 
multiframe alarm is received on two 
consecutive occasions. The lamp w ill 
extinguish when the non-alarm 
condition is detected. 

Test lead to TF 2828 Rear pa nel terminal provides for 
connection to PCM Digital Simulator 
TF 2828 fo r back-to-back testing of 
instrument alignment structure. 

WORD MONITORING In addition to the above alarm 
monitoring the state of other parts 
of the frame st ru cture may be 
monitored on four lamps. 
Switch se lection al lows access to : 

Not frame bits 1 to 4 Th'e four lamps ind icate the logic 
sta te of bits 1 to 4 of the Not Frame 
word. 

Not frame bits 5 to 8 The four lamps indica te the logic 
state of bits 5 to 8 of the Not Frame 
word . 

Multiframe bits 5 to 8 The four lam ps will indicate the 
logic state of bits 5 to 8 of the 
Multiframe alignment word. 

Signalling The four lamps wi ll indicate the 
logic state of the signalling word in 
any channe l selected. 

AUDIO CHANNEL TESTS 

Selected channel 

PEAK CODE 

Positive 

Negative 

Modulus 

Sample period 

ANALOGUE OUTPUT 

Frequency response 

Linearity 

Distortion 

Any one of the 30 channels may be 
switch selected. 
Th e channel number is indicated on 
two seven-segment displays. 
The display is blanked out on loss 
of frame lock. 

Indication of peak code in se lected 
channel on seven segment numerical 
display is either: 

Peak most positive code. 

Peak most negative code. 

Maximum code. Positive or negative. 

In AUTO the peak code is 
continuously monitored using a 
sampling period of about 0·15 s. 
In INFIN ITY the highest code is 
conti nuous ly monitored and is 
displayed until manually reset. 
On RESET returns to current code. 

The digital information on the 
se lected channel is converted to an 
ana log ue output signal. 

300Hz to 3-4kHz ±0·1 dB w.r.t. 
850Hz. 
200Hz to 3·6 kHz ±0·2 dB w.r.t. 
850 Hz. 

±0·2 dB from +3 dBmO to -60 
dBmO w.r.t. level at - 10 dBmO, 
measured se lectively at 850 Hz. 

Additiona l distortion added to the 
decoded output is neg ligible. and is 
of the order of 0·05 dB theoreti ca l 
error on the signal to distortion ratio. 
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~ .-)-------c=J---- 2048 kbit/ s HDB3 

PCM 
PRIMARY 

MULTIPLEX 
TF 2829 

.--~ 
" I HI 

TF2807A 
L.-f-e f •' ) ) 

v [W 
... .. 

Ch 1-30 

TF 2829 used with TF 2807A for testing a PCM Primary Mul tiplex 

Output level 0 dBmO ±0· 1 dB into 600 oat a 
transmission leve l of 0 dBr (when 
digita l signal on se lected channe l is 
equivalent to 0 dBmO signa l at 
850Hz). 
The dBr level may be adjusted 
internally over a range of IE)vels up to 
+ 10 dBr. 

600 n output impedance Return loss better than 36 dB from 
200 Hz to 3-6 kHz. 
Balance greater than 60 dB from 
200Hz to 3·6 kHz. 

Noise test (30 dB gain) For low level output signal not 
exceed ing code levels ±32 (idle 
channel noise, cross -talk etc.) a 
digital ga in may be switch selected. 
Th is effectively increases the gain by 
30 dB. 

LAMP TEST A non-locking switch wi ll illuminate 
all front panel lamps and displays 
excluding REMOTE lamp. 

REMOTE All essential functions can be 
remotely controlled via a socket on 
the rear panel (50 w ay AMP 
connector). A lamp in dicates 
REMOTE operation. 
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Control li nes 

Output of alarm states and peak code 
detector are avai lable The following 
tab le indicates the functions 
con trol led. (TTL negative logic unless 
stated otherwise). 

and functions Remote enab le 
Control lines (8 li nes) se lect 

Peak code (2 li nes) +ve. -ve. 
modulus. 
Reset peak code. 
Noise test ( +30 dB gain) . 
Reset alarms. 
Frame structure monitor (3 lines). 
Multiframe word bi ts 5 to 8, 
not-frame word bits 5 to 8. 
not-frame word bits 1 to 4, 
signa ll ing word in se lected channe l. 

Channel se lect (5 lines). 
Peak code outputs (8 lines) +ve 
logic. 
TS(n) selected channel timing signa l. 
Alarm lamp outputs (1 0 lines) +ve 
logic : 

Alarm present 

AUXILIARY OUTPUTS 

SAFETY 

POWER REQUIREMENTS 
AC supply 

DIMENSIONS AND 
WEIGHT 

Li ne 
AIS 
Frame 
Error rate 1 in 103,1 in 10 4

, 

1 in 105 . 

Mu ltiframe 
Distant 
Distant Mu ltiframe 
Frame structure monitor lamp 

(4 lines) +ve logic 
Ground. 

Auxilia ry outputs (t.t.l.) on 7 -way 
Painton socket: 
Data NRZ. 
Clock. 
TS(n) selected chan nel ti ming signa l. 
Frame errors. 

Designed to meet the requ irements 
of IEC 348. 

95 to 130 V and 190 to 264 V. 
45 to 65 Hz. 18 VA nominal. 

Height Width Depth 
148 mm 430 mm 444 mm 
5·75 in 17·0 in 17·5 in 

Weight 
10 kg 
22 lb 

VERS IONS AND ACCESSORIES 

When ordering please quote eight digit code numbers 

Ordering numbers 
Versions 

52829- 900L PCM Dig ital Analyser TF 2829 

Supplied Accessories 
Accessory Pack 46883-367C. 

including Board Extractor and 
Fuse Links. 

Option al Accessories 
54127-071H Rack Mounting Kit. 
54347- 012A Interconnecting Lead. For connection 

of a.c. supply between TF 2828 
and TF 2829. 

54511 - 012R Extender Board. 
46883-368R 50 way Plug Kit. Amp. 

Associated Equipment 
PCM Digital Simulator TF 2828 
PCM Mu ltiplex Tester TF 2807 A 



TV MEASURING 
EQUIPMENT 
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TF2904 Colour Gain and Delay Test Set 
.. -... \·-------------------------------------------------------------~ 

D For all colour television systfmlS 
D Measures relative gain and delay between luminance 

and chrominance channels 

COLOUR GAN IH:) DELAY TEST SET TF 2'J(K 

-On 

f'iO'WEilllATNG6"" 

73002!2 

110 .. .. .. ,. .. 

The Colour Gain and Delay Test Set is used for measurement of 
inequa li t ies in gain and delay between the chrominance and lumin· 
ance channels of colour televis ion systems. It is based on an origina l 
design by the British Broadcasting Corporation. 

The tes t set is used in conjunction with a sine-squared pu lse and 
bar generator giving combined luminance and chrominance test 
waveforms. a suitable oscilloscope also being used as the indicator. 
The measurement is made by introducing a ca li brated amou-nt of 

TELEVISION SYSTEMS 625 line colour. NTSC or PAL with 
sub-carrier frequency of 4·43 M Hz 
approximately. 

GAIN MEASUREMENTS 
Range - 3 dB to + 3 dB continuously variable. 

Calibrated in 0-5 dB steps. · 
Accuracy ± 0·1 dB w.r.t. centre zero. 

DELAY M EASUREM ENTS 

Range 110 ns lag to 110 ns lead by coarse and 
fine controls. 
Coarse: 100 ns lag to 100 ns lead in 
switched 20 ns steps. 
Fine: 1 0 ns lag to 10 ns lead continuously 
variable. ~ alibrated in 2 ns intervals. 

Accuracy ± 2 ns up to 10 ns. 
± 5 ns above 20 ns. 

Va ries linearly from ± 2 ns to ±5 ns 
over the range 1 0 ns to 20 ns. 

COMBINED TEST SIGNAL 
REQUIREMENTS 
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Luminance component 

Chrominance component 

Sine-squared pulse and bar waveform at 
video frequency. 

Sub-carrier with 1 00% amplitude 
modulation by sine-squared pulse and 
bar waveform. 

Amplitude 0·35 V peak-to-peak luminance. 
0·7 V peak-to-peak ch rominance . 
0-7 V peak-to-peak combined 
luminance and chrominance. 
0 ·3 V peak-to-peak sync (when 
provided). 
1 V peak-to-peak complete waveform. 

.. .. .. 

gain or phase inequality in the opposite sense to that of the system 
under investigation. the test set be ing adjusted to produce a fully 
equalised display on the oscilloscope. 

Ga in inequa lity can be measured over the range ± 3 dB. and delay 
inequality over the range 110 ns lag to 110 ns lead by operat ion of a 
push-button switch and a fine control. There is also a three position 
switch which enab les the luminance or chrominance components 
to be displayed separate ly from the combined waveform. 

Sine-squared pulse 4Tc (20T) or 2Tc (.1 OT) with half 
amplitude durations of 2 ~s or 1 ~s-

INSERTION LOSS 

IMPEDANCE 

When using 10T a small amount of ripple 
appears at the base of the pulse. 

0 dB. 

Input 75 n nomina l, return loss better than 30 dB 
up to 6 MHz. 

Output 75 n nominal, return loss bette r than 30 dB 
up to 6 MHz. 

SAFETY Designed to meet the requirements 
of IEC 348. 

POWER REQUIR EM ENTS 

AC supply 95 to 130 V and 190 to 264 V. 
45 to 65 Hz. 6 VA. 

DIMENSIONS AND 
WEIGHT 

VER SI ON S A ND ACCESSORIES 

Height Width 
153mm 470mm 
6 in 18! in 

When ordering please quote eight-digit code numbers 

Ordering numbers 

Versions 

Depth 
355 mm 
14 in 

Weight 
6·8 kg 
15 lb 

52904-SOOJ Co lour Gain and Delay Test Set TF 2904. 

Optional Accessories 
46883-031 8 Rack Mounting Kit TM 9743. 



Sine-Squared Pulse & Bar Generator TF 2905/8 

D Generates sin• pulse and bar waveforms for monochrome and colour 
o Conforms with C.C.I.R. and British Post Office recommendations . 
D Triggered internally from crystal oscillator or externally from television studio equipment 
o Suitable for 625 line systems 

Supply 

On 

Triwer OUtput 

1.1 ,. 

l•nt To lum/Chrom 

Output R..or Gain 

Lum/Chrom 

0.10}' 

Sy~ 

Orf On SINE SQUARED PULSE AND BAR GENERATOR TF 2905/8 
Sub.Curier 

E..t. lnL 

This sine-squa red pulse and bar generator provides four 
swi tch -se lected test waveforms. wh ich cover the require­
ments for accu rate K factor measurement as recommended 
by the British Post Office . 

12535/ 1 -

It is suitab le for commissioning and maintenance tests on 
transmiss ion systems in the absence of a picture signal or 
for generation of an inse rti on waveform for continuous 
monitoring . 
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I· 
TF 2905/8 

... '··--------------------------------

625 line Monochrome Waveform 

Chrominance Waveform on Pedestal. 625 line 

Combined Luminance and Chrominance. 625 line 
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1.1 ,. 

Test Waveforms 
For low frequency response analysis the generator pro ­
du ces a sq uare wave at the mains suppl y freq uen cy. Thi s is 
superimposed upon, but not synch ron ised w ith. a trai n of 
interna lly generated li ne sync pu lses . When the instru ment 
is used w ith extern al colT]pos ite sync (see Waveform 
Triggering) the square wave is synch ronised w ith the 
incoming sync pul ses from th e studi o system. It can be 
made asynchronous by connecting an internal link. 

For monochrome K facto r assessment. a line waveform 
is avai lab le compr isi ng a sin 2 pulse (switchable T or 2T) 
and bar on sync pulses. This waveform inc ludes a second, 
inve rted, si n 2 pulse during the bar period. used mainly for 
checki ng quadrature distortion on suppressed sideband 
systems. Provision is made for removing this inverted 
pulse by disconnect ion of an in terna l lin k. 

Two test line waveforms are obta inab le for measure­
ments on co lour tran smiss ion systems. Both of these are 
based on a ch rominance sin 2 pu lse and bar sequence com­
pris ing a 10 cyc le sub-ca rri er burst w ith a sub-carrier 
modulated sin 2 pu lse and bar (swi tchab le to 5T. 1 OT or 
20T). The sub-ca rri er is normally derived from a crysta l 
contro lled oscill ato r at the appro priate freq uency. but 
provision is also made for inserting an exte rn all y generated 
sub- carr ier. 

The instrument can be swi tched to de liver the chromin­
ance wavefo rm only or a combined luminance and 
ch romin ance waveform for such measurements as 
luminance to ch rominance ga in and de lay inequalities, 
whe re t he generator is used in conjunction with a Colou r 
Gain and Delay Test Set (M I TF 2904) . 

Oscilloscope Trigger Output 
In addition to th e test waveforms, an oscill oscope tri gger 
pulse is ava il ab le from a separate out let. Oscilloscope 
trigger pu lses are co incident in time wi th the sin 2 pulse 
and the inve rted pu lse. an arrangement w hich has the 
advantage that by se lection of appropriate sweep ti mes. 
the oscilloscope ca n be set to disp lay ei ther a single 
cohe rent facsimi le of th e test waveform or a double 
over lappi ng fa cs imile in w hi ch any sag on the bar is 
easily measurable . 

When the sq uarewave test waveform is used. the 
squarewave also appears at the trigger outlet. 

Waveform Triggering 
As an independent source for measurements on trans­
mission links, etc., the generator de livers its line waveform 
at a stab le repetiti on freq uency deri ved from a crysta l 
oscillator. 

Provision is made, however, for externa l triggering; 
e.g ., from line drive. from a field insertion unit or from 
studi o generated line pu lses. Maximum fl exibi lity is 
afforded by provision for ei ther utilising the internally 
generated line sync pu lses or injectin g blanking and sync 
pul ses from the studi o eq ui pment. Th e instrument conta ins 
a bu il t-in mixer circuit for thi s purpose. Interna lly ·or 
externa ll y generated sync pu lses can be removed from the 
output waveform by operat ion of a front pane l switch. 



TELEVISION 
SYSTEMS • 

TF 2905/8 625 line monochrome 

MASTER 
OSCILLATORS 

Line repetition 

Sub-carrier 

SINE-SQUARED 
PULSE 

T pulse, monochrome 

2T pulse, monochrome 

5T pulse, colour 

1 OT pulse, .colour 

20T pulse, colour 

Amplitude 

First overshoot 

Second overshoot 

BAR WAVEFORM 

Amplitude 

Duration 

Tilt 

Edge shape 

Corners 

Overshoot 

625 line colour w ith sub-carrier 
frequency 4-43361875 MHz 
50 fields/s. 

15·625 kHz ±0·1% derived. via 
divider circuit. from 1 25 kHz 
crystal oscillator. 

Crystal controlled at 4-43361875 
M Hz ±5 Hz at 20°C, ±1 00 Hz 
over range 2° to 40°C. 
Harmonic content less than 
-46 dB ref. amplitude of 
fundamental. 

100 ns ±2% h.a.d. 

200 ns ±2% h.a .d. 

500 ns ±2% h.a.d. 

1000 ns ±2% h.a.d. 

2000 ns ±2% h.a.d. 

Adjustable from 0·65 to 0 75 V 
p-p. 
Normally set to give pulse/bar 
ratio of unity. 

0 ·9% ±0·5% of pulse amplitude. 

OA% ±0·25% of pulse amplitude. 

Adjustable from 0·65 to 0·75 V 
p-p. 
Normally set to 0 7 V ±2%. 

25 11s ± 5% h.a.d. 

Less than 0·2% relative to 
amplitude at middle of bar. 
ignoring first and last 0·625 l..lS 
(T and 2T); 1 562 l..lS (5T); 3·125 
l..lS (10T); 6 25 l..lS (20T). 

Sine-squared (T or 2T mono­
chrome. 5T. 1 OT or 20T colour) 
as for corresponding sine squared 
pulse. 

Free of exponential distortion on 
all four corners. 

Relative to amplitude at middle 
of bar and depending upon sine 
squared character istics. 0·6% 
±0 3% (T). not greater than 
0 5% (2T. 5T. 1 OT. 20T). 
Measuring from half amplitude 
point of bar edge and depending 
upon sine squared chara cteristi cs. 
decays to at least 0 ·2% w ithin 
0 625 l..lS (T and 2T). 1 562 l..lS 
(5T); 3125 l..lS (10T); 6 25 l..lS 
(20T). 

TF 2905/8 

LUMINANCE/ 
CHROMINANCE GAIN 
(Pulse and bar) 

Inequality Adjustable from -0·5 dB to 
+0 5 dB. Normally set to zero. 

Stability Better than ±0·1 dB over range 
2°to40°C. 

LUMINANCE/ 
CHROMINANCE 

' DELAY (Pulse and bar) 
Inequality 

Stability 

COLOUR BURST 

Amplitude 

Duration 

Phase 

PEDESTAL 

Amplitude 

Duration 

Edge shape 

SET UP 
Amplitude 

Duration 

Edge shape 

SQUARE WAVE 
(asynchronous) 

Frequency 

Amplitude 

Duration 

Tilt 

Black/ white transition 

Line bar edges 

Discontinuities 

SYNC PULSE 
Amplitude 

Duration 

Edge shape 

Adjustable f.rom -10 to +1 0 ns. 
Normally set to zero . 

Better than ±3 ns over range 
2° to40°C. 

Adjustable from 0 to 0·35 V p-p. 
Normally set to 0 ·3 V ±2%. 

10 cycles ±1 cycle (2·2 ±0·2 l..lS). 

Phase angle relative to pulse and 
bar is zero at all temperatures. 

Adjustab le from 0 3 to OA V p-p. 
Normally set to 0·35 V ±2%. 

52 l..lS ±5%. 

Tor 2T sine squared shapes. 

Adjustable from 0 to 0 ·1 v p-p. 
Normally set to 0. 

52 l..lS ±5%. 

T or 2T sine squared shapes. 

50 Hz. 

Adjustable from 0·65 to 0·75 V 
p-p. Normally set to 0·7 V ±2%. 

For each half cycle. 10 ms ±5% 
h.a .d. 

Less than ±0· 25% of square wave 
amplitude (measured from mid 
points at w hite and black levels). 

Within duration of one l ine bar for 
black to w hite and vice versa. 

T or 2T sine squared shapes. 

At blanking level. no 
discontinuities vis ible w ith d.c. 
coupl ing to oscilloscope. 

Adj ustable from 0·25 to 0·35 V 
p-p. Normally set to 0·3 V p-p 
±2%. 

4·7 l..lS ±0·2 l..lS . 

Approximate ly sine squared w ith 
rise and decay times 0·3 l..lS ±0·1 
l..lS . 
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OUTPUT 

Amplitude Complete waveform adjustab le 
from 0 ·9 to 1·1 V P"P· 
Norma lly set to 1 V ±2%. 

Impedance 750. Return loss greater than 
30 dB between 50 Hz and 1 0 
MHz. 

Jitter Not greater than 1 ns relative to 
trailing edge of sync pulse . 

Random h.f. noise Less than -50 dB (ref. 0·7 V) 
when bandwidth is restricted by 
low-pass filter (fc=5 ·8 MHz) . 

Hum Less than -50 dB (ref. 0 7 V). 

Sub-carrier leak Measured at blanking level. less 
than -46 dB (ref. 0·7 V) at 20°C. 
Less than -40 dB over range 
2° to 40°C. 

Residual disturbances Less than 1% of picture signal 
amplitude. 

TRIGGER OUTPUT 

Sine-squared 
pulse and bar 5 V p-p , 

Squarewave 1 0 V p- p. 

Impedance 3·5 kO nominal. 

INPUT WAVEFORM 
REQUIREMENTS 
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Burst gate 2 to 6 V p-p. 

Sub-carrier 1 V p- p nominal. 
Frequency 4-43361875 MHz 
± 100Hz. 

' ' .. 

Blanking 2 to 6 V p-p. 

Sync pulses 

Input impedance 
(all waveforms) 

POWER 
REQUIREMENTS 

AC supply 

DIMENSIONS AND 
WEIGHT 

2 to 6 V p-p. 

Internally or externa ll y terminated, 
75 0. Return loss. greater than 
30 dB up to 5 MHz. 

95 to 130 V and 190 to 264 V. 
45 to 65 Hz. 23 VA. 

Height Width Depth Weight 
194 mm 470 mm 352 mm 1 0·6 kg 
7i in 18-! in 13~ in 231b 

VERSIONS AND ACCESSORIES 

When ordering please quote eight-digit code numbers 

Ordering numbers 
Versions 

52905-045A TF 2905/8. Standard version . 

Supplied Accessories 
Extender Board 44688-012H . 

For use w hen servicing printed 
boards . 

Coax ial Plugs. BNC. 46883-069U . 
Tw o supplied. 

Optional Accessories 
46883-072U Rack Mounting Kit TM 971 2/3. 
23443-398M Coaxial U-link. For transferring 

output to rea r socket. 
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Grey Scale Generator TF2909 series 

0 Suitable for monochrome and colour television systems 
0 Conforms with C.C.I.R. and British Post Office recommendations 
0 Switch-selected grey scale waveforms and test-line sequence 

• o Excellent signal-to-noise ratio · 

0 Highly accurate waveform parameters 

,--Amplitude~ 
Tri~Jger 

E.xternol Internal 

Une , ....... , 
-·+ Waveform 

Stotrcose/Sowtooth 

' ... ,. 

Bloclc:-Whtte 

s~lector Internal Rate Control 

Tr igg...­
Output 

~ ·3d8 

Lou:ut 

GREY SCALE GEN ERATOR TF2909 

MARCONI INSTRUMENTS 1!11 

The Grey Sca le Generator provides the necessary wave­
forms for linearity measurement on co lour and mono­
chrome television transmission systems. 

TF 2909 may be regarded as complementary to the 
Sine-Squared-Pulse and Bar Generator TF 2905/8 
(625-line) which produces the waveforms for measure­
ment of frequency/ response and frequency/phase 
characterist ics over the video band . Together. the TF 2909 
and TF 2905/8 can prov ide all the necessary waveforms 
for comprehensive video-to-v ideo testing of any television 
transmission system. 

Test Waveforms and Line Sequence 
The generator delivers a series of test line waveforms. with 

12122 

or without sync pulses. Sett ings of two panel switches 
determine the type of waveform generated and the I ine 
sequence. A grey sca le waveform may be se lected in the 
form of a 5. 7 or 10 step staircase or a linear sawtooth 
conforming to C.C. I.R . recommendations; or. by sett ing 
the waveform-se lector switch to a fifth pos ition. the grey 
sca le waveform can be removed altogether. a full-line bar 
then appear ing on every line. 

By operation of the I ine -sequence swi tch the instrument 
can be set to deliver the grey scale waveform on every I in e. 
every fourth line, or every fifth line. In these last two 
conditions each of the intermediate lines carries a full-line 
bar. 
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. 
The amp litude of the grey scale waveform is continu­

ous ly var iab le f rom 0 to 0· 7 vo lts by means of coarse and 
fine pane l control. the fu l ly c lockwise position of the 
coarse contro l being the calibrated 0 7 volt setting The 
fine contro l gives ±2% variation. and is set to an indexed 
mid- range posi t ion for cal ibrated output. 

Tri gger and Sync 
As an independent source for measurements on trans­
miss ion l inks etc., the generator delivers its line waveforms 
at a stab le repetition frequency. which is control led by an 
interna l crystal osci llator. When the instrument is operat)ng 
in this interna lly triggered mode the timing of the test line 
waveform is also control led by the crystal c lock. 

Provision is made. however. for triggering from 
externa lly generated I ine sync pulses or from the output of 
a field insertion unit. When the generator is used in this 
way. blank ing and sync pu lses are derived from the 
incoming signal. which also triggers the mu ltivibrator 
control ling the line-waveform timing. The instrument can 
also be triggered from a line drive waveform; and. in this 
mode of operation. b lanking and sync pulses are generated 
interna lly, timed by the mu ltivibrator . 

By operation of a panel control. the amp l itude of the 
sync pulse (internal or externa l) is continuous ly variab le 
from 0 to 0·4 vo lts. At the fu lly-c lockwise setting of the 
contro l a swi tch operates to set the sync-pulse amplitude 
to 0 ·3 volts. Internally or externally generated sync pu lses 
can also be removed from the waveform by operation of a 
sl ider switch . 

In al l sync and trigger conditions the instrument de livers 
a trigger output pulse. coincident with the start of the grey 
sca le or bar waveform. for application to an oscilloscope. 

Pedestal 
With the sawtooth or staircase. provision is made for 
inserting a pedesta l. the level of which is adjustable to 0·6 
vo lts above or 0 ·3 vo lts be low blanking level; i.e .. to the 
bottom of the sync pulse. This is effected by means of a 
continuously variable panel contro l in conjunction wi th a 
POLARITY switch. With the variable control at its fully 
counter-clockwise sett ing the pedestal amplitude is zero. 
so that black level is at b lanking level. 

The black leve l of the bar waveform is coincident with 
the b lanking leve l on TF 2909, but on TF 2909/1 a fixed 50 
mV set-up is used . 

Average Pi cture Level 
The bar amplitude may be set manual ly, or automatically 
by the use of interna l electronic switching. Provision is 
also made for switching from w hite to black level by 
means of a remote contact closure. 

For manual switching a single movement of the BLACK/ 
WH ITE SELECTOR can effect the t ransition between b lack 
and wh ite. black and grey. or grey and whi te. the grey level 
being continuously variable from black to 95% peak white 
by means of an AMPLITUDE control. In the automatic 
switching mode. the instrument can be set to select black 
level and white level alternately at switching interva ls 
variable from 0·1 to 20 seconds. The bar can also be 
brought from black to wh ite level and back to b lack in 
three equal-amplitude steps at the same switch ing rate; or 
it can be made to change progressive ly between the 
extremes in the form of positive and negative ramps. 
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Sawtooth on sync pulses 

Five-step staircase on sync pulses 

Sawtooth with 1 MHz sinewave 
for differential gain measurement 

Staircase with colour sub-carrier 
on positive pedestal 



3 + 1 lines 
Staircase with black-level bars 

3 + 1 lines 
Staircase with grey-level bars 

3 + 1 lines 
Staircase with white-level bars 

Staircase with colour sub -carrier 
on negative pedestal 

TF 2 909 series 

Sub-Carrier 
For differential phase and ga in measurements on colour 
telev ision systems a sub-carrier -sinewave can be super­
imposed on the sta ircase. sawtooth. or bar. w ith a 10 
cyc le sub-ca rri er reference burst at the start of each line. 
This sub-carrie r may be derived from an internal crystal 
osci ll ator (at 4 434 MHz for the TF 2909 or 3·58 MHz for 
the TF 2909/1) or from an external source. With externa lly 
generated sub-ca rri er the output leve l remains w ithin the 
limits shown in the spec ifi cation over a range of input 
leve ls from 0·75 to 2·2 vo lts p-p. 

·· For differential ga in measurements over the v ideo band 
"' a'h externall y generated sinewave at any frequen cy 

betwee n 0· 5 and 6 M Hz can be superimposed on the 
v ideo test waveform on ly i.e ., with no reference burst. 

As an optional fac ility , the tim ing of the staircase wave­
form may be modified so th at the top step extends beyond 
the sinewave to give a w hite - leve l reference. If this fac ility 
is requi red it must be requested at the time of ordering. 

Input and Output Arrangements 
The test signa l is draw n from a coax ial socket on the front 
pane l. w ith provision for lin king to a socket at the rear 
when t his is more convenient; e.g., in r._ack- mounted 
assemb lies . Th e output is normally fed to this socket via a 
3 dB attenuator pad. w hich can be switched out of circu it 
to g ive a ca librated 3 dB increase in output leve l. 

The osci ll oscope trig ger output is also drawn from a 
front panel socket. Al l externa ll y generated waveforms are 
fed into the instrument v ia BNC sockets at the rea r. In 
every case provision is made for switching an imerna175 0 
termination into c ircuit or for looping through to externa l 
75 0 equipment via an adjacent BNC socket. 

STAIRCASE 
Number of steps 5. 7. or 10; swi tch se lected. 

Duration TF 2909. 52 11s ± 5% 
TF 2909/1: 52·5 11s ±5%. 

Amplitude Adjustable at front pane l. 0 to 0·7 V 
p-p. When controls are set to CAL 
mark. sta ircase ampl itude is 0·7 V 
p-p ±2%. 

Line time non-l inearity Not greater than 0· 1% w ith zero 
pedesta l. 

SAWTOOTH 

BAR 

Not greater than 0·5% wi th pedestal. 
Tilt on steps Not greater than 2% of amplitude of 

one step. 

Duration TF 2909: 52 11s ±5% 
T F 2909/1: 52·5 f.IS ±5%. 

Amplitude Ad justabl e at front pane l 0 to 0·7 V 
p-p. When controls are set to CAL 
mark sawtooth amplitude is 0·7 V 
p-p ± 2%. 

Duration TF 2909: 52 l-IS ±5% 
TF 2909/1 : 52·5 f.IS ±5%. 

Amplitude 
Tilt 

Grey control 

At w hite level: 0·7 V p-p ±2%. 
Not greater than 1% of 0 7 V at white 
level. and not greater than 0· 5% of 
0· 7 V at blanking level. measured 
from centre of bar. ignoring first and 
last f.IS. 
Bar amplitude manually ad justable 
betw een black and at least 95% of 
w hite level. 

201 



TF 2 909 ser ies 

AUTOMATIC 
SWITCHING OF BAR 
AMPLITUDE 

Switching rate 
Black/White 

3 step function 

Ramp 

Long term step response 

SYNC PULSE 
Repetition frequency 

Amplitude 

Duration 

Shape of edges 

PEDESTAL 
Amplitude (with 

staircase or sawtooth) 

Amplitude (with bar 
waveform) 

SUB-CARRIER 
Frequency 

Harmonic content 

Amplitude on staircase 
sawtooth and bar 

Colour burst amplitude 
Colour burst duration 

Phase 

MAIN OUTPUT CIRCUIT 

Adjustable between 0·1 and 20 s. 
Total change between black and 
white levels. ~ 
Amplitude changes between black 
and whi te levels in adjustable. 
predetermined. amounts. Normal ly set 
fo r equidistant amounts. 
Gradua l change betwee n black and 
white levels at rate depending on 
switching rate. 
When bar is switched between black 
and white levels: 
(a) sync pulse amplitude does not 

vary by more than 1 %. 
(b) signal bounce is neg ligib le. 
(c) d.c. sh ift is less than 2.% of 1 V. 
(d) amplitude and tilt of bar remains 

within specification. 

TF 2909: 15-625 kHz 
TF 2909/1: 15 · 75 kHz. 
D-erived from crysta l oscillator via 8:1 
divider circuit: accuracy ±0·1 %. 
Continuously variable 0 to 0·4 V p-p. 
When control is set to CAL mark cyns 
pulse amplitude is:-
TF 2909: 0·3 V· } ± 2% 
TF 2909/1: 0·25 V 
TF 2909: 
TF 2909/1: 

4·7 flS ±0·2 flS. 
4·75flS ±0·2 flS. 

Approximately sin 2 wi th rise and fall 
times 0-3 flS ±0·1 [.IS . 

Continuously adjustable 0 to +0·6 
V and 0 to -0-3 V p-p relative to 
blanking level. 

Adjustab le between 0 and 0 ·1 V w.r.t. 
blanking level. 
TF 2909: Normally set to 0. 
TF 2909/1: Normal ly set to 50 mV 

±5%. 

TF 2909: 4-433620 MHz 
TF 2909/1: 3·579545 MHz. 
Accuracy ± 1 00 Hz. 
Less than -40 dB wi th respect to 
0·7 v p-p. 

Adjustable between 0·08 and 0·3 V 
p-p. Set to 0-14 V p-p ±14 mV. 
Setto0·3Vp-p ±14mV. 

TF 2909: 1 0 cycles } ± 1 cycle of 
TF 2909/1 : 9 cycles sub-carrier. 
Th e phase angle of the co lour burst 
re lative to the subcarri er at blanking 
level is nominal ly zero. 

Impedance 75 0. 
Return loss 

3 dB attenuator 
Differential gain 

Differential phase 

SIGNAL PURITY 
Hum 

Residual sub-carrier 
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Greater tha'h 30 dB w hen measured 
using the fol lowing signals: 
(a) 625/525 li ne mono T pulse and 

bar waveform. 
(b) 625/525 li ne compos ite 

luminance + chrominance 1 OT 
pulse a_nd bar waveform . 

Level Change: 3 dB ±0·1 dB. 
Not greater than 0-1%. 
Not greater than 0·1 ° 

Not greater than -50 dB with respect 
to 0·7 V. 
Less than -46 dB w ith respect to 
0·7 V p-p pi cture signal. 

Random h.f. noise 

Residual disturbance 
TRIGGER OUTPUT 

Amplitude 
Source impedance 

SUB-CARRIER OUTPUT 
Amplitude 

Source impedance 
REMOTE CONTROL 
SOCKET 

BURST GATE INPUT 
Input requirement 

~ , Input impedance 

Return loss 

SYNC PULSE INPUT 
Input requirement 
Input impedance 

Return loss 

BLANKING PULSE 
INPUT 

Input requirement 
Input impedance 

Return loss 

RF/ SUB-CARRIER INPUT 
Input requirement 

Input frequency 

Peak to peak noise vo ltage not greater 
than -50 dB w ith respect to 0·7 Von 
any of the output waveforms w hen 
bandwidth is restri cted by a low-pass 
filter having cu t- off frequency of 
5·8 M Hz. 
Not greater than 1% w hite level. 

5 V p-p into high impedance. 
1 kO nominal. 

1 V p-p nominal. 
75 0 nominal 

Short circu it switches bar from white 
to black leve l. 

2 to 6 V p-p. nominal. 
Terminated: 75 0. 
Unterminated: greater than 35 kO. 
Greater than 30 dB up to 5 M Hz w ith 
internal termination or looped through 
into750 ± 1% 1oad. 

2 to 6 V p-p. nominal. 
Terminated: 75 0. 
Unterminated: greater than 35 kO. 
Greater than 30 dB up to 5 MHz w ith 
interna l termination or looped through 
into 750 ±1% 1oad. 

2 to 4 V p-p. nominal. 
Terminated: 75 0. 
Unterminated: graeter than 35 kO. 
Greater than 30 dB up to 5 M Hz w ith 
interna l termination or looped through 
into750 ±1% 1oad. 

Sub-carrier: 0-75 to 2 V p-p nominal 
at appropriate frequency. 
RF: 1 V p-p nominal for 140 mV 
superimposed upon output. 
0·5 to 6·0 M Hz. 

Input impedance Terminated: 75 0. 
Unterminared: Greater than 35 kO. 

Return loss Greater than 30 dB up to 6 MHz with 
internal termination or looped through 
into 75 0 ±1% load. 

SAFETY Designed to meet the requirements of 
IEC 348. 

POWER REQUIREMENTS 
AC supply 95 to 130 V or 190 to 264 V. 

45 to 65 Hz. 
DIMENSIONS AND Height Width Depth Weight 
WEIGHT 178 mm 430 mm 310 mm 8-0 kg 

7 in 17in 12!,- in 11b H 

VERSIONS A ND ACCESSOR IES 

When ordering please quote eight-digit code numbers 

Ordering numbers 
Versions 

52909-015C Grey Scale Generator TF 2909. 
625 line version. 

Th e following versions may be 
available to specia l order. 

52909- 901W Grey Scale Generator TF 2909/1. 
525 line version. 

52909-302E Grey Scale Generator TF 2909 w ith 
SECAM frequency crystal. 

Supplied Accessories 
Mains Lead TM 7052. 
Extender Board TM 8658 

(44688-012H). 

Optional Accessories 
46883-072U Rack Mounting Kit TM 9712/3 . 
23443-398M Coaxial U Link. for rack mounted 

version on ly. 



Non-Linear Distortion Analyser TF 2910/4 

0 Differential Gain 
o Differential Phase 
o Luminance non-linearity . 
o Built-in sampler with line repetitive read out 
o Line selection for ITS measurements 
o Simultaneous analysis of all three parameters 
0 Operates in the presence of sound in sync 

1,\ I' 

TF 29 10/ 4 is a test set designed for the measurement of 
non -l inear distortion using a test signa l consisting of a 
v ideo line waveform. contain ing a staircase or sawtooth 
w ith supe rim posed sub-ca rrier. This signa l ca n be present 
during the fu ll fi eld or it can be inserted on one line in the 
f ie ld blanking time. allowing standard national or inter­
national insertion test signals to be used ; provision is made 
for the se lect ion of any one of 12 l ines in the fie ld 
suppression peri od. A bu il t-in sampling c ircuit su itable 

12796/ 1 

for use on a fi ve-step staircase . provides an improvement 
in discrimination when measuring d ifferenti al gain and 
phase of signals wi th low signa l -to-no ise ratios. De­
modulated outputs of diffe rentia l phase and gain are 
routed to c ircuits wh ich determine the mean leve l of each 
step of the demodu lated waveform. conside rabl y reduc ing 
th e effects of random noise. The samp ler also enab les an 
insertion test signal disp lay to be read out at l ine rate. 
giving a bright di spl ay on the osci ll oscope 
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Differential Phase 
The sub-carrier component of the input waveform is 

extracted. amplified and limited before being applied to a 
phase detector. Th is detector is also fed from a loca l 
osci ll ator locked to either the reference colou r burst or to 
the initi al ch rominance on the waveform. The output of 
the phase detector is filtered and c lamped. and a ca librated 
comparison pulse whose amplitude is adjustable on the 
front panel is inserted into the line blanking interval. A set 
reference control enab les any part of the measurem~fi t .. 
waveform to be set against the calibration pulse base line 
when viewed on an oscilloscope. Measu rements of 
differential phase ca n be made up to 11 o in 0 1 o steps 
using the ca librated pul se. 

Differential Gain 
The sub-carr ier component is extracted from the input 

waveform . amplified and detected. and a cal ibrated pu lse 
whose amp litude is adjustable on the front pane l is 
inserted into the line blanking interva l. A set reference 
control enables the demodulated waveform to be moved 
to ari gn the reference point of measurement against the 
base of the ca libration pulse ; two ranges of sensitivity 
all ow for sub-ca rr ier leve ls of 80 to 1 60 mV and 160 to 
420 mV. 

This combined waveform. after further amplification. is 
provided for assessment en an osci ll oscope. Measure­
ments of d ifferentia l ga in can be made up to 11 % in 0 1% 

TELEVISION SYSTEM 

TEST SIGNAL INPUT 

Luminance component 

Sub-carrier component 

Input impedance 

SYNC LOCK 
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Internal 

External 

Amplitude 

Impedance 

625 lines colour with sub-carrier 
frequency of 4'43361875 MHz. 
50 fiel ds per second. 
Standard negative - going sync 
pul ses. 

E.B.U. test line signal C. 
British National test line signal A 
full line staircase. Selection of 
appropriate button automatica lly 
adjusts internal blanking to blank out 
unwanted part of test signal. 

0· 7 V ±3 dB video line waveform . 
For non-linearity measurement a 
5. 7 or 1 0 step staircase. 
For differential phase and differential 
gain measurements a 5. 7 or 10 step 
staircase with superimposed 
sub-carrier (5 step only w ith sampler). 

80 to 420 mV p-p. 

75 o (BNC). Return loss ratio 
greater than 30 dB up to 5 MHz. 

Internal or external. selected by 
front panel push button switch. 

Sync lock obtained from composite 
video input. 

For use with non-composite sign<Jis. 

2 to 4 V p-p from 75 0 source. 

75 0 (BNC) termination provided : 
can be switched out to loop through 
into external load. 
Return loss ratio greater than 40 dB 
up to 5 MHz w ith internal termination 
or 75 0 ±1% external termin ation. 

steps usi ng the ca librated pulse. 

Extended Range 
By extrapo lat ion of the ca li brati on pu lse. measurements 

can be taken up to 15% differential ga in and 35 ° differ­
entia l phase. 

Greater levels of differentia l gain distortion can be 
measured by direct osci ll oscope examination of the 
ampl ifi ed sub-ca rri er. which' is made ava il ab le as an 
output. 

Line Time Non-Linearity (Luminance Non-Linearity) 
. The sta ircase component of the input waveform 1s 

differentiated to produce pu lses proportiona l to the 
amplitude of the ri se rs. These pulses are amplifi ed and 
shaped before be ing routed to the output for amp li tude 
compa ri son on an osc ill oscope. A d.c. leve l contro l 
enab les the pu lse tips or th e base-line of the output wave­
form to be set at earth potentia l. augmenting the oscillo­
scope's vert ica l shift contro l. 

Outputs 
All of the measurement waveforms or the test signal. as 

selected by push button swi tches. are fed to the front panel 
output socket. In addition the measu rement waveforms 
are fed independently to sockets on the rear panel to 
allow simultaneous mon itoring of all three parameters . 

Dl FFERENTIAL PHASE 

Measurement range 

Accuracy 

Extended range 

Set to reference control 

Sensitivity 

D I~FERENTI AL GAIN 

Measurement range 

Accuracy 

Extended range 

Set to reference control 

Display measurement made by 
cal ibration pulse gated into line 
blanking interval with amplitude 
proportional to se tting of calibration 
controls. 

0 to 11 o in 1 o and 0·1 o steps. 

± 5% of the scale reading. 

Up to 35 ° by extrapolation of 
ca libration pulse. 

Enables lowest tread of measurement 
waveform to be aligned with 
ca libration pulse base line. 

Output amplitude control enables 
display amplitude to be adjusted to 
suit oscilloscope sensitivity. 
Measurement waveform amplitude is 
greater than 50 mV per 0·1 ° 
unterminated or 25 mV per 0 ·1 ° 
into 75 0. 

Display measur.ement made by 
calibration pulse gated into line 
blanking interval wi th amplitude 
proportional to setting of calib ration 
controls . 

0 to 11 % in 1% and 0·1 % steps. 

± 5% of the scale reading. 

Up to 15% by extrapolation of 
calib ration pulse. 

Enables black level tread of 
measurement waveform to be aligned 
with calib ration pulse base line. 
Coverage of 80 to 420 mV in two 
con ti nuously variable steps of 80 to 
1 60 mV and 160 to 420 mV. 



Output amplitude control Enables display amplitude to be 
adjusted to suit oscilloscope 
sensi ti vi ty. Measurement waveform 
amplitude is greater than 50 mV_per 
0 ·1% unterminated or 25 mV per 
0 ·1% into 750. 

Output noise Not greater than 0 ·06% when working 
with a tes t signal w here the signal to 
noise ratio is better th an 65 dB. 

CHROMINANCE OUTPUT Di splays chrominance envelope 
amplifi ed approximately fi ve times 
enabling measurement of differentia l 
gain up to 1 00%. 

SAMPLER For use on a five-step stai rcase 
when measuring differential gain 
and phase of signals with low 
signal-to-noise rat io. 

Integration time constant Approximate ly 35 s. 

Noise red uction Sampler al lows measurement to a 
discriminatio-n of w ithin 0·1 ° and 0·1% 
nominal for a signal to noise rati o of 
25 dB w ith signa ls of low distortion . 

Hold button Allows sam pling sequence to be 
stopped and display held fo r up to 
30 s. 

Display readout rate Line repetitive w hen measu ring either 
ITS or full fie ld signa ls. 

Check Sampled steps within 0·1% or 0·1 °. 

LUMINANCE 
NON-LINEARITY 

Measurement pulse 
amplitude 

Pulse duration 

Output noise 

Output d.c . level control 

ITS MO DE 

Improved measurement uncertainty 
obtained by comparison of 
measuremen t resu lt w ith the check 
condition . 

Adjustable up to 2 V p-p into high 
impedance or 1 V p-p into 75 0 for 
stai rcase step amplitude down to 
70 mV. 

1 f.!S approx. H.A. D. 

Not greater than 0·3% Non-Linearity 
with measu rement pulse set to 1 V 
p -p from staircase step of 70 mV p-p. 
when working with a test signal where 
the signal to noise ratio is better than 
65 dB. 

Enables tips or baselines of pulses 
to be viewed when using oscilloscope 
on high sensitivity setting. 

Line selector Any appropriate insertion test line 
from li nes 16 to 21 or 329 to 334 
can be selected for measurement by 
setting front panel switch. 
Only one line per field or picture 
is required to measure differentia l 
phase. differential gain or line time 
non-linearity. 

TF 2910/4 

INTERNAL 
SUB-CARRIER 
OSCILLATOR 

Free running frequency 

Lock-in mode 

4-4336 1875 MHz ±12Hz. 

Can be phase locked to co lour 

OUTPUT 

Lock-in range 

burst or to sub-carrier on black level 
tread of staircase as selected by 
front-panel push button . 

4-433619 M Hz ±100Hz. 

Front panel Push button switches se lect one of 
the measurement w aveforms. 
different ia l phase, differential gain, 
non-linearity or chrominance. or the 
input test signal for monitoring . 
Trigger ou tput is permanently 
connected to its own socket. 

Rear panel Independent. permanently­
connected sockets are provided for 
each of the measurement waveforms. 
differential phase. differential gain, 
non-linearity. chrominance and for 
tr igger. input monitor and sub-carri er. 

Trigger output Po si tive going. A mplitude between 
2-4 V and 4 V p-p into high 
impedance. In ITS mode the lead ing 
edge of the tr igger pulse coi ncides 
w ith the leading edge of the sync 
pulse on the line se lected . In fu ll field 
mode the trigger pulse is line 
repetitive and up to 4 f.!S in advance 
of the sync pulse. 
Both are lin e repetiti ve w hen the 
sa mpler is switched in . 

Impedance Al l except trigger 75 0 nomina l. 
Trigger approximately 100 0 . 

POWER REQUIREMENTS 

AC supply 95 to 130 V and 190 to 264 V. 
45 to 65 Hz. 60 VA approx. 

SAFETY REGULATIONS 

DIMENSIONS AND 
WEIGHT 

Complies w ith IEC 348 and 
BS 4743 safety requ irements. 

Height Wid th Depth Weight 
133 mm 425 mm 380 mm 9 ·8 kg 
5i, in 16* in 15 in 21-! lb 

VERSIONS AND ACCESSORIES 

When ordering please quote eight-digit code numbers 

Ordering numbers 
Versions 

52910-904C TF 2910/4. 

23443-398M 
54127-191D 

Supplied Accessories 
Ex tender Board 44836-1 06F. 
Board Extractor 41700- 048A. 
Rack Mounting Kit 46883-175Y. 

Optional Accessori es 
" U" Lin k 75 0. 
Rack Sli de Kit. 
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Figure 7. International Insertion Test Signals 
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The traditiona l method of testing a video unit or system has 
been to apply a li ne repetit ive signa l and to analyse the 
system output on an oscilloscope. Fa ir accuracy can be 
ach ieved using modern measurement oscilloscopes but the 
results are nonetheless subjective. being dependent upon 
the interpretation of the test engineer. Such methods are 
time consuming and can only be carried out when the system 
is not in use. With transmission time getting longer. the time 
availab le for maintenance testing is becoming more and 
more restricted often to the 'unsociable' hours during the 
night. 

The prob lem of testing du ring programme t ime is be ing 
overcome by the internat ional use of ITS- Insert ion Test 

. $ igna ls - inserted In the f ie ld blank ing interva l. Bu t w hat of 
.,•th,e other problem- that of traditional analys is techniques 

relying upon the ski ll of test eng ineers. w hich takes up so 
much precious time? 

Marconi Instruments has provided the answer with 
Insertion Signal Analyser TF 2914A. This one instrument wil l 
select the appropriate line. make any one of 20 or more 
measurements and display the answer on its digital readout. 
The measurement to be made is selected by a push button to 
g ive fast. accura te and unambiguous resu lts w ith out 
wasti ng the eng ineers va luab le time. 

Figure 4. Video transmission system with the Marconi Instruments 
measuring system 

VI DEO 
SOURCE 

Insertion test signals 

UN IT OR 
SYSTEM 

UNDER 
TEST 

DEMOD­
ULATOR 
( IF 

NECESSARY) 

Marc on i Inst rume nts Test Li ne Generator and Inse rter 
TF 2913 and Inse rt ion Signa l A nalyser TF 29 14A are 
ava ilab le to meet most nat iona l and internat iona l standa rds. 

The internatio nal ITS (shown in f ig ure 1 ). w hich are to 
CC IR recommenda tions and inserted on lines 17. 18. 330 
and 331. are used when a programme is being tra nsmitted 
across international boundaries. This he lps maintain uni­
formity of quality from country to country. 

Within national boundaries the ITS use~ are determined 
by the nation concerned. Two examp les. illustrated in Figs 2 
and 3 respectively, are the UK natio nal signals inserted on 
lines 19. 20. 332 and 333. and NTC signals used in the USA 
which are inserted on line 17 in fie ld one and li ne 17 in fie ld 
two. 

Wherever there is a composite video signa l th e ml Test 
Line Generator and Inserter TF 2913 ca n be used to provide 
the ITS. whi le Insertion Signal Ana lyser TF 2914A provides 
the results. Fig 4 shows where these two instruments fit into 
a video network for continuous monitoring. 
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1 . Luminance bar amplitude 
The difference in amplitude between the mid point of the 
luminance bar and 700 mV. The measured difference is 
displayed as a percentage of 700 mV. 

2 . Sync am plit ude 
The difference in amp li tude between the peak amp litude of 
sync and 300 mV. The measured difference is displayed as a 
percentage of 300 mV. The amplitude is measured 6 flS after 
the start of the first field sync pulse. 

3. 2T Pulse t o bar rat io 
The difference in amplitude between the peak amplitude of 
the 2T pulse and the mid-point of the luminance bar. The 
measurement is displayed as a percentage of the luminance 
bar amplitude 

4. Chrominance to luminance gain inequality 
The difference in amp litude between the peak of the 
chrominance bar and the mid-point of the luminance bar. 
The measured difference is displayed as a percentage of the 
lum inance bar amplitude. 

5. Ch rominance t o luminance delay 
The time difference between the chrominance and lum­
inance components of the composite sine squared pulse A 
pos itive reading indicates chrominance components de­
layed rela t ive to the lumi nance 

6. Luminance non - linearity 
Measured as the difference between the largest and smallest 
step amp litudes of the luminance' staircase. It is displayed as 
a percentage of the largest step. 

7 . Noise 
The true r.m.s. no ise leve l is expressed in dB's relative to 
the amplitude of the mid-po int of the luminance bar. The 
measu rement may be weighted or unweig hted. 

8 . Chrominance t o luminance crosstalk 
(intermodulation) 

Measured as the change in amplitude of the luminance 
pedestal during the chrominance bar. The measurement is 
d isplayed as a percentage of the mid -point of the luminance 
bar. 
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9. Low frequency error 
The weighted measurement of the peak to peak amplitude of 
bar frequency signals super imposed on the full field signal. 
Weig hting network approximate ly-6 dB at 50 Hz and 550 
Hz re lative to 300 Hz. 

10. Bar ti lt 
Th e difference in amp litude of the luminance bar at two 
points approximately 1·0 microseconds and 9·0 micro­
seconds after the leading edge of the bar. The measu remen t 
is displayed as a percentage of the bar amp litude. 

11. Differential gain 
The modulus ·of maximum amp litude deviation of the sub­
carrier superimposed on the lumina nce staircase. It is 
exp ressed as a percentage of the sub -carrier amplitude at 
black leve l 

12. Differential phase 
The modulus of maximum phase deviat1on of the sub-ca rri er 
super imposed on the luminance sta ircase. It is expressed 
relative to t he su b-carri er phase at black level 

13. 2T K-factor 
A time we ighted measurement of pre-pulse and post pu lse 
ri nging aga inst an electronica lly generated grati cule. The 
resu lt is displayed in percentage K. 

14. Colour burst amplitude 
The amplitude of the co lour burst is measured relative to the 
amp li tude of the lumi nance bar. The result is expressed as a 
percentage rel ated to the lumi nance bar. 

15. Flag amplitude 
Measured as the peak amplitude of the flag. The result is ex­
pressed as a percentage rel ated to th e bar amplitude. 

16. Multiburst 
The gain/frequency response is measured by measuring the 
peak to peak amp litude of the signa l bursts relative to th e 
luminance bar. The result is expressed as a percentage 
related to the luminance bar. 
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Automating TV rn~easurernents 
With the add ition of the Data Monitor TF 2915, the use of 
the Insertion Signa l Analyser TF 2914A can be extended to 
provide limits comparison, automatic parameter scanning 
and an executive control capability 

The heart of this instrument is a bank of preset limits 
(shown in figure 5) against which parameter values. 
measured by the Insert ion Signal Analyser can be compared. 
There are two sets of upper and lower limits for each 
parameter- 'caution ' and 'urgent' - and these allow the 
instrument to be employed in a number of different ways. 

Figure 5. Preset limits in Data Monitor. TF2975 

The Data Monitor can be switched either to instruct the 
analyser to monitor oneof the five video inputs continuously 
until a fault condition occurs. or to cycle around all five 
inputs sequentially, comparing each with its preset limits . 

The first mode is mainly for applications at transmitter 
sites. although its use is by no means limited to this situation. 
Its operation is illustrated. by way of example. in Figure 6. 
The five inputs to the Analyser are the main and standby 
video feeds. the two individual transmitter outputs and the 
combined output. Data Monitor TF 2915 holds the analyser 
continuously monitoring the combined output until a 
parameter exceeds either its 'urgent' or 'caution ' limits. the 
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latter being used to sound an audio alarm but not precip itate 
any further action . When the 'urgent' limits are exceeded. the 
Data Monitor scans the parameters severa l more times and 
decides by counting the number of times a fault is detected. 
whether the fault is genuine or a transient. If the fa ult is 
genuine the Data Monitor enters this information into its 
store· and switches the Analyser to monitor each of the video 
feeds in turn. In this case it is the more stringent 'caution' 
limits that are used for comparison. The Data M on itor 
determines whether or not each video feed is faulty and 
enters the results into the store. 

The instrument w ill then cause the Analyser to monitor 
each of the individual transmitter outputs in turn. comparing 
each with the urgent limits and enters the results into the 
store as before. The contents of the store are used as th e basis 
for initiating executive action . 

For example. if the main video feed is faulty, TF 2915 
w ill cause the network to switch to the reserve feed or if one 
of the transmitters is faulty it wi ll be switched off. 

In the second 'continuous scanning' mode. the Data 
Monitor switches the Analyser from input to input seq uen­
tially and the two sets of limits now provide an operator w ith 
two levels of warning . This mode is used in studios. control 
rooms and switching centres where there are severa l v ideo 
feeds to be monitored simultaneously. Each parameter of 
each input is measured up to 30 times and is considered 
faulty if it exceeds its preset limits a given number of ti mes. 
This fault / scan ratio is set during manufacture but. tog ether 
with the selection of those limits which are to be used for 
initiating executive action. they can be modified as required 

Figure 6. TF 2915 and TF 2914A used to monitor the inputs and ou!· 
puts of a parallel transmitter network 

VIDEO 

INPUT 



DATA SELECT~ TK nl7 

Data Selector TK 2917 is used with Inserti on Signal 
Ana lyser TF 29'14A. alone. or with the Inse rtion Signa l 
Ana lyser and Data Monitor TF 2915. to provide a data 
interface between the measuring instrument and a digita l 
data acquisition terminal which provides remote data 
logg ing and system interrogation 

The Data Se lector can be supp lied with data output in 
the ASC II serial format or parallel b.c.d . The paral lel b.c.d. 
output version is primarily for use where the recorder need 
not be remote from the Data Se lector so that cost advantages 
can be gained throug h the use of an inexpensive. b.c.d 
~;Jrin te r . Since telemetry systems necessary to ca rry b.c.d . 
information over long distances are expensive. remote 
app lications are usua lly better served using the ASCII code. 
Use can be made of existing telephone links for data 
transmission. provided that suitable MODEMS are available. 

A furth er adva ntage of the use of ASC II is th at alpha­
numeric printers can be used so that the full details of the 
measurements made may be recorded, as shown in the 
comparison in figure 7. 

Each Data Se lector has its own identity and a built ~ in 
digita l clock. When informati on is requested , w heth er v ia the 
front panel or from a remote data term inal. the Data Se lector 
transmits its identity number. the time and the date and then 
the ful l details of the information requested. If the receiving 
terminal is purely numerical the information rece ived wi ll 
show: the parameter number; th e v ideo inpu t number; and 
each resu lt with an indication as to whether the reading was 
outside limits or not. In the examples shown in figure 7 
parameter 02'is exceeding 'cau tion ' limits and parameter 09 
is exceed ing 'urgent' lim its. 

If the receiving terminal is an alpha-numerical type the 
printout will also give each parameter name and its unit of 
measurement. 

The Data Se lecto r can be made to transmit inform ation 
in la nguages other th an English and can feed directly into a 
computer if required. 

If the Data Monitor TF 291 5 is not being used. the Data 
Selector TK 2917 provides au tomatic parameter scanning 
Without limits comparison or executi ve contro l facilities. 

1-' ,. 

Figure 7. Typical parallel BCD and ASCII serial printouts 

(a) Information format using a parallel b .c .d . printer 

~-----~----- DATE 

23/ 4/,2 IDENTITY NUMBER ----

CAUTION LIMIT 
EXCEEDED 

. 
URGENT LIMIT -- • • 
EXCEEDED 

0 1 

VIDEO INPUT NUMBER ----

00 

0 1 

02 

0 3 

04 

05 

06 

07 

08 

09 

1 0 

1 1 

1 2 

55 ---- TIME 

+ 1 0 7 ·4 

+100 ·2 

+072 .9 

+093 .6 

+ 0 0 1 .9 

+ 0 0 1 .1 

+ 0 0 1 .o 

+ooo . 9 

+ 003 .1 

+ 0 1 9 .o RESULTS 

+000 .3 

+ooo ·2 

+000 .3 
...._----PARAMETER NUMBER 

(b) Information format from an ASC11 serial printer 

DATE 

IDENTITY NUMBER - f!t•iEC<l ~·~~2:0' I'4 i2 : 54------- TIM E 

EAF: At·W + l 0?. 2 · ~---- UNITS 

CAUTION LIMIT-- C 
EXCEEDED 

1 'o\l!C At·iF' + 1 OC' . 1 · 

2T F'.·'B .··• 

~- L GPit-i -

c. ' DELR\ ' L 

VIDEO INPUT NUMBER --1 LIA·i ~l- l_ I ti +001. 1 .·~ 

URGENT LIMIT-- i_{ . 
EXCEEDED 

+00 1. 0 ['11.) 

C..- L :o<- TALK +000. ::: .. 
LF EF.:F.'OF.: +~::::103 . (.1 jTj l.) 

FA F.: TILT +01 9 . 1 .--~ 

2T , f: , +OC10 . .--~ ·-

I' I FF G!'iHi +C'o~::, . 2 .--~ 

~ IFF PHASE +OOO . ?I'~G 

PARAMETER NAME ____/ ~RESULTS 
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BAS IC EQUIPMENT 

(a) TF 2913 Test 
Line Generator 
and Inserter 

(b) TF 2914A 
Insertion Signal 
Analyser 

-,_,_ 

Generates and inserts ITS to various national 
and international standa rds. A lso generates· 
line repeti ti ve waveforms. 

Measures TV waveform parameters 
objectively . 
Measurements avai lab le inc lude: 

Lumin ance bar amplitude 
Sync pu lse amplitude 
2T pu lse amplitude 
Chrominance to luminance gain 
Chrominance to luminance delay 
Luminance non-linearity 
Noise 
Chrominance to luminance crosstalk 
Low frequency error 
Bar Tilt 
2T 'K' Factor 
Differenti al Gain 
Differential Phase 
Multiburst measurement 
Flag measurement 
Co lour burst measurement 
and three independen t auxiliary d.c. 

inputs. 

W ITH ASSOCIATED EQUIPMENT 

(c) TF 2915 Data Adds limits compari son. executive action. 
Monitor automatic waveform parameter scanning 

and video channel cycling. 

(d) TK 2917 Data 
Selector 
used wi th printer. 
v.d.u. or data 
terminal 

(e) TF2915Data 
Monitor and 
TK 2917 Data 
Selector used 
wi th printer. v. d.u . 
or data termina l 

Adds au tomatic scanning of w aveform 
parameters. Presents measured results 
loca lly or remotely. Printouts can be periodic 
or on demand from a selected video input. 

Gives all additional facilities of (c) and (d) 
plus real time fault and installation sta tus 
reporting. 



Television Test Line Generator & Inserter TF 2 ~e~i~ 

ITS ERASURE AND INSERTION FULL FIELD WAVEFORM GENERATOR 
0 Erasure and insertion for six lines in 

each field. 
o International CCIR and National test 

signals 
o Inserts internally or externally 

generated waveforms 
0 Eight basic TV waveforms 

o Digital data insertion capability 
0 Programmable in various waveform 

combinations 
o Pre-erasure and post-insertion 

monitoring 
o Rigorous average picture level testing 
o External synchronizing from video 

or s.p.g. 
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TF 2913 can be considered as two instruments, an 
Inserter and a Waveform Generator, w hich work indepen­
dently with the exception of the common synchronizing 
pulse timing . 

OPERATION OF INSERTER 
The Test Line Inserter is essentially a feed-through device 
w ith its input and output connections situated on the rear 
panel, and w ith front panel v ideo monitoring prov ided for 
the input and output signal s. By a comb ination of internal 
and front panel switching it is poss ible t o individually 
erase existing signals and/o r insert new signa ls, either 
analogue or digital, on to any of the 12 lines, 16-21 in 
field 1 and 329-334 in field 2. These new insertion signals 
ca n be obtained either from the generator unit or from an 
external source fed into each line p9si t ion through BNC 
connectors on the rear panel. Signal routeing from the 
generator or from the BNC inputs is normall y prov ided by 
intern al switch ing, but additional front panel buttons 
ca rry out this fun ction on lines 19, 20, 332 and 333. 

ITS Operation 
In the ITS operating mode, an "On-Ai r" programme sig nal 
is fed to the video input, and by su itable erasu re and /or 
insertion the original programme w ith new inserti on 
sig nals GJppears at the v ideo output socket at th e rear. An 
iso lated main video auxiliary output is also available on the 
front panel. In this mode of operation , the synchroniz ing 
signals are taken from the incoming v ideo by loopi ng thi s 
signal through the MIX ED SYNC input and output 
sockets on th e rear panel. 

12524/2 

Full Field Mode 
The full f ie ld signa l deri ved from the generator now 
rep laces th e "On A ir" prog ramme signa l at t he v ideo 
output socket. Synch ronizing can be eithe r from an 
externa l sync pu lse generator, or by tri ggering from the 
"On A ir" programme video. Change-over from ITS to full 
field operation is made by a mechani ca ll y protected 
togg le switch. 

Bypass 

A fai l- safe relay ca n be mounted on the rear pane l to route 
the inpu t video directl y to th e output socket in t he event of 
power failure or shou ld any of the c ircui t boards in th e 
signa l path be removed. Th is con diti on can be manually 
se lected on the front panel by operatin g the BYPASS 
switch. 

OPERATION OF WAVEFORM GENERATOR 
The follow ing full fi eld test signa l programmes ca n be 
se lected on t he generator front pane l. Th ese programmes 
are made up f rom a max imum of eight waveforms 
comp ri sing either four intern at iona l or national inserti on 
test signa l waveform s, peak whi te, black, grey or black/ 
w hite bounce. 

PROGRAMME 

CD 
I A/B I 

Any one of the four test signa ls 
generated line repet iti vely. 

Any two of the four test signal s 
generated li ne altern ate ly. 
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~~------------------------------

TF 2 913 series 
'.: ... tr-------------------------------

I A/B/6C I Any two of the four test signals 
repeated every eight lines w ith the inter­
vening six lines being either black. grey 
or w hite level or an alternation from 
black to w hite leve l. 

A continu ous leve l either bl ack. grey or 
w hite. or th e alternati on from black to 
white level. the static duration of w hich 
is adjustable from 1 ·0 to 1 0 seconds . 
(Thi s programme is intended for noi se 
assessment and v.l.f. measure ment.) 

In the internal or free running mode all these signal 
prog rammes have a fi xed reference burst and cyc le at line 
repet iti on rate automati cally l ine synchronisi ng to any 
incoming video. but they possess no field component. A lso 
in this mode two output sockets on the rea r panel are 

INSERTER SECTION 

GENERAL 
Selection of line erase 

Selection of insertion lines 

Remote control 

BLACK LEVE L STA BILITY 

MAIN SIGNAL PATH 

Normal input 

Nomina l input level 

Main video in input 
impedance 

Main video out 
output impedance 

Gain 

Frequency response 

MAIN VI DEO IN PUT 
MONITOR 

Output impedance 

Output level 

INFLU ENCE ON MAIN 
VI DEO SIGNAL 
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Chrominance/luminance 
inequalities 

2T pulse/bar rati o 

2T pulse overshoot 

50 Hz square wave tilt 

15 k Hz line t ilt 

Differential phase 

Selection is made by numbered push­
buttons. 
Erasure may be selected on l ines 16 to 21 
of one fiel d and 329 to 334 of the other 
field. 

~I 

Selection is made by numbered push­
buttons. Erasure of previous informaiion on 
the selected line is automatic. 
Signa ls may be inserted in l ines 16 to 21 of 
one field and 329 to 334 of the other field. 

Insertion and erasu re may be contro lled 
remotely. 

The change in black level of an inserted 
line. relative to the black level of the main 
signal, does not exceed 5 mV. 

Standard leve l 625 l ine monochrome or 
colour video signa l. 

Picture: + 0· 7 V. 
Sync pulses: -0·3 V, w .r. t. black level. 

75 0. 
Return loss ratio: better than 30 dB up to 
7 MHz. 

75 0. 
Return loss ratio: better than 30 dB up to 
7 MHz. 

0 dB ± 0 ·1 dB . 

±0·1 dB from 100kHz to 6 MHz 
+0·1 dB -0·6 dB from 6 to 10 MHz. 

75 0. 
Return loss ratio: better than 30 dB up to 
5 MHz. 

Standard leve l 1 V p-p. 

Gain: Less than ±0·05 dB. 
Delay: Less than ± 5 nsec. 

±0·25% if incoming signal ratio is unity. 

Will not differ from input signal by more 
than 0·5% of the luminance ba r am pl itude. 

Less than 0·5%. 

Less than 0 ·25%. 

At standard level: less than 0·15•. 
At +3 dB: less than 0·3". 

driven w ith pul ses nominall y of line sync and line bl anking 
durati on for tri ggerin g extern al test generators. 

If the signal prog ram mes are req uired as a fully com­
pos ite TV signa l then the intern al generator ca n be driven 
by an extern al te lev ision sync pul se generator v ia the input 
sockets on the rea r pa nel. The resultant signa l is full y line 
and f ie ld blan ked and con tains a phase <:~ lte rn at i ng refer­
ence burst and. moreover. th e intern ati onal test signals can 
be inserted into the fi eld suppress ion peri od . 

INSERTION TEST SIGNALS 
The fou r in tern ati ona l test waveforms ava ila ble for the 
CCIR Inse rti on Test Signa l Li nes 17. 18. 330 and 33 1 can 
also be switched independent ly into any of t he line 
pos iti ons 16. 19. 20. 21 on f ie ld 1. and 32 9. 332. 333 
and 334 on fi eld 2. by interna l switch ing. 

Differential gain 

Line-time non linearity 

Random HF noise (weighted) 

Residual sub-carrier 

Hum and lower order 
harmonics 

Spurious transients induced 
in the signal path during 

picture time and during the 
active part of the insertion 

lines 

Spurious transients induced 
in signal path at other times 

Signal attenuation in 
"erase" mode 

Cross-talk into main signal 
path from insertion signa ls 

measured with identical 
signals at all insertion 

channel inputs 

By-pass relay 

Insertion loss 

Non useful d.c. components 
of the output 

Effect of coded pulses 
(sound in sync) 

At standard level: less than 0· 2%. 
At +3 dB: less than 0·4%. 

Less than 0 ·2%. 

Bette r than -80 dB r.m.s. w.r.t. pk-pk 
pictu re amplitude. (using CCIR 
recommended filte rs as in Rec. 451 
section 4.3., Oslo 1966). 

On lines othe r than insertion line: better 
than -60 dB pk-pk w.r.t. pictu re 
amplitude. Using CCI R filter as above. 

Better than - 60 dB pk-pk w. r. t. pictu re 
amplitude. 

Better than - 60 dB pk- pk w.r. t. pictu re 
amplitude up to 5 M Hz. 

Better than -40 dB pk-pk w .r.t. picture 
amplitude up to 5 M Hz. 

2T pulse: grea ter ·than 70 dB. 
Sub-carrier: grea ter than 65 dB. 

2T pu lse: less than -70 dB pk- pk. 
Sub-ca rr ie r: less than - 60 d B pk -pk. 

System protected against failure by a 
by -pass relay operating on the main signal 
path which operates in the following 
events: 
a) Failure of mains supply. 
b) Fail ure of power supp ly. 
c) Removal of any printed circuit board in 

mains video path. 
d ) Removal of instrument from rack. 
e) By-pass switch on front panel operated. 
I) Remote by-pass switch operated. 
Operation of relay does not cause any 
significant distu rbance to the· picture. 

±0·15 dB. 

Not exceeding ± 1 V when terminated in 
75 0. 

Instrument wil l operate satisfactorily in the 
presence of coded pulses wh ich may be 
superimposed on the sync pulses. (e.g. for 
transmitting or accompanying sound 
signal), and the inserter wil l not affect any 
such signals. 



ISOLATION BETWEEN 
MAIN & AUXILIARY 
OUTPUTS 

EXTERNAL TEST LINE 
IN PUT 

Lines 

Amplitud e 

Impedance 

Return loss ratio 

Better than 46 dB up to 1 MHz. 
Better than 36 dB up to 4 ·43 MHz. 

16. 17. 18. 19. 20. 21 and 3£9. 330. 331. 
332. 33~ 334. • 

Standard level 1 V pk-pk. 

75 0. 

Better than 30 dB up to 7 MHz. 

GENERATOR SECTION 

OPERATING MODES 

ITS mode Generator may be used in ITS mode or 

Full field mode ( locked) 
with external drives 

Full field mode (free 
running) 

Choice of APL 

Selection of programme 

LINE SYNC PULSES 

Repetition frequency 

Amplitude 

Duration (half amplitude) 

Rise and decay time 

TIMING 

full fie ld mode, locked or free running. 
Generator can be locked to the sync pulses 
(and colour burst. if present) of the 
incoming video signa l. The lines fo r 
insertion of the required signal ca n then be 
selected. 

No incoming v ideo is required in this mode. 
The genera tor signal conta ins: 
a) Mixed sync pulses. 
b) A choice of A PL during active picture 

time. 
c) Sub-ca rr ie r bu rst with phase alternation 

and Bruch blanking (provi ded that 
required external input signa ls are 
connected). 

As full field mode. locked. except that the 
generator is free running at approximately 
line repeti tion rate. Generator provides line 
sync pulses and a single phased colou r 
burst. No f ield information is provided. 

The choice of AP L during active picture 
time is by f ront panel push -buttons as 
follows: 
a) Black (internally adjustable between 0 

and 15% of luminance bar amplitude). 
b) White (internally adjustable between 85 

and 100% of luminance ba r amplitude) . 
c) Grey (50% ±2% of luminance ba r 

ampl itude). 
d) Black and white switched alternately to 

constitute a square wave of unity mark/ 
space ratio and with a period interna lly 
adjustable between 1 and 10 seconds. 

By pressing the appropriate push -buttons 
th e following signal combi nations are 
available: 
a) Any one of the four available signals 

repeated every line. 
b) Any two of the four available signals 

repeated line alterna tely. 
c) Any two of the four available signals 

repeated every eight lines. the 
intervening 6 lines being at: white. 
b!ack. grey or black/white. described 
under cho ice of A PL. as required. 

d) Black. white or grey or bump test 
continuously. 

Crystal control led oscillator at 1 MHz 
divided by 64 to give line repetition 
frequen cy of 15·625 kHz ±0·05%. 

0·3 v pk-pk ± 3%. 

4·7 ±0·2 ~s . 

300 ±100 ns. 

Line duration is divided into 32 equal time 
peflods. 

Time periods T1me periods within ± 20 ns of each othe•. 

Characteristic instants of 
luminance waveform Charactenst rc 1nstants of luminance wave­

form. w.r.t. sync pulse occu rs within ±250 
ns of the nominal pos1t1ons. 

TF 2 913 series 

Characteristic instants of 
chrominance waveform 

Timing adjustment 
(w.r.t. sync pulse) 

Resetting of timing 

INSERTION TEST SIGNAL 
ELEMENTS 

LUMINANCE BAR 

Position of transitions 

Amplitude 

Shape 

Rise and decay time 

Characteristic instants of chrominance 
waveform with exception of 20T pu lse 
within ±500 ns of thei r nomina l positions. 

A preset contro l is provided to adjust the 
overall timing. w.r.t. the mid -amplitud e 
point of the leading edge of the sync 
pulse. ove r a range of ± 1·0 ~s. 

It is possible. by internal alteration. to 
reset the individua l tim ings of any of the 
luminance or chrominance elements in 
increments of 2 ~s. 

6H/32. 11 H/32. 

0·7 v pk -pk ±1%. 

Determined by a Thomson filter with a 
transfer-function modul us having its first 
zero at 4-43 MHz. 

300 ± 100 ns. 

Duration 1 0 ~s. 

Tilt (1 0 ~s period) Less than 0·5%. 

STAIRCASE Level of the uppermost tread of staircase 
within ±0·25% of luminance -bar 
amplitude. 

Position of transitions 20H/32 . 22H/32. 24H/32. 26H/32. 
28H / 32. 31 H/32. 

Numbers of risers 

Shape of risers 

Line time non linearity 

Superimposed sub-carrier 
frequency and phase 

Rise and fall times of 
sub-carrier superimposed 

on staircase 

Inherent differential gain 

Inherent differential phase 

Amplitude of superimposed 
sub-carrier 

Start and finish 

2T PULSE 
Peak position 

Amplitude 

Half-amplitude duration 

Ripple after pulse 

20T COMPOSITE PULSE 

Peak position 

Amplitude 

Half-amplitude duration 

Ripple after pulse 

Inherent chrominance/ 
luminance delay inequality 

Inherent chrominance/ 
luminance gain inequality 

COLOUR BURST 

Duration 

Amplitude 

Rise tim e 

CHROMINANCE BAR 
(sing le level) 

Five. 

Shape determined by a Thomson filte r 
with a transfer-function modulus having 
its first zero at 4-43 MHz (300 ±1 00 ns). 

The difference in amplitude between the 
largest and smallest risers is less than 
0·5% of the largest amplitude. 

Frequency: 4·4336 1875 MHz ±10Hz. 
Phase : 60° ±5 n to the B-Y axis. referred 
to the external burst (when present). 

1 ~s approximately. 

Not greate r than 0·5%. 

Not greater than 0·2°. 

0 ·28 V pk-pk ±2% of lumi nance 
amplitude. 

15H/32. 30H/32 

13H/32 . 

±0·5% of luminance bar amplitude. 

200 ±6 ns. 

1st overshoot: (0·9 ±0·5 )% of pu lse 
amplitude. 
2nd overshoot: (0·4 ±0·2)% of pulse 
amplitude. 

16H/32 . 

±1% of luminance ba r amplitude. 

2 ±0·06 ~s. 

1st ove rshoot: (0·9 ±0·5)% of pulse 
amplitude. 
2nd overshoot: (0-4 ±0·2)% of pulse 
amplitude. 

Not greater than ± 5 ns. 

Not greater than ±0·5%. 

10 cycles ±1 cycle of sub-carrie r at 
4·43 MHz. 

0·3 v pk-.pk ±5%. 

300 ns ± 1 00 ns·. 

Position of transitions 7H/32. 14H /32 . 

Pk-pk amplitude Within ± 1% of luminance bar amplitude. 

Pedestal +0·35 V ± 1%. 

Envelope rise time 1 ~s approximately. 
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TF 2 913 Series 

THREE- LEVEL 
CH ROMIN AN CE BAR 

Positions of transitions 7H/32. 9H/32. 11 H/32 and 14H/32 . 

Amplitudes 1st section: Within ± 1% of 1/5 of 
luminance bar amplitude (nomina l va lue 
0·1 4 V) . 
2od section: Withi n ->111(, o f 3/5 of 
luminance ba r ampl itu de (nomina l va lue 
0·42 V) . 
3rd section: Withi n ± 1% of luminance 
bar ampl itude (nomina l value 0· 7 V). 

Pedestal + 0· 35 V ± 1%. 
Position o f transitions: 6H/32. 31 H/32. 

Envelope rise time 1 ~s approxima tely. 

CHROMINANCE REFE RENCE 

Posit ions of transition s 17H/32 . 30H /3 2. 

Amplitude 0-42 V pk-pk ± 1% of luminance ba r 
amplitude. 

Pedestal + 0 ·35 V ± 1%. 
Position o f transitions: 6H/ 32. 31 H/ 32. 

Impedance 

BURST GATE INPUT 

Requirement 

Impedance 

PAL SQUAREWAVE 
SIGNAL INPUT 

SAFETY 

Requirement 

Impedance 

Sub-carrier burst w hen 
externally triggered 

Return loss ratio: grea ter th an 30 d B 
up to 5 M Hz when looped through into 
75 0 ± 1% load. 

2 to 4 V pk-pk nomina l. 

Return loss ratio: greater than 30 d B 
up to 5 M Hz w hen looped thro ugh into 
75 0 ± 1% load. 

2 ta 4 V p-p nomina l. 

Return loss ratio: greater than 31 dB 
up to 5 M Hz w hen looped throug h into 
75 0 ± 1% load. 

Burst wi l l only be presen t w hen 
sub-carrie r burst gate and PAL 
squarewave signals are ava ilable. 

Designed to meet the requi rements 
of IEC 348. Envelope rise time 

Inherent luminance/ 
chrominance cross 

modulation 

1 ~s approximately. 
1.' , POWER REQU IREM ENTS 

PH AS E STABILITY 

GEN ERATOR OUTPUT 

Not greate r than ±0·5% of pedes tal 
amplitude. 

Phase difference of chromi nance signa l 
elemen ts in adjacen t l ines does not 
exceed 2°. 

Amplitude Standard leve l 1 V pk-pk. 
Signa l component accuracy as speci f ied 
above w hen output te rminated wi th 75 0 
± 0·1%. 

Impedance 75 0 . 

Return lass rat io Better than 30 dB up to 1 0 M Hz. 

Sub-carrie r leak Less than 3 mV pk-pk on insertion l ines. 

Harmonic content of 
sub-carrier Less than -40 dB w. r. t. fundamen ta l. 

EXTERNAL TRIGGER 
REQUIR EM ENTS Instruments may be extern ally triggered to 

give composite video ou tputs provided 
tha t inpu t signals are to 625 l ine CC IR 
standa rds: .. Sys tem I. B. G o r H. CCIR 
Report 308-1 fo r Luminance .. and .. PAL 
System I or G. Oslo 1966. Report 407 for 
colour ... 

SYNC PULS E INPUT 

Requirement 0 ·2 to 4 V pk -pk nom inal. mixed sync 
signal. 

Impedance Return loss ratto: greate r than 30 dB 

BLANKING PULSE IN PUT 

Requ irement 

Impedance 

SUB -CARRI ER INPUT 

Requirement 

up to 7 M Hz w hen looped th rou gh in to 
75 0 ±1% load . 

2 to 4 V pk-pk nominal. mixed blanking 
signal. 

Return loss ratio: greater th an 30 dB up to 
5 M Hz when looped through into 
75 P ± 1% load. 

1 to 2 V pk -pk at 4 ·4336 M Hz. 

Optional facilities _ _ _ _ _________ _ 

EXTERNAL LINE INSERTION CARDS 54541 - 071 M 
The basic inserter provi des for four externa l inputs. tw o per f iel d 
on li nes 19. 20 and 332. 333. By re-plugg ing the external inpu t 
boa rd into one of the two extra socket posit ions these fo ur inputs 
can be sh ifted to lines 17. 18 and 330. 33 1 or to 16. 21 and 329. 334 
If more th an four externa l inputs or a different li ne combinati on is 
required then additiona l input boards must be ordered. The purchase 
of two addit iona l four- in put boards w ill provide th e full twe lve li nes 
of inserti on. 

MULTI BURST (Sig nal B) 54541- 051 U 
The Multiburst signa l consists of six frequency bursts preceded by a 
reference bar. Each burst has a durat ion of 4 to 5·6f.!s. and contains 
a di screte number of complete cycles. start ing at zero phase. 
N.B.-For customers w ho have no requ irement fo r the Multiburst 
waveform. Signal Dis repeated on li ne 18. 
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AC supply 95 to 132 V o r 190 to 264 V: 
45 to 65 Hz. Approxima tely 60 VA. 

DIMENSIONS AN D W EIGHT Height Width Depth Weight 
11 -4 kg 
25·1 lb 

133 mm 425 mm 380 mm 
5t in 16%in 14i in 

VERSIONS AND ACCESSORIES 

When ordering please quote eight digit code numbers 

Ordering numbers 

Versions 
52913-015N TF 29 13. Standard ve rsion. 
52913-302W TF 2913. W ith one add itional exte rnal 

line ca rd. 
5291 3-303 0 TF 29 13 With two add itiona l externa l 

line cards 
52913-304T TF 2913. With multibu rst. 
5291 3-305 P TF 2913. With mul ti burst and one 

additiona l externa l l ine ca rd. 
52913- 306X TF 29 13. W ith multiburst and two 

additional external line cards. 
52913-311 C TF 29 13. Standard UK National ve rsi on. 

54127- 191 D 
54541- 071 M 
54541-051 u 

Supplied Accessories 
Accessory Kit 46883-24 5Y, incl uding: 

Basic Rack Mounting Kit 46883-1 75Y 
Board Ext racto r 41148-605K 
Extender Boa rd 44836- 1 0 6F 
Buttons 
Plugs. 

Optional Faci lit ies 
Ra ck Slide Kit. 
External Line Inserti on Card . 
Multiburst (S ignal B). 

Associated Equipment 
Insertion Signal Analyser TF 2914A se ries . 
Data Monitor TF 29 15 series. 
Data Selector TK 29 17 ser ies. 

BURST FREQUENCIES AND 
STARTIN G POSITIONS (1) 0·5 MHz. 12H/ 32. 

(2) 1·0 M Hz· 15H/32. 
(3) 2·0 MHz. 18H/32 . 
(4) 4 ·0 M Hz. 21H /32 . 
(5) 4 ·8 M Hz. 24 H/32 . 
(6) 5·8 MHz. 27H/32. 

Reference bar ampli tude 

Burst amplitude 

Pedestal 

0·42 v ± 1%. 
Position of transitions: 6H/32. 8H/32. 
1 OH/32 . 

0·42 V pk- pk within ± 1% of the 
reference bar amplitude. 

0· 35 V wi thm ± 1% of the refe rence bar 
ampl itude. 
Position of transitions: 6H/32 . 31 H/32. 

The Mul tiburst and External Line Insertion Card facilities 
will be factory- fitted if they are ordered with TF 2913. If 
they are ordered subsequentl y the TF 2 91 3 should be 
returned for factory fitting of these accessories. 

( 



Insertion Signal Analyser TF 2 914A (600series) 

o Automatic television waveform measurements 
o 625 line operation - PAL or SECAM ( 525 line- NTSC also available) 
o National or CCI R International waveforms 
o Objective high-resolution readings from digital panel meter 
o Measures up to a total of 24 separate parameters 
o Manual and automatic modes of operation 

The Insertion Signal Analyser TF 2914A measures a variety 
of v ideo parameters in the TV system. using waveforms 
inserted into the vertical interval of the programme signal. 

Five v ideo inputs are provided on TF 2914A. each input 
being individua lly selected by front panel push-button. The 
paramete r chosen for measurement is also se lected by 
manual push-buttons specifying the group to which it 
be longs and the identity of the parameter itse lf. Measured 
results are presented on a digital ' panel meter which 
provides automati c indication of decimal point and sign. 
the units being indicated below the meter by a light 
emitting diode. 

Parameters wh ich can be measured include: 
Luminance bar amplitude 
Sync amp I itude 
2T pulse to bar ratio 
Chrominance to luminance gain inequality 
Chrominance to luminance delay 
Luminance non-linearity 
Signal-to-noise rati o 
Chrominance to luminance crossta lk 

( i ntermodulation) 

Low frequency error 
Bar ti It 
2T · K' factor 
Differential gain 
Differential phase 
Multiburst (six separate burst ampl itudes) 
Colour referen ce burst amplitude 
Flag amplitude 
Three auxiliary d.c. inputs 

Va ri ants of the basic unit provide five or six- leve l staircase 
modulation measurements and the ab ility to extract digital 
information on the International data line. The latter featu re 
replaces the au xi I iary input facility. 

Automatic Operation 
In conjunction wi th the Data Monitor TF 2915 or the Data 
Selector TK 2917 the instrument can also be used in an 
automatic mode by operation of the front pane l AL)TO 
button. Both the video inputs and the pa rameters to be 
measured are sequentia lly se lected through automatic 
switch ing, the measured va lues being processed digitally 
for limits comparison and off- line data proces.sing. 
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TF 2 914A (600 series) 

INPUT SIGNAL 

FUNCTION MODES 

Manual 

Auto 

MEASUREMENT 
PARAMETER S 

Standard model 

Variants 

00 LUMINANCE BAR 
AMPLITUDE 

M easurement range 

Reading uncertainty 

Resolution 

01 SYNC PULSE 
AMPLITUDE 

Measurement range 

Reading uncerta inty 

Resolution 

02 2T PULSE TO BAR 
RATIO 

Measurement range 

Read ing uncertainty 

Resolution 

03 CHROMINANCE TO 
LUMINANCE GAIN 
INEQUALITY 

218 

Various models of TF 2914A are 
avai lable, su itab le for use on 625 line 
TV systems (PAL and SECAM) 
usi ng international insertion test signals 
as defined by CC IR. or test signals 
defined by nationa l au thorit ies. 

The video input channel and 
parameter to be measured are 
selected by front pane l push-buttons. 
the measurement being displayed on a 
digital panel meter. 

Output signals in both b.c.d. and 
analogue form together w ith control 
logi c are available via rea r panel 
connections. (This mode of operation 
is used in conjunction with the Data 
Monitor TF 2915 and/or the Data 
Selector TK 2917.) 

Parameters 00 to 12 can be measured 
w ith the standard model of TF 2914A. 

Parameters 13 to 1 5 can be supplied 
with the standard model or they can 
be added at a la ter date as an 
optiona l facility. 
Parameters 16 to 23 can be added to 
the standard model if specified at the 
time of ordering. 
The following parameter definitions 
apply to the TF 2914A (600 series). 
625 line units for use with 
International CCIR and European 
National Waveforms. Details of the 
525 line NTSC measu rements are 
given on the data sheet fo r the 
TF 2914A (500 series). 

The difference in amplitude between 
the mid-point of the luminance bar 
and 700 mV. The measured difference 
displayed as a percen tage of 700 mV. 

-50 to +50% (nomina l output zero). 

±0·5% from -20 to +20% 
±1·0% from -50 to +50%. 

±0·1%. 

The difference in amp litude between 
the peak amplitude of sync and 
300 mV. The measurement difference 
displayed as a percentage of 300 mV. 

-50 to +50%. 

±1·0% from -20 to +20% 
±1·5% from -50 to +50%. 

±0·1%. 

The difference in amplitude between 
the peak amplitude of the 2T pulse 
and the mid-point of the luminance 
bar. Measurem·ent displayed as a 
percentage of the luminance bar 
amplitude. 

-50 to +50%. 

±0·7% from -20 to +20%. 
±1·0% from -50 to +50%. 

±0·1%. 

The difference in amplitude between 
the peak of the chrominance 

Measurement range 

Reading uncertainty 

Resolution 

• 04 CHROMINANCE TO 
LUMINANCE DELAY 

Measurement range 

Reading uncertainty 

05 LUMINANCE 
NON-LINEARITY 

Resolution 

Measurement range 

Readi ng uncertainty 

Resolution 

06 SIGNAL/NOISE RATIO 

Measurement range 

Reading uncertainty 

Resolution 

07 CHROMINANCE TO 
LUMINANCE CROSSTALK 
(INTERMODULATION) 

Measurement range 

Reading uncertainty 

Resolution 

08 LOW FREQUENCY 
ERROR 

Measurement range 

Read ing uncertai nty 

Resolution 

09 BAR TILT 

component of the chrominance bar 
and the mid -point of the luminance 
bar. Measurement displ ayed as a 
percentage of the luminance bar. 

-50 to +50%. 

±0· 7% from -20 to + 20%. 
±1·0% from -50 to +50%. 

±0· 1%. 

Parameters 00 to 03 carJ be linked 10 
display either the deviations from a 
normal error free reading. or the 
absolute value. 

The time difference between th e 
chrominance and luminance 
com ponents of the composite sine 
squared pulse. Positive reading 
indicates chrominance com ponents 
delayed relative to the luminance. 

-150 ns to +1 50 ns. 

±5 ns from 0 to ±100 ns. 
±1 0 ns from -150 to +1 50 ns. 

±0·1 ns. 

Measured as the difference between 
the largest and smallest step 
amplitudes of the luminance staircase. 
Displayed as a percentage of the 
largest step. 

0 to 50%. 

±1% from 0 to 20% 
±2% from 20 to 50%. 

±0·1%. 

The signa l-to-noise measurement 
expressed in dB referred to the 
amplitude of the mid-point of the 
luminance bar. Filter options 
available. 

Weighted: 76 dB to 28 dB 
signal-to-noise ratio 

Un weighted: 70 dB to 28 dB 
signal-to -noise ratio. 

±2 dB. 

±0·1 dB. 

Measured as the change in amplitude 
of the luminan ce pedestal during the 
three level chrominance signal. 
Measurement displayed as a 
percentage of the mid-point of the 
luminance bar. 

-40 to +40%. 

±1·0% from -20 to +20% 
±2·0% from -40 to +40%. 

±0·1%. 

Th e peak to peak amplitude of low 
frequency signa ls superimposed on 
the ful l field signal. 

0 to 150 mV. 

±3 mV. 

±0·1 mV. 

The difference in amplitude of the 
luminance bar at two points 
approximately 1 f.!S and 9 f.!S after 
leading edge of bar. Measurement 
displayed as a percentage of the bar 
amplitude. 



Measurement range 

Reading uncertainty 

Resolution 

10 2T PULSE 'K ' 
FACTOR 

Measurement range 

Time interval 

Reading uncertainty 

Resolution 

11 DIFFERENTIAL GAIN 

Measurement range 

Reading uncertainty 

Resolution 

12 DIFFERENTIAL PHASE 

Measurement range 

Reading uncertainty 

Resolution 

13-15 AUXILIARY DC 
IN PUTS 

Measurement range 

Signal source impedance 

Resolution 

16 FLAG 

Measurement range 

Reading uncertainty 

Resolution 

17-22 MULTIBURST 

Gain-frequency Response 

Measurement range 

Reading uncertainty 

Resolution 

23 COLOUR REFERENCE 
BURST 

-50 to +50%. 

±1% from 0 to +20% 
±2% from -50 to +50%. 

±0· 1%. 

Measurement of the pre-pu lse an d 
post-pulse ri ng ing ampl itudes by 
comparison w ith an electron ically 
generated mask wi thi n the 
measurement time in terval. Displayed 
as percentage K. 

0% to 10% K. 

-8T to -2T and +2T to +12T fo r 
625 line systems. where Tis 100 ns. 

±1% K. 

±0·1% K. 

The modu lus of maximum am pl itude 
deviation of the sub-carrier 
superimposed on the stai rcase 
expressed as a percentage of its 
amp litu de at black level. 

0 to 50%. 

±0·5% from 0 to 10% 
±2% from 10 to 20% 
±3% from 20 to 30% 
± 5% from 30 to 50%. 

±0·1%. 

The modulus of maximum phase 
deviation of the sub-carri er 
superimposed on the stai rcase relative 
to its phase at black level. 

0 to ±45°. 

± 1 o from 0 to 1 o o 
±2 ° from 10 to zoo 
±3° from 20 to 30 ° 
±5° from 30 to 45o 

±0 1 °. 

These are avai lable as an optiona l 
facility. 

-1·999 V to +1·999 V w hen used 
with Data Se lector TK 2917 only. 
-1·599 V to +1·599 V when used 
w ith Data Moni tor TF 29 15. 
+1 V +100·0 d.p.m. reading 
-1 V = -100·0 d.p.m. reading. 

1 kO. 

±0 1 V. 

The peak amplitude of the flag as a 
percentage of 560 mV related to the 
ampli tude of the luminance bar. 

50 to 150%. 

±1% from 80 to 150% 
±2% from 50 to 80%. 

±0·1%. 

The peak to pea k amplitude of each 
frequ ency burst as a percentage of 
420 mV related to the am plitude of 
the luminan ce bar. 

50 to 150%. 

±1%from -20to +20% 
±2% from -50 to +50%. 

±0· 1%. 

The amplitude of the co lour referen ce 

TF 2 914A (600 series) 

Measurement range 

Reading uncertainty 

Resolution 

DATA LINE 
EXTRACTION 

Line Selection 

Output impedance 

Return loss 

Output level 

VIDEO INPUTS 

Input selection 

Isolation between inputs 

Impedance 

Return loss 

Operating modes 

INTERFACING FOR 
AUTOMATIC OPERATION 

Dig ital signal plug 

Analogue signal socket 

VIDEO MONITOR 
OUTPUT 

Source impedance 

Return loss 

Gain 

LINE TRIGGER OUTPUT 

Source impedance 

Level 

FIELD TR IGG ER OUTPUT 

Source impedance 

Level 

DISPLAY 

burst as a percen tage of 300 mV 
related to the amplitude of the 
luminance bar. 

50 to 150%. 

± 1% from -20 to +20% 
±2% from -50 to +50%. 

±0·1%. 

This fa cility is ava ilable as an 
alternative to the auxil iary d.c. input 
measu rement capability. 
No measu rements are carried out on 
the Data Line. but the information 
carri ed by it is gated out and routed 
to a rear panel BNC socket. 

Selected in terna lly by the programme 
links. The standard version is normally 
programmed for li ne 16 and line 329. 

75 0. 

>28 dB up to 7 M Hz. 

Within ±4% of the input signa l leve l. 

Rear panel BNC socke t. 

Five video inputs wi th loop-through 
faci lity selected by front panel push­
buttons. or automatical ly by the use 
of either the Data Monitor TF 2915 or 
the Data Selector TK 2917. 

Greater than 55 dB. 

75 0. 

Greater than 30 dB up to 7 M Hz. 

Transmitter or five-input mode 
selected by two -positi on switch 
loca ted on rear panel. 
Five input: each of th e five video 
inputs may be se lected. 
Transmitter: three of the f ive video 
inputs may be se lected. the remaining 
two switch positions select input one. 
or as programmed by Data Monitor 
TF 2915 w hen used. 

Rear panel mounted. 
Parameter reading: 14 bits. 
Control: 5 bits. 
Video input select: 3 bits. 
Levels: TTL. 

Rear panel mounted. 
Video input select: A nalogue voltage 
output of each parameter 
measurement. 

Front panel BNC socket. 

75 0. 

Greater th an 28 dB up to 7 MHz. 

1 ±5% into 75 o. 

Front panel BNC socket. 

500 o nominal. 

TTL logic. 

Front panel BNC socke t. 

500 0 nomina l. 

TTL log ic. 

Digital pane l meter. 
3-i digit l. e.d. display w ith decimal 
point and au tomati c polarity 
in di cation. 
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TF 2 914A (600 series) 
;-------------------------------

CONTROLS 

Parameter selection buttons The parameters to be measured are 
provided in three separate groups. 
each having eight parameters. The 
se lected group is indicated by an 
l.e.d. lam p. 

Video input buttons Five interlocking push-buttons permit 
manual se lection of five v ideo inputs. 

Auto button Cancels manu al mode. the ana lyser is 
then con tro lled by either the Data 
Moni tor TF 29 15 or the Data Selector 1<' 
TK 2917. 

ACCESSORIES 

When ordering please quote eight digit code numbers 

Ordering Numbers Supplied Accessories 
Accessory Kit 46883-339A. 

Comprises: 
Extender Board 44827 - 235W. 
Mains Lead. side-entry 
43129-003W 
Free Plug 23443-328T. 75 0, 
( 4 suppli ed). 
Seven-way Plug 23435-416A 
Board Extractor 41700-048A 
Tx Button 37590-072V 
Plain Grey Button 23465 - 599 D. 
Rack Mounting Kit (basi c) 
4688 3-175Y. 
Coaxial Lead Assemb ly 
43129-209T. 

Optional Accessories 
46883-1 93X Data Line Extraction. 
54541-091F Auxi liary Inputs. 
54499-001Z Lum inance Noise Weighting Filter 

CC IR. 
54499- 010L Unified Noise Weighting Filter CC IR. 
54127- 171A Rack Sl ide Kit. 
46883-231X Plug Socket Kit 26-way. 
46883- 354F Ventilation Kit. 

Associated Equipment 
Televisio n Test Line Generator an d 

Inserter TF 2913 series. 
Data Monitor TF 291 5 series. 
Data Se lector TK 2917 series. 

....... •• np•" 2 .....,,, 
l 

~: o.,.n"" Mode 
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Rear view of TF 2914A 
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POWER REQUIREMENTS 

AC supply 95 to 132 V and 190 to 264 V. 
45 to 65Hz. 100 VA. 

SAFETY REGULATIONS Complies wi th IEC 348 and BS 474 3 
safety requ irements. 

DIMENSIONS AND 
WEIGHT 

VERSION S 

Height 
133 mm 
5± in. 

Width Depth Weight 
425 mm 380 mm 11.4 kg 
16 i! in. 15in. 25 1b. 

MODEL 52914- 600T 601P 602X 603M 61 OK 630W 640R 
System PAL PAL f'AL PAL f'AL IS tCAM JPAL 
ITS W aveform CC IR CC IR CC IR CC IR CC IR CCIR 

Differential phase and gain 
(5 level modulat ion ) * 
Different ial phase and ga in 
(6 level modu lat ion ) * * * * * 
Multiburst and co lour burst * * 
Luminance non -Linearity and 
Chrominance to Luminance 
ga in * * * * * * 
Bar tilt and Chrominance 
to luminance crosstalk * * * * * * 
Chrominance to Luminance 
delay * * * * * * 
2T 'K ' Factor * * * * * * 
LF error * * * * * * 
Noise * * * * * * 
Auxiliary Inputs * 
Data Line Extraction * 
Vanants of these models can be supplied on request. 
Versions are also ava ilable for 525 line operation . For details see 
data sheet for TF 2914A (500 series). 
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Data Monitor 

o Television studio and transmission monitoring 
o Individual or sequential scanning of up to 

five video inputs 
o Four-limit comparison on each p~arameter measurement 

o Immediate and individual limit changing for each 
parameter 

o Front panel indication of each parameter and 
of video input status 

o Automatic external switching and status reporting 

m ~TA MONTOR TF2915 Su Sync. Cll C/c L"m 
.e-m!' Amp FPJB G1tn o~t~,y Non-Lrl'l • • • • • • 

""""'ww - LF "" D•ff D•rr ' "' 
' I I ' 

Er ,o r Ti lt 1T"K' G~otn Ph~~e 1/PI • • •• • • • • • • • • 
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MARCONI NSTRUI"1ENTS LTD 
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Data Mon itor TF 2915 provides the facili ty for comparison 
of measured data pa rameters w ith pre-dete rmined limits 
and the taking of au tomati c execut ive ac ti on as a re su lt of 
th ese compa risons 

The ana logue outputs from the TF 29 14A. represen t ing 
the measu red va lues of the pa rameters. are taken to a 
Pa rameter Switch in t he TF 29 15. This switch is auto­
matica lly cyc led around the pa rameters and feeds back th e 
measured va lue for each in seq uence to the TF 29 14A 
whe re it is converted to b.c.d. form by an ana log ue to 
digita l converter incorporated in the digita l pane l meter. 
This b.c.d. signa l is returned to a Limi ts Compa rator in the 
TF 2915 w here it is compa red w ith a pre-set limit set up in a 

14260/ 1 

Limits Bank. Fou r limits can be se t up for each pa ramete r. 
cons ist ing of high and low li mits of two grades - 'urgent'. 
on which executive con trol switching takes place. and 
'cau ti on· . whe re an external indicat ion on ly is given. Th ese 
li mits can be cha nged easil y and quick ly for each indi vidual 
pa rameter by alteri ng the plug- in buttons w hich are 
access ible via a hinged pane l as shown in th e two photo ­
graphs on th e fo ll owing page. 

The front pa ne l con tains a light emitting diode lamp 
corresponding to each pa rameter to be measured and to the 
sea rch result sta tu s for each video input These lamps are 
normally illuminated . bu t are ext ingu ished by an out -of ­
lim its resu lt for the co rrespond ing pa rameter or v ideo input 
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TF 2915 

When an out -of - limits result is obtai ned a signa l is 
supplied to a faults counter. A pre-se lected number of 
sca ns takes place. coveri ng all t he pa rameters on one video 
input, and a fault/sca n compa rator determin es the fau lt 
incidence. When th e number of faults occurring in a given 
number of sca ns exceeds a pre-set lim it an output signal is 
obtained. Both the number of sca ns and the fault incidence 
ca n be independently set . The data outputs provide a '1' 
state TTL off in th e event of a fault occurring. w hile t he 
executive relays give a contact c losure in the event of a .. 
failure. 

Preset limit buttons 

Interior view of TF 2915 showing individual parameter limit SWi tches 

OPERATING M OD ES 
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A utomatic Ful ly au tomatic scanning of system 
parameters. se lect ion of monitoring 
positions and executive ac tion . 
Externa l overr ides apply. 
Alternative modes available by 
internal patching give monitoring of: 
(a) One or more video inputs 

sequentially. 
(b) Main or cold-standby 

transmitters. 

TRANSMITTER APPLICATIONS 
Norma l ly. in the automatic mode of operat ion. the instru ­
men t mon itors the output of the ma in t ransmitte r of a 
te levision system. or the combined transmitte r output 
where para ll el transmitters are emp loyed. When a fault 
conditi on is found the instrument is automatica lly cyc led to 
mon itor first th e rese rve video in put . th en the main video 
input. It then return s to the transmitter output . or to th e two 
separate transmitter ou tputs in t he case of pa rall el 
operat ion. A separa te store is prov ided in th e TF 29 15 for 
each of these monitori ng po ints and any faults fou nd are 
reco rded in these sto res. Each store has assoc iated w ith it a 
front pa nel lamp wh ich is normally illum inated but is 
ext ingu ished if a faul t cond iti on occurs. 

When a fault cond iti on occurs the instrument goes 
through th e comp lete sea rch process at the va ri ous 
monitori ng po ints then a signa l is provided by t he executor 
wh ich ca n switch t ra nsmitters or video inputs as necessary 
to mai ntain transmi ss ion quality. Data output is also 
prov ided to gi ve indicati on of th e conditi on of th e stores 
and to report transmitte r fail ure or complete stati on failu re 
as necessa ry. 

STUDIO APPLICATIONS 
By appropria te interna l li nkages, f ro m one to f ive v ideo 
inputs can be scanned seq uential ly. provid ing a con ti nu­
ous ly sampled statu s condition on each video line. The 
trans iti on t ime when switch ing from one video input to the 
next is 30 seconds. allowing all the measurements to 
stabilize even in the presence of high noise. The tota l t ime 
to monitor all fi ve v ideo in puts va ri es from nominally 2 min 
30 sec to 5 mi n 30 sec depending on w heth er t he scan 
count is set to 1 or 30. 

SEMI-AUTOMATIC MODE 
A semi-a utomati c mode of operati on of the TF 2915 is 
avai lab le in which the mon itori ng pos it ion is se lec ted by 
a se ries of f ron t pane l push -buttons. A utomat ic scanning 
of the pa ramete rs occu rs as in the full y au tomat ic mode, 
but the sto res are in hibi ted from acceptin g informat ion. 

Reset - A push button is provided w hich removes all fault 
indicati ons stored and returns the complete system to the 
ze ro condition . 

Inhibit- A n in hibit facil ity prevents th e equi pment from 
indicating fault cond iti ons during t he warm-up pe ri od of a 
transmitter. 

Rack mounting - TF 2915 can be supp li ed w ith rack­
mounting slides and quick release catches. 

(c) Parallel transmitters 

Semi -automatic Manua l selection of mon itoring 
positions by front panel push - buttons 
or remo te se lection by inputs on a 
rear panel socket. Automat ic 
scanning of parameters with 
parameter 'ou t- of - limits· display 
operati ng normally but w ith fault 
counters and fa ilu re stores inhibited 
from accepting information . 



MEASUREMENT DATA 

Parameter measurement 
accuracy Parameter measurement accuracy is 

determined by the Insertion Signal 
Ana lyser TF 2914A. 

Parameter limits Th e l1mits to w hi ch parameters are 
com pared ca n have the magnitude 
- 1599 < limit < + 1 599. The l1mits 
are stored as a mixed binary/b.c.d. 
number in the limits store. and may be 
visual ly read as a decima l number. 

Maximum number of 
parameters Instruments can be sup pl ied to scan 

14. 1 6 or 24 parameters as required. 

Limit store capacity Up to a maximum of 96 l imit va lu es 
are prov1ded. depending on the model 
su pp!ied. 

PARAMETER 
M EASUREMENT 
INPUTS 

Parameter analogue signals Up to 24 l ines (one l ine fo r eac h 
available Parameter) from the In sertion 
Signal Analyser TF 2914A. The 
analogue voltage IS set to a suitable 
range fo r the 3 ~ digit pane l meter in 
TF 2914A. 

Parameter b.c.d. value 24 l ines (three decades of b. c. d . plus 
a '1000' di git and sign) from the 
analogue to digi tal converter in 
TF 2914A. 

PARAMETER INPUT 
FROM TF 2914A 

Model 52915-301 F Parameters 00 to 1 3 

Model 52915-302G 

Model 52915-303 F 

Model 52915-306D 

Pa rameters 00 to 23 

Parameters 00 to 15 

Parameters 00 to 23. 

Parameter Name 
number 

00 Bar amplitude 
01 Sync amplitude 
02 2T pulse/bar rat io 
0 3 Chrominance/luminance ga in 
04 Chrominance/luminance delay 
05 Luminance non-l in eari ty 
06 Noise 
07 Chrominance/ lum inance cross talk 
08 LF error 
09 Bar tilt 
10 2T 'K' factor 
11 Differen tia l gain 
12 Differential phase 
13- 15 Auxilia ry d.c. inputs 
16 M ult iburs t bar 
17 Multiburst 
18 M ult i burs t 
19 Mu ltiburst 
20 M ultiburst 
21 Mu ltiburst 
22 Mu ltiburst 
23 Colour reference burst 

Units of 
meas urement 

% 
% 
% 
% 
ns 
% 
dB 
% 

mV 
% 
% 
% 

degrees (ang le) 
v 
% 
% 
% 
% 
% 
% 
% 
% 

The units of measurement shown in this table are determined by the pro­
gramming in the assoCiated TK 29 17 and will vary for different applications. 

TF 2915 

DISP LAY 

Out-of-limits LED lam ps : one lamp per 
parameter. 
In limits: lamp illumi nated. 
Out-of- limits: lamp extinguished. 

Fault condition 5 LED lamps: one lamp per fault store. 
No fault condition: lamp illuminated. 
Fault condit ion: lamp extinguished. 

'1.
1 

DATA OUTPUTS Open col lector TTL outputs 
·on· state: less than 0-4 Va t 
I (sink) ~ 40 mA 
'Off' sta te : 30 V max. 
Parameter number 8 bits 
Video so urce selected 3 bits 
Parameter reading 14 bits 
Urgent limit comparison 1 bit 
Caution limit co mparison 1 bit 
End of measurement 1 bit 
Parameter store results 14 bits 
End of scan 1 bi t 
Search store re sults 6 bits 
En d of search 1 bit 
Tra nsmitter fai l 1 bit 
Station fai l 1 bit 

CONTRO L INPUT HLL input 

CONTROL OUTPUT 

Transmitter 1 or 2 selector 
Two relays 

EXECUTIVE OUTPUT 

Video A failed 1 Relay 
TX 1 failed 1 Re lay 
TX 2 failed 1 Relay 

POWER REQUIREM ENTS 

AC su pply 

SAFETY 

DIMENSIONS AND 
WEIGHT 

·o· state: 0 to + 5 V short circui t to 
common sinking 3 mA. 
'1' state: +9 V to 25 V or open ci rcuit 
Zero Rese t 1 b it 
Inhibit 1 bit 
Video Feed Selected 1 bit 
Remote Video Input 3 bi ts 

Select 

Co ntact closure for selection. Ra ti ng 
42 V: 0·25 A: 10 VA. 

Contact closu re fo r failure 
Ratin g 42 V: 1A: 50 VA. 

Storage of Executive Contro l 
Informat ion on Mains Supply fai lure. 

95 to 132 V and 190 to 264 V. 
45 to 65 Hz. 

Designed to meet the requiremen ts of 
IEC 348. 

Heigh t Width Dept h Weig ht 
133mm 483mm 457mm 10·7kg 
5·2in 19in 18i n 23·51b 
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TF2915 

VERS ION S AND ACCESSORIES 

Wh en ordering please quote eight digit code numbers. 

Ordering numbers 
Versions 

52915-301 F TF 291 5 with 14 monitored 
parameters. 

52915-302G TF 2915 With 24 monitored 
parameters . (For transmitte r 
a~plications.) 

52915-303V TF 29 15 with 16 monitored 
parameters. 

52915-306D TF 2915 w it11 24 monitored t 

parameters. (General purpose.)"~-

Supplied Accessories 
Accessory Kit 46883 - 247L. 

Com prises: 
14 way Socker 23435-435W. 
104 way Socket 23435-499W. 
Blank Button 23435-599D 

(5 supplied). 
Tx button 37590 -072V. 
Digital Cable 46883 -212U. 
Analogue Cable 46883-213V. 
Plug Ex.1ra ctor 22951 -3990. 
Plu g Tops (586 supplied). 

Associated Equipment 
Telev ision Test Line Generator and 

Inserter TF 291 3 senes. 
Insertion Signal Analyser TF 2914A 

senes. 
Data Selector TK 2917 senes. 
For de/ails see separale da1a shee1s. 

TRANSMITTER SWITCHING APPLICATIONS 

EXECUTIVE ACTION 
TRUT H TAB LE 

_, _ 

Rear panel view of TF 2915 
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Shows the executive status number 
assoc1ated with the various search 
results. The first half of the table only 
is used in a main/standby transmitter 
station. When the data monitor is 
used in a parallel transmitter station 
the whole truth table w ill apply. 
V1deo feed swi tch reads : 
'0' in POSitiOn V IO A 
'1' in position VID B 
'1' indicates a fault for video feed B. 
video feed A. Tx 2 and Tx 1. 

Data Duplav IPLBB) 

Vid eo 
Executive feed 
num ber swi tch 

0 0 
1 1 
2 0 
3 1 

4 0 
5 1 
6 0 

8 0 

9 

10 0 

11 

12 0 

13 

14 0 

15 

16 0 
17 1 
18 0 
19 1 

20 0 

21 1 
22 0 

23 

24 0 
25 1 
26 0 
27 1 

28 0 

29 1 
30 0 

31 

Video Video 
feed feed Search Exec uti ve 

B A Tx1 Tx, result acti on 

0 0 0 0 No fatlure 
0 0 0 0 No fatlure 
1 0 0 0 VIO B fad 
1 0 0 0 VIO B fad Change to VI 0 A 

0 0 0 VIO A fad Change to VI 0 B 
0 0 0 VIO A fad 
1 0 0 Both vtdeo 

feeds fad 
0 0 Both vtdeo 

feeds fad 
0 0 0 Tx2 fatl Turn Tx 2 off or to 

stand-by 
0 0 0 Tx 2 fad Turn Tx 2 off or to 

stand-by 
0 0 Tx2 fad Turn Tx 2 off or to 

stand-by 
0 0 Tx2 fa d. VI 0 Change to VI 0 A 

B fad 
0 0 Tx2 fad. Change to VI 0 B 

VIO A fad 
0 0 Tx 2 fad Tu rn Tx 2 off or to 

stac"!d·bv 
0 Both vtdeo Statton fat! 

feeds fat! 
0 Both vtdco Statton fad 

feeds fad 
0 0 0 Tx, fad Turn Tx, of f 
0 0 0 Tx 1 iall Turn Tx, off 
1 0 0 Tx 1 fad Turn Tx 1 off 
1 0 0 Tx, fad VIO Change to VI 0 A 

B fatl 
0 0 Tx, fad. VIO Change to VI D B 

A fad 
0 0 Tx 1 lad Turn Tx, off 
1 0 Both vtdeo Stalton fad 

feeds fad 
0 Both vtdeo Statton fad 

feeds fad 
0 0 Both Tx fad Tx fatl 
0 0 Bolh Tx fad Tx fad 
1 0 Elot11 Tx fad Tx fad 
1 0 Both Tx fatl , Change to VI 0 A 

VIO B fad 
0 Both Tx fad . Change to VI 0 B 

VIO A fad 
0 Both Tx fad Tx fad 
1 Bo1h Tx and 

vtdeo feeds 
fad Sialton fad 
Both Tx and 
vtdeo feeds 
fad Stai ton fad 

Supply 

Control 

co~r;on ~ 
Supply rJng~ 

fT P2 l 
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Data Selector TK 2917 

o Television and Telemetry data interface 
o Manual and automatic operating modes 
o Individual parameter selection 
0 Full parameter scanning 
o Fault analysis and switching status reporting 
o Data supplied to on-site printers or remote terminals using modems 
o Control by local or remote keyboards 
o Digital annual clock providing timed recordings and 

periodic automatic operation 
o Each record identified with location, date and~~ time to 

within one minute in one year 

,-

ml DATA SELECTOR TK 2917 

Data Se lector TK 2917 is an interface between data 
co ll ection and measurementequipments and a data storage 
or transmission system. A lthough the unit ca n act in 
conjunction wi th many configurations of data system it 
was specificall y desig ned for use w ith the Marconi 
Instruments' TF 2914A and TF 2915 television measure­
ment. compari so n and executi ve co ntrol eq ui pments for 
use in stud io or tran smitter app li ca ti ons. It pe rmits th e 
operato r to se lect the requ ired informat ion from the 
automatic measuring equipment for reco rding at t he 
equ ipment si te or for transmiss ion to a remote site, and it 
also provides a buffer storage faci lity in order that t he 
monitoring fun cti on continues w ithout in te rru pt ion from 
the data sto rage system. 

Information is avai lab le from th e D a ~a Se lector in either 
b.c.d. bit pa rall el w ith numeri c printouts or in ACS II bit 
seri al w ith va ri ous language opt ions. 

The fo ll owing data may be se lected from the Television 
Automatic Measuring Equi pment using th e Data Se lector. 

74552 

Any one parameter readi ng on any one of fi ve video 
inputs . 

Any faulty pa rameter reading on any one of fi ve video 
inputs. 

The read ings of all the pa rameters mon itored on any one 
of fi ve v ideo in puts. 

Th e resu lt of the last va li d fault sea rch ca rried out by the 
TAM E. 

This info rmat ion may be demanded from the Data 
Se lector through t he bit se ri al input in ASC II code, or in 
binary coded decimal through th e bit pa rall el in put . 
A ltern ati ve ly, the Data Selecto r may be prog rammed using 
the front pane l switches to prod uce the info rmati on at 5. 
15. 30 or 60 minute interva ls. or eve ry 3. 6, 12 or 24 hours. 

The Data Se lecto r contains a 24 hou r d igital c lock giv ing 
a time readout in week number. day number. hours and 
minutes. w ith every set of data se lected. The c lock may be 
set and disp layed on th e front pa nei. 
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TK 2917 

GENERAL 

Parameter reading store 
size 

Annual digital clock 

Accuracy: internal 
crystal osci ll ator 

Externa l 1 Hz clock 
drive levels 

Time intervals 

DATA SELECTION 
CONTR OLS 
( Front panel) 

DISPLAYS 

INTERFACE 
INPUT/ OUTPUT 

TF 2914A INTERFACE 
OPTION 

Data input 

Levels 

Analogue interface 

Control outputs 

226 

24 pa rameters of 8 digits each 
parameter. 

Reading in week number. day number. 
hou rs and minutes up to 52 7 23: 59. 
Settable from the front pane l. 
Operates from internal oscillator or 
externa l 1 Hz drive. 

±5 minutes per year (1 in 10 5 ). 

·o· less than + 1 · 5 V. 
' 1' within the limits +3·6 V and 
+5·0 V. 

Time interva ls fo r automatic 
information request. selectable at the 
front pane l : 5. 15. 30 or 60 minutes 
or 3. 6. 12 or 24 hou rs. 

*Executive number 
Parameter 
Parameter number 
Parameter scan 

* Faulty parameter 
Peri od select 
5. 15. 30.60 

minutes or 
3. 6. 1 2. 24 hours 
set time 

set 

Week. day. hour. 
minute 

Time 
Display 

push-bu tton 
push- button 
leverw hee l switch 
pu sh-bu tton 
push- button 
push-button 

interl ocking 
push -buttons 
push-button 

non -l atching 
push -button 

interlocking push ­
button 

leverw hee l switch 
push -button 

.... 

* Available only when used with TF 2 9 7 5. 

7 digit LED readout of annua l clock. 
LED lamps: Sending data 

Ready to send 
Carrier detected. 

Options provide interface w ith either 
Data Monitor TF 2915 or Inserti on 
Signal Analyser TF 2914A. 

Parameter reading 
Video source se lected 
End of measu rement 
Inhibit 

TTL single load input. 

32 bits 
4 bits 
1 bit 
1 bit 

ON state less than 0·8 V. 
OFF state greater than 2·0 V. 

Inputs: 24. 
Outputs: 1. se lected from the 24 
inputs by the Parameter number 
selection. 
Level range: ±2 V nomina l. from 
TF 2914A. 

DPM tr igger. 1 bit-TTL totem pol e 
Video input select 4 bits-3 state 
totem pole. 
Levels: TT L totem po le 

0 N state I ess than 0-4 V. 
OFF state greater than 2-4 V. 

TF 29151NTERFACE 
OPTION 

Data input 

Levels 

Control output 

BIT PARALLEL 
INPUT/ OUTPUT 
OPTION 

Levels 

Parameter number 
Parameter read ing 
Search store results 
Video source selected 
Urgent lim it comparison 
Caution limit comparison 
End of measurement 
Execute 
End of scan 

TTL sing le load input. 

6 bits 
32 bits 

5 bits 
8 bits 
1 bit 
1 bit 
1 bit 
1 bit 
1 bit 

ON state less than 0·8 V. 
OFF state greater than 2·0 V. 

Zero reset 1 bit 
Inhibit 1 bit 
Video input se lect 8 bits 

Open co llector TTL output. 
ON state less than 0-4V at I . k 
=40 mA. Sin 

OFF state 30 V max . 

Paralle l BCD to a st rip printer. 

Data availa ble * Executive number. 

Interrogation input 

Data output 

BIT SER IAL 
IN PUT / OUTPUT 
OPTION 

Data available 

* Any faulty parameter readings on any 
one video input. 
Any one parameter reading on any 
one video input. 
One parameter scan on any one video 
inpu t. 
Parameter number. 
Video input number. 
Time in wee ks. days. hours. minutes. 
Station iden tifi cat ion . from station 
numbers 00 to 99. 
Print command. 

Parameter number 
Information demand 
Video input number demand 
Inhibit 
Zero reset 
Demand valid 
Video input number select 
Levels: 
H LL input 
ON state 0 to 5 V 
OFF state +9 to +25 V. 

6 bits 
4 bits 
8 bits 
1 bit 
1 bit 
1 bit 
1 bit 

* Urgent limit alarm bit 
* Caution limit alarm bit 

Data bits (13 b.c.d. 
characters) 52 bits 
Data vali d (prin t command) 1 bit 
TK 2917 busy 1 bit 
Levels: TTL output five logic true 
1' state greater than 2-4 V. 

·o· state less than 0-4 V. 

Seria l ASC II No.7 . code to a data 
terminal. 

* Executive number. 
* Any faulty parameter readings on 

any one video input. 
Any one parameter reading on any 
one video input. 



Input/ output port 

Baud rate 

Input/ output port for 
local recording 

Byte serial output 

Punch command 

Punch busy 

0 

One parameter scan on any one 
v ideo input 
Parameter description. 
Video input number. 
Time in w eeks. days hou rs. minutes. 
Station identif ication from station 
numbers 00 to 99. 
TAM E operating description (delay. 
inhibi t ). 
Spaces. carri age return. line feeds. 

To CCI TT V 24 specifica ti on. 
Input: Seria l data 

Line signal detected 
Ca l ling in dicator 
Data set ready. 

Levels: Logic '1' greater than + 3 V 
Logic ·o· less than -3 V 
(Maximum ±25 V). 

Output: Serial data 
Connect data set to l ine 
Request to send 
Signa l ground. 

Levels: Logic '1' greater than + 6 V 
Logic ·o· less than -6 V 
into 3 k 0. maximum ±12 V 
into open circui t 

110. 300. 600. 1200 or 2400 internal 
sw itch se lected. 
Serial input and output w ith even 
parity. 

Ser ial output leve ls: 
Logic '1' +6 V nominal 
Logic ·o· -6 V nominal 
into 3 kO maximum ±12 V into 
open ci rcuit. 

8 bits . 

1 bit 
Levels: open collector output w ith 

1 k o pull up resistors (to 
less th an 30 V). 

1 bit 

Logic ·o· less than 0· 7 V 
at 40 mA. 

Input levels: 
Log ic ·o· less than 0·8 V 
Logic '1' greater than 2·0 V. not 
greater than 7 ·0 V. 

Pull up power rai ls +12 V nomina l 
+5 V nominal 
Signal ground. 

Information demand In words co mpris ing stat ion add ress 
and data/control required. 

POWER 
REQUIREMENTS 

AC supply 95 to 130 V and 190 to 264 V. 
45 to 65 Hz. 60 VA approx. 

SAFETY Designed to meet the requ irements of 
IEC 348. 

DIMENSIONS AND 
WEI GHT Height 

89 mm 
3! in 

Width Depth 
483 mm 457 mm 
19 in 18 in 

Weight 
10-4 kg 
23 1b 

TK 2917 

EXAMPLE OF A PRINT OF THE IN FORMATION 
FROM THE TAME 

A print of a parameter scan on input 1 at station number 
01 at 00·39 hours on day 1 (Monday). week number 01. 

Informat ion provided at the bit seria l output in ASC II 
printed on a Transdata Printer type 312 

Information-. 
demand 

VERSIONS 

MO DEL 52917-

For use with 
TF 2914A on ly 

For use with 
TF 2914A in co n-
junct ion with 
TF 2915 

.ASC II Bit seria l V24· 
interface E.I.A. Port 
toRS 232C 

BCD Bir parallel 
output Numerical 
print out 

International units 
English Language 
print out 

International units 
French language 
print out 

NTC/ CBC Insertion 
test signa ls Print out 
with IRE units 
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TK 2917 

ACCESSORIES 

When ordering please quote eight digit code numbers 

.• 

Ordering numbers 
i. r 

The following accessories are for use 
with serial input/output options 

Supplied Accessories only 

I 
Accessory Kit 46883-287S 43129- 167V Termina l Interface Cab le (25 way 

co mpri sing Board Extractor. Female). 
Supply Lead. Rack Mounting Ki t 43129- 170V Terminal Interface Cable (25 way 
and 3. 6. 12. 24 hou r buttons. Ma le). 

TA ME Interface Lead. 43129-171S Loca l Receive Only Terminal 
(Either lead 43129-164J for Interface Cable (25 way Male). 
TF 2914A or lead 43129-1 65F fo r 43129- 323 6 Local Receive Only Terminal interface 
TF 291 5 supplied.) Cable (25 way Female). 

Modem Interface Cable 43 129-1 61 Y 46883-320L Modem Interface Cable (43129 -161 Y). I• for serial input/output option. The following accessories are for use 
38-way socket and shroud with parallelmput/output options 

431 69-012A for pa rallel input/ only. 
I• output option. 43129- 162N Pu nch Interface Cable (25 w ay Male). 

(Either of the above two items are 43129- 166G GM T Pri nter Interface Cab le. 
supplied. dependmg on the 
input/output option.) 

Associated Equipment 
Tel evision Test Line Generator and 

Optional Accessori es Inserter TF 291 3 seri es. 
44319-004H Battery Back-up for digita l clock. Insertion Signa l Ana lyser TF 2914A 
46883-298R Kit of parts for externa l 1 Hz digita l series. 

clock drive. Data Monitor TF 2915 series. 
54127- 251L Rack Slider Kit. For full details see separate data 

sheets. 
11 
. I 

Bo1rrl f I Input/Output To Tf 2915 

0 Termln.a i/ Hode m Printer/Punch \...} 

0 lie- ,\·· ... ... ... ••J ~ 
C O OO H OoHo U ._}~ lc=::Jj 

Input /Output O utput 

l 

Rear panel view of TK 2917 
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I ~·------------------------------------------~---------------------------------------------------------------------

Type 6049/1 Frequency Meter _j 
·~·---------

D Waveguide or coaxial 
D Absorption or transmission 

6049/1 with accessories 

Waveguide 
Attachment R48 

Auxilia ry Outlet 
Type N Connector 

FREQUENCY METER 
wi th Pass ing Coaxia l 
Attachment and stand 

Crystal Detector 
with BNC Connector 

The 6049/1 Precision Frequency Meter has been carefu lly 
designed to combine ease of operation with a high 
standard of measurement accuracy over the f requency 
range 2·6 to 8 2 GHz. The instrument may be used w ith its 
pass ing coaxia l attachment and associated stand as an 
absorption or transmission wavemeter or may be coup led 
directly Into a wavegu ide system. Optional waveguide 
attachments are avai lab le which can be fitted in place of 
the coaxia l system so that a high degree of flexibility can be 
ach ieved with a comp lete range of accesso ri es. 

In order to achieve wideband perfo rmance the cavity is 
of a hybrid type w hich wi ll support a mode that is partly 
coaxial and partly waveg uide. tuning is effected by means 
of an axia l plunger and the entire frequency range is 
covered without any spurious mode interference . 

The frequ ency is indicated by means of a parallax-free 
dial-reading, spiral dial . with a 85 inch sca le wh ich 

FREQUENCY 

Range 2·6 to 8·2 GHz. 

Overall accuracy ±5 MHz or 0·1 % with passing coax. 
attachment. 
±5 MHz or 0·15% with waveguide 
attachments. 

Calibration increments 5 MHz between 2·6 and 5·0 GHz. 
10 MHz between 5·0 and 8·2 GHz. 

INPUT CONDITIONS 

RESPONSE 

230 

VSWR Pass ing coaxial attachment (Pa rt No. 
2523009) : Less than 1·5. 
(rela tive to 50 0). 
All waveg uide attachments less than 1·1. 

Q-factor Typically 1000. 

Dip at resonance Greater than 0·5 dB. 

Aux. type N outlet - 12 dB typica l coupling. 

Crystal detector 2 mV/mW of input signal typical. 

provides a high order of resolution due to the high 0 
cavity. An output to an external metering system may be 
taken via the auxi li ary type 'N ' outlet or v ia the opti ona l 
BNC outlet incorporating a diode detector and also 
permits the cavity to be used as a transmission filter. 

The attachments are fitted to the frequen cy meter by 
means of four capt ive screws. but when fitted to the bench 
stand the spira l scale lies at an angle of 30° f rom the 
vertica l wh ich fac ilitates an easy direct readout. An A llen 
Key housed in the stand is provided for locking and 
unlocking the captive screws. 

The attachments for waveg uide sizes R32. R48 and 
R70 have specia l flanges that mate wi th British and 
American round flanges and also with internationa l 
rectangular flanges. The attachment for Waveguide size 
R40 mates w ith flange type CPR229. 

DIMENSIONS AND 
W EIGHT 

ACCESSORIES 
Supplied 

Optional 

Height 254 mm (1 0 in). 
Weight 2·3 kg (5 I b) for frequency meter 
with coaxial mount. 

Part No. Description 
2523009 Passing coaxial attachment 

complete wi th two female 
Type 'N' connectors. 

2523048 Stand for coaxial attachment. 
2523015 Auxi l iary outlet with Type 'N' 

female connector. 
2523041 Cover plate. 

2523008 Wavegu1de attachment R70 
(WG 14) 

2523006 Waveguide attachment R48 
(WG12) 

2523007 Waveguide attachment R40 
(WG 11 A) 

2523005 Waveguide attachment R32 
(WG10) 

2523011 Detector with BNC 
connector. 



Rotary Vane Attenuator Type 6 0 52 series 

0 Frequency ranges up to 40 GHz 
o Calibrated range 60 dB 
0 Low insertion loss 
0 Low phase shift 
0 Excellent resettability 

The Type 6052 series of Rotary Vane Attenuators operate 
over a series of full waveguide bandwidths up to a 
maximum frequency of 40 GHz. Each instrument covers a 
range of attenuation from 0 to 60 dB and all units have a 
maximum insertion loss of 0·75 dB and VSWR better than 
1 ·15 :1. 

The achievement of high attenuation accuracy com­
bined with sma ll overall size and li ght weight has been 
achieved by using Tchebyscheff quarter-wavelength 
stepped transitions (Gaussian tapers on higher frequency 
models). 

Considerable care has been taken to simplify the 
mechanical system such that high accuracy and a clear 
attenuation readout system is achieved. A directly cal i­
brated attenuation sca le consists of a se lf-ree ling tape 
driven by a sprocket whee l on the main drive shaft. The 
gearing is arranged such that a 45 inch sca le is fitted for 

Type No. 6052!1 6052/2 

RF PERFORMANCE 

the total attenuation range 0 to 60 dB. This offers a high 
·,··order of setting accuracy and discrimination of the 
" aftenuat ion reading such that the attenuat ion may be 

reset to 0 02 dB at the 10 dB point 

The design of the Type 6052 series has been produced 
to give the best possib le electrica l performance so that 
insertion loss and VSWR are kept to a minimum. The 
phase -shift cha racteristics are such that the specification 
offered is 2° maximum . 

These Rotary Vane Attenuators offer a sens ibly flat 
attenuation response over the who le of each waveguide 
band for al l values of attenuation setting wh ich, coup led 
with the low phase-shift characteristics, make them ideal 
for use in swept frequency systems. 

For applications where cert ification of the performance 
of these attenuators is required, c.alibration certificates can 
be supplied at a sma ll extra cost 

6052/3 6052/5 

Frequency range 26·5-40 GHz 12-4- 18·0 GHz 8·2-12-4 GHz 5·3-8·2 GHz 

Waveguide size R320. WG22 R140, WG18 R100.WG16 R70. WG14 

CW Power rating 1 Watt 5 Watts 7 Watts 10 Watts 

VSWR 1·15 max 1·15 max 1·15 max 1·15 max 

Insertion loss 0·75 dB max 0·75 dB max 0·75 dB max 0·75 dB max 

Phase shift 2° max 2° max 2o max 2° max 

ATTENUATION 
CHARACTERISTICS 

Ca libration range O to60dB 

Absolute accuracy 0 to 10 dB: ±0·1 dB 40 to 50 dB: ±2% 
10to40dB: ±1% 50 to 60 dB: ±3% 

Scale increments 0 to 0·1 dB: 0·01 dB 300 to 40·0 dB: 0·5 dB 
0·1 to 2·0 dB: 0·02 dB 40·0 to 50·0 dB: 1·0 dB 
2 0 to 10·0 dB: 0·1 dB 50·0 to 60·0 dB: 2·0 dB 
10·0 to 30·0 dB: 0 2 dB 

Resettability 0·005dB at 1 dB 0·02 dB at 10 dB 

TEMPERATURE RANGE 0 to 50 oc 

FLANGE COMPATIBILITY Square Flange Square Flange Square Flange Mul ti-dri lled Round 
"Mates with UG 599/U Mates with UG 419/U Mates w ith UG 39/ U 

MECHANICAL 
Length 190 mm. 7,\- in 206 mm. 8 t in 270 mm. 1 0~ in 428 mm. 16i in 

Weight 2·04 kg. 4 lb 8 oz 2·04 kg. 4 lb 8 oz 2·94 kg. 6 lb 8 oz 6·35 kg. 14 lb 
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~.------------------------------------------------------------------------------------~ 

Solid State Signal Sources 
~.------------------------------------------------------------------------------------~ 

o 400 MHz to 18 GHz 
0 Digital Frequency Readout 
0 1 kHz Internal Amplitude Modulation 

• 
0 External Levelling Capability · 
o Manual Sweep Facility 
0 Small Size and Low Weight 

1.1 ,, 

• II --"'' 
M<>cl F~oq 

...,_. $9\HII s.-co Type 6059A 

. -- ii~ 
.... F .... 

~ SV>al Sooxl» Typoo tiOI:J7B 

• ........ 
II·O- l2·5QH:I: 

.. 

Th is range of all solid state microwave signa l sources 
operates w ithin the frequency range 400 M Hz to 1 8 G Hz. 
Two types of oscillators are used to achieve the wide 
frequency cove rage. The 6070A. 60558 and 60568 (400 
MHz to 4 GHz). use a high frequency transistor osci llator 
while the 60578/1. 60588 and the 6059A (4·0-
18·0 G Hz) use a Gunn diode operatin g in fundamen­
tal mode coax ial cav ities. 

R.F. power is adjusted by means of an electrically 
variable PIN diode attenuator. Internal facilities include 
CW operation and 1 kHz (or 3 kHz option) square wave 
modulation. There is also access to the PIN diode 
attenuator via a front panel mounted 8NC socket. Ttie 
excellent modulation sensitivity of the PIN device 
enables a diverse range of amplitude modulation 
cond itions to be achieved including r.f. levelling. This 
latter possibility coup led with the d.c. output vo ltage 

232 
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12·0-la.OGHz t:.) 

.. ~ 
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proportional to frequency. available on the rear panel, 
enables manual swept frequency measurements to be 
ca rried out. The 6587 levelling amplifier is fully compatible 
with all models . 

A miniature ferrite isolator is fitted to all models above 
2 GHz wh ich minimises the effect of load variations and 
prevents damage being caused by external mismatches. 
Mode ls below 2 GHz have built-in protection by means 
of the coupling factor between the cavity and the r.f. 
output probe. 

A lso included in th e r.f. output l ine is a low pass filter 
to reduce the second harmonic component to a low level. 
In- band harmonics are minimised by ensuring th at the 
cavity design exc ludes spu ri ous modes c f operation. 

A mains se lector switch enab les the units to be operated 
from a 230 vo lt or 11 0 vo lt supply. 



T y pe 6 0 55 B Series 

Pen 
recorder 

Mains 

REAR PANEL FACILITIES 

Battery 

~ 230 Volts 0 

BNC CONN ECTOR PROVID ING OU TPUT VOLTAG E D IRECTLY PROPORTIONAL TO FREQU ENCY. 

EUR OPEAN TYPE MAINS CONNECTOR. 

BATTERY CONNECTIONS. (SEE TABLE BELOW). 

MAINS VO LTAG E SELECTOR SW ITC H. 

FUSE. 

BATTERY CONNECTIONS TO SIGNAL SOU RCES 

SIGNAL BATTERY CURRENT SUGG ESTED SOC KET 
SOU RCE VOLTAG ES RATIN GS BATTERY CONN ECTI ONS 

CAPAC ITIES TO BATTERY 

6070A 36 VOLTS 200 mA 36VOLTS at +VE to E. 
2 5 A H -VEto D 

6055B 36 VO LTS 150 mA 36VO LTS at +VE to E. 
1 5 AH -VEto D 

6056B 30VOLTS 100 mA 30 VO LTS at +VEto A 
AND AND 1 0 A H -VEto D 
22 VOLTS 100 mA AND AND 

22 VOLTS at +VEto C 
1 0 A H -VE to H 

6057B / 1 30 VOLTS 400 mA 30VOLTS at +VEto A 
6058B A ND AND 4 0 AH -VEto D 
6059A 22 VOLTS 50 mA AND AND 

22 VOLTS at + VEto C 
0 5 AH -VEto H 
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Type 6 0 55 B Series 
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Type 60578/1 
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Type 6 0 55 B Series 
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SPECIFICATIONS 

TRANS ISTOR FUNDAMENTAL OSC ILLATORS GUNN FUNDAMENTAL OSC ILLATORS 

MODEL 6070A 6055B 6056 B 6057B/1 6058B 6059A 

FREQUENCY RANGE 4 to 850 to 210 to 4·0 to 80 to 12 ·0 to 
M Hz 2150 MHz 4 ·0 GHz 8 0 GHz 12 ·5 GHz 18 ·0 GHz 

R.F. POWER OUTPUT ~ 
Minimum 5f~ 10mW 10mW 5 mW 20 mW 5 mW 

Typical 150 50 mW 30 mW 10mW 40 mW 20 mW 

FREQUENCY ACCURACY ~ 
AT 22°C AN D 

±1%<D ~ 
.. 

MAXIMUM R.F . POWER ±1% ~· .. 
±1% ±1% ±1% ±1% 

FREQUENCY PULLING ~ (Typical) Effect of Effect of Effect of Effect of Effect of Effect of 
V.S.W.R. of V.S.W. R. of V.S.W.R. of V.S.W.R. of V.S.W. R. of V.S.W.R. of 
1·25 1 1 25:1 3:1 3 :1 3:1 3:1 
008% 001% 0 1% 01% 009% 0·2% 
at 400 MHz at1000MHz at 2 GHz at4 ·0 GHz at 8 0 GHz at 12 ·0 GHz 
0·02% 001% 0·05% 008% 006% 0·1% 
at 500 MHz at 1500 MHz at 3 GHz at 6·0 GHz 100 GHz at 15·0 GHz 
0·005% 001% 01% 0 ·1% 009% 0·2% 
at1000 MHz at 2000 MHz at 4 GHz at 8·0 GHz at 12 ·0 GHz at 18 0 GHz 

R.F. LEVE L CONTROL 
(Internal and External) 25 dB 20 dB 20 dB 20 dB 15 dB 10 dB 

HARMONIC LEVEL 
Minimum -20 dB - 20dB (1) -20 dB G) -20 dB -20 dB -20 dB 

Typ ical -25 dB -30 dB -30 dB -30 dB -30 dB -30 dB 

AMPLITUDE 
MODULATION 

Internal depth 
(1 kHz ±1 00 Hz min) 100% 20 dB 20 dB 20 dB 15 dB 10 dB 

External Depth 25 dB 20 dB 20 dB 20 dB 17 dB 14 dB 
For 24 volts For 20 volts For 20 volts For1 00mA For 100 mA For 100 mA 
Input Input Inpu t Input Input Input 

Rise Time <1 J.lSeC <1 J.lSeC <1 J.lSec <5 J.lSec <5 J.lSec <5 J.lSec 

FREQUENCY 
STABILITY 

(Typical) @ 
Short Term ® 0001% 0 0015% 0 0015% 0·004% 0003% 0002% 
Long Term ® 0·006% 0·006% 0 005% 0007% 0008% 0 009% 

With Tem perature <V 0·006% 0006% 0006% 0 007% 0006% 0007% 

With Line Voltage 0·001% per 10 volt change 1n the range 220 to 250 volts . 

RESIDUAL FM 3 p.p.m. 10 p.p.m. 

OUTPUT LEVELL! NG 
US ING AMPLIFIER 
TY PE 6587 Within ±0·1 dB Within ± 0 1 dB 

(Plus Coupler and Detector Variation) (Plus Coupler and Detector Variation) 

OUTPUT CONNECTOR N' Type Female 50 0 Precision Stainless Steel 'N' Type Female 50 0 

POWER 
REQUIRE M ENTS 100-1 20 or 200-250 vol ts. 50-60 Hz. 12 VA 100-120 or 200-250 volts. 50-60Hz. 20 VA 

or battery operation or battery operation 

DIMEN SIONS AN D 
WEIGHT Height Width Depth Weight Height Width Depth We1ght 

98 mm 203 mm 298 ·5 mm 34 kg 98 mm 203 mm 298 ·5 mm 4 0 kg 
3i in 8 in 11 ~ 1n 81b 3i in 8 in 11 ~ 1n 8}1b 

G) Except in the frequel)cy range 400 to 550 MHz where the frequency accuracy is ±2%. 
(1) -17 dB below 1000 MHz. 
G) -15 dB below 2150 MHz. 
@ After 1 hour warm-up in a constant environment. 
® Over a 5 minute period and with a settling time of 15 minutes. af ter the frequency change. 
® Over a 1 hour period. 
0 Change per °C in the range +10°C to +50°C. 



TYPICAL APPLICATIONS 

SIGNAL SOURCE 

6590 
POW FR 

SUPPLY 

SIGNAL SOURCE 

SWEEP VOLTAGE 

SIGNAL SOURCE 

lEVElLING 
AMPLIFIER 
65~7 

SWEEP VOLTAGE 

PEN 
RE CORDER 

PEN 
RE CORDER 

ITEM UNDER 
TEST 

LOCAL 
OSCILLATOR 

(HIGH POWER LEVEL) 

TEST SAMPLE 

I I 
... / '·· ... 

\ 
DIRECT 
CONNECTION 

MIXER 

COUPL ER 

INDICATOR 

CALIBRATED 
VARIABLE 
ATTENUATOR 

DETECTOR 

.... 

'' -~ -vvv--1 
PRECIS ION 
MIS MATC H 

Type 6 0 55 B Series 

DETECTOR 

CALIBRATION RECEIVER 

CALIBRATION 

IF 

ATTENUATOR 

High Attenuation Measurement 

Transmission Loss 
Measurements 

V.S.W.R. Measurements 
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AM-FM Signal Sources 

o YIG Linearity 
0 AM and FM Modulation 
o Electronic Sweep Capability 
0 0·5% Frequency Accuracy 
0 L.E.O. Frequency Readout 
o Phase-lock Capability 

I ... ,. 

AM - FM SIGN AL sOURCE 6158 
g.0-12 aGH z 

ARCONI INSTRUMENTS LTD 
M @ 

RFLevel 

The 6150 series of microwave AM-FM Signa l Sources is a 
range of tunab le solid state instruments which use the M l 
Sander's designed YIG gun n osci ll ators. Type 6100 seri es. 
as active r.f. elements. The frequency ranges of the units 
are essenti ally w ide band and are detailed on t he table 
ove rleaf . The output frequency can be varied manually by a 
front panel potentiometer con tro l or remotely via a rear 
pane l BNC input In both cases. an LED dig ital disp lay 
indi cates the frequ ency to 0 5% accu racy and offe rs 
exce llent resetabi lity and speed of operati on. 

The 6150 series offe r sign ifi cant advantages over 
mechanicall y tuned instruments and can be used as stab le 
CW signa l sou rces wi th minima l res idu al FM. 

The YIG gunn oscillator is fitted wi th an FM co il w ith a 
w ide input ba ndw idth an d l inea r deviati on capab ility The 
input to this coi l is independant of the main tuning coi l and 
can be used for fine frequen cy contro l and externa l phase 
locking to achieve crystal stabi lity 

The electronical ly tun ed YIG gunn osci ll ator ca n be 
dri ve n from an externa l contro l signa l so that th e inherent 

238 

Frequency 

GHZ 

tu ning capabi li ty can be used to remote ly preset. step or 
sweep th e microwave frequency. These capabi l ities m3ke 
t hese signa l sources idea l for systems app lications. 

All AM fun ctions are performed by a PIN modulator 
fitted to the signa l sources. This mu lt i- functi on component 
can contro l the r.f. output level ove r a 20 dB dynamic 
range and can b@ used to app ly AM from either the 
interna l 1 KH z squarewave modulation ci rcuit or from an 
extern al AM pulse input 

The 6587 level l ing amp lif ie r is compati ble with these 
instruments and can be connected such that swept 
frequency signa ls can be produced with output levelling. 

The signa l sources produce a de output voltage pro ­
po rti bna l to frequency. via a rear pane l socket. which ca n 
be used to drive extern al reco rding devices such as X-Y 
pen recorders or display osci ll oscopes. This facility IS 

avai lable in both the manua l or externa lly controlled mode. 
A mains se lector switch on the instrument enables the 

units to be operated from either a 230V or 11 OV mains 
supp ly. 



Type 6150 series 

SPECIFICATIONS 

MODEL 6158 

FREQUENCY RANGE 8·0- 12-4 GHz 

R.F. POWER OUTPUT 
Minimum 10 mW .• 

Typical 20 mW ~· .. 

FREQUENCY ACCURACY 
AT 20°C AND MAXIMUM 
R.F. POWER 0·5% 

FREQUENCY PULLING 

Externa l 01% DUE TO 21 V.S.WR. 

Internal 0 1% DUE TO 10 dB CHANGE IN 
LEVEL CONTROL 

FREQUENCY STABILITY 

(Typical ) CD 
Short Term @ 0005% 

Long Term® 0·01% 

SP ECTR A L PURITY 

Residual f.m . 10 p.p .rn . 

Harmonic Content -25 dBc 

R.F. LEVEL CONTRO L 

( Internal and External)@ 20 dB 

AM PLITUDE MODULATION 

Interna l Depth@ 
(1 kHz ±100Hz min) 20 dB 

External Depth @ 20 dB for 20 Vo lts Input 

Rise Time 1 ~sec 

FAST FM INPUT 

Deviation ±20MHz for ± 10 Vol t Input 

Maximum Rate 100kHz 

SWEEP CAPABILITY 

Input 0 to +1 0 Volts for full sweep. Start frequency 
determined by frequency control setting. 

Maximum Sweeprate 100 Hz 

Output 0 to + 10 Volts for full sweep. redu ced for 
narrow band 

OUTPUT LEVELLING USING 
AMP LIFIER TYPE 6587 Within ±0·1 dB 

(Plus ~oupler and Detector Variation) 

OUTPUT CONNECTOR Precision Stainless Steel 'N ' 
Type Female 50 o 

POWER REQUIREMENTS 100-125 or 200-250 volts. 50-60Hz. 50 VA 

DIMENSIONS A ND WEIGHT Height Width Depth Weight 
98 mm 270 mm 254 mm 4 5 kg 
3 ~ in 1 0~ in 10 in 10 lb 

CD After 1 hour warm-up in a constant environment. 

~ Over a 5 minute period and wit h a settling time of 1 5 minutes. after the frequency change. 

<I· Over a 1 hour period. 

61 50 

10·0-1 5·0 GHz 

10mW 

20 mW 

0·5% 

0 1% DUE TO 2 1 V.S.WR. 

0·1% DUE TO 10 dB CHANGE IN 
LEVE L CONTROL 

0005% 

0·01% 

10 p.p.m. 

-25 dBc 

20 dB 

20 dB 

20 dB for 20 Vol ts Input 

1 ~sec 

±20 MHz for ± 10 Volt Input 

100kHz 

0 to + 10 Vo lts for full sweep Start frequency 
determined by frequency control setting. 

100Hz 

0 to +10 Volts for full sweep. reduced fo r 
narrow band 

Within ±0 1 dB 
(Plus Coupler and Detector Variation) 

Precision Stainless Steel 'N' 
Type Female 50 o 

100-125 or 200-250 volts. 50-60 Hz. 50 VA 

Height Width Depth Weight 
98 mm 270mm 254 mm 4 5 kg 
3i in 1 0 ~ in 10 in 101b 

@: AM depth is dependent on r.f.level co ntrol settings and external modul ati on input. As only one modulator is used for all AM fun ctions it therefore 
has a summation ca pability of 20 dB. 
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tft Power Heads I .,_,,.. _______ ! 
D Frequency Range 10 MHz-40 GHz \ 
D Type N, APC7 and SMA Connectors 
D Power range 30 nano Watts- 3 Watts 
D Field replaceable tft elements · 
D Waveguide heads 
D High Overload rating-300% 
D Compatible with all tft Power Meters 

I l ,. 

A ll the thin film thermoelectric (tft) ®* Power Heads 
can be used wi th the comp lete range of M 1/Sa nders tft 
Powermeters. These include the Type 6460 Powermeter. 
the Type 65508 Programmab le Powermeter and the Type 
6555 Powermeter. as we ll as the va ri ous system instru­
ments. 

Measurement of power levels as low as 0·03flW 
( -45dBm) can be made w ith the Type 6422. Direct 
reading power measurements as high as 3 watts 
( +35dBm) can be made with ·the Type 6423 . Power 
Heads with intermediate power ranges are avai lab le. 

Coaxial tft Power Heads are available that cover the 
frequency range from 1OM Hz to 18G Hz. 

A series of waveguide tft Power Heads are ava il ab le 
from 8·2 to 40GHz with a mean power rating of up to 
10mW. 

18 GHz Coaxial tft Power Heads 
Th e 6440 se ri es is a new range of coax ial tft Power 

Heads w hich extends the operat ing frequency of the tft 
Pow ermeters to 18GHz. Low VSWR and compensated 
efficiency combine to provide precision power measure­
ments at leve ls from 1 OmW to as low as 0·3flW. 
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FREQUENCY Gltz 

OWER HEAD 
6~40 S E F=I IAL 

Type N. APC7 and SMA connectors are ava il able on 
the 6440 series Heads. 

High power Coaxia l tft Power Heads 
Four coaxial Power Heads w ith precision Type N input 

connectors are ava il ab le. The Type 6422 covers the 
measurement range 0·01 11W to 1 mW and the Type 6423 
covers the range 0·1 mW to 3 watts. so. that on ly these 
two coaxia l Heads are required to cover the complete 
80dB dynamic range. For many app li cations. however. it 
is more convenient to use a Power Head covering one of 
these intermediate sub -ranges; two further tft Pow er 
Heads are ava il ab le; Type 6420 covers 0·1 flW to 1 OmW 
and Type 6421 covers 1 flW to 1 OOmW. 

A ll these coaxial Pow er Heads are suitab le fo r 
frequencies ranging from 1OM Hz to 12 -4G Hz. 

SPINNER 7/16 INPUT Connector for tft Head 6423-5 
The 3 watt tft Pow er Head 6423-5 is fitted w ith the 

Spinner Type 7/ 16 input connector. in place of the Type N. 
It has a frequen cy range from 0 ·01 to 2GHz and has been 
specifica lly designed for the European Commun icati on 
Authoriti es. 



Waveguide tft Power Heads 

Wavegu ide tft Power Heads covering the power range 
0 ·3f1W to 1 OmW are availab le in standard wavegu ide sizes 
for use ove r the freq uency range 8 ·2G Hz to 40G Hz. These 
heads are fi tted w ith square matin g fl anges. Detail s of 
pe rformance. wavegu ide size. and f requency range of each 
of t hese Power Heads is given in t he table 6420 Seri es. 

Long Cable operation 
By use of extens ion cab les the tft Power Head may be 

operated at distances up to 120 metres (400 ft) from the 
Powermeter. 

With t he Junction Box. Model 963R. mu ltipoint power 
measurements w ith each of five tft Power Heads may be 
made by a sing le powermeter. 

As th e tft Power Hea d does not req uire any extern al 
bias or excitation suppli es. its impedance cha racteri sti cs 
remains unchanged whethe r or not it is connected to a 
powermete r. so that the r.f. load ing is unaffected. No 
wa rmup or rezeroing is requ ired when switching from one 
t ft Power Head to another. 

By cascading Juncti on Boxes larger numbers of t ft 
Power Heads can be emp loyed. 

Prog rammab le Junction Boxes are available to specia l 
order. 

Field Replacement 
In the event of fa il ure of the tft Power Heads the 

following rep lacement procedures are avai lab le:-

1. Head Exchange Scheme 

Under this scheme a new. f ully ca li brated rep lacement 
tft Head wi ll be sh ipped wi thin 24 hours of the cus­
tomer contacting the Techn ica l Services Dept. The 

2. 

' 

6440/6420 series 

customer retains this unit and returns t he ori gina l 
damaged tft Head for repai r and is billed for releva nt 
work. Th is means minimum down-time. 

tft replacement Power elements 

~ ,, 

The tft element may be replaced in the fi eld and a 
simple audio f requency ca li brati on procedure used to 
set up the basic tft Power Head sensitiv ity. This 
ca lib rati on ho lds for freq uencies up to about 2GHz. 
Above thi s frequency the ori g ina l Eff.Eff. or Ca l. 
Facto r ca librati on poi nts may be used as good ap ­
proximat ion. un less the best accuracy is req uired . 
when a reca librat ion aga inst an RF Standard is 
necessa ry. 

Tool Kit TK-1 

This Kit con tains all the special too ls necessary for fi eld 
rep lacement of any type of tft power element . 

Power measurement accuracy 

Every t ft Power Head is ind ividua lly ca librated using 
standards traceab le to t he most accurate ava il ab le. and 
wh ich have British Ca libration Service (BCS) approva l. 

The permanent calibration graph on the power heads 
shows CALIBRATION FACTOR and EF FECTIVE 
EFFI CIENCY information and a ca li brated variab le contro l 
on the rea r of each power head can be used to compensate 
for either pa rameter. 

( i) EFF ECTI VE EFFI CIE NCY is the ra t io of aud io 
re ference power to RF power dissipated wi thin the 
tft Head for the same de output vo ltage. 

( ii ) CALl BRATION FACTOR is the rati o of audio 
refe rence power to R F power incident on t he tft 
Head for the same de output voltage. 

tft®* Th in Film Thermoe lectric 
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6440/6420 series 

6440 SERI ES OF TFT POWER H EADS 

The Type 6440 Series are coaxial thermoelectri c Power Heads wi th coaxial connectors in type N. ultra precision A PC7 and miniature SMA. These 
Power Heads extend the operating frequencies to 18 GHz. 

Freq . Range 
Type (GHz) 

6440 0·01-18 

6440N 001 - 18 

6440P 0 0 1- 18 

Temperature Coefficient: 
Dimensions: 6440 

6440N 
6440P 

Max. Energy Pulse 
Max. peak Per Pulse Duration 

Average Power Range ( 1 ) pulse power at +25 •c at +2 5 •C 
From To at +2 5· c W -~sec. ~s (max) 

0 3~W 10mW 
- 35dBm +10dBm 1W 1.! 5 j' 5 

Less than 0·1% per deg. C. when used with any tft Powermeter 
2·66"L x 1 28'' Dia . (67.6 x3 2.5 mm) (') 
3-42"L x 1 28" Dia. (86.9 x3 2.5 mm) ( 3 ) 

3·23" L x1·28" Dia . (82.0 x32. 5 mm) ( 3 ) 

Nett Weight: Approx 3 oz. (35 .1 gm) 

Max. VSW R 

1·5:1 from 
0·01 to 0 ·015 GHz 
1·35: 1 from 
0·015to10 GH z 
1·6:1 from 
10to18GHz 

(1) For Ml Sanders Powermeter Type 6555 the lower power limit is increased by 20dB 
and Type 65508 the lower power lim it is increased by 1 OdB. Overload Rating 
300%. Whi le the heads will take overloads for short periods of time. extended 
peri ods of operation at over load levels may result in permanent change in the 
element characteri stics or even burn out. Maximum care should be exercised to 
avoid such an occu rrence. 

Precision type N 50 0 male to M IL- C- 39012 (2) 

(3) Maximum. including r.f. connector but exclud ing cable and multi- pin connector. 

6420 SERIES OF TFT POWER H EADS 

in coaxial and waveguide. 

Type Freq . Range Average Pow er Range 
(GHz) From To 

6420 0·3~W 10mW 
-35dBm +10dBm 

6421 001-12-4 3 ~W 100mW 
-25dBm + 20dBm 

6422 0·03 ~W 1mW 
-45dBm OdBm 

6423 0·3mVV 3W 
-5dBm + 35dBm 

6423/5 001-~ 0 0·3mW 3W 
-5dBm +35dBm 

6425 8 2-124 

6426 12-4-180 

64 27 180-265 0·3~W 10mW 
- 35dBm +10dBm 

6428 26 5-40 0 

Max. Energy 
Max. Peak Per Pul se 

Pulse Power W - ~sec 

3W 34 

30W 180 

0·3W 2 

60W 500 

60W 500 

25W 25 

2·5W 25 

1·6W 10 

1·6W 10 

(I) Except in the range 1OM Hz to 1 5MHz where VSWR may rise to 1 · 7.5:1 

( II ) Except 6423 w here VSWR from 11 to 12-4 GHz may ri se to 1·7:1 

Nett Weights: 6420. 6421. 6422: 11b 2oz 505g 
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6423 21b 2oz 975 g 
6423/5 21b 3oz 1 kg 
6425.6426.6427.6428 11b 10oz 800g 

Pulse 
Duration 
~S(max) Max. VSWR 

11 

6 100MHz to 1GHz 1·1 :1 
10MHz to 5GHz 1·25:1 

( I) 
7 5GHz to 12-4GHz 1-4:1 

(II) 

8 

100M Hz to 1 GHz 1·1 :1 
8 10MHz to 2GHz 1·3:1 

10 1 5 

10 1 ·5 

6 1 5 

6 1·65 

Field 
Replacement RF 
tft element Connector 

SMA-male 
TL-4A 

Type N male(>) 

APC-7 

Field 
Replacement 

tft 
Element Connector 

TL-OA Precision 
Type N 

TL-1A 500 male 
to 
M IL-C -

TL-2A 39012 

TL-3 

Spinner 
TL-3 7/16.500 

TL-XD -A R100.WR90 
U G39/U 

TL-U O-A R140 WR62 
UG419/U 

TL- KO -A R220.WR42 
UG595/ U 

TL-AO -A R320 WR28. 
UG599/U 



Educational Antenna Test Bench 

o Wide variety of antennae 
o Rugged design 
o Comprehensive handbook 

The 6452A/2 is a unique equipment for the demonstration and eva luation 
of a range of typical microwave antennae. 

The Educational Test Bench enab les the primary characteristi cs of the 
antennae including gain and polar plots to be determined with speed and 
accuracy. Seven different types of antennae are supplied as standard wiih 
the 6452A/2 and have been selected to be representative of those found in 
practise. These include waveguide horns. dipole feed. horn feed. paraboloid 
antenna. narrow wa ll shunt slot linear array. broad wa ll shunt slot li near 
array and a dielectric end -fire antenna. 

A com pl ete set of mechan ical parts is included in the equipment so that 
each experiment can be constructed with ease. 

Antennae gains are measured by comparing the gain of the unknown 
antenna with the gain of a standard horn for varying angles. measured by 
the protractor on the cabinet assembly. 

Polar plots are measured by mounting the antenna under test on the 
cabinet assembly and the receiving horn at the end of the co nstant radius 
arm. Signal strength is rl)Onitored for varying ang les of the receive antenna. 

Th e antennae are designed to operate at a frequency of 9·0GHz with the 
exception of the linear arrays which operate at 9·375GHz. All components 
are constructed in WG 1 6 ( R1 00). WR90 and are fitted with the internation­
ally standardized square flanges. 

In order to complete the Test Bench a microwave signal source. a power 
supply and an indicating instrument are required. For most applications the 
Gunn Diode Oscillator Type 6061 A together with its Power Supply Type 
6590 and VSWR iod icator Type 6593A are recommended. 

Further equipment f rom the wide catalogue range offered by M I­
Sanders can be added to this Test Bench as the need arises and popular 
choices have been the Solid State Signal Source Type 6058B and the tft 
Power Meter Type 6555 with one of the range of 6420 series tft Power 
Heads. 

Designation 
Type 6042/3 
Type 6036/4 
Type 6027/3 
Type 6005/4 
Type 6037/3 
Type 6017/2 
Type 6020/4 
Type 6019/4 
Type 6002/1 

Part No. 2139024A 

Part No. 2452001 
Part No. 2452021 
Part No: 2452048 
Part No. 2452004 
Part No. 2452011 
Part No. 2452012 
Part No. 2452042 
Part No. 2452043 
Part No. 2452010 
Part No. 2452007 
Part No. 2558006 
Part No. 2558005 
Part No. 245201 6 
Part No. 2558007 
Part No. 2558004 
Part No. 2558002 
Part No. 2558003 
Part No. 2558001 
Part No. 2558009 

No. off 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
4 
3 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Type 6452A/2 

Description 
Waveguide Support Clip 
Waveguide Horn 
Waveguide Twist 
Variable Short Circuit 
Waveguide-to-Coaxial Transformer 
Wavemeter 
Variable Attenuator 
Calibrated Attenuator 
Coaxial Crysta l Detector 
Manual of Experiments 
Coaxial Cab le 1·22 m (4') 
(BNC/BNC Connectors) 
Cabinet Assembly 
Antenna Support 
Slot Antenna Support Rod 
Carriage 
Horn Support Rod 
Extension Rod 
Waveguide Support 
Waveguide Support Extension 
Paraboloid Dish 
Dish Adaptor 
Dipol e Feed 
Horn Feed 
Dielectric Antenna 
Broad Wall Slot Antenna 
Narrow Wall Slot Antenna 
Pick-up Horn Antenna 
Flanged Waveguide 
Waveguide 
WG Round to square flange adaptor 
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Type 6599/2 Microwave Educational Test Bench 

o 10 different experiments 
o Rugged design 
0 Comprehensive handbook- experimental microwaves 

i.' 

The 6599/2 is a general purpose laboratory Test Bench incorporating 
WG 16 ( R1 00) microwave componen ts an d accessories. It is w idely used 
fo r exhibiting basic mi crowave parameters and techniques. 

Ten different experiments are suggested in a comprehensive handbook 
supplied and the equ ipment has been designed so that each componen t 
may be readi ly detached and substi tuted by su itab le anci llary equi pment 
housed in the drawer beneath the case . 

A ful l description of each kind of compo nent is included in the Instruc­
t ion Manua l and the experi ments carried ou t incl ude the study of at­
tenua ti on. impedance. frequency and phase-shift. 

A pair of horn antennae is included to ena ble students to study the basic 
characteristics of microwave rad iation as wel l as being ab le to com pare 
f ree-space wavelength wi th waveguide wavelength . 

The large number of components included in this equipment leads to 
extreme versati lity an d other experiments may be devised to those suggested 
in the Instruction Manua l. The components se lected for this equipment are 
typical of those wide ly used in deve lopment and test departments so that 
students may get a good idea of the type of equi pment being used through ­
out the microwave industry. 

The 6559/2 is supplied with the internationally standardised square 
flanges. 

In order to complete the Test Bench a microwave signa l source. a 
power supply and an indicating instrument are required. For most ap ­
plications the Gunn Diode Oscillator Type 6061 A together with its Power 
Supply Type 6590 and VSWR Indicator Type 6593A are recommended. 

Further equipment from the wide catalogue range offered b.y M l 
Sanders can be added to th is Test Bench as the need arises and popular 
choices have been the Solid State Signal Source Type 6058B and the t ft 
Power Meter Type 6555 with one of the range of 6420 series tft Power 
Heads. 

Designation 
Type 6021/5 
Type 6029/2 

Type 6032/2 
Type 6017/2 
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No. off 
1 
1 

2 
1 

Descript ion 
Glass Vane Preset Attenuator 
Double Cru cifo rm Directiona l 
Couple r 
Low Power Matched Load 
Direct Reading Guide-Wave length 
Wavemeter 

Designat ion 
Type 6003/3 

Type 6020/4 
Type 6019/4 

Type 6009/2 

Type 6002/1 

Type 6006/2 
Type 6036/4 
Type 6005/4 
Type FG16-6" 
Type 6478 
Type 6022/4 
Type 6037/3 
Type 6025/3 
Type 6026/4 
Part No. 241 5001 
Part No. 21 39014-6" 
Part No. 2139013-9" 
Part No. 213901 2-12" 
Part No. 2139004 
Part No. 2139005 
Part No. 2139006 
Part No. 2139007 
Part No. 2139003 

Part No. 2139001 

No. off 
2 

1 
2 
1 
1 
1 
1 
1 
1 
1 
1 

11 

i~ 
6s 
1 

Descript ion 
Wavegu ide Detectors. including the 
necessary diodes. cables and 
co nnectors. 
Card Vane Variable Attenuator 0-20d B 
Glass Vane Precision Calibrated 
Atten uator 0-40d B incl uding 
ca librat ion certificate. 
Standi ng Wave Meter (slotted 
section) 
Coaxial Detector com plete with 
necessary diode. cable and 
connectors. 
Variab le 3-Stub Tuner 
Waveg uide Horns 
Variable Short Circuit 
6- inch Section Flexible Waveguide 
Square- to -round Flange Adaptor 
Variab le Phase Shifter 
WG/Coaxial Transformer 
E-Piane Bend 
H- Plane Bend 
17 .1/2° Waveguide Twist 

Sections of straight waveguide 

Waveguide Support Assemblies 
comprised from Part Numbers quoted 

3' 6" Extruded Waveg ui de Support 
Rail 
"Experimental Microwaves"-a 
detai led instruction book. listing 
microwave theory and suggested 
experiments. 
Polished Wood Storage Base with 
Soft Plastic Dust Cover 



Thermoelectric Power Meter Type 6460 

o Power measurement from 0.03 ~W to 3 watts 
o Instrumentation accuracy 1% 
o Negligible noise and drift • 
o Temperature stability 0.1% per deg. C 
o Frequency range 10 MHz to 40 GHz 
o Coaxial and waveguide power heads 
o Fast response 
o Field replaceable tft* Power Head elements 

Th e M I- Sanders 6460 is a thi n -film mi crowave power 
meter comb ining the sen siti v ity and speed of bo lometers 
with the accu racy and stabi lity of a ca lorimeter. A mong 
its othe r outstanding featu res are its very w ide dynamic 
range. almost complete freedom from errors due to no ise 
and drift. and virtual ly negligible sensitiv ity va ri ati on wi th 
temperature. 

Its unriva ll ed performance has been achieved pri ncipa lly 
by th e use. in the instrument' s inte rchangeable pow er 

· .. · 

TYP£1410 ~ 

heads. of tft * di ss ipa ti ve elements formed by adva nced 
thin -film techniques . Each element compri ses an array of 
t he rm oe lectri c juncti ons w hich de livers a d.c.· output 
e.m .f. th at is li nea rl y proporti onal to the r:f. power 
diss ipated. 

*tft® Thin- Film The rm oe lectri c. 
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Type 6460 

'.11('-----------------

I 

THE tft BREAKTHROUGH 

D eve lopment of t he tft (thin -film thermoe lectri c) power senso rs marks a major adva nce in the technology of microwave 
power measurement. and has 1n1t1ated a new generat1o n of power meters hav1ng extremely w 1de dynam ic range and 
exce llent ze ro stab ility . 

. Hitherto_. the the rmi stor-bri dge sys tem lil as been regarded as the most sa ti sfac tory meth od of power measurement at 
microwave frequencies . A lthough a h1gher order of accuracy IS attamab le w 1th elaborate ca lorimetri c ins trumentation 
the the rm1 stor-bndge power meter offers considerab le adva ntage. in term s of co nven ience and speed of operation, fo; 
measuremen t of true mea n power, w 1thout the wave form and phase-ang le errors of peak -vo ltage ind icators such as 
diode detectors. 

Th e tft Power Meter 6460. however. is as compact and convenient as t he thermi stor-bri dge instrum ent, but provides 
a ve ry much h1gher stan dard of measu rement accuracy. Its stab 1l1 ty 1s almost two ord ers better, and its temperature 
coeff ic ient of on ly 0·1 %°C is three orders better tha n ca n be ach ieved w ith the rmistor power meters. 

tft POWER METER 

Wide Dynamic Range 
The tft Power M eter. 6460 w ith its i n te rc h a ngeab. l ~ 
power heads. cove r a total dynami c range of 80 d B. w it h .. 
about 0·01 dB measurement discrimin at ion for all but 
th e lowest power leve ls. 

Di ss ipated power is indi ca ted on a tau t -ba nd mirror­
sca le panel meter, ca librated directl y in terms of mea n 
power an d in decibels relat ive to its full- scal e rea di ng. 
Ei ght push- button se lected sub -ran ges give 35 d B 
va ri ati on in full -sca le sens itiv ity in 5 dB steps. the 
absolute-power range be ing determi ned by th e tft 
PowerH ead used. Respecti ve power heads cove r each 
of the foll owing full- sca le-sensiti v ity ranges: 0·3 f1W to 
1 mW, 3 JlW to 10 mW, 30 f1W to 1 OOmW . and 3 mW 
to 3 w atts. 

The Type 6460 fea tures automati c sca le se lecti on. 
wh ich ensures that only th e sca le co rresponding to the 
sens iti vi ty of the tft powe r head in use is act ivated. 

Instrumentation Accuracy 
Th e spec ial circuit techn iques employed minimise un ­
wa nted therma l e.m.f.'s. drift . and hum pick-up. to ensu re 
an inst rumen tat ion accuracy of ± 1% of full -sca le on all 
measu rement ra nges. 

Low Noise and Drift 
No ise and drift are completely negli gible on all but the 
lowest power range se tti ngs. w here random changes in 
meter reading are perceptibl e. but do not norma ll y 
exceed 1% (peak- to-peak) of full sca le. unless the most 
se nsiti ve pow er head is used. w hen peak-to-peak va lues 
of noise and drift may reach 2% of full sca le. 

Fast Response 

Whereas calorimetri c power meters of comparab le 
accuracy require at least seve ral minutes to y ield final 
power read ings, the time consta nt of the tft Powe r Hea d 
is onl y a few milli second s. The ove rall response time of 
the Power Me ter 6460 is normall y of the order of 100 ms, 
so th at it ca n convenientl y be used as the indica tor for 
tu ning ad justments or simil ar app li ca ti ons whe re si mple 
thermocouple type powe r meters ca use diffi culty. 

For high- accuracy measurements at low power leve ls. 
howeve r. a rathe r slower respo nse has the advantage 
th at it elimi nates the effects of low- frequency noise from 
the power ind ica ti on. Prov ision is therefo re made fo r 
swi tching into th e circuit an integ rati ng network wh ich 
inc reases the response t ime to about 1 second. This is 
suffi c ient to prevent errors in mea n power read ing due to 
random noise. but the response remains fas t enough 
to fo llow norm al fl uctu ati ons in r.f. powe r. 

Simplicity of Use 
Unli ke instruments based on th ermistor-bridge or bolo­
mete r-brid ge power sensors. the Th ermoe lectri c Power 
Meter requires no balancing or bi as-cu rrent ad justme nts . 
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It is as simp le to operate as a conven ti onal electron ic 
vo ltmeter. the only pre-adj ustment being t hat of normal 
zero setti ng . Thi s is done w ith the instrument switched to 
maximum sensiti v ity, and no further zero adjustment is 
then necessa ry after any subsequent measurement-range 
selection. Zero adjustment is unnecessa ry w hen the 
instru men t is used at lower sensitiv ity se ttin gs. 

Multipoint Measurements 
Ju ncti on Box. M odel 963R- avail able as an optiona l 
accessory - pe rmits rapid switching of a single 6460 
Pow er Meter to each of f ive tft Pow er Heads. 

Wi th the Pow er Head's complete f reedom from exte rna l 
bias or exci tation supp lies. its impedance cha racteristics 
remain unchanged w hether or not it is connected to the 
Power Meter. so that the r.f. loading is unaffected. No 
wa rm -up or re-zero ing is req uired w hen switching from 
one Power Head to another. and the automatic range 
ind ication faci litates the use of any combination of Powe; 
Heads wi thout ambigu ity 

By cascading J unction Boxes large r numbers of tft 
Power Head s can be emp loyed. 

Remote Measurements 
By use of extension cab les the Powe r Meter may be 
operated at distances up to 120 metres (400ft) from the 
tft Power Head. a feature w hich is very usefu l! w hen the 
measu ring point is not easi ly accessible. 

Recorder Output 
A d.c . output d irectl y proportiona l to the meter read ing 
is ava ilab le from a jack con nect ion at the rear of the 
Pow er Meter. 

This output leve l is also adjusta ble to su it the sensitivity 
of an externa l digi tal monito r or pen recorder. (0 to -1 
vo lts full sca le) 
Battery Operation 
The 6460 norma lly draws its energ ising power from the 
a.c. mains supp ly . Provision is made. however. for 
fi tting a recha rgeab le batte ry pack. w hich is avai lable as 
an opt ional accessory, a bui lt - in mains operated battery 
cha rger being a standard fea ture of the instrument. 

Ruggedized Case Versions 
For f ield service app lica t ions the 6460 Power Meter is 
avai lable as a 6460R in a doub le-skin ruggedized case. 
w ith front pane l protective loops and top ca rry ing hand le. 
The 6460R L is the ruggedized ve rsion w ith a clip-on 
front pane l cove r. 
tft POWER HEADS 
Coa xial Power Heads 
Four coaxial powe r heads of the 6420 se ries give respective 
measurement sens it ivities co rrespond ing to those given Ill 
t he fou r co lumns of the Pow er Meter' s indicator pane l. 

Coaxial Power Head type 6422 cove rs the measurement 
range 0·03 J1W to 1 mW. and type 6423 cove rs th e range 
0·3 mW to 3 wa tts. so that on ly these two coaxial heads 
are requi red to cover the complete 80 dB dynamic range. 



For many app li ca ti ons. however. it is more conven ient to 
use a powe r head cove ri ng one of the intermediate sub ­
ranges; so two furthe r tft Power Heads are avai lab le : 
type 6420 covers 0·3 fJ.W to 10 mW. and type 642 1 cove rs 
3 fJ.W to 1 00 mW. 

The 6420 Series of coaxia l Power Heads are designed 
for frequencies from 10 M Hz- 12-4 G Hz. Th e new 6440 
Series of coax ial tft Powe r Heads extend the frequency of 
ope ration of the power meter to 18 G Hz. Low VSWR and 
co mpensated effi ciency comb ine to prov ide precis ion 
power measurements at leve ls from 10 mW to as low as 
0·3 fJ.W. Type N. APC7 and SMA connectors are avai lab le 
on th e 6440 se ri es Heads. 

Waveguide Power Heads 
Waveg uide tft Power Heads cove ri ng the powe r range 
0 ·3 fJ.W to 10 mW are avai lab le. in the standa rd wave­
gu ide sizes. for use over the frequency range 8·2 GHz to 
40 G Hz. Detai Is of pe rforman ce. waveguide size. and 
freqUency range of each of these Power Heads is g ive n 
in the 6420 se ri es table. 

Burnout Protection 
The tft Powe r Head is. of cou rse. completely immune 
to burnou t due to bias transients. which causes failure 
in the rmisto r and bo lomete r bridge types of senso r. It ca n 
also be connected to or disconnected from the 6460 
Power Meter in all cond itions wi thout ca using damage 
to the element. 

Ea ch tft Powe r Head is rated to w ithstand ove rl oads 
of up to 300%. all elemen ts being facto ry tested fo r a 
minimum of four hou rs continuous duty at 300% ove rl oad 
and an additional fou r hours at rated loading . 
Field-Replaceable Power Elements 
In the even t of failure. tft elements may be rep laced 1n 

the fi eld. the procedu re for doing so being descri bed 1n 
the ope rat ing instructions fo r the tft Powe r Head . 

ACCURACY IN POWER MEASUREMENT 
The tota l uncertainty in measurements w ith thermo­
electr ic power mete rs stems from fou r main sources of 
po tentia I er ror. as fo l lows: 
( 1) RF losses and de. -microwave substirution error in 

the tft power head An Effective Efficiency cont ro l 
on the powe r head is adjusted to a ca librated sett ing 
appropriate to the power meter w ith wh ich it is to 
be used . 

POWER RAN GES 

ACCURACY 

NOISE AND DRIFT 

TEMPERATURE 
COEFFICIENT 

FREQUENCY RANGE 

RESPONSE TIME 

RECORD ER OUTPUT 

Filteen ranges 1n lour ove rlapp1ng scales. 
wt th t.s.d. ol : 

~w dBm dBm Wa tts dBm 

0 3 -35 1 0 1 + 30 
I - 30 3 +5 3 +35 
3 -25 10 + 10 

10 -20 30 +15 
30 -15 100 +20 

100 - 10 300 +25 
300 -5 

"' 1% t.s .d. on all ra nges from O' C to +55 ' C 

Less than 1% f.s .d. on lowest range (except 
for the h1ghest sensitiVI tY poSitiOn. where 1t 
may use to 2% peak ). at constant ambtent 
temperature. correspond•ngly less on 
h1gher ranges. 

Less than 0·1 'Yo per deg. C. us1ng any 
tft Power Head. 

10 MHz to 40 GHz. dependtng on the tft 
power head 1n use. 

100 ms approz. or less than 1 second. 

Proportional to tndtcated power ( - 1 volt 
correspondtng to full scale ± 0 ·5% of f.s.d.) 
1000 0 ou tput 1mpedance. or adjustable 
d.c. output (0 to -1 volt f.s .d.) for 
reco rder us e. 

_________________ ___;~ .. 

Type 6460 

(2) Mismatch between tft p ower head and the micro­
wave source. The powe r meter is ca li brated in terms 
o f ava ilable power to a loa d giv ing unity v .s.w. r. 
The l imits of uncertainty are dete rmined by the 
v.s.w.r. of t he tft head and of the sou rce impedance. 
If ei the r we re equ al to unity the mismatch erro r 
woul d be ze ro. Thus the unce rta in ty ca n be red uced 
conside rab ly by improvemen t in sou rce v .s.w .r. 

( 3) Calibration standards. The accuracy of any in st rumen t 
obvious ly depends on the accuracy of th e standa rd s 
aga in st wh ich it is ca librated. A ll M I-Sa nders 
standa rds are t raceab le to the most accurate 
avai lab le. and the li mits of unce rta inty for th ose used 
for ca li brat ion of tft power heads are gi ve n in the 
accompa ny ing tab le. 

(4) Instrumentation error. The limits of measurement 
uncertainty w ith th e M !-Sa nders 6460 Powe r Meter .. • ' 

~· ,. are ± 1% f.s.d . on all ranges. This ca n be red uced to 
0·5% by accurate ly monitoring the recorder-output 
vo ltage. 

Limits of Uncertainty for Power Calibration 
Standards 

Freq. GHz Tot::ll Uncertainty '% 

0·4 
1 
2 
3 
4 
6 
8 

10 
12-4 

3·5 
3·5 
3·5 
3·5 
3·5 
4 ·0 
3·5 
4 ·4 
4 ·3 

British Calibration Service 

Probable 
Unce rtainty 2% 

2 ·1 
2 ·1 
2 ·1 
2 ·1 
2 ·1 
2 ·5 
2 ·1 
2·8 
2·7 

Each tft Head o r tft Head / Power Me ter combination ca n 
be calibrated in our Microwave Stan da rds Labo ratory 
w hich is approved with in the British Ca libration Service. 
The accu racy of the resu ltant ca li bration depends upon the 
cur ren t B.C.S. approva l. which for coaxia l measurements 
can be as good as 2%. The B. C.S . Certificate issued is 
acceptab le to all inspecting authorities w ithi n the U.K. 
and to most ove rseas . This se rvice is now avai lab le at 
ex tra cos t. Full detail s wi ll be supp li ed upon requ est. 
7 Including Uncerta inty in Absolute Standard plus Transfer Un­

certainty. 
2 Square root of the sum of the individual uncertainties squared. 

INPUT CONNECTORS Two provided. one on front panel and one 
at the rear. 

METER 

POWER REQUIREMENT 

4.;" mnror scale, taut-band suspension. 

11 5/240V ± 10%. 50-400 Hz. 5 watts . 
Mains connector to CEE 22 (B S.4491 ). 

DIMENSION S AND WEIGHT Hetght Wtdth Depth We1ght 
4 kg 

ACCESSORIES 
Supplied 

185 mm 200 mm 350 mm 
7;{tn Bm 1 3~ 1 n 

Power cable 2·50 m (8 fl) long. 

9 lb 

Optional Model 
3058 Caltbrator- Provtdes all reqUired 

ca libration voltages for type 6460. 
2200186 Rechargeable Battery Pack- Permtts 

portable or fteld use of type 6460. 
Prov1 d1ng up to 16 hours operat1 on . 

963R Junctton Box- Ea ch permits operatton of 
up to five tft power heads With one 
type 6460. They can be casca ded. 

SPECIAL VERSIONS 

3850001 Ra ck Adaptor (19"). PermitS ra ck mounting 
of the type 6460 by ttself. or w1th any 
other M l unit packaged in the half-rack 
conftguration. 

6460R Rugg edtzed case vers1on of 6460 
Powermeter with top carrymg handle. 

6460RL Powermeter 6460R with cltp-on front 
pane l protect1ve cover. 
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(,f, ·~~·--------------------------------------------------------

Type 65508 Programmable tft Powermeter 
,.,,. ·.-·r·~-------------------------------------------------------'8 

D BCD Programmable ranging 

D Automatic range and scale selection 

D Auto-zero 

D Power measurement from l~W to 3 Watts 

D Frequency 10 MHz to 40 GHz 

D Field replaceable tft Power Head elements 

PROGRAMMABLE 

The 65508 Therm oe lectric Power Meter is a high ly 
accu rate instrument wh ich w ill measure radio frequency 
power ove r a w ide freq uency and power range. It is used 
in conjunct ion w ith the 6440/6420 se ries of tft l!< * 
Power Heads cove ri ng freq uencies between 1OM Hz and 
40GHz and input power ranges from 1 f.! Watt ( - 30 dBm) 
to 3 Watts (+35 dBm). 

The instrument measu res and indicates the true mean 
power abso rbed by the tft heads wh ich ca n accept 

POWER RANGES 

FREQUENCY RANGE 

AC CURACY 

NOISE 

PROGRAMMABLE 
RANGING 

AUTO-RANGING AN D 
SCALING 

ZERO SETTING 

TEMPERATURE 
COEFFIC IENT FOR tft 
HEADS 
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1 mW tft heads: 1 mW (OdBm) to 
111W (-30dBm). 

10mW tft heads. 10mW ( +10d Bm) 
to 0·01 mW 
( -20dBm) . 

1 OOmW tft heads : 1 OOmW ( +20dBm) 
to 0·1 mW 
( -10dBm). 

3\/V tft head: 3\/V ( +35dBm) to 
10mW ( +10d Bm) 

1OM Hz to 40G Hz depend111g on the 
tft Power Head used. See page 2 40 

±2% fsd on al l ra nges on meter 
( T10 to +50"C.) 
± 1/2% fsd on all ranges at analogue 
ou tput from + 10 to + 50 C. 

Less than ±0 75% peak to peak on 
low est range. less on higher ra nges. 

BCD code (1248) com mand fo r 
operating ranges. TTL compat1ble. 

Fu l ly automatiC ra ng1ng and scaling 
to ~lost Significan t range . 

Manual or automatiC zeroing 
op<;ratcd by either front panel 
control or remotely programmable 
(Rarge '0') . Internal relay 

change -over contacts available 
(250V. 5A a.c.) for disablmg the 
R F source. 

Less than 0·1% per deg C using al l 
tft Power Heads. Up to 300% 
overload ratmg for all Heads. 

Range 

mw 1 10 100 3W. 3 

mW ·1 10 IW 

mW -01 -1 1·1W. 1 .. 

amp litude and frequ ency modulated. pulse and CW 
signa ls. 

The 65508 features manual . au tomatic or programm ­
ab le ranging (by BCD coded signals) as we ll as an auto ­
zero faci lity. A rea r pane l ana logue ou tput is fitted so that 
an externa l reco rder or d ig ital vo ltmeter can be operated. 

Extens ion cab les for the tft Power Heads are offered 
and ca n be used at distances up to 120 metres (400 ft) 
from the 65508 Power Meter. Rack-mounting kits for 19" 
cab inets are also avai lab le. 

TE MP ERATURE 
COEFFICIENT FOR 
6550B 

ANALOGUE OUTPUT 

RESPONSE TIME 

INPUT CONNECTOR 

METER RANGES 

POWER REQUIREMENT 

DIMENSIONS AND 
WEIGHT 

ACCESSORIES 

Supplied 

Optional 
Model 305B 

963 R 

3850001 

Less than 0· 1 %/"C on ra nge 3. 
0 ·2%;oC on range 2 and 0·5%/"C 
on range 1 us1ng any tft Power 
Head. 

Ca librated ana logue output giving 
-1 V d .c. corresponding to fsd. 
Circuit protected against short 
cirCUitS. 

Range 3. 70mSec. 
Range 2. 1 OOmSec. 
Range 1. 1 ·5 sec. approx. 

One provided on rea r panel. 

92mm scale. calib rated w ith 0 to 10 
l1near scale and 0 to -1 Od B scale. 
Meter protected against overload. 

240V ± 10%. 45-400Hz . Mains 
connector to CEE22 ( BS4491). 

Height 
98mm 
3·86 1n 

Width Depth We1ght 
269mm 254mm 3kg 
10·6in 10 in 7 lb. 

Power cable 2·50 m (8 It) long. 

Cal ibrator- Provides all requ ired 
calibration vo lta ges fo r type 6555 . 

Junction Box- Each permits 
operation of up to five tft Power 
Heads with one type 6555 . They 
can be cascaded. 

Rack Adaptor (19 in) - Permits rack 
mounting of the type 6555 by 
itself. or with any other M l unit 
packaged in the 2/ 3 rack 
confiqu ration of the same heigh t. 

tft ®*Thin Fil m Thermoe lectric. 



tft Powermeter Type 6555 

o Power measurement from 3~W to 3 Watts 

::J Instrumentation accuracy 2% 

0 Frequency 10 MHz to 40 GHz 
=:J Field replaceable tft Power Head· elements 

The 6555 Thermoelectric Power Meter is an accurate 
yet economi ca lly priced instrument w hich w ill measure 
radio frequency power ove r a wide frequency and power 
range . It is used in conjunction wi th the 6440/ 6420 
se ri es of tft ®* Power Heads covering f requenc ies 
between 10 M Hz and 40 G Hz and in put power ranges 
from 3!l Watts (-25 dBm) to 3 Watts ( +3 5 dBm) 

Th e instrument measures and indicates the true mean 
power absorbed by the tft heads wh ich can accept 

POWER RANGES 

ACCURACY 

NOISE 

ZERO DRIFT 

TEMPERATURE 
COEFFICIENT FOR 
tft HEADS 

FREQUENCY RANGE 

RESPONSE TIME 

RECORDER OUTPUT 

Range 1 : 0·03 mW ( -15 dBm) to 
1 0 mW (0 dBm). 

Range 2: 0 3 mW ( -5 dBm) to 
10 mW ( +10 dBm) 

Range 3: 3·0 mW ( +5 dBm) to 
100 mW ( +20 dBm). 

Range 4 300 mW ( +25 dBm) to 
3 W ( +3 5 dBm). 

± 2% fsd on all ranges on meter 
from 0 to +50°C. 
±1% fsd on all ranges on analogue 
output from 0 to +50°C. 

Less than 0·5% fsd on most 
sensitive range. less on higher 
ranges. 

Less than 0·03% full scale per deg. C 
on least sensitive range. 
Proportionally more on lower ranges. 

Less than 0·1% per deg. C using 
any tft Power Head. 300% 
overl oad rating for all Heads. 

10 MHz to 40 GHz depending on 
the tft Power Head used. 

70 mSec on all ranges . 

Proportional to indicated power 
( -1 vol t d.c. correspond ing to 
full scale). 100 o output impedance. 

tft POWERMETER TYPE 6555 

'~ 

w 3 0 ·3 .. 
~ r 

mW 100 30 10 3 

mW 10 3 0·3 

mW I 0·3 0 ·1 

amp litude and frequen cy mod ulated. pulse and CW 
signa ls. 

The 6555 has four manually operated power ranges and 
is fitted w ith a rea r panel analogue output so th at an 
externa l reco rder or digita l vo ltmete r can be operated. 

Extension cab les for th e tft Power Heads are offered 
and can be used at distances up to 1 20 metres ( 400 ft) 
from the 6555 Power Meter. Rack-mounting kits for 19" 
cabinets are also availab le. 

INPUT CONNECTOR 

METER 

POWER REQUIREMENT 

DIMENSIONS AND 
WEIGHT 

ACCESSORIES 

Supplied 

Optional 
Model 305 B 

963R 

3850001 

One provided on rear panel. 

3·625 in scale. ca librated wi th 3 & 
10 linear sca les and dBm scale. 
Taut band suspension. 

240 V ±10%. 45-400 Hz. Mains 
connector to CEE22 (BS4491) 
11 5 V by internal link. 

Heigh t 
98 mm 
3·86 In 

Width Depth Weight 
269 mm 185 mm 2·3 kg 
10·6 in 7·3 1n 5·0 lb 

Power cable 2 50 m (8 It) long. 

Calibrator - Provides all required 
cal ibrat ion voltages for type 6555. 

Junction Box- Each permit s 
operation of up to five tft Power 
Heads w ith one type 655 5. They 
can be cascaded. 

Rack Adap tor (19 in) - Permits rack 
mounting of the type 6555 by 
itse lf. or with any other M l unit 
packaged in the 2/3 rack 
configu ration of the same height. 

tft ®*Thin Fi lm Thermoelectri c. 
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Type 6587 Levelling Amplifier 

:1 Reduces signal level variations 
of 20 dB to _-L 0·1 dB 

D May be used with any oscillator 

D Amplitude modulation facility 

0 Straightforward operation 

LEVELLING AMPLIFIER TYPE 6587 

.... 

Gain 

cw 

SOLID 

STATE 

SIGNAL 

SOURCE 

ns 

(Q) 

d e 
LEVE LLING 

leve lled 
r f . output 

Ftg 1 Typ1ca l Levellmg Loop 

Power Blank ing Ext MOD 
Input On . Off Meter In 

I "' h 

Th e Levelling Amplif ier is basically a variable-gain. stable d.c . ampli· 
fier to be used w ith a directi onal coupler. crysta l detector and PIN 
diode modulator to form a contro l feedback loop in the r.f. output 
channel of a signal source (fig . 1). The r.f. sample from the directional 
coupler is rectified by th e crys tal detector and fed to th e Levelling 
Amplifier . After comparison w ith a d.c. vol tage. preset by the RF 
LEVE L control. th e samp le is appropr iately amp lified and fed tu the 
PI N o iode w hose insertion loss va ries w ith applied curren t. So. the 
r.f. level at the "output" end of the diode modulator is held constant 
for any given sett ing of the RF LEVEL control. 

Ampli tu de modulat ion is provided either internal ly from a 1 kHz 
sq uare-wave oscillator or externally v ia a fron t panel B.N.C. socket. 
Ful l levelling- capabilities are ma inta ined w hile modulation is being 
applied since the modulati ng signal is appl ied as a change to a refer ­
ence level w ithin th e closed loop. If a true square-law detector is 
used for le1·ell ing. power level modul ation is li nearly related to the 
applied voltage. 

Th e instrument has a single RF LEVEL con tro l. and an indica tor 
lamp show s w hen th e r.f. pow er is "levelled". Prov ision is made for 
the inserti on of a blankin g w aveform for such appli ca ti ons as sup­
ression of th e r.f. signal during the re trace period w hen levelling a 

OUTPUT POWER 
LEVELLING 

AMPLITUDE 
MODULATION 

BLANKING INPUT 

DETECTOR INPUT 
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±0· 1 dB output vana t10n for an 1nput 
power vanat1on of 20 dB (exclud 1ng 
coupler and detector vanat10n) prov1d1ng 
the PIN d•ode reqUires not more than 
1 rnA b1as current for 20 dB attenuatiOn. 
SUitable for grounded cathode or 
grounded anode PIN d1ode modulators. 

Internal 0·8 to 1·2 kHz R1se and fall t1me 
15 ~sec (approx .) . 

External 1 5 vo lts negative to ra ise output from 
mtn1mum to max1mum : nse and fa ll 
time < 1 ~sec. 

15 vol ts negat1ve. 

Su1ta ble for either pos1tive or negative 
SJgnal from a crystal detector or power 
meter. 

Mod Off ns Ext Output 

-~ _A. . 
Hadt In Entland 

sweep oscillator ou tput. A LEVEL ON/OF F switch allow s the levelling 
fun cti on to be dispensed w ith if the levelling amplifi er is to be used 
only as a PIN modulator dri ver . The RF LEVEL con trol remains 
effective in thi s mode. 

A front pa nel push-button allows sel ec ti on of th ermis tor-type 
power meter as the d.c. sample source in pl ace of the crystal detector. 
The power meter (placed in the same positi on as the crystal detector 
shown in fig . 1) must provide a suitab le d.c. signal. proporti onal to its 
r.f . inpu t . Such a signal is ava il ab le from th e recorder output of most 
microw ave pow er meters. 

Th e pow er hand ling capacity an d frequen cy range of the levelling 
system depend upon the characteristi cs of the PIN diode modulator 
and directional coupler used. In general. any suitable compon en ts 
may be used . al th ough best results are obtai ned wi th PIN diodes 
having a w ide dynamic range. A lis t of suitable PIN diode modulators 
w ill be found in the specifi ca tion tab le . Coaxial and waveguide 
directional couplers are also available. 

Each of th e MI-Sanders Signa l Sources. type 60558 series. in­
corporates an interna l PIN diode modu lator in its r.f. output circuit 
obviati ng the need fo r an externa l mod ulator when used with the 
Levelling Amp li fier. 

MODULATOR 
CURRENT 0 to 35 mA. pos itive or negative. 

POWER REQUIREMENTS 

A.C. mains 200 to 250 volts or 

DIMENSIONS AND WEIGHT 

RECOMMENDED 
ANCILLARY EQUIPMENT 

Solid state signal sources 

100 to 125 volts : 45 to 60Hz. 

He1ght W1dth Depth We ight 
85 mm 200 mm 255 mm 1·8 kg 
3i- 1n 8 1n 10 1n 4 lb 

Type 6070A. 
Type 6055B. 
Type 6056B. 
Type 6057B!1 
Type 6058B. 
Type 6059A. 

400-1 200 M Hz. 
850-2150 MHz. 
2·0- 4·0 GHz. 
4 ·0- 8·0 GHz. 
8·0-12·5 GHz. 

12·0-18 ·0 GHz. 



Power Supply Type 6590 

D Designed for Gunn-diode oscillators 
D Suitable for general applications 
D Up to 15 volts, 250 rnA 
D Internal squarewave modulation 

mA 

--

• 

meter 

Volts 

cw 

Designed pri marily as a pow er sou rce for M I-Sanders 
Gunn Diode Oscil lator type 6061 A this power supply 
unit is capable of delivering a vo ltage stabilised supply 
variab le up to 15 vo lts d.c . at load currents up to 250 mA. 
It is also su itab le for use with a wide va ri ety of so lid 
state microwave devices and other electronic circuits. 

A sing le pane l meter monitors both output current 
and vo ltage, the monitoring fu nction being se lected by 
means of a two-pos ition slider switch. For convenience. 
a. nomina l calibration associated with the output voltage 
contro l g ives an ind ication of the voltage setting when 
the cu rrent mon ito ri ng meter function is being used. 

OUTPUT 

Voltage range 

Current range 

Ripple 

Stability 

MODULATION 
(Squarewave on/ off) 

Frequency 

Amplitude 

Rise and fall 

3 to 1 5 volts d.c. 

50 to 250 mA. 

Less than 1 mV p-p. 

10 mV maximum change in 
output voltage for ± 10% mains 
voltage variation. 

1 kHz ±20% continu ous ly ':'ariable. 

100%. 

Less than 5 f.!Sec. 

Volts 
9 

10 

12 
Output 

13 \?! 
14 

15 r:. 

-~ 

Provision is made for 1 00% squarewave modulation 
of the d.c. supp ly. The modulating waveform is generated 
interna lly, and a preset frequency control - accessible at 
the f ront pane l - facilitates frequency ad·justment from 
800 to 1200 Hz. With squarewave modulation the pane l 
meter indicates peak vo ltage or average cu rrent. A three­
position pane l switch selects continuous d.c. output 
(c.w. from Gunn-diode oscillator), modu lated output 
or power-off . 

The unit is compact light and robust, specia l attent ion 
having been given to convenience and ease of handling 
and servicing. 

MONITOR 

Voltage 0 to 25 volts .(d.c. or peak 
squarewave). 

Current 0 to 250 mA (d.c. or squarewave 
avera ge). 

POWER 
REQUIREMENTS 

A.C. Mains 

DIMENSIONS AND 
WEIGHT 

240 or 11 5 vo lts ± 1 0% 
50 to 60Hz. 

Height Width Depth We ight 
98 mm 203 mm 203 mm 2·15 kg 
( 3~ in) (8 in) (8 in) (4% lb) 
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Type 6593A V.S.VV.R. Indicator 
. ' '•: ., (·----------------------- ------------------- -----------

o High sensitivity: 0·5 ~V F.S.D. 
0 Dual channel inputs 
0 Expanded VSWR scale 
0 Large meter 

0 70 dB attenuator 

The vo ltage Standing W ave Rat io Meter Type 6593A is a 
highly sens it ive. tun ed amplifier and meterin g system wi th 
a built - in 70 d B preci sion attenuator. The amplifi er ca n be 
tuned to 1000 Hz ± 200Hz w ith a band w idth va ri ab le 
between 20 Hz and 1 00 Hz. The meter sca les are ca l ibrated 
for use wi th sq uare law detectors and a rea r-pa nel 
an alogue output is prov ided. 

Two high im pedance in puts A and B are prov ided to 
enab le br idge measurements and accurate comparisons to 
be made. The input sens itivity of both channels is 0 ·5 11V 
R.M .S .. F.S. D. A rea r- pa nel bo lometer in put is also prov ided 
w hich has an input se nsitiv ity of 0 15 11V R.M .S. F.S. D. 

AMPLIF IER 
Inputs 

Functions 

Frequency range 

Selectivity 

Sensitivity 

Noise l'evel 

Output 

ATTENUATORS 

Coarse 
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2 chan nels. A and B. Hi gh 
impedance . 200 0 Bolometer 
input . bias current 4 ·5 mA. 

A. B. A- B. Bolometer. 

800 Hz-1 200 Hz va riable. 

20 Hz-1 00 Hz va ri ab le. 

0 ·5 flV R.M .S . for F.S.D . on 
channels A and B. 
0 ·15 f.!V R.M .S. for F.S. D. on 
Bolometer input. 

Below - 1 0 dB leve l on meter at 
maximu m sensit ivity and 
bandwidth w ith high impedance 
in put termina ted in 50 0 . 

Proportional to meter ind icati on. 
1 volt corres ponding to f. s. d. 
Output impedance. 100 kO. 

0 to 60 dB in steps of 10 dB 
± 0 1 dB /10 dB. From 0 -10 d B 
± 0 5 d B. 

The EXPANDED V.S.W .R. sca le is included to enab le 
V.S.W.R.'s between 1 01 and 1·3 to be measured with 
high reso lut ion and an additiona l sca le is prov ided to 
measure V.S.W R.'s up to 20:1. 

The 659 3A is an eas ily portab le inst rument lendi ng 
itse lf to appl icati ons in th e f ie ld and can be operated from 
an opti onal in te rn al rechargeab le battery pa ck w hich 
provi des for 20 hou rs operat ion. A tr ickle cha rge on the 
batteri es is suppl ied when the instrument is operating from 
the ma ins supply and th e batteri es can be fully recharged 
in 1 0 hours. 

Med ium 

Fine 

METER SCALES 

VSWR 

Expanded 

dB rang e 

Battery check 

M eter cal ibration 

POWER 
REQUIREMENTS 

A.C. mains 

DIMENSIONS AND 
WEIGHT 

OPTIONAL 
ACCESSOR Y 

2200186 

0 to 10 dB in steps of 1 dB 
± 0 ·05 dB / dB. 

0 to 1 dB continuous ly va ria ble. 

1·0 to oo . 
3· 16 to w . 

1 0 to 1·3. 

Oto - 10dB. 

Di scharged/C harged. 

For square law detector. 

11 5 or 230 V a. c. 50 to 60 Hz. 

Height Width Depth Weight 
140·5 mm 202 mm 284 mm 2 64 kg 
5 53 in 7 · 9 5 in 11 2 in 51 b 1 3oz 

Intern al recharg eable batt ery pack. 
Permits use up to 20 hours 
continuous operation. 



Microwave Sweep Oscillator Type 6600A/1 

D Frequency range 200 MHz to 110 GHz 
D Low residual f.m. 
D Front entry plug-in oscillator units 
D Diode levelling to 18 GHz 
D Comprehensive modulating and programming facilities 
D Calibrated 100% symmetrical sweep 

Th e 6600A/1 is a versatile microwave sweeper w hich 
utilises plug - in oscillator un its to achieve the very wi de 
total frequency rang e of 200 M Hz to 11 0 G Hz. Each 
osci ll ator unit has its own direct ly ca librated freq uency 
sca le. eas ily f itted to the instrument front pane l. giv ing a 
c lea r indicat ion of end li mit and marker frequency settings. 
Two pairs of controls adjacent to the frequency dia l set 

respect ive ly, the sweep limit freq uencies and the posi tions 
of two frequency markers. the setting of each of these four 
controls being indicated clea rl y by a sliding cu rso r type 
pointer. The respect ive rol es of the pa irs of controls are 
interchangeab le and are determined by the pos iti on of the 
Funct ion Selector swi tch. 
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Type 6600A/1 

A ll plug - in RF units are f itted w ith a leve lling amplif ier 
which is connected eithe r to the appropri ate grid of t he 
BWO tu be or to a Pin Diode Modu lator. where fitted. This 
means t hat externa l leve ll ing, using a su itab le w ideba nd 
direct iona l coup ler and detector. can be obtained for any 
frequency band in the range . 

Provision is also made for operation in the leve lled mode 
using an extern al directiona l coup ler and therm istor power 
meter. the DC output from the the rmi stor bridge be ing fed 
back to the detector input socket. When the system is set 
for use with a power meter. the time constants in the 
feedback amp lif ie r are adjusted to accommodate the 
slower changes in the control signa l to prevent instabi lity. 

The 6600A/1 offers excellent frequen cy stabi lity since 
t he power supp lies have been designed so t hat th e ripple. 
noise and l ine regu lation compo nents are so low th at 
min imal residua l FM is produced. 

' ... ,, 
For the plug- in units operating between 1 and 40 GHz 

the instrument offers a 'b lanket' residua l FM speci fi cation 
of 2 p.p m peak. In addition. the line regu lat ion is kept to 
±5 p.p.m. maximum for ± 1 0% change in line vo ltage. 

For applications whe re minimal f req uency pu ll ing 
during the leve lli ng mode is required many plug-ins ca n be 
fitted wi th a Pin Diode Modu lator. When the unit is being 
operated under the interna l leve ll ing mode the RF output 

power is leve ll ed at the front panel output connector. The 
m1n1mum power output spec1f1cat1 ons quoted in the tab le 
of plug-m osc ill ato r un1ts refer to the minimum power 
output avai lab le at the front pane l socket or waveguide 
fl ange ove r the who le of the freq uency range concerned. 

In applications w here the ultimate frequency stability is 
requi red it is desirab le to be ab le to phase lock the 
sweeper to a crysta l osci ll ator. Commercially avai lab le 
frequency synchronisers can be used in thi s way to 
develop the correction signa l as a function of the phase 
difference between the sweeper output and the harmonic 
component of a crystal osci ll ator. 

Th is correction signa l may be app li ed to the FM input 
socket wh ich is DC coupled to the BWO helix . Since the 
input bandwidth of the exte rna l F.M . input is in excess of 
5 M Hz for BWO units operating between 1 and 40 G Hz no 
problem w ill be presented in holding the frequency 
stability of the microwave sou rce to th at of the crysta l 
osci ll ator. 

The 6600A/1 sweep oscil lator is compatible with 
commercia ll y ava il ab le pen recorders. di sp lay osci llo­
scopes and network ana lysers. High accu racy measure­
ments can therefore be made using the inherent stabi lity 
and frequency accuracy avai lab le. 

Millimetre Wave Sweeper System 

Plug-ins operati ng 1n frequency bands between 33 -
110 GHz are available using a specia li sed mi ll imetric 
BWO and al l the important features of the sweep oscil­
lators are retained. 

Since the BWO tubes wi ll not fit into the norma l plug-in 
a separate RF head unit is supp lied w hich contains the 
tube and a blower unit. The appropriate elect ri ca l supp li es 

FREQUENCY 
STABILITY 

Residual FM 20 ppm typi ca l. 

MODULATION 
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External AM Ri se !ime 1 milli second max. 
Fall time 0·2 microsecond max. 

External FM Direct coup led input li mited to 
300 kHz bandw idth by cable. 

to the tube are ca rri ed on a multi- co re cab le wh ich is 
connected to a front pane l socket of the plug- in. 

Millimetric Sweep Osc ill ators have many applications 
including long hau l c ircu lar waveg uide transmi ss ion 
systems and microwave spectroscopy. 

A ll specifi cat ions for the 6600A/ 1 app ly with the 
fo ll ow ing minor exceptions: 

RESIDUAL AM 

DIMENSIONS AND 

Typically 20 dB below rated 
output . 

WEIGHT Height Width Depth We ight 
RF Head 230 mm 280 mm 340 mm 12 kg 

9 in 11 in 13 ~ in 26 lb 



FR EQU ENCY 

Frequency range 

Frequency accuracy 

Frequency linearity 

Determined by r.f. unit insta l led. 

BWO units ±1 %; others ±1 ·5%. 

Same as Frequency Accu racy. 

SWEEP PRESENTATION 

End limit Between any two frequencies in band. 

Marker end limit Between any two frequencies in band. 

Symmetrical Calibrated and adjustab le from 
0 -1 00% of the tota l frequency band. 
Cal ibrated w idth accuracy ±1 0%. 
Centre freq uency can be cen tred on 
the position of the M 1 indicator or on 
a frequency set by a remote 
potentiometer. 

External Direct coupled 20 volts for fu II 
sweep. positive voltage increasing r.f. 
frequency. Response time: 200 
microseconds for full sweep w ith 
increasing frequency and 2 
milliseconds fo r fu ll sweep with 
decreasing frequency. Provision for 
externa l resistance programming. 

CW operation Four independent single frequencies. 
calibrated and continuously va riable. 

MARKER Two independent adjustable markers 
displayed either as dips in r.f. output 
or externally as video . markers. 

SWEE P RATE 

Accuracy BWO units ±1%: others ±1 ·5%. 

Resolution Less than 0·05% of sweep range. 

Amplitude Cont inuously variable. 

Output Auxiliary video marker. amplitude 
5 volts. 

Automatic 

Manual 

Decade from 1 0 seconds/sweep to 
·01 seconds/sweep wi th vern ier 1 0 
to 1 contin uously variable 
prolongation. 

The r.f. output frequency can be 
manual ly swept between the limits 
set in the end limit of symmetrical 
sweep mode. 

TRIGG ERED SWEEP 

Internal 

Line 

External 

Recurren t. 

At supply frequen cy. 

10 volts input wi th 1 microsecond 
minimum duration. 

Manual Front panel push -button. 

SWEEP DWELL TIME Delay in the sta r\ of sweep long 
enough to allow the r.f. power level 
to stabilise. 

SWEEP OUTPUT Di rect coup led . adjustable from 0 to 
1 5 volts peak. 

Sweep-On indicator An indi ca tor is lit durin g the forward 
direction of sweep and is off at all 
other times. 

Type 6600A/1 
--------------~- ' 

PROPORTiONAL 
OUTPUT 

· .. · 

BLANKING OUTPUT 

Di rect coupled voltage proportiona l 
to instantaneous frequency; 0 volts 
at low end and +18 to +42 volts 
(pre-settab le) at high end. 

20 vo lts negative 

PE N LIFT OUTPUT Relay con tact closure du ring forward 
trace porti on of swee p. 

BASE Ll N E Switch selects r.f. ON or OFF during 
retrace. 

FREQUENCY STABILITY 
Residual FM BWO Units: 2 ppm peak. 

Others: 10 ppm typica l. 

Line regulation ±5 ppm maximum fo r a ±10% 
change in l ine voltage. 

LEVELLED RF OUTPUT Internal feedback amplifier maintains 
output power variation to within 

MODULATION 

Internal AM 

External AM 

External FM 
(BWO units only) 

RESIDUAL AM 

SPURIOUS SIGNALS 

DIMENSIONS AND 
WEIGHT 

Basic unit 

Plug-in oscillators 

POWER REQUIREMENTS 

A.C. mains 

0· 1 dB plus coupler and detector 
vari ation. When operated with 
internal directional detector. total 
power variation is as indicated in the 
table opposite. Optional use wi th 
external directional coupler and r.f. 
crystal detector or r.f. power meter. 

Square wave modu lation adjustable 
from 950 to 1050 Hz. 

20 volt positive signal increases r.f. 
output to maximum. Rise and fall 
times are 0·1 microsecond unleve l led 
and approximately 10 microseconds 
levelled . 

Direct coupled input prov ides 
frequency response in excess of 
5 MHz. 

40 dB below rated r.f. output. 

Non-harmoni cs 40 dB below rated 
r.f. output; harmonics 20 dB be low 
rated r.f. output. 

Height Width Depth Weight 
222 mm 438 mm 534 mm 20-4 kg 
8 ~ in 17!, in 21 in 45 lb 

130 mm 178 mm 457 mm 5-4 to 
8 1 kg 

5 /;- in 7in 18in 12to181b 

210 to 250 vo lts or 105 to 125 vol ts 
50 to 65 Hz. approx. 150 VA. 
400 Hz operati on to special order. 

ACCESSORIES A w ide range of waveguide and 
Optional coaxial instruments and components 

is available for use in swept test 
systems. Please enqui re for further 
details specifying frequency ranges of 
interest. 

6652 Storage Unit for pl ug - in oscillators. 

6600/ 31 Ra ck Mounting Kit. 
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Plug-in Oscillator Units 

... ,. 
GR ID LEVELLED 

Interna l directional detector 

W ithout Wi th 

Min .' Levelled Min' 
Frequency Power Type Type Power Power 

Range Output Variat ion Output 
(G Hz) (mW) (dB) (mW) 

0 ·2- 0-4 - - - - 20 

0 ·25- 0·5 - - - - 50 

0·35- 0·7 - - - - 100 

0-4- 1·2 - - - - 20 

0 ·5- 1·0 - - - - 100 

1-2 100 6608 6609 ±0 3 60 

1 -4- 2 ·5 100 6612 6613 .LO 3 60 

1·7- 4·2 - - - - 15 

2- 4 80 6620 6621 ±0 5 40 

3·5-6·75 40 6624 6625 ±0 5 25 

3·7- 8·3 - - - - 8 

4-8 30 6632 6633 ±0 5 20 

7- 11 25 6636 6637 ±0·5 10 

7-12-4 25 6640 6641 ±1·0 10 

8- 12-4 50 6644 6645 ±0 75 25 

10- 15·5 20 6648 - - 10 

12·4- 18 40 6649 - - 15 

18- 26 ·5 20 6650 - - -

26·5-40 10 6651 - - -
4·8-9·7 20 6658 - - -

8- 16 12 6666 - - -

8- 18 8 6667 - - -
10- 20 4 6668 - - -

15-22 5 6670 - - -
2- 4·5 - - - - 30 

7- 13 - 6676 ' - - -

7- 16 - 6677 - - -

OTHE R BANDS CAN BE OFFERED AS BWO BECOME AVA ILABLE. 

DIODE LEVE LLED 

Interna l directiona l detector 

Without With 
Levelled 

Type Type Power 
Variation 

(dB) 

6601 - -
6602 - -

6603 - -

6604 - -

6605 - -

6610 6611 ±0·3 

6614 6615 ±0 3 

6618 6619 ±0·5 

6622 6623 ±0 5 

6626 6627 ±0·5 

6630 6631 ±0·5 

6634 6635 ±0 5 

6638 6639 ±0 5 

6642 6643 ±1·0 

6646 6647 ±0·75 

6657 - -

6653 - -

- - -

- - -

- - -

- - -

- - -

- - -

- - -
6673 6674 ±0·5 

- - -

- - -

MI LLIMETRIC OSC ILLATOR UNITS 

40- 60 3 6654 - - - - - -

60- 90 3 6655 - - - - - -
33- 50 10 6659 - - - - - -

50- 75 4 6671 - - - - - -

75- 110 3 6672 - - - - - -

33- 50 4 6675 2 - - - - - -

Tube Output Connector 

VTM 50 o Type N Fema le 

VTM 50 o Type N Female 

VTM 50 o Type N Female 

VTM 50 o Type N Female 

VTM 50 o Type N Female 

BWO 50 o Type N Female 

BWO 50 o Type N Female 

BWO 50 o Type N Female 

BWO 50 o Type N Female 

BWO 50 o Type N Female 

BWO 50 o Type N Female 

BWO 50 o Type N Female 

BWO 50 o Type N Female 

BWO 50 o Type N,Female 

BWO 50 o Type N Female 

BWO Square flange 

BWO Square flange 

BWO Square flange 

BWO Square flange 

BWO 50 o Type N Female 

BWO 50 o Type N Female 

BWO 50 o Type N Female 

BWO 50 o SMA Female 

BWO Square f lange 

BWO 50 o Type N Female 

BWO 50 o Type N Female 

BWO 50 o Type N Female 

BWO Round flange 

BWO Round f lange 

BWO Round flange 

BWO Round f lange 

BWO Round f lange 

BWO Round flange 

1. Mini mum Power Output refers to that available at the front panel socket or waveguide flange over the who le of the frequency range concerned. 
Power is 1 dB less when an internal directional coupler is fitted. 

2. Specia l model designed for application where low Residual FM is imperative. 
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Microwave Sweep Oscillator Type 67008 

o Frequency range 10 MHz to 18 GHz 
o Front entry plug-in oscillator units 
o Low residual f.m. and a.m. . 
o Comprehensive modulating and programming facilities 

o Calibrated 100% symmetrical sweep 
o Full Multi Band network analyzer compatibility 

The Type 67008 is an all so lid -state Microwave Sweep 
Osci ll ator featuring plug- in versati l ity. Type 67008/1 
mainframe is also available but cannot be fitted with the 
d igita l remote frequency programming faci lity (option 01 ). 

This high performance sweeper. with its r.f. units. 
provides stable. mu lt i-decade coverage down to 10 M Hz 
with exceptiona lly low spurious and harmonic content and 
provides continuous coverage to 18 G Hz. 

The r.f. units contain all the frequency- related c ircuitry 
of the system. such as r.f. oscillato rs. modulators and 
directional coup lers for internal leve lling Each r.f. 
osc ill ator unit has its own direct ly ca li brated frequency 
scale. eas ily fitted to the instrument front pane l. g iving a 
clear indi cation of end limit and marker frequency 
sett ings. The layout of all the contro ls is designed for 
function al simplicity and operator convenience. Many 
facilities which are only occas ional ly used are to be found 
on the rea r panel. leaving the front as uncomplicated as 
possib le. 

Two pairs of contro ls. adjacent to the frequency sca le. 
set the sweep limit frequencies and the positions of two 
frequency markers. the sett ing of each of these four 
controls being indicated clear ly by a sli ding cu rsor type 
pointer. The respective ro les of the pairs of controls are 
interchangeable and are determined by the position of the 
Sweep Function switch. For app li cations where Sym ­
metrical sweep is preferred. thi s is con tinuously adjustab le 
from 0 to 100% of the band or can be set to any of nine 
discrete calibrated sweep w idths from 0·25% to 100% of 
the avai lable band. Most r.f. units are avai lab le with push­
button contro lled interna l leve lling. Externa l levelling 
capab il ity is standard on all r.f. units. 

A ll mode ls have low res idual fm .. typi ca ll y 2 kH z peak 
for the 2 to 4 GHz range. Residu al a.m. is typi ca ll y 60 dB 
down for most models. 

The Type 67008 has. as standard . three unique circuits 
that automatica lly perform fun ct ions wh ich are manua l 
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Type 67008 

operations on other sweepers. The tuning supp ly band­
width c ircuit automatically adjusts the bandwidth for 
lowest possible residua l f .m . reg ard less of sweep rate; the 
external detector input ci rcuit autom at ica lly sets the 
power leve ll ing loop to the proper input po larity for 
external crystal detectors and power meters. and the 
power leve ll ing loop gain ci rcuit automatica lly adjusts 
the leve ll er- loop ga in for optim um leve ll ing of a given 
power settin g. 

Th e 6700B mainframe has seve ral unique features 
provid ed on the rea r panel to increase the ve rsat il ity of the 
instrument. 

Sweep output is provided on the rea r as we ll as the 
front pane l fo r convenience in ra ck cabinets. R. F. un its 
protrude through the rear of the mainframe to provide 
rea r- panel access . 

In additi on to a proporti onal sweep of 1 0 vo lts / band. 
a reference sweep of 40 vo lts/octave may be se lected. 
providin g a programming signal for phase locking 
compatabi lity with network ana lyzers. 

Pre-sweep Dwe ll - time may be switched to LONG (3 
mSecs minimum-essent ial when used w ith Network 
Anal yse rs) or to SHORT (to minimise brill iance of pre­
sweep spot on osc ill oscope display). 

R F PLUG - IN UNITS . 10 MH z to 18 GHz. 
Th e design approach to the r.f. units for the Type 

6700B emp loys numerous integ rated c ircuits to achieve 
excellent performance. long- term reliability and compact 
size . The osci ll ato rs are va ractor tuned from 10 M Hz up to 
2 GHz and YIG- tun ed from 2 GHz to 18 GHz. 
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The YIG tun ing method res ul ts in exce llent tuning 
linearity wi thout the need fo r complex shap ing c ircuits. 
Extremel y stable outputs that are unaffected by load 
va riations and wh ich have low spu rious content are also 
benefits derived from YIG tun ing. 

The full ran ge of osc illator units availab le is given in 
tabular form w ith specifications. 

A front panel switch on the R F Units permits complete 
cut off of the r.f. output power. In addition to the front 
panel switch. an R F ENAB LE (On /Off) input is provided 
on the rear panel ford ig ita I remote contro l. 

The freq uency can be stabilized by a feedback phase­
lock loop provided by a frequency synch ronizer or 
synthesizer. either at a desired frequency or an i.f.-offset 
f req uency. R F units having w ideband f.m. input capability 
(d c.-1 MHz) have exceptionally good spectral purity 
when phase locked. in addition to highly stable average 
frequency. 

The f requency ma rkers in the symmetr ical sweep mode 
can be ei ther ca librated or relat ive to the sweep width. The 
w idth of t he relat ive marker is maintained proportional to 
whatever sweep w idth is se lected. The rel ative marker is 
normally se lected when sha rp. bright markers are desired 
for very narrow-band sweeping. 

Digital remote freq uency programming. mainframe 
option 01 (not ava il ab le for mainframe type 6700B/1) 
all ows for 1000 point frequency reso luti ons from a 12 
line b.c.d. input. An add it iona l input l ine pe rmits storing 
in memory any one digital word {frequency) on the 12 line 
input. The R F ENABLE input. a standard feature. permitS 
remote on/off cont ro l of the r.f output power. 



Type 67008 

MULTIBAND PLUG-IN 0·01-2·0GHz. 

The 6790A Plug- in r.f. unit in conjunction w it h the 
67008 Sweep Osc ill ator mainframe. provides f requency 
coverage from 1 0 M Hz to 2 0 G Hz. 

Frequenc ies between 1 0 M Hz-1 G Hz are generated 
us ing a heterodyne technique w hi le the 1-2 GHz band is 
generated by a va racto r tuned fundamenta l osci ll ator. 

Ful l band sweep from 10 MHz to 2 GHz is achieved by 
sequentia lly sweeping th e two bands avai lab le and 
automatica lly mu lti-p lex ing the outputs. 

Internal leve ll ing over the who le f requency band is 
f itted as standard and the Plug-i n gives a minimum 
leve l led power output of +13 dBm (20 mW) . The total 
f requency excursion can be achieved in 13 msec . 

FREQUENCY 
CH A RACTERISTICS : 1OM Hz to 1 G Hz (heterodyne 

Range: Three mode) 
sw itchable bands: 1 to 2G Hz (fundamental mode) 
(ca n also be remotely 10M Hz to 2·0GHz (multiplexed 
se lected) mode) 

usable: 5MH z to 2·1 GHz 
Accuracy (25°C) 
all modes: ±10M Hz 
Linearity (typi cal ) : ±5M Hz 

STABILITY 
With temperature: ±600kHz;oc 
With 10% line 
voltag e ch ange: ±10kHz 
With 1 Od B power 
level change: ±1M Hz 
With 3 :1 load VSWR 
{a ll phases): ±0 1% 
Residual f.m. (CW 
mode): 5kHz peak 
With time (after 1 
hour w arm up): typi cally ±50kHz/1 0 min. 

OUTPUT 
CHAR ACTERISTICS 

Minimum levelled 
power (25°C) : ± 13dBm (20mW) 

POWER VARI ATION 
Internally levelled: ±0 5dB 
Externally levelled: ±0·1 dB (excluding coupler and 

detector variation) 

Power vari ation in the leve lled mode is less th an 
±0· 5 dB ove r the entire f requency range. 

The Plug-in uni t offe rs both low peak residua l f.m. and 
residua l a.m. The unit can be amplitude and frequency 
modu lated by externa l signa ls and w ith suitab le ancillary 
equipment can be phase locked . 

Exce llent narrow band reso lut ion is achieved since 
th ree frequency sca les are provided covering the hetero­
dyne. the fundamenta l and the mu ltiplexed modes. 

Hi gh accuracy measurements can be made using the 
inherent high stab il ity and frequency accuracy avai lable 

RES IDUAL AM IN 
100kH z BANDWIDTH : 
SPURIOUS SIGNALS 
(below fundamental): 

Harmo nics : 
Non-harmonics: 

MODULATION 
CHARACTERISTICS: 

Extern al AM 
Rise and fall time: 
Frequency 
response : 
R F on/ off rat io: 
Modulation 
sensitivity : 

Interna l A M 
1kHz square 
w ave: 
on/off ra tio 

R F blanking during 
retrace: 
External FM : 

Maximum 
deviat ions for 
Modu lation 
freq uencies: 
DC to 1OOHz: 
1OOHz to 1kHz: 
1kHz to 5M Hz: 
Sensitivi ty 
(typica l): 

50d B below fundamental at 
maximum power. 

-20dB at + 13dBm1 

-30dB: 0·01 to 0 85GHz 
- 25dB: 0·85 to 1 OGHz 
-50dB : 1 0 to 2 OGHz 

150kHz 
40dB 

5dB/volt 

40dB 

40dB 

full band 
± 100M Hz 
±5M Hz 

1. Between 1·0 and 1·1 GHz 
this may rise to -17dB. 

10MHz/vo lt 
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R F UNIT4·~ ~~~ GHz TYPE 6754A 

Off IIADI IM (IIGLAMO 

SINGLE BAND R.F. PLUG-INS 

Spec ificat ion w ith 
plug -i n insta lled in 6700B 6730A 6738A 6742A 6754A 6760A 6766A 6770A 6774A 
FREQUENCY RANGE (G Hz) 1 0-20 1 7-4 3 2 0-40 40-80 7 0-11 0 8·0-12 4 100-150 12 4-180 
FREQ UENCY ACC URACY 

( at 25 °C\ ±0 5% ±0·5% ±05% ±05% ±0·5% ±0 5% ±0 5% ±0 5% 
FREQU ENCY LI NEARITY 

(%sweep w idth) 0 25% 0 25% 0 25% 0 25% 0 25% 0 25% 0 25% 
FR EQUENCY STAB ILITY 
With temperature (1 °C) 1 MHz 500k Hz 400kHz 750kHz 1-4M Hz 1 4MHz 2M Hz 3M Hz 
With 10% change of line voltage 10kHz 20kHz 20kHz 30kHz 40kHz 40kHz 50kHz 60kHz 
With 1 OdB change of 
output power leve l 2M Hz 1 MHz 1MHz 1MHz 1 MHz 1M Hz 1:5MHz 2M Hz 
Wi th 3:1 load V.S.W. R. (a ll phases \ ±5MHz ±01% ± 01% ±0 1% ±0 1% ±0 1% ±01% ±0·1% 
POWER OUTPUT 

Minimum (at 25 °C) 
w ith interna l level li ng 20mW 10mW 20mW 10mW 10mW 10mW 10mW 6mW 
(Option-1) see Note 1 
M inimum (at 25 °C) 
w ithout interna l levellinQ 25mW 15mW 25mW 12mW i2mW 12mW 12mW BmW 

POWE R VAR IATION 
Internally level led ±0 5dB ±0 5dB ±0 5dB ±0 5dB ± 0 7dB ±0 7d B ±1 OdB ±1 OdB 
(Option-1) see Note 1 
Externa lly levelled ±0·1dB ±0·1dB ±01dB ±01dB ±0·1 dB ±01dB ±01dB ±0 1dB 
(exclud ing coup ler and 
detP.ctor var iation) 

PEAK RESIDUAL F.M . 5kHz 7kHz 7k Hz 10kHz 25kHz 25kHz 25kHz 25kHz 
PEA K RE SIDUAL A.M. -50dB - 50dB -50dB -50dB -50dB - 50dB -50dB -50dB 
SPURI OUS SIGNALS 

(d B below fundamenta l 
at specified max power) 

-20dB 4 Harmonics - 15dB -20dB - 20dB -30dB -30dB -20dB - 30dB 
Non-harmonics - 60dB -60dB -60dB -60dB - 60dB -60dB - 60dB - 60dB 

MODULATION 
External F.M . input d.c. d.c. d.c. d.c. d.c. d.c. d.c. d.c. 
bandwidth. -1 MHz - 100kHz -100kHz -100kHz -100kHz - 100kHz -1OOk Hz - 100kHz 
Internal A.M. square 40dB 40dB 40dB 40dB 40dB · 40dB 40dB 40dB 
wave on/off ratio . 

NETT WEIG HT 2 Okg 2 2kg 2 2kg 2·2kg 2 3kg 2·3kg 2 3kg 2·6kg 

NOTES: 
1. Plug- ins w ith internal levelling (Option-1) include bui lt- in direct iona l coupler and detector. Refer to R.F. plug- in spec if ications. 
2. Leve lling loop bandwidth is 150kHz for all un its 

3 .. All 6700A series RF plug -i n units except 6790A are compatible w ith the M I-Sande rs Oscil lator mainframe types 6700A. 6700B. 6700A/1 
and 6700B/ 1. 6790A RF plug-in is only compat ible w ith mainframes 6700B and 6700B/1. 

4. Spec if ied at + 13 dbm. Between 1 0 and 1 1 GHz th is may ri se to -17 dB. 
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67008 Specifications 

FREQUENCY RA NGE 

SW EEP FUN CTIONS 
Sweep end limits 

Marker end limits 

Symmetrical sweep 

External 

C.W. operat ion 

MARKERS 

Accuracy 

Reso lution 

A mpl itude 

Output 

TRIGGERED SWEEP 
MODES 

Extern al 

Automat ic 

Line 

Sin.gle sw eep 

SWEEP RATES 
Au tomat ic 

Manual 

Sweep dwell t ime 

SWEEP OUTPUT 

Determi ned by r.f. unit installed . 

Any two frequenc ies in band set 
by F1 and F2 cont rols. Sweeps in 
either direct ion from F1 to F2. 

Any two frequenc ies in ent ire 
band set by M1 and Mtcontro ls. 

Centre frequency set by either M 1 
contro l or an external 1 0 k 0 
potent iometer. Sweep w idth 
adJustable from 0 to 100% of 
entire band w ith cont in uous. 
uncalibrated control . or in nine 
discrete w idths ca librated directly 
in MHz or GHz. from abou t 0 25% 
to 100% of band. W idth accuracy 
is ±3% of sweep w idth for YIG­
tuned units; ± 1 0% for varacto r­
tuned un its. 

Direct coup led 1 0 V for full 
sweep: positive voltage increases 
outpu t frequency. Response time: 
down to 1 msec for full sweep. 
Provision for external resistance 
programming . Input impedance 
5 kO. 

Cont in uously variable single 
frequency controlled by pos it ion 
of M 1 marker. Externally 
controllable w ith eit her 10 kO 
potenti ometer or an analog ue 
voltage between 0 and + 1 OV. 

Two independent. adJustab le 
cal ibrated markers displayed either 
as d ips in r.f. output or externally 
as video markers . Constant 
proport ion w idth marker selectable 
for sharp. brigh t mark ing in 
narrow-width symmetr ica l 
disp lays. 

Same as r.f. unit frequency 
accuracy. 

Better th an 0 ·05% of r.f. unit 
ba ndw idth. 
Con tinuous ly var iable. 

Aux il iary video marker: 
amplitude -5 V. Output 
impedance 5 kO. 

-10 V inpu t init iates sw eep. 

Sweeps recurs automatically. 

Line frequency triggers sweep. 

Front panel momentary switch 
starts sweep. 

Four decade ranges cont inuous ly 
adjustable from 0 ·01 sec/sweep 
to 100 sec/sweep. Vernier has 
10 to 1 range. 
Three -quarter- tu rn control for 
sweep between li mits set in 
either end -limit or symmetr ical 
sweep modes. 
Delay at start to allow r.f. power 
leve l to stabili ze. Also delay at 
end of sweep. Pre-sweep dwell 
may be swi tched to Long (for 
compatib ility with Network 
Analysers). or Short for other 
applicat ions. 

Direc t -coupled. cons tan t amplitude 
sawtooth adjustable from + 2V to 
+ 10 V peak . concurrent wi th 
swept r.f. output. 

PROPORTIONAL 
OUTPUT 

Switch se lectable 

BLA NKI NG 
Operation 

Z- Blanki ng Output 
(rea r pa nel) 

PEN LIFT OUTPUT 

R.F. OUTPUT 
Levelling 

A mplitude 

R.F. Level ON / OFF 

M OD U LATION 
A mplitude modulation 

Frequency modu lation 

SPURIOUS SIGNALS 

GENERA L 
Dimensions 

Weight (mainframe 
on ly) 

Power input 

'OPTION- 01 
(not for 67008 / 1 ) 

Frequency resolution 

M emory storage 

R.F. enable 

Logic 

Type 67008 

a. Direct -coupled voltage 
proportiona l to instantaneous 
frequency. 0 V at low end and 
10 V at high end of band. 

b. Direct -coupled voltage 
proport iona l to instantaneous 
frequency. 0 V at low end and 
40 V /octave at high end of 
band. 

R.F. au tomat ically attenuated 
during retrace to provide base line 
except when disabled with rear 
panel swi tch. 

Direct -coup led -5 V pulse: 
im pedance 2·2 kO. covering the 
en tire per iod between end of 
sweep and commencement of 
next sweep. 

Relay contact c losure during 
forwa rd- trace port ion of sweep. 

W ith interna l levell ing, power 
variation is as indi ca ted for r.f. 
unit. W ith an external d irectional 
coup ler and detector. power 
va ri at ion is maintained to w ithin 
±0·1 dB. plus coupler and 
detector var iation. Provision for 
power meter leve ll ing from + or 
- meter output. Levell ing input 
impedance is 1 kO. 

R.F. level con trolled from front 
panel or with external 10 kO 
potent iometer or an analogue 
in put voltage at rear panel. 
Fron t pane l switch permits 
compl~te r.f. cu t off. Rear pane l 
binary inpu t permits remote 
control. 

Internal: Square wave adju stable 
from 950 to 1050 Hz w ith rise 
t ime of 10 tJSec maximum. 
On /o ff ratio greater th an 40 dB . 

External: + 10 V signa l increases 
r.f. output to ra ted level (with 
r.f. level contro l se t at minimum ) . 
Ri se and fall ti me 1 tJSec 
unlevelled and 2 tJSec levelled. 
Input impedance 10 kO. 

Di rect-co upled w ide -band f.m. 
input w ith max imu m deviat ion 
rate determined by r.f. un it. 

60 dB below ra ted r.f. output. 
except 2nd harmonic wh ich is 
20 dB to 8 GHz and 30 dB from 
8 to 18 GHz. 

145 mm hi gh x 426 mm w ide x 

390 mm deep. 

10 kg. Net t 

11 5/230 V ± 10%. 48-62 Hz. 
approx imately 100 VA. 

Dig ital remote frequency 
prog ramming. 

1000 po ints (12-line. 3 dig it BCD 
input). 

Any one d ig ital word (frequency) 
on 12- line input. 

1- line binary for on/off contro l 
(standard fea ture). 

+ 5 V log ic remote conta ct 
closure. 
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EXPERIMENTAL MICROWAVES 
by A. W. Cross 

Th e author deliberately avoids th e use of pages and 
pag es of th eoretical mathematics in order to minimise 
confusion. Th e only equations used, and exp lain ed, 
are those co nsidered necessary for th e understan ding 
of propagation problems in wavegu ides. Instead, th e 
book co ncentrates on the physi ca l aspects of 
microwaves- what actually happens rather th an 
what shou ld happen. In thi s way th e book reinforces 
the th eo retica l knowledge gained in training centres 
with a practical knowledge of th e subject 
Th e first half of the book describes in fundamental 
terms what is happening as a signal propagates down 
a waveguide. Th e second part co nsists of a seri es of 
experim ents designed to illustrate measurement 
techn iques and g ive practical expl anati ons of the 
formulae used. The fin al section con tains tab les useful 
to microwave engi neers . 



r Index- Microwave Components 

ALPHABETICAL Page TYPE NUMBER Page 

Adapters, Square to Round Fl ange 6478 273 6000/3 Broad band Detector 

} Attenuators, Coax ial, Prec ision Fixed 6530 27 4 6002 Coaxia l Detectors 
Attenuato rs, Preset 602 1/5 } ·, 6003/3 Wavegu ide Detectors 264 
Attenu ato rs, Var iab le 6020 266 " 6C)05/4 Short Circuit 
Attenu ators, Va riab le, Ca li brated, Grade 2 6019 6006/2 Wavegu ide Stub Tun er 

6009/2 Standing Wave Detectors Grade 2 

} Bends 'E' Plane 6025 } 267 
Bends 'H' Plane 6026 6010A Universa l Probe Carri age 265 

6011 Slotted Waveg ui de Sections 
Carri age 6040 269 6017/2 Wavemeters Grade 2 
Coup lers, Direct iona l 6029/2 267 6019 Ca li brated Var iab le Atten uators Grade 2 

} Coup lers, Directional, M ulti -ho le 6030 268 
Coup lers, Submin iature Broadband 6020 Va ri able Attenua tors 266 

Directi onal 6170 272 602 1/ 5 Preset Attenuators 
Coupler, Square to Square Rapid 6478/1 273 6022/4 Phase Shifters 

6025 E Pl ane Bends 

r Detectors, Coaxial 6002 } 6026 H Plane Bend s 267 
Detectors, Wavegu ide 6003/3 264 6027/3 Wavegu ide Tw ists 
Detectors, Broadband 6000/3 6029/2 Direction al Couplers ) 

Detector, SMA Wide Band 6160 272 
Detector, Wideband 6060 2-70 

} Detector, Standing Wave, Grade 2 6009 / 2 265 6030 Mu lti -hole Directi ona l Coup lers 

Detector, Coaxial W ideband 6161 272 6032 Short Matched Terminations 268 
6033/3 Broadba nd Iso lators 

Electr ica l & Mecha ni ca l Data 275 6036/4 Wavegu ide Horn 
6037 Coaxial to Waveguide Transformers 

Filters, Coaxial Low Pass 6067 270 
6039/3 Waveg uide Support Bench 

6036/ 4 6040 Carri age 269 
Horn, Wavegu ide 269 

6041 Fr ee Stan ding Support 

Iso lators, Broadband 6033/3 268 6042 Wavegu ide Support Clips 

Oscill ator, Gunn Di ode 606 1A 270 6060 Wideband Detector } Oscill ator, YIG Tuned Gunn 6100 271 6061A Gunn Diode Oscillator 270 
6067 Coaxial Low Pass Filters 

Sh ifters, Phase 6022/4 266 
Short Circuit 6005/ 4 264 6100 YIG Tuned Gunn Oscillators 271 
Slotted Secti on, Wavegu ide 601 1 265 6160 SMA Wideband Detecto r 

} Stub Tun er, Wavegu ide 6006/2 264 6161 Coaxial Wideband Detector 
Support Bench, Wavegu ide 6039/3 } 6170 Submini ature Broadband Direct ional 272 
Support Cli ps, W aveg uide 6042 269 Coup lers 
Support Free Stand ing 6041 

Te rmi nations, Coaxial, Precis ion 6533 274 6237 Prec ision Coaxia l to Waveguide 

} 
Termi nations, Short Matched 6032 268 Transformers 
Transfo rmers, Coaxial to Waveguide 6037 269 273 
Tw ists, Waveguide 6027/3 267 6478 Square t o Round Fl ange Adapter 
Tran sformers, Precis ion Coax ial to 

Wavegu ide 6237 273 6478/1 Sq uare to Square Rapid Coup ler 

Unive rsa l Probe Ca rri age 6010A 265 6530 Precision Fixed Coaxial Attenu ato rs } 274 6533 Precision Coaxia l Term inations 
Wavegu ide, Fl ex ible 276 Flexible Waveg uide 276 
Wavemeters, Grade 2 6017/2 265 Electrica l and Mechan ica l Data 275 
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Broad Band Detector-type 6000/3 

Type No. Frequency Flange fitted Diode Height Length Weight Waveguide size 
range in GHz 

6000/ 3 9-2 to 12·4 Squa re CV2154 57·9 mm (2·28 in ) 63· 5 mm (2·5 in) 0· 17 kg (6 oz) R100 (WG16) 
UG39/U CV2 155 

NOTE: Detectors 6003/3 and 6002 series are supplied less diodes. but those specified are available at extra cost. 
1.1 I' 

Coaxial Detectors-type 6002 series 

Type No. RF input Frequ ency Internal Type of diode Length Width Weight Nato Stock No. 
connector range DC return required 

.6002/ 1 N Ma le 200 MHz Yes CV2154 CS9B 81·8 mm 19·0 mm 0·063 kg 
to 12 GHz CV2155 (3·22 in) (0 75 in) (2-k oz) 

6002/3 C Male 200 MHz No CV2 154 CS9B 76·5 mm 18·5 mm 0 088 kg 5960-99-972-9266 
to12G Hz CV2155 (3 01 in) (0·73 in) (3 oz) when fitted with CV2155 

Waveguide Detector-type 6003/3 

Type No. Frequency Flange fitted Diode Length Height Weight Waveg uide size 
range in GHz 

6003!3 8·5 to 12·4 Square CV2154 39-4 mm (1·55 in) 50 0 mm (1·97 in) 0·17 kg (6 oz) R100 (WG16) 
UG39/ U CV2 155 

NOTE: Detector type 6003/3 is supplied less diodes. but those specified are available at extra cost. 

Short Circuit-type 6005/4 

The va ri able short circuit has been designed to provide an 
extremely high standing wave rat io. typ ica lly greater th an 
50 dB (i.e. reflecti on coeffi cient greater th an 0·99 4) ove r 
the entire waveguide frequency range. 

low- high- low impedance secti ons. The back cav ity is 
heavily damped w ith lossy materi al. 

Th e plunger is of the non -contacting type and employs 

Ad justment of th e short circuit is made w ith a micro­
meter head. enabling the plunger pos iti on to be determined 
t o w ithin 0·005 em. 

Type No. Frequency Tuning Flange fitted Height 
range in GH z 

6005/ 4 8-2 to 12-4 50 dB Squ are 15-32 mm 
UG39/U (6 03 in ) 

Max. 

Waveguide Stub Tuner-type 6006/2 

The tun er is suitable for general lab. use w here matches of 
up t o about 10:1 are required to be reduced to a rea sonable 
value. 

Type No. Frequency Fl ange fitted Length Height 
range in GH z 

6006/2 8·2 to 12·4 Square 95-25 mm 50-8 mm 
UG39/ U (3·75 in) (2 in) 
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Weight Waveguide size 

226·8 g R100 (WG16) 
(8 oz) 

Width Weight Waveguide size 

41·2 mm 226 8 g R100 (WG16) 
(1 625 in) (8 oz) 



6000/3 
6002 series 
6003/3 
6005/4 
6006/2 

6009/2 

6010A and 
6011 series 

6017/2 

Grade 2 Waveguide Standing Wave Detector-type 6009/2 
This instrument has been specia lly designed for use in 
educat ional and product ion estab li shments. 

Type No. Frequency Flange fitted Length Height 
range in G Hz 

6009/ 2 8·2 to 12-4 Squ are 219· 1 mm 74 6 ... mrl). 
UG39/U (8·62 in) (2 94 in) 

Width 

55 ·5 mm 
(2·20 in) 

Weight 

2·6 kg 
(5 lb 12 oz) 

Universal Slotted Line System-type 601 OA & 6011 series 

Incorporating Universal Probe Carria ge Type 601 OA and 
Slotted Wavegu ide Sections Type 601 1 Se ri es 

Waveguide size 

R100 (WG 16) 

These instruments co llectively represent the most econ­
omic method currently avai lable for ach ieving a universa l 
range of extreme ly accurate and high ly reli ab le Slotted 
Line Systems. A single precision probe ca rri age can be 
fitted to any one of a se ri es of slotted w aveguide sect ions. 
thu s obviating the cost of duplicating thi s item. The probe 
ca rri age can be transferred from one w aveguide section to 

another in a matte r of seconds . so that the versatility is 
ach ieved with no signif icant increase in sett ing up time. 
The range of slotted waveg uide sections avai lab le offers 
the ve ry w ide frequency coverage of 2 ·6 to 18 G Hz. and al l 
systems have been designed to confo rm to a laborato ry 
standard accuracy. 

Type Waveguide Flange Frequency Residual Attenuation 
No. Size Designation Coverage G Hz VSWR Slope dB/ em 

6011 / 8 R32 Specia l 2·60- 3·95 1·009: 1 ·001 
(WG10) . W R284) 14 Hole 

6011/7 R40 To order 3·30-4·90 1·009: 1 ·0012 
(WG1 1 A. WR229) 

6011 / 6 R48 Round 3·95-5·85 1·009:1 ·0014 
(WG12. W R187) UG149/ A 

6011 / 4 R70 Round 5·85-8·20 1·009:1 ·002 
(WG 14. WR137) UG344/ U 

6011 / 3 R84 Squa re 7·05-10 ·00 1·009:1 ·002 
(WG15. WR1 12) UG51/U 

6011 / 2 R100 Square 8·2-12 ·4 1·009:1 ·003 
(WG16. W R90) UG39/U 

6011 / 10 R140 Square 12-40-18·00 1·009:1 ·005 
(WG18. WR62) 

Grade 2 Wavemeters-type 6017/2 

Type No. Frequency 
range in G Hz 

601 7/ 2 8·2 to 12-4 

Flange 
fitted 

Square 
UG39/ U 

Mode 
used 

Resolution 

2·1 M Hz at 12-4 GHz 
1 M Hzat 8·2G Hz 

A B 
mm mm 

(i nch es) (inches) 

546· 1 120·7 
(2 1·5") {4 ·75") 

489·0 120·7 
(19 ·25") {4·75") 

457·2 120·7 
(18·00") {4·75") 

371·5 120·7 
(14·63") (4 ·75") 

330·2 120 ·7 
(13·00") (4·75") 

330·2 120·7 
(13·00") (4·75") 

293·3 120·7 
(1 1·55") (4·75") 

Height 

154·9 mm 
(6·10 in) 

c 
mm 

(inches) 

139 ·2 
(5·48" ) 

108·7 
(4·28") 

101·6 
(4·00") 

95·3 
(3·75") 

92·5 
(3 64") 

92·5 
{3·64") 

90·4 
(3·56" ) 

Width 

76·2 mm 
(3·00 in) 

D E 
mm mm 

(inches) (inches) 

155 ·1 80·5 
{6· 11 ") (3 ·1 7") 

87·3 52-4 
(3·44") {2·06") 

95·3 49·3 
(3·75") (1·94") 

85·7 46·1 
(3·38") {1·82") 

68·3 44·5 
(2·69") (1·75") 

66-4 45·8 
(2·61") (1·80") 

61 ·2 44·6 
(2·41 " ) (1 ·76") 

Weight 

0 34 kg 
(1 2 oz) 

F 
mm 

(inches) Weight 

149 ·3 7·2 kg 
(5·88") ( 1 5~ lb) 

98-4 6·6 kg 
(3·88 ") (14-> lb) 

92·1 5·65 kg 
(3·63") (11 !,-lb) 

79-4 4·3 kg 
(3 ·13") (9 ! lb) 

47 ·6 3·74 kg 
{1·88" ) (8!,- lb) 

41 ·3 3·18 kg 
{1·63") (7 lb) 

33·3 2·84 kg 
{1 ·31") (5! lb) 

Waveg uide size 

R100 (WG 16) 
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Microwave Components 

Grade 2 Calibrated Variable Attenuators-type 6019 series 

Type No. Freq uency Fl ange fitted Calibration Insertion Length Width Height Weig ht Waveguide 
range in G Hz Frequencies Loss size 

6019/ 2 12-4 to 18·0 Square 12·5. 14·0. 15·5. 17·0 0 2 dB 139·7mm 33 3 mm 118·1 mm 283 g R140 (WG18) 
5985-99-083-0030 (5 50 in) (1·31 in) (4·65 in) (10 oz) 

6019/ 4 8·2to105 Square 8 5. 9·0, 9·5, 10 o. 0·1 dB 152-4 mm 41·2 mm 127·0 mm 462 g R100 (WG16) 
UG40A/ U i.' ,. (6 00 in) (1 62 in) (5 00 in) (15 oz) 

6019/ 6 5·85 to 7·5 Round 5 85. 6 5. 7·0, 7 5 0·1 dB 254·0 mm 79 ·2 1 mm 156·9 mm 1248 g R70 (WG14) 
5985-99-083-0042 (10 00 in) (3·12 in) (6·18 in) (Hib) 

Variable Attenuators-type 6020 series 

Type No. Frequency Flange fitted Input Insertion Length Width Height Weight Waveguide size 
range in GHz V.S.W.R . Loss 

6020/ 3 8·2 to 12.4 Round 1·1:1 0 15 dB 101 6 mm 41·1 mm 76·2 mm 283 g R100 (WG16) 
5985-99-083-0004 (4·00 in) (1·62 in) (3·00 in) (10 oz) 
5985-99-083-0003 

6020/ 4 8·2 to 12-4 Square 1·1:1 0 15 dB 101·6 mm 41·1 mm 76·2 mm 283 g R100 (WG1 6) 
UG39 /U and UG40B/ U (4·00 in) (1·62 in) (3·00 in) (10 oz) 

Pre-set Attenuators-type 6021/5 

Type No. Frequency Fl ange fitted Input Max. Insertion Length Width Height Weight Waveguide size 
range in GHz V.S.W.R. attenuator Loss 

6021 / 5 82to10·5 Square 1·075:1 40 dB 0·1 dB 152-4 mm 41·2 mm 59-4 mm 311 g R100 (WG16) 
UG39 /U (6·00 in) (1 62 in) (2 34 in) (11 oz) 

Phase Shifters-type 6022/4 

Type No. Frequency Flange fitted M inimum V.S.W.R . Ca libration Length Height Weight Waveg uide size 
range in GHz total frequency 

phase in GHz 
Shift 

6022/ 4 8·2 to 12·4 Square 180° 1·20:1 10·5 152·7mm 107·9 mm 425 g R100 (WG16) 
UG39 / U (6·00 in) (4 ·25 in) (15 oz) 
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E Plane Bends-type 6025 series 

Type No. Frequency 
range in GHz 

6025/ 2 12-4 to 18·0 

6025/ 3 8·2to12-4 

6025/ 5 7·05 to 10·0 

Flange fitted Bend 

Square E Plane 
5985-99-083-0030 

Squa re E Plane 
UG39/U 

Square E Plane 
5985-99- 083- 0034 

:;:.-:.- --.--~. 

l A- I 
! 

. I u 

A 

19 05 mm 
(0·75 in) 

33·3·2..mm 
(1 ·3..1 in) 

31 ·75 mm 
(1·25 in) 

6019 series 
6020 series 
6021/5 
6022/4 

Dimensions 
B 

19·05 mm 
(0·75 in) 

33·32 mm 
(1 31 in) 

31·75 mm 
(1 25 in) 

/ / 
.' I , 
' I . 

I ." 

; ! 

c 
29 36 mm 
(1·156 in) 

23·65 mm 
(0 94 in) 

38·10mm 
(1·50 in) 

I 

Weight 

113 -4 g 
(4 oz) 

212 6 g 
(7! oz) 

340 2 g 
(12 oz) 

6025 series 
6026 series 
6027/3 
6029/2 

Waveguide size 

R140 (WG18) 

R100 (WG16) 

R84 (WG1 5) 

Type 6025 series Type 6026 ser ies 

H Plane Bends-type 6026 series 

Type No. Frequency Flange fitted Bend 
range in GHz A 

6026/ 2 12-4 to 18·0 Square H Plane 19·05 mm 
5985-99-083-0030 (0·75 in) 

orU G419/U 

6026/ 4 8·2 to 12·4 Squa re H Pl ane 25-40 mm 
UG39/U (1·00 in) 

Waveguide Twists-type 6027/3 

Type No. Frequency 
range in G Hz 

Flange fitted V.S.W.R. 

Dimensions Weight 
B c 

19 05 mm 24·50 mm 113-4 g 
(0 75 in) (1·00 in) (4 oz) 

25-40 mm 25-40 mm 212 6 g 
(1·00 in) (1 00 in) (7! oz) 

Length Weight Waveguide size 

6027 / 3 82to12-4 Square 
UG39/U 

1·05:1 152-4 mm 
(6·00 in) 

225 g 
(9 oz) 

R1 00 (WG1 6) 

Directional Couplers-type 6029/2 

Type No. Frequency 
ran e in GHz 

6029/ 2 8·5 to 10·5 

Flange fitted 

Square 
UG39/U 

Coupling 
in dB 

20 

Length 

76 ·2 mm 
(3 00 on) 

Height 

76 ·2 mm 
(3 00 in) 

Width 

59·1 mm 
(2·33 in) 

Weight 

340·2 g 
(12 oz) 

Waveguide size 

R140 (WG18) 

R100 (WG16 ) 

Waveguide size 

R100 (WG16) 
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Multi- Hole Directional Couplers-type 6030 series 

An extremely important wavegu ide component is the 
directional coupler, used for power monitoring. reflection 
measurements, iso lation of wavemeters or signal sou rces 
and leve lling of swept so urces. Thi s range of directional 
couplers employ circu lar holes as coup ling elements .. 
between the broad wa ll s of the two waveg uides. The 
coupling factors are arranged as a Tshebyshef series having 
a reverse radiation spectrum which oscillates w ith eq ual 
ripp le amp litude about a given va lue. Its chief advantage 
li es in the fact that the directivity is extreme ly broadband 
without deteri oration near the band extremities as in the 
case of the binomi al array. Directivity is better than 40 dB 
over the comp lete waveguide frequency range. 

COUPLING V.S.W.R . 
Type Frequency Nominal Nominal Spread Main- Side-
No. Range Coupling line arm 

in GHz Accuracy 

6030A/ 5 12 4-18·0 10 dB ±OAdB ±0·5dB 1 06 H 

Flange 
fitted 

Square 
5985-99-083-0030 

6030A/7 82-12-4 3dB ±0·4dB ±0·5dB 1·1 11 Round 
5985-99-083-0004 

6030A/8 82-12-4 3dB ±OAdB ±0·5dB H H Square 
UG39/U 

6030A/ 10 82-12-4 10dB ±OAdB ±0·5dB 1·04 H Square 
UG39 /U 

6030A/ 12 82-12-4 20dB ±OAdB ±0·5dB 1·04 H Square 
UG39/ U 

6030A/ 10 

Length Height Weight 

366·8 mm 79·5 mm 0·3969 kg 
14-44 in 3·13 in 14 oz 

581·0 mm 99·6 mm 0 9922 kg 
22·86 in 3·92 in 21b Ooz 

581·0 mm 99·6 mm 1 ·135 kg 
22·86 in 3·92 in 21b 8oz 

492·1 mm 99·6 mm 0 851 kg 
19·38 in 3·92 in 11b 14oz 

376·2 mm 99·6 mm 0·638 kg 
14·81 in 3·92 in 11b 10oz 

Short Matched Terminations-type 6032 series 

Type No. Frequency Flange fitted V.S.W.R. Power hand ling Height 
ranqe in GHz capacity 

6032/ 1 12-4to18·0 Square 1·02:1 2W mean 71-4 mm 
5985-99-083-0030 (2·81 in) 

6032/ 2 8·2 to 12-4 Square 1·02:1 2W mean 109 ·5 mm 
UG39/U (4 31 in) 

6032/ 4 7·0 to 10·00 Squa·re 1·02:1 3W mean 125·8 mm 
5985-99-083-0034 (4 95 in) 

6032/ 5 5·85 to 8·2 Round 1·02:1 10W mean 151·2 mm 
5985-99-083-0038 (5 95 in) 

6032/7 2·6 to 3·95 Round 1·02:1 10W mean 244·5 mm 
5985-99-083-0010 (9 62 in) 

Broad Band Isolators-type 6033/3 

Type No. Frequency Flange fitted Average Isolation 
range in GH z power minimum 

6033 / 3 8·2 to 12-4 Squa re 15W 30 dB 
'see NOTE 3 

NOTE 1: Power ra t ing applies to any load mismatch. 
NOTE 2: V.S.W.R. ~ 1.2 under matched load conditions. 
NOTE 3: Flange mates with UG39/U OR 5985 - 99-083-0052 
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Insertion Length Width 
Loss 

2·0 dB max. 152-4 mm 63·5 mm 
1·5 dB typical (6 00 in) (2 50 in) 

Weight 

67·5 g 
(2 oz) 

150 g 
(5 !,: oz) 

264 g 
(8!,: oz) 

502 g 
(1 lb H oz) 

2075 g 
(41b9oz) 

Weight 

1 70 kg 
(2 lb 10 oz) 

Waveguide 
size 

R140 (WG18) 

R1 00 (WG16) 

R110 (WG16) 

R100 (WG16) 

R100 (WG16) 

Waveguide size 

R140 (WG18) 

R1 00 (WG16) 

R84 (WG15) 

R70 (WG14) 

R32 (WG10) 

Waveguide size 

R100 (WG16) 



Waveguide Horn type 6036/4 

6030 series 
6032 series 
6033/ 3 I 

6036/4 
6037 series 
6039/3 and 
6040 series 

Type No. Design Fl ang e fitted Gain 
dB 

Length Width Height Weight Waveguide size 
frequency G Hz 

6036/ 4 9·375 Square 
UG39/U 

17·2 152·4 mm 
(6·00 ,iri) 

81·3 mm 
(3·2 in) 

78·7 mm 
(3·1 in) 

396·89 g R1 00 (WG16) 
(14 oz) 

Coaxial to Waveguide Transformers-type 6037 series 

Type No. Frequency Flange fitted Length Weight Waveguide size Maximum 
ra nge in GH z V.S.W.R . 

6037/ 1 12·0to18·0 Square 33·3 mm 99 219 g R140 (WG18) 1·5:1 
5985-99-083-0030 (1 31 in) (3 ! oz) 

6037/2 8·5 to 12 ·0 Round 34·9 mm 11340 g R100 (WG16) 1·5:1 
5985-99-083-0004 (1 37 in) (4 oz) 

6037/3 8·5 to 12·0 Square 34·9 mm 11340 g R100 (WG16) 1·5:1 
UG39/U (1 38 in) (4 oz) 

6037/ 4 7·0 to 10·0 Square 43·3 mm 170 1 g R84 (WG15) 1·55·1 
5985-99-083-0034 (1 ·70 in) (6 oz) 

6037/5 5·85 to 8·2 Round 40·1 mm 340·2 g R70 (WG14) 2·0:1 
5985-99-083-0038 (1·58 in) (12 oz) 

6037/6 4·2 to 5·85 Round 55·2 mm 0 533 kg R48 (WG12) 1·5:1 
5985-99-083-0042 (2·17 in) (1 lb 3! oz) 

6037/7 2·6 to 3·95 Round 97·6 mm 1·304 kg R32 (WG 10) 1·5:1 
5985-99-083-0010 (3·84 in) (2 1b 14 oz) 

Waveguide Support Bench-type 6039/3 and 6040 series 

Type 6039/3 Waveguide Support Bench 

Type No. Length 

6039/3 3ft 

Type 6040 Carriage 

Features and Composition 

The bench consists of : 
2 end plates 
2 stainless stee l ra il s 

For use with 6039/3 bench 

The Ca rr iage wi ll trave rse the length of the bench and may 
be locked in any des ired posit ion The vert ica l support 
position is automatica ll y locked when the support rod is 
raised to the desired height. re lease is obtained by 
actuating a simp le lever. The support rod can be rotated 
about its vertica l axis and be fitted with any of the Type 

· 6042 c lips or Type 6043 tab le. 

Type 6041 Free Standing Support 

A specia lly des igned base castin g pe rmits close proximity 
support. Thi s castin g houses th e sa me mechanism as the 
Type 6040 ca rri age and ca n be fitted w it h Type 6042 seri es 
c li ps or Type 6043 tab le. 

Type 6042 series Support Clips 

For use with Type 6040 and Type 6041 supports 

Type No. Waveguid e Size 
6042/1 R320 (WG22) 
6042/2 R140 (WG18) 
6042/3 R100 (WG16) 
6042/4 R84 (WG 15) 
6042/5 R70(WG14) 
6042/7 R32 (WG 1 0) 

Type 6043 Instrument Table 

For use with Type 6040 and Type 6041 supports 
Suitab le for supporti ng t he large mic rowave instruments. 
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Wide Band Detector-type 6060 

FREQUENCY 

IN PUT 

Range 10 MHz to 12A GH z. 

Response Flat within ±0 3 dB per G Hz from 
10 MHz to 12·4 GHz. 

Impedance 

V.S.W.R. 

Maximum pow er 

50 ohms. 

Less than 1 5 :1 over the full 
frequency range. 

100mW 

SENSITIVITY 

OUTPUT 

Unloaded 

With load resistor 

Capacitance 

Polarity 

1 50 f.!V per f.!W up to 30 mV output,• ,, 

50 f.!V per f.!W up to 1 00 mV output. 

10 pF. 

Negative (Positive polarity to order or 
by reversing d1ode element. 

CONNECTOR S 

Input Precision Type N mal e. 

Output Type BNC female. 

CONSTRU CTION 

Body and Type N 
co nnector Stainless steel. 

BNC connector 

DI M ENSIO NS AND 
W EIGHT 

Detector Type 6060 

22001 54 resistor 

ACCESSORIES 

Silver plate. rhodium flash . 

63 mm {2·5 in) longx18 mm (0·7 in) 
diameter. 0·065 kg ( 3 oz). 

64 3 mm (2·53 in) long x 14 25 mm 
(0·56 in) diameter. 0 065 kg (2 oz). 

Optional 2200154 Load resistor with male and female 
BN C connectors. Finish: body. 
stainless steel. Connectors: Silver 
plate. rhodium flush. Resistance: 
approx. 5 kO. 

2561001 Diode Element. Replacement kit. 

Gunn Diode Oscillator-Type 6061A 

This gunn diode oscill ator has been designed as a source of 
mi crowave pow er w hich is stable. harmoni cally pure and 
easy to operate. 

The unit is a pure waveguide cav ity w ith th e inherent 
adva ntage of exce llent frequency stability compa red to 
other types of cav iti es as we ll as having an effecti ve fine 
frequency control due to the frequency being determined 
by the posit ion of a non-contactin g RF short circuit . 

The oscill ator has been designed to be to lerant to 
different gun n diode cha racteri sti cs wh ich resulted in a 
unit w hich w ill accept v irtually any X band diode. makin g 
diode replacement economic. should the need arise. 

The unit is particul arl y suitabl e for use w ith th e 
educa ti onal test benches types 6599/2 and 6452A/ 2. 

FREQUENCY 
Range 8· 5 to 10· 5 GHz min. 

8·0 to 11· 5 GHz typica l. 

Tuning Micrometer con trol led pl unger. 

OUTP UT 

Waveguide R100 (W G1 6. W R90) p la in face 
f lange with four 8/32 UNC 
screw -holes. 

Pow er 6 mW min . 
Typica l ly 20 mW 

POWER REQUIR EMENTS 

External d .c . 

N ETT W EIGHT 

RECOMM ENDED 
POWER U NIT 

Opt iona l extra 

Coaxial Low Pass Filters-type 6067 series 

IM PEDAN CE 

INS ERTION LOSS 

50 0 . 

Type No. Length 

-. 

13V. 200 mA typical ly deta il ed 
calibration data provided wi th each 
unit. 

580 g (1 lb 6 oz) Gunn Di ode. 

M. l. Sanders Gunn Diode Power 
Supply, Type 6590. 

Spare Gunn Diode P/N 2200169. 

Weight Cut-off Frequ ency 1 dB maximum {d.c. to cu t -off 
frequency. mm inches grammes ounces 

REJECTI ON 

CON N ECTORS 

MAX IMUM POWER 
INPUT 
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Stop- band 50 dB min imum at 1·3 
t imes cu t-off frequency. 

Type 'N ' stain less stee l, one male. 
one femal e. 

100W 

6067/ 1 104 

6067 / 2 86A 

6067/ 3 79 

6067 / 4 71 

4·1 114 4 4A GHz +0· 1 GHz 
- 0 2 

3A 100 3 5 6·9 GHz ±0·1 GHz 

3·1 92 3·25 8·3 GHz +0·1 GHz 
- 0 2 

2 8 89 3 12·5 GHz ±0 1 GHz 



6060 I 
6061A 
6067 series 

6100 series 

VI G Tuned Gunn Oscillators Type 6100 series 

Type No. 6106 61 04A/ 2 6104A 6107 6105 

R F PERFORMANCE 

Frequency range 5·0to90GHz 7·0 to 11·0 GHz .. 8·0 to 12-4 GHz 10to15GHz 12-4to18GHz 
.... .. 

Minimum power 
Output at 25 °C 20 mW 20mW 20 mW 20 mW 10mW 

Power variation <10 dB <10 dB <10 dB <10 dB <10 dB 

Maximum ' Harmonic' 
content 20 dBc 20 dBc 20 dBc 20 dBc 20 dBc 

Temperature stability 0·02%/"C 0·02%/"C 002%/"C 0·02%/"C 0·02%/"C 

TUNING 
CHARACTERISTICS 

Maximum sweep rate 100Hz 100Hz 100 Hz 100Hz 100Hz 

Linearity ±0·25% ±0 25% ±0 25% ±0·25% ±0·25% 

Hysteresis 12 MHz 12 M Hz 12 MHz '14 M Hz 20 MHz 

Tuning sensitivity 22 MHz/mA 22 M Hz/mA 22 MHz/mA 22 MHz/mA 22 MHz/mA 

Tuning coi l resistance 15 0 14 0 14 0 13 0 12 0 

Tuning coil inductance 135 mH 135 mH 135 mH 135 mH 135 mH 

FM COIL 
CHARACTERISTICS 

A C sensitivity 200 kHz/ mA 200 kHz/mA 200 kHz/mA 180 kHz/mA 150 kHz/mA 

Input bandwidth 100kHz 100kHz 100 kH z 100 kHz 100kHz 

Maximum conti nuous 
current 3C'O mA 300 mA 300 mA 300 mA 300 mA 

Resistan ce 1 0 1 0 1 0 1 0 10 

Inductance 60 f.!H 60 f.!H 60 f.!H 60 f.!H 60 f.! H 

ELECTRICAL 

Gunn diode voltage 
(Typica l) 18 v 16 v 16 v 14 v 12 v 

Gunn diode current 
(Typical) 400 mA 600 mA 600 mA 600 mA 600 mA 

Heater vo ltage 22 - 28 v 22 - 28 v 22 - 28 v 22 - 28 v 22-28 v 

Maximum osci llator 
Mount temperature 60°C 60°C 60°C 60°C 60°C 

D C connections Solder Terminals Solder Terminals Solder Terminals Solder Terminals Solder Termina ls 

Output con nector SMA Female 50 0 SMA Female 50 0 SMA Female 50 0 SMA Female 50 0 SMA Female 50 0 

Weight All units 800 g (1· 75 I b) 

Dimensions Height. 68·5 mm. Width. 74 mm. Depth. 52 mm. 
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SMA Wide Band Detector Type 6160 

FREQUENCY 

INPUT 

OUTPUT 

Range 10MHzto18GHz. 

Response ±0·5 dB; 0·01-12-4 GHz. 
±1·0 dB; 12-4-18 GHz. 

Impedance 

V.S .W.R . 

Maximum power 

Sensitivity 

Capacitance 

Polarity 

50 0. 

Less than 1·8:1 over the fu ll 
frequency range. 

100mW 

OA mV/~W 

10 pF. 

Negative (Positive polarity to order). · .. • 

CONNECTOR 

Input 3 mm SMA male . 

Output Type BNC Fema le. 

CONSTRUCTION 

DIMENSIONS AND 
WEIGHT 

ACCESSORI ES 
Optional 

Match pairs tracking 

Body and SMA connector, Stainless 
Steel. 
BNC connector. Bright Tin Nickel. 

50 mm long x 11 mm diameter. 20 g. 

2200206 Diode replacement. 

±0 2 dB/octave: 0·01-8 GHz. 
±0 3 dB; 8-12-4 GHz. 
±0·6 dB: 12·4-18·0 GHz. 

Coaxial wideband detector Type 6161 

FREQUENCY 
Range 

Response 

10 MHz to 18 GHz. 

±0 5 dB: 0 01-12-4 GHz. 
±1·0 dB : 12-4-18 GHz. 

Matched pairs tracking ±0·2 dB/octave: 0 ·01-8 GHz. 
±0·3 dB : 8-12-4 GHz. 

INPUT 

OUTPUT 

Impedance 

V.S.W.R. 

Maximum power 

±0·6 dB: 12-4-18 0 GHz. 

50 0 . 
Less than 1·8:1 over the full 
frequency range. 

100 mW. 

Sensitivity 0-4 mV /fJ.W. 

Capacitance 10 pF. 

Polarity Negative (Positive polarity to order). 

CONNECTOR 

CONSTRUCTION 

DIMENSIONS 

WEIGHT 

ACCESSORIES 

Input 

Output 

Type N male. 

Type BNC female. 

Body and N connector. 
Stainless Steel. 
BNC connector. 
Bright Tin Nickel. 

61 mm long x 20 mm diameter. 

60 g. 

2200206 Diode replacement. 

Subminiature Broadband Directional Couplers Type 6170 series 

The 6170 series of subminiature directional coup lers offe r 
small size. li ght w eight. rugged units w hich w ill with stand 
stringent environmental conditions . 

Type No. 6171 / 10 6173/ 10 

Coupling +dB 10 ± 1·25 1 0 ± 1·25 

Nominal bandwidth G Hz 1-2 1 7-4 ·3 

Average power W 5 5 

Frequency sensitiv ity dB ±0·5 ±0·5 

Insertion loss •dB 0 2 0 2 

Directivity dB 22 22 

VSWR Main Arm 1 15 1 20 

VSWR Secondary Arm 1·15 1·20 

Length ins/em 2 75/6·5 1·7 /4 3 

Width ins/em 06/1·5 0·6/1·5 

Thickness ins/em 0·5/1·25 0·5/1 25 

Weight gms 45 35 
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Input and output connectors are stain less stee l SMA 
(fema le) w hich conform to MIL-C -39012. 

6175/10 6177/ 10 6179/ 10 

10 ± 1·25 10 ± 1· 25 10 ± 1·25 

3·7_:8·3 7-12 5 12 4-18 

5 5 5 

±0·5 ±0·5 ±0·75 

0 2 OA 0·5 

18 17 14 

1·30 1·35 1-40 

1·30 1-40 1 50 

1 1/3 1·0/2·5 1 0/2·5 

0 6/1 5 0 6/1·5 0·6/1'5 

0 5/1 25 05/1·25 0 5/1 ·25 
I 

28 28 28 



6160 
6161 
6170 I 6237 

6478 
6478/ 1 

Precision Coaxial to Waveguide Transformers Type 6237 series 

These Coaxia l to Waveg ui de Transformers provide a 
conven ient means of conve rting from wavegufde to coaxia l 
li ne or v ice ve rsa . The t ransformers cover the full waveguide 
f requency range with a maxim um V.S.W.R. of 1·25 :1. The 
units are idea l for swept frequency app li ca t ions whe re low 
V.S.W. R. is essenti al and ca n eas il y be used in systems 
app li cat ions. Each transformer is fitted w ith a Sta inless 
Stee l 'N' type connecto r and wi ll hand le a maxi mum mea n 
power of 50 watts. 

Type No. Frequency 
Range (HGz) 

6237/ 1 12-4 to 18 .-0 

6237/3 812 to 4 

NATO Stock Numbers 
6237/1 5985-99-637-9587 
6237/3 5985-99-637-9585 

Waveguide 
Size 

R140 (WG18) 
WR-62 

R100 (WG16) 
WR-90 

Maximum Coaxial 
V.S.W.R. Connector 

1·25 :1 Type 'N' 
50 0 female 

1·25:1 Type 'N ' 
50 0 female 

r 
A[ 

t 
... ,. Flange 

Fitted 

Square 
5985-99-083-0030 

Square 
UG39/U 

Square to Round Flange Adapter Type 6478 

The Square to Round Flange Adapte r is a un ique device 
designed fo r coup li ng together waveg uide 16 instru ments 
carrying diss imil ar f langes. The Adapter is suitab le for either 
plain or choke f langes and offers no greater loss in 
performance than the norma l coupling arrangements 
between compatib le f langes. 

Materia l : 

We ight : 
Di mens ions : 

Brass. nicke l plated . 

~ lb (0 ·23 kg). 
Diameter (max): 2·7 1 in. (68·8 mm) 
Width inc luding fl anges (max) : 0·77 1n 
(19·6mm) . 

Square to Square Rapid Coupler Type 6478/1 

A 
inches 
(mm) 

1·36 
(34 5) 

1-44 
(36 6) 

The square to square rap id coup ler - Type 6478/1 is a 
unique device designed fo r coup ling together X band 
inst ruments or components te rminatea with squa re f langes 
conta ining 0·169 inch diameter (min.) c learance ho les. The 
coupler is sui tab le for either plain or choke fl anges and 
offe rs equa l or lower insertion loss than the conventiona l 
bolted coupling. 

LOCATI NG RING 

Materia l : 
We ight: 
Dimensions: 

Brass. nicke l plated. 

~ l b. (0·23 kg) . 
Dia. (max ) : 2·7 1 in (68·8 mm). 
W idth inc luding fl anges (max): 
(19·6mm). 

0·77 in 

B c Weight 
inches inches 
(mm) (mm ) 

1 05 1·3 80 g 
(26 55) (33 1) 4 oz 

1 02 1 36 135 g 
(25 9) (34 5) 5 oz 

LOCATI NG RING 
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Wideband Coaxial Attenllators and Terminations-type 6530 series 

The 6530 se ri es of attenu ators offers a se lect ion of high 
qua lity 50 0 units and the 6533 mode ls are w ideband 
termin at ions. 

The 18 GHz attenu ators use res ist ive film elements of 
advanced design giv ing accurate inserti on loss and low 
V.S.W.R. at all frequenci es. 

Other units utilise resistive netwo rks of rugged desig n. 
Close to lerance sta inless stee l co nnectors and barrels 
ensure long life w ith minimum effects from wea r ancj--' 
mechanical deformation. A Ca li bration Certificate can be '' 
supplied at a small surcharge . 

WARNING 
The precision or semi precision type N connecto rs fitted to these 
attenuators may be damaged by mating with general pu rpose type 
N connectors which do not confo rm to the Internat iona l standard 
dimensions. 

Terminations-type 6533 series 

Frequency range Type No. Connector Power input D.C. V. S.W.R. (max.) Temperatu re 
Average Peak Resistance coefficient 

1 kW 1 03:1 DC to 1 GHz. 
DC to 12-4 GHz 6533/ 1 Type N male 1w (5 ~se c. max. 50 0 ±1 0 1·05:1 1 to 4 GHz. Typica lly less 

6533/ 2 Type N female pulse length) at 25 °C. 1·15 :1 4 to 10 GHz. than 0·03%/"C. 

Wideband Coaxial Attenuators-type 6530 series 

Frequency range Type No. Atten ua- Power input Maximum deviation of VSWR Power Temperature 
tion (d B) Average Peak Insertion loss (dB) When properly terminated sensiti vity coefficient 

(W) (kW) When properly terminated in 50 0 in 50 0 

DC-1·0GHz 1·0-1 ·5 GH z 

6530/ 1 3 15 10 0·2 0·5 1·15 :1 max. DC-1·0GHz 0·01 dB/d B 
DC-1·5 GHz 6530/ 2 6 10 10 0·2 0 ·5 1·30:1 max. 1·0-1·5 GHz max. at -

6530/ 3 10 10 10 0·2 0·5 10 watts 
6530/ 4 20 10 10 0· 5 1·0 

AT DC DC-3·0 GHz 

6531 / 1 3 2 2 ±0·02 ±0·2 6531 / 4·1 
6531 / 2 6 2 2 ±0·02 ±0·2 <·001 dB 
6531 / 3 10 1 2 ±0·02 ± 0· 2 1·02:1 at D.C. / dB/w Typically less 

DC-3·0 GHz 6531 / 4 20 1 1 ±0·05 ± 0·2 1·15:1 max. DC- 1·0 GHz 6531/5-/7 than 0·0001 dB 
6531 / 5 30 1 1 ±0·05 ±0·2 1·20:1 max. 1·0-3·0 GHz <·002 dB / dB/°C 
6531 / 6 40 1 1 ±0·05 ±0·3 /dB/w 
653117 50 1 1 ±0·05 ± 0·3 

From Nom. From 4·0 GHz 

at 4·0 GHz at 1 GHz at10GHz 

0·6-1 2·4 GHz 6532/ 1 3 5 10 ±0·1 -0·2 +0·2 1·25:1 max. 1·0-10·0 GHz 
1·0-12-4 GHz 6532 / 2 6 3 6 ±0·1 -0·5 +0·3 1·25: 1 max. 1·0-10·0 GHz 
1·0-12·4 GHz 6532/ 3 10 1 1 ±0·1 -1·1 +0·5 1·35:1 max. 1·0-2·0 GHz 

1·30:1 max. 2·0-10·0 GHz - < ·0007 dB/ dB/°C 
2·0- 12·4 GHz 6532/ 4 20 1 1 ±0·2 -1 ·3 ' +1 ·0 1·35 :1 max. 2·0-3·0 GHz 

1·30:1 max. 3·0- 1 0·0 G Hz 

DC-12·4 GHz 12·4-18·0 GHz 

6534/ 1 3 5 1 ±0·3 ± 0·5 1·20: 1 max. DC-4 ·0 GHz Typically Typically less 
DC-18·0 GHz 6534/ 2 6 5 1 ±0·3 ± 0· 5 1·25:1 max. 4·0-8 ·0 GHz less than than 0·0001 dB 

6534/ 3 10 5 1 ±0·5 ± 0·6 1·35 max. 8·0-12·4 GHz 0·002 dB / dB/ °C 
6534/ 4 20 5 1 ± 0·5 ±0·75 1·5: 1 max.1 2-18·0 GHz /dB/watt 

DC-1·0GHz 1·0-1·5 GHz 

6536/ 1 3 30 10 0·2 0·5 
DC-1·5GHz 6536/ 2 6 20 10 0·2 0·5 1·1 5:1 max. DC-1 GHz 0·01 dB/dB 

6536/ 3 10 20 10 0·2 0·5 1·30: 1 max. 1·0-1·5 GHz max. at -
6636/ 4 20 10 10 0·5 1·0 20 watts 

•2 GHz mi nimum frequency 
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ELECTRICAL DATA 

I.E. C. W.G. 
size size E. I.A. 

R14 6 WR650 

M14 ~ ht 6 

R32 10 WR284 

R4 0 11A WR229 

R48 12 WR 187 

R70 14 WR137 

R84 15 WR112 

R100 16 WR90 

R140 18 WR62 

• At Atmospheric Pressure 
tFianges Fiued Plain/Plain 

tFianges Fiued Plain/Choke 

MECHANICAL DATA 

W.G. Equiva lent 
size W.G. dims. 

W.G.6 6·5X3 25 

~ ht 6 6·5 X 1·625 

W.G.10 2·84X1·34 

W.G.11A 2·29 X 1 145 

W.G.12 1·872 X ·872 

W.G. 14 1·372 X ·622 

W.G.15 1·122x497 

W.G.16 ·900x 400 

W.G.18 622x 311 

(INCH & METRIC) 

Freq~ency 

range 
GH z 

1 ·12 to 1 7 

1 ·12 to 1 ·7 

2·6 to 3·95 

3·22 to 4·9 

3·95 to 5 85 

5·85to82 

7·95to10 

8·2 to 12·4 

124 to 18 

(INCH) 

Bending radii 
static 

E' H' 

15·5 31 

15 5 31 

7 14 

6 5 13 

6·5 13 

4 8 

3 6 

2 5 5 

2 4 

·Multiply These Columns x 4 For Continuous Bending Radii 
! Minimum Length Tolerance ±-k 

M ECHANICAL DATA (M ETRIC) 

Bending rad ii 
I.E. C. Equiva lent static 
size W.G. dims. E' H' 

R14 16510x82·55 393· 70 7874 

M14 165·10X41·28 39370 7874 

R32 72·14x34·04 177·80 35 5 60 

R40 58·17 X 29·083 165 10 330·20 

R48 47·55 X 22·149 165·10 330·20 

R70 34·85 X 15· 799 101·60 203 20 

R84 28499 x 12·62 4 76 20 152 40 

R100 22·860x 1 0· 160 63 50 127·00 

R140 15·799 X7 ·899 50·80 101·60 

·Multiply These Columns x4 For Continuous Bending Radii 
tMinimum Length Tolerance± 7·6 mm 

6530 series I El ectr ica I 
and Mechan ica l Data 

V.S.W.R. Attenuation Peak power 

tp j P tp j C db/ ft db/ m MW' 

1·05 ·02 ·006 10 

1·05 04 13 2 5 

1 05 1·1 ·06 ·197 3·5 

1·05 ·06 ·197 2 0 

1·075 1· 1 07 ·23 2 0 

1·075 1 1 ·09 3 1 0 

·,1"·075 
1. ,. 

1 ·1 ·10 33 ·7 

1 075 11 ·15 49 5 

1-1 1·12 2 66 ·35 

MCL Max. operating 
Factory preform pressure P.S.I.G . Length t 

E H tolerance 

13 5 26 10 ±J,/Ft 

13·5 26 10 ±i/Ft 

4·5 64 60 ±i/Ft 

4 6 45 ± i/Ft 

3 5 5 45 ±i/Ft 

2 5 3 5 45 ±J,/Ft 

1 7 2 5 45 ± i/Ft 

14 2·25 60 ±i/Ft 

1·3 1 75 60 ± J,/ Ft 

MCL =Mean Centre Line 

MCL Max. operat ing 
Factory preform pressure P.S. I.G . Length t 
E H to lerance 

347·90 66040 10 10 mm/m 

347·90 66040 10 10 mm/ m 

114 30 162·56 60 10 mm/m 

101 60 15240 45 10 mm/ m 

88·90 127·00 45 10 mm/m 

63 50 88 90 45 10 mm/ m 

43 180 63 50 45 10 mm/ m 

35·560 57 150 60 10 mm/m 

33·020 44450 60 10 mm/m 

MCL =Mean Centre Line 
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Microwave Components 

FLEXIBLE WAVEGUIDE 

' Fi exaguide ' is an estab lished microwave tran smissio n 
medium successfu lly used in a wide range of rada r and 
commu nications systems. 

The bending .and fl exibi lity characte ri stics cater for 
shock and vibration protect ion of othe r components 
w 1th1n a system and reduce design prob lems where 
component ali gnment is affected by dimensional and 
temperature va ri ati ons. 

i_l I' 

Va ri ous protective coverings are offered to combat all 
environ menta l cond iti ons. The constru ct ion is designed to 
gi ve an inherent strength wh ich pe rmi ts th e bas ic guide to 
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~e used witho~~ the expensive. mechanical stren gthening, 
rubber Jacket . encounte red 1n the other design s. This 

"basic' ' form is su itab le for indoor app li cat ions such as 
transm1ss1on rooms etc .. thereby minimising instal lation 
costs. Preformed sect ions to customer's requirements are 
also prod uced and all fl exagu ides conform to DEF5353A 
and M l L-W-2878. 

Marconi Instruments M icrowave Division is registered 
on the defence contractors reg istra ti on li st. reg istration 
number 55 660/2/02 to Defence sta ndard 05-21 . . 

Illustration showing the extremely complicated and accurate tool­
ing used for the forming of Flexaguide sections. (Section shown WG6). 

Flexaguide moulding process of p rotective j acket. 

Flexaguide WG6 section being formed. 
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; -~:.~ .. ~\··· ________________________________________________________ _. 

A selection of the range of Marconi Instruments accessories. 

~ FUSE UNIT o.. 
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Adapters 
TYPE No . 

. 
43168-00BS 
TB 39868 

43168-009W 
TB 39867 

DESCRIPTION 

Mates with output terminals of oscillators and signal 
sources to provide a BNC socket connection. 

Mates with output terminals of oscillators and signa l 
sources to provide a Type 83 socket connection . 

Attenuator Pads 
~· ' 

TYPE No . ATTENUATION IMPEDANCE CONNECTORS 

44425-501 E 20 dB 50 0 BNC 
TM 5573 

44425-002D 6 dB 50 0 BNC 
TM 5573/ 1 

44427, 001 G 20 dB 75 0 BNC 
TM 5552 

54431 -011 D 20 dB 50 0 BNC 
54431 -021 B 20 dB 50 0 BN C 

44425-504N 20 dB 50 0 N 
TM 4919 

44425- 503Y 6 dB 50 0 N 
TM 4919/ 1 

54452-011 E 50 0 BNC 

Coaxial Fuses 

REMA RKS 

Frequencies up to 500 M Hz 

Frequ encies up to 220 M Hz 

1 W (For details see Page 
20W 110 and 111 ) 

Frequencies up to 500 M Hz 

Signal Sniffer for frequencie 
up to 1000 MHz. (For detai l 
see Page 111) 

s 
s 

For use with Signal Generators, Modulation Meters, Counters, etc., to prevent damage to inputs or 
outputs. 

TYPE No . DESCR IPTION REMARKS 

43281 .. 001W Rating: 0-4 watt. For use with 50 0 
TM 5753 Insertion loss: Nominally 0·5 dB. equipment 

VSWR: Not greater th an 1 ·35 at 400 M Hz; 

' not greater than 1·5 at 470 M Hz, 
wh en terminated with a matched 
50 0 load. 

Connectors: Type N. 
Fuse: 1 / 16 Amp Littlefuse, Cat. No. 316.062 

1 0 spares are provided. 

43281-007C Rating: 0-4 watt. For use with 50 0 
TM 9884 Insertion loss: Less th an 0·6 d B at 300 M Hz. equipment 

Less th an 1 ·0 dB at 470 MHz. 
VSWR: Not greater than 1 ·5 at 470 MHz, 

when terminated with a matched 
50 0 load. 

Connectors: Type BNC. 
Fuse: 1/ 16 Amp Littl efuse, Cat. No. 316.062 

10 spares are provided. 



SO/loOn TIANSrOOMlA 
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R F Connecting Cables 

CONNECTORS 
TYPE No . Ro LENGTH INPUT OUTPUT 

43126-012S 50 0 1524 mm BNC Plug BNC Plug 
TM 4969 / 3 . 
43126-026A 50 0 457 mm N Plug N Plug 
TM 4726/ 286 

43125-019F 50 0 1372 mm N Plug N Plug 
TM 4824/1 

43125-069B 75 0 915 mm BNC Plug BNC Plug 
TM 4726/136 

54351 -011 F 75 0 1830 mm BNC Plug BNC Plug 
TM 4726/ 260 

1.1 ,, 

Matching Units 

TYPE No. DESCR IPTION 

44411-001 M 50 0 to 75 0 Matching Pad . Comprises a single 
TM 5569 25 0 series resi stor to convert the 50 0 source 

resistance to 75 0. 
Input connector: BNC plug. 
Output connector: Bell ing Lee L734 P plug . 

44411-018F Similar to TM 5569 but with Burndept type PR4E 
TM 6599 output plug. 

44412-021 c Matching Transformer . 50 0 unbalanced to 3000 
TM 5955/ 5 balanced. Comprises toroidal auto-transformer. 

Input connector: BNC plug. 
Output connector: Miniature terminals . 

54481-011 c Matching Transformer. 75 0 to 150 0 balanced. 
TM 5955 Input connector: BNC. 

Output connector: Miniature terminals. 

44412-0236 Composite Dummy Aerial and DC Isolating 
TM 6123 Unit. Includes connecting cable with BNC plug; 

sp ring -clip output terminals. For . general receiver 
testing or for use on circuits with d.c. potentials up to 
350 v. 

44411-0046 50 0 to 75 0 Matching Pad . Comprises a single 
TM 4918 25 0 seri es resisto r. 

Input connector: N socket. 
Output connector: Belling Lee L734P plug . 

44411-002C 50 0 to 75 0 Matching Pad . Comprises a sing le 
TM 5548 25 0 series resistor. 

Input connector: N socket . 
Output connector: Burndept PR4D plug. 

44411-00JR 50 0 to 75 0 Matching Pad. Similar to TM 5548 
TM 5549 but with Pl essey Major CZ71 060 output plug . 

44411-013U Matching Unit. 50 0 unbalanced to 300 0 
TM 4916 balanced. Uses resist ive networks only for measure-

ments on rece ivers with balanced transformer inputs. 
Input connector: N socket. 
Output connector: Solder spills. 

44411-019G 50 0 to 75 0 Matching Pad . Matches 50 0 
TM 5573 / 3 generator to 75 0 load. 6 dB inse rtion loss. BNC 

connectors. 

REMARKS 

Frequenci es up to 500 M Hz 

Solid coaxial lead 
For use up to 1 GHz 

For use up to 500 M Hz 

Frequencies up to 500 MHz 

REMARKS 

For use up to 72 M Hz 

For use up to 72 MHz 

For use up to 100 MHz 

For use from 12kHz to 
550kHz 

For use up to 72 MHz with 
50 0 signal generators 

For use up to 470 MHz 

For use up to 4 70 M Hz. 

For use up to 470 MHz 

For use up to 470 MHz 

-
For use up to 500 M Hz. 
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Matching Units (continued) 

TYPE No. DESCRIPTION REMAR KS 

54411-021 c 75 0 to 50 0 Matching Pad with BNC connectors Vo ltage attenuat ion 10 dB 
wh en fed from a 75 0 sourc 
to a 50 0 load. 

435a 2-003P Unbalanced-to-balanced Transformer. 
TM 6221 600 0 unbalanced input ; 600, 200 and 150 0 

balanced output. For use from 20 Hz to 100 
Input connector: BNC plug . kH z. Respon se w ithi n 1 dB 
Output connector: Spring terminals . with respect to 1 kHz 
Distorti on factor less th an 0 ·2% over th e frequency 
range 100 Hz to 50 kHz with input levels up to 
3 V emf. 

43535-009J Isolating Transformer . Des igned for use with For use from 50 Hz to 
TM 7120 bridges to iso late external sources. 50 kHz 

Connectors: Spring termin als. 

54413-011 F Sta/ Network. Consists of three 16·6 0 resistors For combining outputs of ..... 
connected to three input/ output 50 0 N sockets. two sig nal generators. 

Usable from d.c. to 4 GHz. 

MISCELLANEOUS 

DC Isolating Unit 

TYPE No . DESCRIPTION 

44413-0076 Allows a generator to be used for t esting at d.c . 
TM 4917 potentials up to 300 V. 

Connector: l'ype N. 

12W, 50 0 Termination 

DESCRIPTION 

Connector: BNC (For de.tail.s see Page 11 0). 

TYPE No. I 
54422-011A 

-----------------------------------------------

Modular Rack Mounting Kit 

TYPE No. 

41635-041 p 
TM 7010 

41674-015P 
TM 6844 

DESCRIPTION 

3/ 3 M od ul e Rack M ounting Kit. 

1/ 3 Module Blank Panel Unit. 
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Signal Generator Output Level and Source lmpedanc-; 

For sensitivity measurements on receivers it is essential 
that the signal generator shall deliver an accurately 
calibrated r.f. output voltage from a source impedance 
equal to that of the aerial with which the receiver is to be 
used. (N.B. This is not normally equal to the true input 
impedance of the receiver). • 

As this aspect of signal generator performance is some­
times controversial the following notes may be helpful. 

OUTPUT VOLTAGE 

At frequencies up to about 1 G Hz radio receivers are 
generally regarded as voltage sensitive devices. and their 
sensitivities are specified in appropriate terms. In Great 
Britain and Europe it is standard practice to state the 
sensitivity 1n terms of source e.m.f. available via the 
specified source impedance. the receiver input impedance. 
and hence the p.d. across it. usually being unknown. In 
some engineering circles. especially in the U.S.A .. the­
sensitivity is stated in terms of the p.d. that would appear 
across a matched load; 1.e.. half the e.m.f. voltage. 
Although most authorities recommend the use of e.m.f. -
as the more logical way of stating the voltage- it makes 
little difference which form is used providing the voltage 
statement is qualified by the appropriate initials; e.g ., 
100 11V e.m.f. or 50 f1V p.d. 

In the U.S.A the terms "hard microvolts" for e.m.f. and 
"soft microvolts" for p.d. across a matched load are 
sometimes used: 

Marconi Instruments s1gna l generators are calibrated 
basically in terms of e.m.f .. with provision for reading p.d. 
across a matched load directly from the attenuator if 
desired. 

SOURCE IMPEDANCE 

Marconi Instruments signal generators. used with 
standard accessories. offer the choice of 50 0 or 75 0 
source impedance. with a 300 0 balanced output acces­
sory available for most signal generators in the range. A 
standard dummy .aerial is also available for use at fre­
quencies below about 1·5 M Hz. These source impedances 
cover most requirements. but other values are sometimes 
needed for special measurements . At frequencies up to 
several hundred megahertz. resistive impedance-conver­
sion pads can be constructed using the following 
arrangements. 

Ro 

COAXIAL CONNECTOR R, 

Aout = Ao+A• 

Eout = Eo 

SIGNAL GENERATOR 

Ro 

R, COAXIAL CONNECTC.R 

Rout = Ao+A• 

ECMit= Eo 

SIGNAL GENERATOR 

Increasing Effective Source Impedance This can be 
achieved by the addition of a single resistor. Rs. whose 
value is given by As= Rout -Ro. where Rout is the required 
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source impedance and Ro is the source impedance of the 
signa l generator. The additional resistor can be fitted at 
either end of the connecting cable, but. if it is at the 
sending end. the characteristic impedance of the cable 
must be equal to Rout. 

Ro .. 

SIGNAL GENERATOR 

.Decreasing Effective Source Impedance The effective 
source resistance can be reduced by simply connecti ng a 
resistor, Rp. in para llel with the load. so that Rout= RpRo/ 
(Rp+ Ro) . 

Unfortunately the output e.m.f.. Eout. is then also 
redu ced as Eout=EoRp/(Rp+ Ro). This can produce an 
incorwenient voltage conversion ratio. and it is usually 
more satisfactory to make up a two-element pad of the 
form shown above. Choosing a convenient value. N. for 

· Eo/Eout. the resistor values are given by, 

Ro R __ Rp Ro 
Rp- N _

1 
and Rp+Ro 

A nomograph for calculating these values is given on 
page 289 . 

Ro 

Eo R,(Ro+ Ro) 
Rout = - - +R, 

2Ro 
R, 

Eout = Eo-
L---------i----L------4 2Ro 

SIGNAL GENERATOR 

Three-element Reduction Networks The two-element 
pad has the slight disadvantage that. unless N=2. the 
receiving end of the cable is mismatched regardless of the 
ultimate load impedance. Providing the source impedance. 
Ro. is accurately matched to the cable no voltage error is 
caused by this mismatch. but there may be other factors 
demanding correct termination at the receiving end; e.g., 
susceptibility to the effects of r.f. radiation fields . If the 
additional attentuation can be tolerated, such requirements 
can usually be satisfied by the use of the simple two ­
element network in conjunction with the 20 dB Attenuator 
Pad available as a standard accessory for the signal 
generator; but. for other cases. a three-element impedance 
conversion pad is useful. 

For applications where the ultimate load impedance is 
normally high compared with Rout there is some advantage 
1n using a pad which terminates the cable correctly w hen 
the pad is unloaded. In this type of pad R a, R ,, and R J form 
a simple potential divider. so that 

R 3=2R a/N 
R ,=R a-R J 
R, =Rout-[R 3(R,+R a)/2R a] 

These values can also be calculated using the nomo­
graph on page 289 . 
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The more usual requireme nt. however. is for an 
impedance-conversion attenuator of the fo rm show n 
below. where R;n= R o when RL = Rout . 

T NETWORK 

"NETWORK 

These are the conventional T and 7T networks. Standard 
design formulae are usua lly given in terms of power ratio. 
whereas receiver sensitivity (and hence signal generator 
output) is usua lly expressed in vo ltage for frequencies up 
to about 1 GHz. Data fo r ca lcu lation of the res istor values 
on both the power-ratio and the voltage-ratio bas is are 
given on page 285 . 

SOURCEIMPEDAN CEACCURACY 

The full significance of the need for accurate matching 
of the source impedance to the characterist ic impedance 
of the output connect ing cab le stems from the fact that. 
when the cab le is correct ly terminated at the receiving end 
by R o. the phase and magnitude of the vo ltage developed 
across R o by t he reflected power exact ly matches the 
effect of the related standing w ave. The e.m.f . and source 
impedance at the receiving end of the cab le are. therefore. 
exact ly equa l to the e.m.f. and source impedance at the 
sending end regardless of the final terminating impedance. 
A complete explanat ion of this effect has been given by 
Flanagan. Marconi Instrumentation. vol. 4. p. 1 05. March. 
1954. 

The analogy can th us be made to the existence of an 
"image sou rce" at the rece ivi ng end of the cable. wh ich is 
ident ical to the real source. If the signa l generator source 
impedance does not match the cable impedance. however. 
the image source w ill not be an exact facsi mile of the rea l 
source. and there wi ll be errors in the e.m.f . and sou rce 
impedance of magnitude depending on the degree of 
mismatch and ang ular length of the cable. 

z .. 
d .I 

COAXIAL LINE 

Zo = Ro I 
Eout 

REAL SOURCE + NETWORK 

Zout l ,, ~ d ~ ~ 
4 

Eoul Z L Ro' . z, lout = -
ZL+ Zout z .. 

Ro 
Eout= Eo ~ 

IMAGE SOU RCE (LOADED) 

Image E. M.F. Error The e.m.f. erro r reaches a maxi­
mum when the cable length IS equal to an odd multiple of 
M4. and is zero for cable lengths equal to even multiples. 

The magnitude of the max imum error is given by 
Eout = Eo. R o/Zsg .. , , .. , . . ... . , . . . . . . . . . . . . . . ( 1 ) 

where 
Eo is the real sou rce e.m.f. 
Eout is the image source e.m.f. 
R o is the nomi.na l sou rce impedance- equal to 

the cha racteristic impedance of the 
cable. 

Zs9 is the actual source impedance of the 
signa l generator. 

Image Source Impedance Error For cable lengths 
eq ual to odd mult iples of A./4. the image sou rce 
impedance Zout=Ro2 / Zsg. . . . . . . . . . . . . . . . . . . . . . . (2) 

For cab le lengths equal to even multiples of A./4. 
Zout =Zsg. .. .. . .. .. .. .. .. ... . .. .. . .. .. . (3) 

V. S.W.R. It is now customary to state a signal genera­
tor's source impedance accuracy as vo ltage-standing­
wave-ratio. This may be defined as the rat io between the 
vo ltages at the nodes and ant inodes of the stand ing wave 
that would appear on a loss-free line. of characterist ic 
impedance R o, when terminated by the signal generator 
(i .e .. wi th the signal generator's sou rce impedance as the 
load) . It is also the rat io of the maximum to min imum level 
of image e.m.f . that would occur if the cable length were 
varied over a half wavelength . 

The v.s.w. r. figu re given bears no relationship to the 
standing wave pattern on the connecti ng cab le when the 
signal generator is in use. This is entire ly a function of the 
termi nating impedance at the receiver end of the cable. 

Interpreting the Accuracy Al though nominally res ist ive. 
the signal generator's source impedance is inevitably 
complex. conta ining series and para llel reactive compo­
nents of positive and negative sign. so that the actual 
impedance must vary with frequency. The v.s.w.r. figure 
given in Marconi Instruments specifications. therefore. 
represents the worst condition w ithin the stated f requency 
range. 

A simple statement of v.s.w .r. gives no indication of the 
phase angle of the source impedance. a statement of the 
angula r displacement of the voltage node also being 
required in order to ca rry th is information . As the phase 
ang le is a fu nct ion of freque ncy. however. its omission 
from the genera l pe rformance statement is v irtua lly un­
avoidab le. 

Nevertheless. the phase ang le of t he real source 
impedance is a relevant factor in assessing the image 
e.m.f. and image source impedance. The fo llowing diagram 
(page 284) shows the variation of image e.m.f. with cable 
length for a v.s.w.r. of 2 :1 . caused by a resistive error in 
source impedance and by a phase-angle error. 

It is clea r from this diagram that. although the variation 
is equa l to the v.s.w.r. in both cases. the greatest departure 
from the true e.m.f . occurs when the source impedance, is 
resistive. 

Taking the worse case- if the connecting cable is equal 
to an odd number of quarter wavelengths and the signal 
generator's source impedance is purely ·res istive. the 
possible image e.m.f. error is given by 

Eout = Eo+ Eo(.S - 1) or Eo-E o(1-1/S). 
w hich. if the v.s.w.r. is close to unity. is very nearly equa l 
to Eo±E o (S-1) . 
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This magnitude of error is. however. never actually 
realised. because the v.s.w.r. figure quoted in the specifi­
cation is invariably partly due to reactive components in 
the signal generator's source impedance. 

The limits of image source impedance error for both 
even and odd quarter wavelength cables are given by. 

Zour=R o±R o (S - 1}. 
The error in actual voltage across a practical load 1s 

further reduced by the fact that signal generator output 
level is calibrated with a termination equal to R o fitted . 

SOURCE IMPEDANCE AT HIGH OUTPUT VOLTAGE 
LEVELS 

Restriction of the v.s.w.r. specification to output levels 
up to 20 dB below maximum output carries a generally 
accepted ·impl icat ion that this aspect of the signal 
generator's performance deteriorates over the highest 
voltage decade. But this is only true in certain circum­
stances ; for. although 'the output impedance may appear 
to be seriously in error when measured by an r.f. bridge 
or the standing -wave -ratio method. the error in the test 
voltage is not necessarily significantly greater at maximum 
output than at the lower levels. 

The diagram below shows the effective form of all 
Marconi Instruments signal generator output circuits. the 
carrier level from the r.f. source being monitored by means 
of an . r.f. voltmeter before application to a constant 
impedance variable attenuator. Providing the attenuation 
exceeds about 20 dB. the r.f . source is effectively isolated 
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from the output socket. and the source impedance of the 
signal generator is that of its output attenuator. At the 
small attenuation settings required for high output level. 
however. this isolation disappears; and the impedance or 
the r.f. source. Zs. becomes a significant part of the source 
impedance of the signal generator. 

It is obvious that the passive impedance measured at 
the output terminal is likely to present a v.s.w.r. that is 
far from unity. But. when the signal generator is in use. 
the p.d. across Zs is compensated for by adjustment of the 
carrier level control to produce the correct reference 
i ndlcation on the r.f. mon itor; and it is the voltage across 
this monitor that should be regarded as Eo. 

Therefore. providing the appropriate carrier level correc­
t ion is made for any change in load impedance. the image 
source at the rece iving end of the cable will retai n the 
form giving VL=E oZL/(R o+ZL) for all attenuator settings. 
Severa l of the signal generators in the Marconi Instruments 
range include an effective automatic level control system 
(a .l.c.) . so that the correction is made automatical ly and 
the dynamic impedance of the internal r.f. source is very 
low indeed. 

Th is effective source impedance is not. however. the 
impedance that the signal generator wou ld present. while 
in operation. to an external source; e.g .. a second signa l 
generator used in two-signa l tests on a receiver. It is 
therefore important. in such applications. to make due 

· allowance for a possible mismatch. which would affect 
the voltage applied by the second generator- not the one 
giving near maximum output. 



Matching Pads 

Rin/ Rout = F, Ein/Eout =N, Pin/Pout = A 

R~ Rs ~Rout 

T NETWORK :n NETWORK 

T Networks n Networks 

Ra ... 2 V ~ ~ml Rout = Rrn. ; '!_ F 1 2 J - A- 1 2N 
/f.=.A'=1· RmRout - ~- -~-F 

[ 
A + 1] - [ N'+C] R1 "" Rout . .A="1 - R, ... Rout- l'r _ FJ - R, 

' I 

' ' 

In practice T and n impedance matching pads are 
usually designed to give some convenient vortage ratio, 
which may be stated in decibels even though the input 
and output impedances are different. The table shows 
resistive values for commonly used impedance and attenu ­
ation ratio. The figures in the column N (dB) are those 

Attenuation 
Rat io Resistance val ues in ohms 

N (dB) N Rin R out R, R 2 R 3 R 4 

10 v'10 75 50 45 7 11 8 55 8 317 
14 5 75 50 52 7 24 5 31 8 153 

equivalent to 20 log ~n ·and should not be regarded as 
c::out 

20 10 75 50 62 1 36 3 15 2 103 

the true (;:ut) decibel attenuation. 
6 2 75 60 341 5 3 110 843 

10 v'10 75 60 42 2 22 9 54 2 196 
14 5 75 60 514 34 8 31 5 129 
20 10 75 60 61 7 46 3 15 ·2 97 1 

6 2 60 50 25 7 7 1 86·1 425 
10 v'10 60 50 33 2 20 5 43· 1 146 
14 5 60 50 40 9 29 9 25 1 100 
20 10 60 50 49 3 39 1 1 2·1 76 8 

Star-Delta Transformations 

ZA 
z~ Z2 

z~ 
ZA Za + Za Zc + ZA Zc 

z~ + Z2 + Za Za 

Za 
Z2 Za 

z2 = 
ZA Za + Za Zc + ZA Zc 

z~ + Z2 + Za Zc 

Zc 
Z1 Za 

z3 
ZA Za + Za Zc + ZA Zc 

z~ + Z2 + Za ZA 

R s R s 

821 67·2 
71·2 118 
60 4 246 

132 41· 1 
107 83 

87·6 143 
729 296 

117 34 9 
91 2 69 6 
734 11 9 
60 8 247 
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... ------------------------------------ --
Attenuator Pads 

.... :---------=----------------------------- - ---

Resistive attenuators usually comprise T or" 7T networks of 
the forms shown in Fig . 1. either singly or in the multiple 
form of ladder networks. In the usual case of a single 
network. where the input and output impedances are 
equal. only two values of resistance need be calculated, 
and the design formulae simplify to the follow1ng ex­
pressions. 

T Networks: 

n - 1 
R1 = Ra-­

n + 1 

7T Networks: 

n 2 - 1 
R3 = R a~ 

2n 
R2 = Ra--

1 n2 -

R4 = R a~ 
n - 1 

where n = E;n/Eout and R a = R;n = Rout -

I 

\ ' 

For any given value of n. therefore. R 1/R a= R a/R 4 and 
R 2/R a= R a/R 3, so that it is possible to construct two 
composite nomographs to give all four values. Those in 
Fig. 2 give values of the resistive elements for values of R a 
from 10 to 100 ohms for attenuation ratios from 1 dB to 
20 dB. the symbol N being used to signify 20 log n. 

Fig . 2 (a) gives the values of R 2 and R ,_ To find R 2 
(T network) place a straight edge on the nomograph so 
that it joins the value of R a on Scale 1 A with the attenuation 

· on Scale 3 ; then read the value of R 2 from Scale 2A. To 
find R, (7T network) use Scale 1 B and Scale 28. 

Fig. 2 (b) gives the values of R 1 and R •. To find R 1 
(T network) use Scale 4R and Scale 5R. and to find R 4 
(7T network) use Scale 48 and Scale 58. 

As all four resistance values vary linearly with R a. the 
input and output resistance range can be extended 
indefinitely in either direction by application of decade 
multiplying factors. For example. to design a T pad with a 
characteristic impedance R a=600 ohms. simply find the 
values of R 1 and R 2 for R a=60 ohms and mult iply them 
by 10. 

Extension of the attenuation range, is not possible by 
application of a simple multiplying factor; but the require­
ment for such extension is unusual. Attenuators giving 
more than 20 d8 loss are usually built up of two or more 
basic networks in cascade. Where permanent connection 
is intended the two adjacent elements may be combined 
in a single resistor to form a ladder network as shown in 
Figs. 3 and 4. Any number of steps may be used in order 
to build up the required attenuation. 

For balanced networks the values of the series elements 
are half those for the basic Tor 7T pad as shown in Fig. 5. 
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R, R
1 

R3 

T NETWORK 17'NETWORK 

Fig I 

• 

TWO T PADS OF EQUAL IMPEDANCE IN CASCADE 

: 
Fig 3 

TWO T PADS WITH COMMON SERIES ELEMENT 

R3 R' 
3 

: 
R' 

4 R oat = R
0 

TWO 11' PADS IN CASCADE 

R3 R' 3 

R4 X R: 
R' 

R, + R~ 4 

TWO 1f PADS WITH COMMON PARALLEL ELEMENT 

Fig 4 

Fig 5 

R1 

2 

R1 

2 

R1 

2 

BALANCE T PAD 

·R3 

2 

R3 

2 

BALANCE 1f PAD 



Ro Ohms Ro R2 Ohms R3 NdB Ro Ohms Ro R4 Ohms Rl NdB 
A 8 A 8 8 A 8 A 

10 100 500 20 10 100 12 20 
19 

19 t4 18 
400 17 

90 90 
16 16 

18 15 
300 18 14 

80 17 80 20 13 
250 12 16 

70 5· 200 70 25 11 
15 

15 180 15 10 30 160 14 
140 9 

60 13 60 
120 40 8 
100 12 

90 
11 

50 
20 50 80 20 50 

70 10 
60 

60 70 
6 

50 
9 

80 
25 40 25 40 90 5 

40 8 
100 

30 120 
30 30 

4 25 6 140 

30 20 30 160 

18 180 

16 200 

14 
40 25 40 25 250 12 4 

10 300 
9·0 
8·0 

50 20 7·0 3 50 20 400 

6·0 
2 

5·0 
500 

60 60 
600 

4·0 

15 15 700 

70 3·0 70 800 1· 5 

2·5 900 

1·5 1000 
80 2 ·0 80 · 9 

1·8 1200 

90 
, ·6 

90 1400 
1 ·4 

100 10 1 · 2 1·0 
1600 

100 10 1800 1· 0 

1•0 2000 ·5 

Scale 1 Scale 2 Scale 3 Scale 4 Scale 5 Scale 6 

Fig. 2{a) Fig. 2(b) 
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Potential Dividers-Source Resistance & Ratio 

Provided the power loss can be tolerated the potential divider circuit 
forms the basis of a conven ient impedance c0nversion network for a 
w ide range of applications. The diagram of Fig. 1 shows the simplest 
arrangeme.nt. in which a generator of e.m.f. E and impedance Ro. is 
converted' to an effective source delivering an e.m.f. of E/N via the 
source impedance Rx. 

The nomographs (Fig. 2 opposite) give values of Rx and N for 
values of Rz and Ry from 1 0 to 1 000 0. If values outside this range 
are required, or where greater discrimination is desirable. any con­
venient multiplication factor may be applied to all three resistance 
values. The value of N remains unchanged by the resistance multiplier. 

Obviously, the lowest value of N is obtained when Rs=O. Ro then 
becomes equal toRy. But this may result in an inconvenient voltage 
division; and it is sometimes better to use the arrangement shown in 
Fig. 3 in which a third resistor determines the final source impedance. 

To find the resistance values for this arrangement. first choose a 
convenient value of Nand use the nomograph in Fig. 2 (a) to obtain 
the value of Rz. Ry being equal to Ro. Then use the nomograph in 
Fig . 2 (b) to find the value of Rx. If the required final output impedance 
is Rout. the value of Ra is given by 

· Ra =Rout-Rx 
Remember. however. that the minimum possible value of N for a 

given reduction of source impedance is that obtained for the arrange­
ment where Ra=O. If too low a value of N is chosen when calculating 
the resistance values of Fig . 3. Ra will appear to have a negative value. 

This simple impedance converting network is particularly useful 
when a signal generator is to be used for testing a receiver designed 
for operation with an aerial impedance which is less than the signal 
generator's source impedance; e.g ., for testing a 50 0 receiver with 
a 75 0 signal generator. 

The input impedance of a receiver is seldom equal to the specified 
aerial impedance; so the fact tbat the arrangement in Fig. 3 may not 
match the Zo of the signal generator's output feeder cable is not 
important. Provided this feeder is terminated in its characteristic 
impedance at the sending end. no voltage error is introduced by a 
mismatch at the receiving end. Depending upon the cable available. 
therefore. the network maybe connected in either of the positions 
shown in Fig. 4. 

R0 + Rs = Ry 

r·--- ·---·----·---· ~ 
~ 

I 
i 
i 

EQUIVALENT NETWORK 

L. ----· ---·--- _j 
VOLTAGE SOURCE 

Fig. 1 

Ry + Rz 
N = -----­

Rz 

However. there may be other factors demanding correct termination 
at the receiving end of the feeder cable ; e.g .. susceptibility to the 
effects of r.f. radiation fields. If the additional attenuation can be 
tolerated. such a requirement can usually be satisfied by use of the 
simple two-element network in conjunction with a 20 dB attenuator 
pad- usually available as an accessory to the signal generator. But. 
in other cases a ·three-element impedance-conversion pad is useful. 

For applications where the ultimate load impedance is high com­
pared with Rout there is considerable advantage in using a conversion 
network which terminates the feeder correctly when the final output 
is unloaded. 

The arrangement is shown in Fig. 5. In order to fulfil the conditions 
Rs+Rz =Ro SO that 

Rz=2Ro/N. and Rs=Ro-Rz 
There is. thus. no need to use the nomograph of Fig. 2 (a) in 

calculating these values. f'lesistance Ry is. of course. Rs+Ro. To find 
the value of Ra. use the nomograph of· Fig. 2 (b) to obtain the value 
of Rx; and Ra =Rout-Rx. 

The nomograph of Fig. 2 · (b) can. of course. also be used for 
obtaining the value of any two resistances connected in parallel. 
Ry and Rz being the two individual values and Rx their combined 
value. Similarly the nomograph of Fig. 2 (a) is useful for finding the 
p.d. across a load when it is fed via a known source resistance. Rv is 
the .source resistance. Rz is the load resistance. and the p.d . . is the 
e.m.f. multiplied by 1 /N. 
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Ro = Ry 

Ra 

L·---·-·_j 
RoRz 

Rout = + R a = R x + R a 
Ro + Rz 

L . _ ____ , ____ _ _j 
SIGNAL GENERATOR 

(a) 

(b) 

Ro + Rz 
N=-=----= 

Fig. 3 

2 0 = Ro 

FEEDER 

Ra 

Rz 

Fig. 4 

Ro + Rs = Ry 

Zo = Ro 

Zo = Rout 

FEEDER 

E 
N' 

I 
Rout 

Rout 

Rrut 

~-- - -Ro---- -1 Zo Rs Ra 

I f~· 1-EO~E:t----) W/1,,...--.,, ,r----WI'vr--r--1 :'-· 

I -
L ____ __ , _ _ _j 

Rs '+ Rz = Ro 

Rz(Rs + Ro) 
Rout = + Ra = Rx + Ra 

2R 0 

2R 0 
N =--­

Rz 

Fig. 5 

2Ro 
Rz =N 
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Voltage to Power Conversion 

Depending on the normal application of a signal source. 
its output level may be cai'ibrated in terms of (i) power in 
a stated load. (ii) e.m.f. from a stated source impedance. 
(iii) p.d. across a stated resistance. or (iv) simply terminal 
voltage. 

lnterconversion between (ii). (iii). and (iv) is so easy that 
it warrants little comment; and. for those cases where some 
calibration is necessary. the previous nomograph on page 
289 is helpful. When a power to voltage conversion is 
necessary. however. a suitable nomograph can obviate 
ted ious calculation. The · nomograph accompanying this 
article covers two voltage decades and gives the power in 
load impedances commonly used in communications 
engineering. 

It really consists of two nomographs with a common 
voltage scale. Scales A B. and C form one nomograph. and · 
scales B. X. and Y form the other. Both give direct con-" 
version of voltage to power over the voltage range 1 0 mV 
to 1 volt and the resistance range 1 0 to 1.000 0. Scales 
B. X. andY cover every possible value of power obtainable 
with in voltage and resistance ranges shown ; but. as the 
power scale. X. covers six decades the reading discrimina­
tion is somewhat limited. For accurate conversion. there­
fore. there is some advantage in using scales A B. and C. 
which cover only two power decades. 

These scales are direct reading for power values between 
1 OflW and 1 mW. For example. suppose we have a p.d. of 
0·5 volts across 600 0 . Simply lay a straight edge in such 
a position that it touches the 600 0 mark on scale A and 
the 0·5 volt mark on scale B. and then read the power as 
0 417 mW from scale C. 

But. if we have 0·5 volts across 50 0. a straight line 
linking these values on scales Band A respectively would 
pass beyond the end of scale C. The conversion can. 
however. be made directly by laying the straight edge in 
the posit ion where it links the 0·5 volt mark on scale B 
with the 50 0 mark on sca le Y. The approximate value of 
the power is then given where the edge crosses scale X­
at 5 mW. 

With the approximate value found in this way, the 
significant figures can be obtained more accurately by 
simply ignoring the position of the decimal point and using 
the A B. and C scales; for example. by laying the straight 
edge against the 500 0 mark on scale A and the 0·5 volt 
mark on scale B. to read from scale C. 

For voltages outside the range of the nomograph. 
multiply the actual voltage by 1 on to obtain a value 
between 1 0 mV and 1 volt. Then make the voltage to 
power conversion. and divide the power value read from 
the nomograph by 1 0 2 n. For resistance values outside the 
range multiply the actual value by 1 on to obtain a value 
between 10 0 and 1.000 0. and multiply the indicated 
power value by 1 On. To find the resistance or voltage when 
the power is known simply reverse these procedure$ as 
appropriate. 
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ohms 
1000 
900 

800 

700 

600 

500 

400 

300 

200 

100 
90 

80 

70 

60 

50 

40 

30 

20 

® 

LOAD 
RESISTANCE 

volts 
1·0 
0·9 

0·8 

0·7 

0·6 

0·5 

0·4 

0·3 

0·2 

0 ·1 

0·09 

0·08 

0·07 

0·06 

0·05 

0·04 

0·03 

0·02 

0•01 

® 

VOLTAGE 
ACROSS 

LOAD 

® 
mW 
100 

50 

10 

5·0 

1'0 

0·5 

0·1 

0·05 

0·01 

0·005 

0·001 

0·5)J.W 

POWER 
2 

© 
mW 
1·0 
0·9 

0 ·8 

0·7 

0·6 

0 ·5 

0·4 

0·3 

0·2 

0·1 
0 ·09 

0 ·08 

0·07 

0·06 

0·05 

0·04 

0·03 

0·02 

0·01 

POWER LOAD 

ohms 
10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

200 

300 

400 

500 

600 

700 

800 

900 
1000 

1 RESISTANCE 
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R.C. Coupling: Attenuation and Phase Shift 

The simple resistance-capacitance networks of Fig. 1 are 
used in almost all electronic circuits either as simple 
coupling networks or as elementary filters, designed to 
produce desired frequency/response or frequency/phase 
characteristics. 

If N is the ratio of the input and output voltages 
(Vin IV out ), and 8 is the relative phase angle between 
these voltages, the phase shift and attenuation of the two 
arrangements are given by 

(a) N2 1+ 
(~Tr 

tan 8 (~T) (Vout leading) 

-(b) N2 1 + ( wT) 2 
tan 8 wT (Vout lagging) 

where T seconds R ohms x C farads. 

The nomograph of Fig. 2 facilitates the eva luation of 
N and 8 for both arrangements. For the high-pass con­
figuration of Fig. 1 (a) read the time constant T, from 
scale 1 (a) and the frequency, f, from sca le 3(a). For the 
low-pass arrangement of Fig. 1 (b) read the time constant 
from scale 1 (b) and the frequency from scale 3(b). Scale 
2(a) gives the va lue of 8 in degrees, and sca le 2(b) gives 
the value of N in decibels. 

When Tis in seconds. f is in Hz; when Tis in msec. f is 
in kHz ; when Tis in flSec. f is in M Hz; and so on. 

It is generally accepted that for values of wT greater 
than unity, the slope of the frequency/response character­
istic of either network is close to 6 dB per octave. This is an 
approximation in which the error does not become 
negligible until1/wT (for Fig. 1 (a)) or wT (for Fig. 1 (b)) 
is of the order of 8. The 3 dB attenuation occurs in either 
configuration when wT is unity, and at this frequency the 
phase shift is 45 °. 

Where two or more networks are connected in cascade 
with suitable impedance isolation, both their phase shifts 
and their attenuations in decibels are. at any given 
frequency, directly additive- although it must be remem­
bered that for this purpose. the phase shift of Fig. 1 (a) 
should be regarded as negative and that of Fig. 1 (b) as 
positive. 

292 

0 I 

V in Vout 

Fig I a 

0 ~----~][~--------~0 

V in I V out 

o--------------------~-----------------0 

Fig I b 



T eo NdB · f 
0·1 

200 

1·0 0·001 
0·9 
0·8 0·2 
0·7 100 0•6 90 
0·5 0·002 80 0·3 

0·4 
70 
60 0·4 

0·003 
50. 0·5 0·3 

0·004 40 0·6 

0·1 
0·7 

0·2 0·005 5 30 0·8 
0·006 0·9 

0·007 0·2 1·0 

0·008 
10 

20 
0·009 

0·1 0·01 
0·09 
0·08 2 
0·07 20 1·0 10 
0·06 9 3 
0·05 0·02 30 8 

0·04 2·0 7 4 
40 6 

0·03 3·0 5 5 
0·03 

0·04 
50 4·0 6 4 
60 5·0 7 

0·02 0·05 8 6 ·0 3 9 0·06 7·0 10 
0 ·07 70 

8·0 
0 ·08 9·0 2 
0·09 10 0·01 0·1 

0·009 80 
0·008 20 
0·007 

1·0 
0·006 15 0·9 
0·005 0·2 85 0·8 

30 

0·004 
0·7 
0·6 40 

0·3 20 0·5 50 
0·003 

0·4 0·4 60 
70 

0·002 0·5 
25 0·3 80 

0·6 90 

0·7 89 100 

0·8 0·2 
0·9 30 0·001 1·0 89·5 

200 

0·1 

(a) (b) {a) (b) (a) (b) 

SCALE 1 SCALE 2 SCALE 3 

Fig2 
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Squarewave Testing of A.C. Coupled Amplifiers 

A common test method w ith audio frequency amplifiers 
is that of passing through the ampl ifier a low -frequency 
squarewave and examining the output waveform on an 
oscilloscope. This method is pa rticu larly useful for 
assessing the low frequency performance when the cut­
off frequency is lower than the minimum frequency of 
available sinewave test sources. 

Although a squarewave contains no frequency com ­
ponents below its fundamenta l frequency, the shape of 
the output waveform is largely determined by the re lative 
phase shift at the fundamental and third harmonic 
frequenc ies, and this factor is closely related to the shape 
of the response characterist ic at the very low frequency. 

The actual · relat ionship depends on the nature, 
distribution, and time constants of the amplifier's RC 
coupling circuits. But with the majority of amplifiers. the 
low-frequency roll-off is ultimately shaped by a single 
series capacitance and paralle l resistance giving the time 
constant T. The -3 dB point then occurs at the frequency 
where w = 1 /T. 

When a squarewave is passed through such a network 
the shape of the output wavetop will be such that: 

Vp = t/T 
:-:--'-:--:--
Vp-Vsag 

loge 

the terms being as shown in Fig. 1. 
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The squarewave frequency is, of course equal to 1 /2 t, 
so that the lower 3 dB cut-off frequency is given by the 
expression. 

fc = 1 loge Vp x 2fs 
~ Vp-Vsag 

where fc is cut-off frequency and 
fs is the squarewave frequency 

This can be written as 

fc=0,366. log10 Vp x 2fs 
:-;--'--c:--:-

Vp- Vsag 

The nomograph in Fig. 2 gives the cut-off frequency 
for values of Vsag/Vp of 0,05 to 0,5 (i.e., 5% to 50% sag) 
and squarewave frequencies for 1 00 to 1 000 Hz. 

I 
Vp 

I 

l_t_ j 
Fig. 1 
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Reactance of capacitors and inductors 

The criticism levelled at many of the graph ic aids available 
for calculat ing reactance of inductors or capacitors stems 
either from their complexity or lack of precision. This is 
usually brought about by an effort to produce a chart 
covering several decades of frequency and inductance or 
capacitance. 

On the grounds that multiplication or division by any 
power of ten is undoubtedly the simplest of all arithmetical 
processes, the nomographs presented here cover one 
decade only of frequency, capacitance and inductance, to 

. give easily readable scales. The inductance nomograph 
(Fig. 1) indicates the ·reactance in ohms when the 
frequency is in hertz and the inductance is in henries. The 
capacitance nomograph (Fig. 2) indicates reactance in 
kilohms when the frequency is in hertz and the capacitance 
is in microfarads. 

Both nomographs also carry a related w scale giving 
angular velocity in radians per second. 

In order to convert the indicated figures to the practical 
values multiplication factors are used in the following 
ways :-

1 Inductance and frequency to reactance 
Multiply the practical inductance by 1 oa and the 

frequency by 1 Qb to give values within the range of the 
nomograph; then divide the indicated reactance by 
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1 o<a+bl _ Where the inductance in henries or frequency in 
hertz is greater than 10 the indices will. of course, be 
negative. 

2 Frequency and reactance to inductance 
Multiply the frequency by 1 Qb and the reactance by 10c 

to give values within the range of the nomograph; then 
. divide the indicated inductance by 1 o<c-b). 

3 Inductance and reactance to frequency 
Multiply the inductance by 1 oa and the reactance by 1 oc 

to give values within the range of the nomograph; then 
divide the indicated frequency by 1 o <c-a) _ 

4 Capacitance and frequency to reactance 
Multiply the capacitance by 1 o a and the frequency by 

1 Qb to give values within the range of the nomograph; 
then multiply the indicated reactance by 1 o<a +b} . 

5 Frequency and reactance to capacitance 
Multiply the frequency by 1 Qb and the reactance by 

1 oc to give values within the range of the nomograph; 
then multiply the indicated capacitance by 1 Q{b+cl . 

6 Capacitance and reactance to frequency 
Multiply the capacitance by 1 oa and the reactance by 

1 oc to give values within the range of the nomograph; 
then multiply the indicated freque·ncy by 1 o<a+c}. 



FREQUENCY REACTANCE INDUCTOR FREQUENCY REACTANCE CAPACITANCE 

f (.) X L f (.) X c 
Hz ..fl. 650 H Hz .fl. 1 5k .AF 
10 -:I_ 

t:o 
10 r· -,-10 

60 !600 60 

9-l 500 9 -=l=-2·0k -1-9 

8-t-50 -t-400 8 50 

t30k 
-t-B 

7-t- -+- 300 7 7 -t- 7 

40 

~ 
40 4·0k 

6-j= 6 6 -t-6 
200 5·0k 

6·0k 
-t-5 5---{..: t 5 5 

30 30 7·0k 

8·0k 

9·0k 

4-::t- ""t-100 -+-4 4+- -+-lO·Ok --l--4 
90 
80 

70 
20 

f6o 
20 

3-=r 3 3 t20k -t-3 

50 

40 
15 + 15 

130k 30 

2-+ T 2 2 40k -t-2 

20 50k 

10 t t1·5 
t10 f60k 

1·5 -i::: 1·5 9 70k -+--1·5 
9 80k 

90k 
8 -1-10 + ~8 -=j=-lOOk 

9 

7 f: _j_ J- 7 

N 1 _j-6·4 _..1_1 1 _j-6·4 -+-150k 
(!) 
-...J 

Fig. 1 Fig. 2 



".,._·.r 
';.I/ " Reactance, Resistance and 0 

The assoc iated nomograph gives the values of Q and D 
corresponding to va lues of reactance and resistance. 
where 0 is defined as X/R for series networks and R/X 
for paralle l networks. The dissipation factor. D. is. of 
course. equa l to 1 /0 so that both factors can be found 
from a single nomograph having only three scales. 

The legends at the top of the nomograph show the 
scales to be used for ca lcu lation of Q values. For series 
networks sca le A gives values of resistance. sca le C gives 
va lues of reactance. and the 0 is read from sca le B. For 
para llel networks scales 'A and C are reversed. so that 
scale A gives reactance va lues and sca le C gives the 
resistance. 0 again being read from scale B. 

The legends at the bottom of the nomograph show the 
scales to be used for ca lcu lat ion of D. Here scale A gives 
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series reactance or parallel resistance and sca le C gives 
series resistance or parallel reactance. 

For convenience the resistance and reactance scales 
each cove r three decades. so that impedances can be 
reckoned directly in ohms. kilohms. megohms. etc .. with ­
out the need for conversion factors. It is. of course. 
essential that Rand X are reckoned in the same units. 

This automatically gives a centre sca le (B) covering 
values of both 0 and D from 0.001 to 1000. Recognis ing. 
however. that one is se ldom interested in values of 0 
below unity or values of D above unity. it may be helpful 
to regard the upper ha lf of sca le B as its "Q" section 
and its lower half as its "D" section. which conforms 
logically with the plac ing of the legends. 
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Capacitance & Inductance to Resonance FrequencY! 

This nomograph gives the resonance frequencies 
tuned circuits according to standard formula, 

f = 1 
2rrJLC 

which ignores the loss factor. 

of LC 

•' 

Students are frequently taught that this formula is 
valid for series tuned circuits, but that the effect of 
resistive loss must be taken into account in calculating 
the resonance frequency of parallel tuned circuits. This is 
only true, however, if it is assumed that the loss resistance 
is effectively in series with one or both of the reactive 
elements. 

Such an assumption is totally unrealistic because 
inductors and capacitors have both equivalent series and 
parallel loss. At any given frequency a nominally reactive 
component's value may be measured in terms of its 
equivalent ser ies or parallel inductance or capacitance, 
and conversion from one to the other is easily made. A 
nomograph for this conversion is featured on a later page. 

If the effective series inductance and capacitance is 
taken as the basis for calculat ing the resonance frequency 
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of series tuned circuits and the effective parallel values 
for parallel tuned circuits, no modification to the standard 
formula need be made to account for loss resistance. 

The nomograph opposite covers three decades of 
capacitance, inductance and frequency. The two frequency 
scales A and B are given to avoid the necessity for 
conversion factors, the nomograph being completely 
direct reading in the desired units if used in conjunction 
with the following table. 

Capacitance Inductance Frequency 
Scale Sca le Scale A. Scale B. 

pF i1H MHz 
nF llH MHz 

i1F i1H kHz 
pF mH MHz 
nF mH kHz 

i1F mH kHz 
pF H kHz 
nF H kHz 

i1F H Hz 



CAPACITANCE FREQUENCY INDUCTANCE 
A B 

1000 0·15 ·005 1000 
900 900 
800 0·2 ·006 800 
700 ~ 007 700 
600 ·008 600 

0·3 ·009 
500 ·01 500 

400 0-4 400 

300 
0·5 

300 
0·6 02 
0·7 

200 0·8 200 
0·9 ·03 
1·0 

·04 

100 ·OS 100 
90 90 
80 2·0 ·06 80 
70 ·07 70 

60 ·08 60 
3·0 ·09 

so ·10 so 

40 4·0 40 

30 
5·0 

30 
6·0 ·20 
7·0 

20 8·0 20 
9·0 ·30 
10 

·40 

10 ·50 10 
"9·0 9·0 
8·0 20 

·60 8·0 
7-0 ·70 7·0 

6·0 ·80 6·0 
30 

·90 
5·0 I· 0 5·0 

4·0 40 4·0 

3·0 50 3·0 
60 2·0 
70 
80 2·0 
90 3·0 
100 

4·0 

ISO 5·0 1·0 
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Swept-Frequency Signal Generators 

The application of sweep-generator techniques to 

rece iver alignment is now well accepted, but for general 

measurements on receivers, it is an advantage if the sweep­

generator also h<;Js the normal attributes of a standard 

signal generator; i.e ., an output attenuator at the correct 

impedance, giving an accurately controlled amplitude 

down to the order of 1 f.!V, and full modulation facilities­

a.m. or f .m. 

Apart from television receivers, most receiver ban·d-

R.F. A. F. 
OUT OUT 

disconnected or allowed for by keeping the- sweep speed 

so slow that the time constant of the capacitive detector­

load does not modify the displayed characteristic. 

This second course can only be taken if (1) the oscill o­

scope timebase operates at very low speeds-say 5 Hz; 

(2) the external modulation circuit of the signal generator 

w ill accept such low frequencies, and (3) the Y amplifier 

is d.c. coupled. 

2 y TB F.M. 
SIGNAL ... RECEIVER ... SQUARE-LAW 

~ 
OUT 

UNDER TEST 
.. 

DETECTOR 
GENERATOR C.R.O. -1 s, 

EXT 
F.M. 

--

~ SWEEP-WIDTH 
~ CONTROL ... 

Fig. 1 

widths are within the deviation range of an f.m. signal 

generator. V.h.f. and u.h.f. signal generators are available 

which can be frequency modulated to deviations upwards 

of 100 kHz. For example, a Marconi TF 995B/2 Signal 

Figure 1 shows the method of connecting a signal 

generator and oscilloscope to a receiver in order to display 

the i.f. or overal l frequency/response characteristic. The 

diagram shows an external detector in use; this is 

necessary for f.m. receivers and may be conven ient for 

a.m. receivers in which the internal detector is not readi ly 

accessible. With many a.m. receivers. however, it ·is 

possible to make direct connection to the internal 

detector so that an external one is unnecessary. But if 

this is done. care must be taken to be sure that any time 

constants in the detector load do not modify the shape 

of the displayed curve. For example. if the rece iver is 

fitted with a signal strength meter, the Y input to the 

oscil foscope ca n be connected in paral lel wi th it. Althoug h 

this ma~es con necti on very easy, such meters are usual ly 

by-passed by a fairl y large capacito r, which must either be 
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It is not usually possible to display frequency markers 

when a signal generator is used in this way; but fortu­

nately, Marconi Instruments f .m. signal generators are 

equipped with directly calibrated incremental frequency 

controls so that the width of the displayed characteristi c 

can be measured by varying the tuning to bring relevant 

points on the curve to a central cursor line on the c.r.t. 

graticule. 

F.M. signal generators do not normally operate at 

frequencies below about a meqahertz; and, until recently, 

swept-frequency measurement on receivers in the m.f . 

and h.f. bands has been restricted to orthodox sweep ­

generato rs. The Ma rcon i Instruments Signa l Generators 

TF 2002 se ries, however, have f .m. and f requency sweep 

facil ities at centre frequencies tunable from 100 kHz to 

88 MHz. These instruments can be frequency swept frqm 

an external source with d.c. coupling to the voltage ­

control led reactor, so that very low sweep speeds can be 

used if necessary. 



SIGNAL CATHODE- RAY T.B.O - UT 

GENERATOR OSCI LL 0 SCOPE 

R.F. RECEIVER I. F. Y1 IN 
DETECTOR 

UNDER TEST 

CRYSTAL CALl BRA TOR v2 IN 

A.F. OUTPUT 

I RECTIFIER I 
I I 

J. 
"1 

10 K S1. SWEEP WIDTH CONTROL 

Fig. 2 

The built-in crystal calibrator of the TF 2002 senes gives 

calibration beats at 10 kHz intervals. When the signal is 

being frequency swept, the audio output from the crystal 

calibrator can be rectified and applied to the Y deflection 

or Z modulation terminal of the oscilloscope to provide 

frequency markers. At the comparatively narrow sweep 

widths used. however. these markers have a very definite 

double-pulse fo rm with the zero point between the two 

pulses corresponding to the 10 kHz interval mark. 

Figure 2 shows the connections. 

At these lower frequencies. receivers are used which 

have very narrow acceptance bands and· crystal controlled 

ocal oscillators; e.g .. single-sideband and independent­

sideband receivers. When making protracted measure­

ments on such receivers with a signal generator the 

problem of the generator's frequency stability can be 

quite serious. With a frequency swept s~nal generator 

this problem is greatly eased because. unlike the single­

frequency signal which gradually drifts out of tune. the 

swept signal is continua lly traversing the acceptance ban·d. 

and the only effect of a small amount of drift' is a movement 

of the displayed characteristic curve across the oscillo­

scope trace. Thus the attributes of the frequency swept 

signal generator can offer advantages for purposes other 

than actual frequency/response measurement or circuit 

alignment. 

F.M. Demodulator Response 

A somewhat specialised case arises in the setting up of 

f.m. receivers. 

Important as the shape of the frequency/response 

characteristic is in this type of receiver. the main appli­

cation of the swept frequency measurement is probably 

for examination of the demodulation characteristic. For 

this particular application the dynamic display of the 

characteristic can be made using an oscilloscope and a 

frequency modulated signal generator of the type that 

would normally be used for general tests on the receiver. 

The method of connecting the test set-up is given in 

Figure 3. 

In order to test the demodulation under realistic 

conditions the test vol tage applied to it should be the full 

limiter voltage and it should also be derived from the 

correct source impedance. To obtain these conditions. it 

is convenient to use the i.f. amplifier of the recei ver as 

the connecting network between the signal generator and 

the demodulator. So the output of the signal generator 

is fed into the input of the receiver's i.f. amplifier or into 

the aerial socket. 

However. care must be taken that the displayed 

demodulation characteristic is not modified by frequency/ 

response characteristic of the receiver's tuned amplifiers; 

and to do so the modulating frequency should be kept 
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as low as conveniently possible. 50 Hz being quite 

satisfactory in normal circumstances. The bandwidth of 

the receiver must be sufficient to accommodate the 

multiple f .m. sidebands at much higher modulation 

frequencies. so all significant sidebands at 50 Hz spacing 

are easi ly hand led. 

It is necessary to modulate the signal generator from 

an external source; and. in this case. a sinewave source 

is more convenient than a sawtooth. With sinewave 

modulat ion the signal generator's modulation meter 

ind icates the frequency deviation. which is. of course. 

half the sweep width . The horizontal deflection on the 

oscilloscope is obta ined by also feeding the output of the 

modu lati ng oscil lator to the external ti me base terminal of 

the oscilloscope; and the total length of the trace then 

corresponds to twice the f .m. deviat ion as indicated on 

the modulat ion mete r. With the comparati ve ly restricted 

frequency sweep. errors due to non-linearity of the f.m. 

modulator are fairly small and the calibrated graticule of 

the oscilloscope can safely be used as a frequency 

scale. 

The Y input of the oscilloscope is connected direct ly 

to the audio output terminal of the receiver's f.m. 

demodulator. The high input impedance of the oscillo ­

scope is unlikely to affect the operat ion of the demodu ­

lator. so no special precautions are necessary from this 

poin.t of view. 

To adjust the demodulator. the si gna l generator is set 

accu rately to the i.f . (or r. f .) centre frequency. and 

sufficient output is app lied to operate the limiter of the 

rece iver. The familiar .. S .. shaped demodulator response 

A. F. 

05CILLA10R 
EXT 
F.M . 

F. M. 
SIGNAL 
GENERATOR 

R. F. OUT 

I - -- -- -
1 

I 
I 

FREQUENCY 

CHANGER 

L ____ _ 

I. F. 

AMPLIFIER 

f . M . RECEIVER. 

will then be displayed on the c.r.t. screen; and the 

demodulator trimming controls can be adjusted to bring 

it to the centre of the display. If the receiver contains a 

ratio detector. the normal precaution of replacing the bias 

capacitor with a suitable voltage source must be ta ken 

in the same way as for static methods of measurement. 

The Derivative Curve 

Providing the signal generator is su itable. it is possib le 

to produce a very much more useful display by the use 

of two superimposed modulating frequencies . 

For really comprehensive assessment of true linearity of 

the demodulator over the nominally linear part of its 

characteristic. the ideal display is that of the derivative 

of the demodulation curve; or. in other words. a display 

in which the instantaneous vertical posi t ion of the spot is 

proportional to the instantaneous slope of the demodula­

t ion curve. Such a display provides far better discrimination 

than the direct picture of the .. S .. shaped curve; for if 

the demodulator were perfectly linear. the cjisplay would 

take the form of a straight horizontal line. any deviation 

from this form representing non-linearity. 

Fi gure 4 shows examples of direct and derivative curves 

for linear and non - linear demodulation. Note that the 

vertical locus of the derivative curve falls to zero at the 

turnover points of the direct curve where the slope is zero . 

The correct theoretical curve beyond these zero points 

is shown by the dotted lines in the diagram. but. . fo r 

reasons that will become obvious. the displayed deriva­

t ive curve takes the shape of the fu ll line in the diagram. 

As only the part between the zero points is requi red . 

how ever. thi s does not matter very much. 

- - - - - -, 
F.M . 

I 

DEMODULATOR 

I 
_ _ _ __ _J 

Y IN 

CATHODE- RAV 

OSC ILL05COPE 

X IN 

Fig. 3 
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The connections for obta ining this display are shown 

in Figure 5. A very slow sawtooth voltage (or very low 

frequency sinewave) is applied to the externa l modulation 

terminals of the signal generator and simultaneous ly to 

t he X deflection system of the oscilloscope. In the diagram 

the internal timebase generator is used. This is the actual 

sweep voltage and its amp litude should be such as to 

give a frequency sweep which comp letely accommodates 

the demodulator characteristic. Its f requency should be 

below the l.f. response of the receiver's audio amplifier. 

Superimposed upon this vo ltage. by means ot trans ­

former T1• is an audio frequency vol tage (say 1 kHz) of 

sufficient ampl itude to give about 1% of maximum rated 

deviation. 

The Y input terminal of the oscilloscope is co nnected 

1 kHz 

OSCILLA TOR. 

F.M. 
T SIGNAL 

1 EXT R.F.OUT. fF.M. GENERATOR. f-

11 ~ F.M . .___________, 

CENTRE MAXIMUM ZERO 
fltfOUENCY SLOPE SlOPE 

( r; ) OSCILLOGRAMS OF NON-liNEAR 
DEMODULATOR RESPONSE 

DIRECT 
RESPONSE 

OERIVAJIV£ 
CURVE 

Fig. 4 

via a rectifier to the a.f. output of the receiver. thus 

utilising both the gain and the l.f. cu t of the audio 

amplifier. The 1 kHz output from the rece iver at any 

instant is then directly proportional to the slope of the 

demodulation curve at the instantaneous input frequency, 

so that the spot traces out the derivati ve curve. Any non ­

linearity is eas ily detected by alig ning the cu rve with one 

of the graticule lines on the oscilloscope. Furthermore. 

the relative magnitude of the non - linearity can be 

measured by comparing the amplitude of the departure 

from this li ne with th e mean height of t he display from 

the zero points. 

Frequency ca li brat ion is best done by a sl ide back 

method against t he signa l generator's incremental fre­

quency control. 

CATHODE RAY 
, T.B. OU T. 

r- - - - i-- - - - - - - - I OSC ILLOSCOPE~ 
I !RECTI FIER 

I FREQUENCY ~ I. F. f--- F M I_ ! N~'l :::..+_,...,....~ 
CHANGER AMPLIFIER ~EMOOJLATORI'AF.Vf ~C. YIN I . . I ..J.. ~..--_ ___J 

L ___ FMRECElVER ____ j t 

LOW SPEED SAWTOOTH 
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Multi-Signal Receiver Selectivity Tests 

Two-signal tests for assessing the receiver's response 
to unwanted adjacent-channel signals usually utilise the 
arrangement shown in the upper diagram. The output from 
signal generator A represents the wanted signal. and that 
from signal generator B the unwanted signal. The inter­
fering signal is regarded as part of the noise, and the 
suppression is evaluated in terms of degradation of the 
signal- to- noise ratio. · 

For identitication, and to avoid heterodyne beats , it is 
usual to modulate the two signals at different frequencies . 
Signal generator A is normally modulated at 1 kHz and 
sig nal generator B at 400 Hz, their a.m. depths or f.m. 
deviations being equal-usually 30% a.m. or 30% of 
maximum f .m. deviation. 

With zero outputfrom signal generator B, generator A 
is tuned to the receiver's ce"ntre frequency, and the r.f. 
level is adjusted .to produce a signal-to-noise ratio of 
20 dB (1 0 dB for mobile radio). 

Signal generator B is then tuned to one channel spacing 
away from the centre frequency and its output is adjusted 
to produce a signal-to-noise+ mterference ratio which is 
3 dB less than the ratio measured with signal generator A 
alone. The ratio between the input leVels due to each of 
the signal generators, expressed in decibels, is the 
adjacent ~ channel suppression figure fo·r the receiver. The 
suppression should be at least 70 dB. 

The arrangement shown in the lower diagram is that 
recommended by the U.S. Electronic Industries Associa­
tion for intermodulation measurement on f.m. communi­
cations receivers. With signal generators B and C 
delivering zero output signal generator A is tuned to the 
receiver's centre frequency, and its r.f. output adjusted to 
produce 12 dB signal-to-noise ratio. Signal generator B 
is then tuned to one channel spacing above or below the 
centre frequency, and generator C to two channel 
spacings from the centre frequency in the same direction 
as B. The equivalent outputs of generators B a11d C 
are maintained equal, and the levels are increased until 
the ~ignal-to-noise ratio is reduced to 6 dB. 

The ratio of the level from B or C to that from generator 
A expressed in decibels, is the measure of intermodulation. 
In the U.S.A. the recommended minimum is 60 dB, but 
in some European countries the standard is raised to 
70 dB. 
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Power and Voltage Ratios 1n Decibels 

The decibel notation is basically a method of expressing 
power ratio, the number of decibels (N dB) being given 
by 

N dB = 10 log,0 ~: 
where P, and P2 are the two power levels under com ­
parison. 

On the assumption of constant impedance the notation 
is also used for voltage ratio, giving 

v2 
N dB = 20 log 10 V, 

where V, and V2 are the two voltage levels. 

In the above expressions the denominator (P 1 or V 1 ) 

is the reference level, so that a power or voltage may be 
expressed as "N dB with respect to x watts or volts". 
This is often contracted to dB ~LV (to mean decibels with 
respect to 1 flV), dBm (with respect to 1 mW), dB W 
(with respect to 1 watt), etc. 

Table I 

Ratio Down Ratio up 

VOLTAGE POWER DECIBELS VOLTAGE POWER 

1·0 1·0 0 1·0 1·0 
·9886 ·9772 ·1 1·012 1·023 
·9772 ·9550 ·2 1 ·023 1 ·047 
·9661 ·9333 ·3 1 ·035 1·072 
·9550 ·9120 -4 1·047 1 ·096 
·9441 ·8913 ·5 1 ·059 1·122 
·9333 ·871 0 ·6 1·072 1-148 
·9226 ·8511 ·7 1·084 1-175 
·9120 ·8318 ·8 1·096 1 ·202 
·9016 ·8128 ·9 1 ·1 09 1 ·230 
·8913 ·7943 1·0 1 ·122 1·259 
·8710 ·7586 1·2 1·148 1 ·318 
·8511 ·7244 1·4 1 ·175 1·380 
·8318 ·6918 1·6 1·202 1 -445 
·8128 ·6607 1 ·8 1·230 1·514 
·7943 ·6310 2 ·0 1 ·259 1·585 
·7762 ·6026 2·2 1 ·288 1·660 
·7586· ·5754 2·4 1·318 1·738 
·7413 ·5495 2·6 1·349 1·820 
·7244 ·5248 2 ·8 1·380 1·905 
·7079 ·5012 3·0 1 -413 1 ·995 
·6683 -4467 3·5 1·496 ' 2·239 
·6310 ·3981 4·0 1 ·585 2·512 
·5957 ·3548 4·5 1·679 2·818 
·5623 ·3162 5·0 1·778 3 ·162 
·5309 ·2818 5·5 1·884 3·548 
·5012 ·2512 6 1·995 3·981 
·4467 ·1995 7 2·239 5·012 
·3981 ·1585 8 2·512 6·310 
·3548 ·1259 9 2·818 7·943 
·3162 ·1000 10 3·162 10·000 
·2818 ·07943 11 3·548 12·59 
·2512 ·0631 0 12 3·981 15·85 
·22 39 ·05012 13 4 ·467 19·95 
·1995 ·03981 14 5·012 25·12 
·1778 ·03162 15 5·623 31·62 
·1585 ·02512 16 6·310 39 ·81 
·1413 ·01995 17 7·079 50·12 
·1259 ·01585 18 7·943 63·10 
·1122 ·01259 19 8·913 79·43 
·1000 ·01000 20 1 0·000 1 00·00 

Where the numerator of the ratio is less than the 
denominator N becomes negative; this may be ·expressed 
as"_ N dB" or "N dB down", positive values of N being 
regarded as "N dB up" by analogy. 

Tables I and II facilitate rapid conversion between 
decibels and voltage or power ratios. To convert decibels 
to voltage or power ratio use Table I ; to convert voltage or 
power ·ratio to decibels use Tabl.e II. 

Table I covers dB ratios up to 20 dB only. For values of N 
greater than 20 proceed as follows. 

Let X be the whole number of times ·that 20 can be 
divided into N, to leave a remainder that falls within the 
range of the table. Look up the voltage or power ratio 
corresponding to this remainder on the appropriate side of 
the table. For voltage ratio "up" multiply by 1 ox, and 
for voltage ratio "down" divide by 1 ox. For power ratio 
multiply or divide, as appropriate, by 1 02x. 

Table II covers voltage and power ratios from 1 to 10. 
For power ratios outside this range move the decimal 
point to the left or right to bring the figure within the range, 
then add 10 dB for each position that the point is moved to 
the left or subtract 1 0 dB for each position that it is moved 
to the right. For voltage ratios use the same procedure, but 
add or subtract 20 dB instead of 10 dB. Ratios close to 1 
and to 1 0 are given in smaller increment than the rest of 
the table for convenience of conversion when errors are 
to be expressed in decibels. 

Table II 

Voltage 
or dB dB 

Power Voltage Power 
Ratio 

1·0 0·0 . 0 ·0 ,., 0·83 0·41 
1 ·2 1·58 0·79 
1 ·3 2·28 H4 
1-4 2·92 1·46 
1·5 3·52 1·76 
1·75 4·86 2·43 
2·0 6·02 3·01 
2·5 7·96 3·98 
3·0 9·54 4·77 
3·5 10·88 5-44 
4·0 12·04 6·02 
4·5 13·06 6·53 
5·0 13·98 6 ·94 
5·5 14·81 7 ·40 
6·0 15·56 7·78 
6·5 16·26 8 ·13 
7·0 16·90 8·45 
7·5 17·50 8 ·75 
8·0 18·06 9·03 
8·5 18·58 9 ·29 
9·0 19 ·08 9·54 
9·25 19·32 9·16 
9·5 19·55 9·27 
9·6 19·65 9·32 
9·7 19·74 9·87 
9·8 19·83 9·91 
9·9 19·91 9·95 

10·0 20·0 10·0 
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Circuit Magnification Meter 

The symbol 0 and the term Circu it Magnification are 
generally taken to be synonymous; but technical usage 
has produced a second-more common-mean ing for 0. 
which is sufficiently different from magnification to cause 
ambiguity in certa in circumstances. 

Magnification is a term really applicable only to series 
tuned circuits at resonance. where 0 is equal to the 
ratio of the voltage developed ac;ross either reactance to 
the applied e.m .f.; i.e .. V /E in Fig. 1. The current in the 
circuit at resonance is equal to E/Rr. where Rr is the total 
effective series resistance in the circuit. At resonance the · 
inductive and capacitive reactances are. of course. equal. 
and we can write 

V=X. E!Rr . so that V/E=X/Rr=O. 
But in this context Rr is the total effective series 

resistance in the circuit. as distinct from the loss resistance 
of either of the reactive elements. 

Taki ng the po int that in practical tuned circuits most of 
the loss is in the inductor. it has become customary to 
specify the loss in inductors in terms of 0. on the assump­
ti on that the associated capacitor is virtua lly loss free; and 
the philosophy is then extended to regard 0 as a general 
statement of X/R for any reactive component. either 
capacitive or inductive . 

It is. however. often more convenient to use the 
reciprocal term. D or dissipation factor. which is equal to 
R/X. For low loss components. this is numerically nearly 
equal to the power factor or ratio of true power to VA. 
Power factor may be represented by the cosine of phase 
angle cp between the voltage and current vectors. In other 
words. coscp is the ratio between resistance and impedance 
- as distinct from reactance (see Fig. 2). The dissipation 
factor. D. is equal to the tangent of the complementary 
angle. 6. and the expression tan 6 is frequently used as an 
alternative to the symbol D. 

Circuit Q 

Expressed as X/Rr. 0 is the magnification of a series 

E 

Fig. 1 
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resonant circuit. but. in practical selective amplifiers. etc .. 
parallel tuned circuits are probably more common . W ith 
these~ theterm magnification has very little meaning. and 
the s1gn1f1cance of the circuit 0 is in its relevance to 
dynamic resistance and bandwidth. 

If resonance of a parallel circuit is defined as the 
frequency at which the circuit becomes purely resistive. 
the dynamic resistance is equal to the parallel combinat ion 
of the -effective shunt loss resistances of the reactive 
circuit elements-Rp in Fig . 3. If Rp is then regarded 
wholly as the shunt loss in either element. D=tan 5= X/R p. 
and hence. O=Rp/X. 

The dynamic resistance is thus equal to wLO or 0/wC 
For 0 va.lues above 1 0. the dynamic res istance is very 
nearly equal to L/CRs. where Rs is the effective series 
res istance. but it must be remembered that this expression 
is an approximation. which is not valid for very low 0 
values. 

The - 3dB bandwidth of a series tuned circuit is taken 
as the interval between the two frequences (f1 and f2 ) 

e1ther s1de of resonance where. the voltage (Vb) across 

either reactance is equal to V ~ of the voltage (Vr) at 

resonance. If ~ f=f1-f2 • O= fo/ ~ f. where fo is the 
resonance frequency. The same expression is applicab le 
to a parallel circuit when f 1 and f 2 are defined as the 
frequenc1es at vvh1ch the dynamic impedance of the 

circuit falls to V ~ times the dynamic res istance ·at 

resonance. When a parallel tuned circuit is fed from a 
constant current source (e.g .• a transistor or pentode) the 
voltage across it is directly proportional to the dynamic 
Impedance. so that the symbols V, and Vb can be applied 
to both series and parallel networks. 

The genera~ expression for bandwidth at any voltage 
ratio can then be written as 

c 

L 

R 
Fig. 2 Fig. 3 



Resonance Frequency Chart 
This abac gives the resonance f requencies of series 
tuned circuits over the capacitance range of the Circuit 
Magnification Meter TF 1245A and the inductance range 
10 11H to 100 jlH. Within this range the frequency is read 
directly on scale A. The capacitance or inductance range 
can be extended in decades in either direction by mu ltip ly ­
ing by the appropriate power of ten; i.e . 10n The fre­
quency must then be mu ltiplied by 1 o-n/ 2

• and to avoid 

unnecessary calculation sca le B indicates the frequencies 
of scale A multiplied by 10-1 j2. 

If the capacitance is equal to t he scale reading mu ltiplied 
by 1 one and the inductance is equa l to t he scale reading 
mu ltiplied by 10nL. n = nc+nL. 

Examp le: C= 150 pF. L= 20 jlH ; line X- X gives 
f requency on sca le A as 2·9 M Hz. 

But if C =1 50 pF. L=200 11 H (20x 10) . f requency is 
read f rom sca le Bas 0 ·92 M Hz. 

MHz 
pF A B 

0·2 

X 

X 

f 
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The Q-Bandwidth Relationship 

The -3dB bandwidth of a single-stage amplifier of the form shown 
in Fig. 1 is generally taken to be the product of its centre frequency 
and the reciprocal of its tuned-circuit a; i.e. 

8= f0 /a 
where 8 is the bandwidth when the output voltage is 0·707 times 
the voltage at resonance. and f 0 is the resonance frequency of the 
tuned circuit. 

This relationship is based on the fact that. assuming the loss to be' 
entirely due to parallel resistance. the impedance of a parallel tuned 
circuit at frequencies close to resonance varies according to the 
expression 

a=~ (Zr2 -1 )t 
2M z> 

where IJ.f is the frequency change from resonance. Zr is the im­
pedance at resonance .. and Z is the impedance at f 0 ±Af. 

Provided that the source impedance of the active element (tran­
sistor or valve) is high. the gain of the amplifier stage is a direct 
function of the impedance of the tuned circuit. so that the ratio 
Zr/Z is equal to the response at F0 ±Af in terms of the response at 
resonance. 

Similarly. with the series tuned circuit of Fig . 2 the voltage a­
bandwidth relation is given by 

a=~ (Vr2 -1 )!-
2M V2 

where V, is the voltage across either reactance at resonance and V 
is the voltage at f 0 ±Af. This is relevant to the design of selective 
amplifiers because the tuned circuit in the arrangement of Fig. 3 in. 
in fact. a series circuit. the input e.m.f. being developed .across the 
mutual inductance. 

We can therefore write a general expression for the two arrange­
ments; i.e. 

0"=~ (N2-1H 
2M 

where N is the ratio between the response at resonance and the 
response at f 0 ± !::.f. For the special case wher.e N= ..j2. (N2-1) is equal 
to unity, and 

a=_!g_ =~ 
2M 8 

If several similar stages are connected in cascade the bandwidth for 
a given value of a decreases progressively according to the expression 

a=~ (N'In-1 H. 

where n is the number of stages. 
The two nomographs given provide the relation between a and 

bandwidth for amplifiers having up to three similar tuned stages. 
The nomograph in Fig. 4 gives the conversion values for a. N. and 
8/f0 in a single stage, N being given as a ratio and in decibels relative 
to the response at resonance. The scales in Fig . 5 do not comprise 
the usual type of nomograph. but provide a simple conversion 
between values of N for a given bandwidth and a with one. two. or 
three stages. the scales being marked /)/.,. N 2 • and N 3 respectively. 
Scale N, is repeated at both sides of the chart in order to assist in 
establishing the horizontal. 

To find the required a to give a particular bandwidth and response 
with a two or three stage amplifier. first use Fig. 5 to find the value 
of N, corresponding to N 2 or N 3 ; and then use Fig. 4 to find the a 
appropriate to this value of Nand the required bandwidth. 
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Q N,dB N, Bfto N, N2 NJ N, 
dB dB dB 

1000 40 100 0·1 102 80 104 120 to' 40 102 
90 9 8 900 38 80 0 ·09 9 8 9 

800 
70 

0·08 7 6 
36 60 8 6 5 8 

700 34 50 5 
4 

45 0·07 7 110 3 
7 

600 
32 40 4 

35 0·06 6 2 6 
30 30 70 35 

500 28 25 0·05 5 5 

26 20 2 
100 105 

18 8 
400 24 16 0·04 4 6 4 

14 5 
22 12 4 
20 10 60 103 90 3 30 

300 9 0 ·03 3 9 3 
18 8 8 2 7 7 
16 

6 6 
14 5 5 80 104 

200 12 4 0·02 2 4 8 2 

10 3 
50 6 25 3 5 

2·5 
4 

70 3 
6·0 2 

2 

1·5 ../2 102 103 100 3·0 0 ·01 10 40 60 20 10 

90 0·009 9 
9 8 9 2·0 8 

1· 2 7 6 
80 0·008 8 6 5 a 

1·0 5 
4 

7 70 1·1 0 ·007 7 50 3 
4 

60 0 · 5 0·006 6 2 6 
1·05 30 3 15 

50 0 ·005 5 5 
0 · 2 

1·02 2 
40 102 

8 
40 0·1 0·004 4 6 4 

1·01 5 
4 

1·005 20 10 30 3 10 
30 0 ·003 3 9 3 

8 2 7 
1·002 6 

5 20 10 1·001 
20 0 ·002 4 8 2 

1·0005 10 6 5 3 5 
4 

1·0002 2 10 3 

2 
1·0001 

10 1·00005 0·001 0 0 O_L1 

Fig. 4 Fig. 5 
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.. / ------------------------------------------------
Equivalent Series and Parallel Networks 

.,. ~/·""--------------------=-------------------------------

Parallel Circuit 

Impedance IZI RpXp 

yRp2 + Xp2 

Phase angle 0 = tan -1 ;~ 

Series Circuit 
Impedance IZI = .YRs + Xs 

Xs 
Phase angle 0 = tan -1 Rs 

When the two circuits are equivalent 

Xp Rp2 Z2 

Xs = = -
Rp2 + Xp2 Xp 

Rs = RpXp2 Z2 
Rp2 +Xp2 Rp 

X _Rs + Xs Z2 

P- Xs = Xs 

R _ Rs + Xs Z2 

P- Rs = Rs 

. 
' ' 

A nominally inductive or capacitive component is usually 
equivalent to reactance and resistance in a network that is 
predominantly series or parallel. For realistic measurement 
it is important that the correct configuration is chosen, 
especially if the .loss in the component is significant. 

At any given frequency a series network has an equiva­
lent parallel network giving the same impedance and 
phase angle as shown below. 
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Lp = Ls (1 + D 2 ) 

Rp=Rs (1 + 0 2 ) 

Cs = Cp (1 + 0 2 ) 

Rp = Rs (1 + 0 2
) 

Cp 

The following tab le gives correction factors for con­
verting Lp to Ls orCs to Cp and vice versa. Below D = 0· 1 
the error is negligible. 

Multiply by 

D (1 + 02) Lp to Ls 
( 1 ~ D2 ) 

Ls to LP 
r:s to Cp Cpto Cs 

0·10 1·01 0·99 
0·15 1·023 0·98 
0·20 1·04 0·962 
0·25 1·063 0·943 
0·30 1·09 0·917 
0·33 1·1 09 0·901 
0·35 1·123 0·893 
0·40 1 ·16 0·862 
0-45 1·203 .. 0·833 
0·50 1·25 0·8 
0·60 1·36 0 ·735 
0·70 1·49 0 ·671 
0·8 1·64 0·610 
0·9 1·81 0·553 
1:0 2·0 0·5 

Alternatively the nomograph opposite may be used for 
conversion in either direction . To use the nomograph 
simply lay a straight edge across the three scales so that 
it coincides w ith the measured 0 or 0 marked on scale C 
and the measured inductance or capacitance value on the 
A or 8 scale as appropriate. Then read the converted value 
at the point where the straight edge crosses the third scale. 
Any convenient units - .e.g. JlF. pF, mH, etc. - may be 
allocated jointly to theA and 8 scales, and any convenient 
multiplying factor may be applied. 



Cp Cs 
Ls Lp Q D 

~ 
10 100 

90 
0·34 

9 80 
0·35 
0·36 

70 0·37 

8 0·38 
60 

0·39 

0·4 
so 

0 ·41 

0·42 

40 0·43 

0·44 
6 0·45 

0·46 

30 0·47 

Q·48 
0·49 

5 25 0 ·5 

0·52 

20 0·54 

0·56 

4 0·58 
15 

0 ·6 

0·62 

0·66 

10 0·68 

9 
0 ·7 

8 
0·75 

0·8 
2-5 

6 
0·85 

5 0·9 

0·95 

4 1·0 

1·9 

1· 1 
1·8 

3 
1·7 1·2 

1·6 2·5 1· 3 

1·5 1·4 

1· 5 
1-4 1·6 

1· 7 

1·3 1·8 

' 
1·9 
2·0 

1·5 
1·2 

2-5 

1·1 3·0 

4·0 
5 ·0 
10·0 

SCALE A SCALE 8 SCALE C 

313 



.:.r:'-. 
----------------------------------------------------------------------------------~ 

Phase Angle Measurement 

A standard method of measuring the phase angle between 
two equal-frequency sinewaves is shown in Fig. 1. 
Signal "1" is applied to the Y input of the oscilloscope, 
and signal " 2" to the X input. The phase difference .. IJ, is 
assessed from the dimensions of the resulting ellipse as 
shown in Fig. 1 (b). 

With the single ellipse. however, it is diff icult to determine 
the exact position of the vertical centre line in order to find 
dimension B . This difficulty can be obviated by the use of 
a double trace oscilloscope, signal "1" being applied to 
both Y inputs in parallel. 

To obtain the pattern shown in Fig . 2. it is. of cou rse, 
necessary to switch one Y channel to the "invert" con­
dition . The gains of the two channels must be adjusted 
fo r equality before dimension A is measured. The vertical 
centre line. giving dimension B. is then easily identified ·by 
the intersecting points of the ellipses. 

The phase angle may be read from the accompanying 
nomogram (opposite) by connecting the appropriate 
points on scales A and B. and then reading the phase angle 
directly f rom scale C. For measurement of phase angle 
between 45 o and 90 o improved discrim ination can be 
obtained by use of the A', 8' , and C' scales. 

0 
X in -.. Signal 1 y i n - I 

Signal 2 

(a ) 

B 

l __ _ 

Fig 2 
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A 
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A' A PHASE ANGLE 0 s' B 

10 I 0·1 c c 
9 

6 8 
1 4 

7 
5·9 0 ·15 

6 4·1 
5·8 2 

5 4·2 0 ·2 
5·7 

3 
5·6 4 

4 4·3 

5·5 5 0·3 
3 6 4·4 7 

5·4 8 
2·5 9 

10 4·5 0·4 
5·3 12 

2 14 0·5 16 4·6 5·2 2018 
0·6 

5·1 1·5 4·7 
30 0·7 

5 40 4·8 0·8 
50 

60 0·9 
4·9 90------- 4·9 1 

4 ·8 5 

4·7 5·1 1·5 

4·6 5·2 
2 

5·3 
4·5 

5·4 2·5 

4 ·4 3 
5·5 

4·3 5·6 
4 

4·2 5·7 
5 

5·8 
4·1 6 

5·9 
7 

4 6 8 
9 
10 
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·./-______________ __:_ _______________________ __ 
\Naveform Analysis 

.,.-·,..,··----------------------------------------------------

The two main applications of audio frequency waveform 
analysis are (a) measuring purity of the output from 
sinewave sources and (b) linearity measurements on 
amplifiers and transmission networks. Providing a. low­
distortion source is available. the test methods su1table 
for (a) are also su itable for (b). These are the single 
frequency methods of distortion factor measurement and 
harmonic analysis. 

Distortion Factor 
The r.m.s. voltage of a distorted sinewave multiplied by 

its distortion factor gives the r.m.s. voltage of the total 
distortion content. This implies that a true r.m.s. indicatpr . 
is necessary for the measurement but the error introduced 
by the use of the simpler average voltage type of meter IS 

usually negligible for practical purposes. It is important to 
stress that the term refers only to voltage ratio and not to 
power ratio. which can seem to be very much better; 
e.g .. ·with a 1 0% distortion factor only 1% of the power 
is in the distortion components of the waveform. 

1 n the distortion factor meter the total voltage of the 
unwanted frequency component~ is measured by filtering 
out the fundamental and measuring the voltage of the 
residue. This is compared with the total signal voltage 
in such a way that the instrument indicates the distortion 
factor directly. If the fundamental component is ~. 
harmonic distortion is Q. and the noise is Ji, the total 
signal is (~+ Q+ t:i); and when S. is eliminated (Q+ ~D 
remains. The distortion. Q. will comprise a number of 
harmonic components. H,. H2. H3 • etc. So. if the final 
detector is a true r.m.s. indicator. the indicated distortion 
factor is given by: 

This is the distortion factor as commonly defined. In 
a.f. distortion factor meters. however. an average level 
indicator is used. so that the indicated distortion factor is 
given by: 

H;-f H2 . ..... . .. +N 
DFav = ---------

S+H,+H2 . .. ... . +N 
Both expressions of distortion factor are commonly 

expressed as percentage. For certain purposes. the 
distortion factor is defined as the ratio between the no1se 
plus distortion to the fundamental component only._ This 
is occasionally called the true distortion factor. an.d 1s. of 
course. given by: 

VH,2+H22.'''' +N2 
DFtrue = ---------

S 
In normal audio equipment the discrepancy is negli­

gible.; with distortion as high as 14%. the difference 
between DFtrue ·and DFr.m.s. is less than 1 part in 100. 
The difference between DFav and DFr.Jll.s. depends upon 
the phase and distribution of the harmonics-especially 
the third .. The greatest difference will be about 1·5 dB. 
which is barely discernible by the human ear. 

Distortion Factor Measurement 

For measurement ot distortion factor with the Marconi 
Instruments TF 2331 A the sensitivity of the meter is first 
standardised to give 100% indication for the total signa l. 
The fundamental component is then rejected by means of 
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a tunable filter. and the instrument indicates the level of 
the residue directly as distortion factor ( D Fav). Provisi on 
is made for external connection of a true r.m.s. indicator 
if desired. 

When testing an a.f. amplifier or transmission network 
it is. of course. important that the distortion in the input 
test signal is small compared with the distortion likely to 
be introduced by the unit under test. 

Amplifier Noise Measurement 

For amplifier noise measurement the input test signa l is 
used only to provide a reference level with which to 
standardise the sensitivity of the distortion· factor meter. 
Once this has been done. the input signal is switched off. 
so that the residue measured by the distortion factor mete r 
is the amplifier noise. This is likely to be composed of two 
main components; viz .. the mains hum and the wh ite 
noise generated in the early stages of the amplifier. 

If the white noise is heard on a loud speaker. the 
sensat ion is that of a predominantly hissing sou nd. 
because the human ear is most sensitive to frequencies in 
the band 3 to 6 kHz. It is thus more realistic to assess t he 
noise after it has been weighted according to the f re­
quency /sensitivity characteristic of the average ear and 
reproducing device. 

The CCI F has decided upon standard response charac­
teristics for what are termed psophometric weighti ng 
filters. There are two of these. One is intended for high­
quality music transmission (broadcast). and is similar to 
the characteristic of the human ei)r alone. while the other 
represents the combined response of the ear with a 
telephone earpiece. 

The TF 2331 A distortion factor meter is fitted with a 
broadcast type weigh ting filter (to CCI R Recommendation 
468-New Delhi 1970) which can be switched mto 
circuit for noise measurements with the test tone off. 

Harmonic Analysers 

Harmonic analysis is essentially measurement of the 
amplitude of each individual frequency component of a 
waveform separately. The instruments used for isolati on 
and measurement of these components are known alterna­
tively as selective voltmeters or wave analysers. dependi ng 
on application. 

There are two distinct categories of wave analyser-the 
constant-bandwidth and the proportional-bandwidth 
types. 

The Marconi Instruments TF 2330A is a constant­
bandwidth wave analyser; i.e .. the bandwidth does not 
vary with the tuning frequency. The action of this type of 
instrument is closely analogous to that of a superhetero­
dyne receiver; and it is used mainly for analysis of 
constant-frequency waveforms in tests on a.f. and 
communication equipment. 

In the proportional bandwidth type instrument the pass 
band is a constant proportion of the tuning frequen cy. 
These instruments are analogous to t.r.f. rece ivers: and 
their main applications are generally outside the commun i­
cations industry. in such fields as vibration analysis. 



Waveform Analysis 
The wave analyser can be used for measu ring the 

ampli tude of a waveform's f requency components ei t her 
in absolute terms or in terms re lative to the amp li tude of 
t he fundamental. It is t he second of t hese two w ays that 
is normal ly used fo r measurement of distorti on . 

The inst ru ment is t uned to t he fundamental. and its 
sensitivity is standardised to a refe rence indicat io n. It _is 
t hen tuned to each freq uency component in turn and the 
indicated rel ati ve level is noted . Thus each harmonic is 
ind icated as H, / S. f;l 2 / S. etc. The r.m.s. sum of t hese 
val ues is: 

V H, 2 +H/ . . .... . H22 

s 
w hich is equal to t he t rue distorti on factor (DFtrue). 
neglect ing t he noise component. .As each si nuso idal 
frequency component is measured indiv idually. it makes 
no di fference whether the final indicator responds to the 
r.m. s .. the average. or the peak current or voltage. 

lntermodulation Measurement 
(Two-Frequ ency Methods) 

The mai n advantage of two-frequency methods of 
measuring non-linearity is that distortion in the test signal 
has far less effect on the measurement than with single­
frequency methods. Furthermore the intermodulation 
measurement usually gives a more realistic assessment of 
the adverse effects of the non-linearity in an audio 
system. 

Tw o standard methods are in common use. These are 
respectively. the method recommended by the CCI F and 
that recommended by the S M PTE. 

The CCIF Method 
In this system the test signal consists of two sinewave 

voltages of equal ampl itude. having frequencies P and 0 
which are relatively close together. A frequency difference 
of between 1 0% and 20% is normally used. 

This composite signal is applied to the input of the 
amplifier being tested; and the resulting output is 
mon itored by a peak reading voltmeter (M1) and fed. via 
a low-pass filter. which rejects frequencies P and 0. to a 
sensitive voltmeter ( M 2) . 

The. frequency components reaching M2 are even order 
intermodulation products hav ing frequencies (P-0). 
2(P-0). 3(P-O). etc. Meter M1 indicates the peak 
vo ltage of the total output from the ampl if ier-approxi­
mately equal to Vp+Vo. Meter M2. of course. indicates 
the peak ampl itude of the intermodulation products . The 
intermodulation distortion is g iven by the formula: 

I ntermodulation Product Amplitude 
-------- ----- X 100% 

Vp+ Vo 

This method of measurement gives no indication of the 
odd order intermodulation products or of the sum 
components. as these are stopped by the low-pass f ilter. 
It is very useful. however. for assessing the effects of 
non-linearity at the· upper end of the amplifier's frequency/ 
response characteristic. where simple harmonic analysis 
gives misleading results. 

The SMPTE Method 
For this method. the test signal consists of two tones 

wide ly separated in frequency. the amplitude of the 
low-f requency tone. 0 . being four times that of the 
high -f reque ncy tone. P. The order of frequenc ies normally 
used wou ld be 10 kHz for P and 1 kHz for 0 . assuming 
that both of these fa ll well w ithin the pass band of the 
amplifier. W ith the tw o-tone signal applied to the input 
of the amp lifi er. any non-linearity in the transfer character­
ist ic produces intermodulation in the form of sidebands 
spaced symmetr ically about tone P; i.e. (P ± O). (P ± 20). 
etc. 

The high-power low-frequency tone is ·eliminated from 
the final output by means of a suitable fi lter, leaving an 
a.m. waveform at carrier frequency P. This is passed to a 

• conventi onal modulation monitor. comprising a carrier 
level meter (M1) fo llowed by a demodulator and filter 
feeding a second meter (M2) , whi ch indicates the 
amplitude of the demodulated signal, i.e ., the inter­
modu lati on products. The intermodulation distortion is 
equal to : 

the sidebands (M2) 
--- ----- X 100%. 

the carrier ( M 1) 

lntermodulation _Analysis 
More reveal ing results can be obta ined by measuring 

the amp litude of each of the intermodulation products 
separately with a wave analyser. A two-tone test signal is 
appl ied to the amplifier. and the output is fed to a wave 
analyser either directly or via a suitable filter depending 
on the expected intermodulation distortion content. The 
same test set-_up can be used for both CCIF and SMPTE 
methods of measurement. 

Because the wave analyser measures each individual 
intermodulation product separate ly, external filtering is no 
longer a part of the basic measuring equipment. However, 
it is one of the virtues of the intermodulation method that 
it can be used for measuring degrees of non - linearity 
which are small compared with the distortion in the 
signal source. It follows then that the system is likely to 
be used for measuring very low distortion levels, and an 
external filter can extend the range of the wave analyser 
considerably. 

lntermodulation analysis is made in a similar way to that 
used for harmonic analysis. The sensitivity of the wave 
analyser is first adjusted to set up a reference level. and 
then each intermodulation product is measured inde­
pendently. In this way a measure is made of each order of 
non-linearity separately. 

317 



·./-. 

\Nhite Noise Testing of F.D.M. Links 

In a mu lti -cha nnel cable or radio lin k. each telephone channel 
occupies a frequency band of 300 Hz to 3400 Hz; and in the 
frequency division multiplex ( F. D.M.) system a number of such 
channels. each channel allocated a bandwidth of 4 kH z. are placed 
side by side by · means of f requency transposition. Twelve channels 
placed side by side in this manner is called a basic primary group and 
occupies the band of freq uencies 12 kHz to 60 kHz. Secondary ' 
groups or su pergroups are formed by assembling five such basic 
gro ups of twelve channels and t ransposing them to various positions 
in th e f requency spectrum in t he manner shown in Fig. 1. 

The frequency spectrum occupied by the t ransposed cha nnels is 
referred to as th e baseba nd and is either transmitted di rect along 
cab les or used to f requency modulate the carrier in the case of a 
microw ave rad io link. The w aveform of t his total multiplex sighal; 
consist ing of the addit ion of a la rge number of transposed voice 
frequencies. closely resemb les wh ite noise having the same band of 
frequencies and distribution of pea k amplitudes. i.e. gaussian 
distributi on of peaks. For this reason it is convenient. when testing a 
li nk. to simulate f ully loaded con ditions by applying white noise 
having the correct level and baseband frequency spectrum. 

Good intell ig ibi li ty is the criterion of performance_ of a multichannel 
link system. To secure this, no ise. which cause's a deterio ration in 
intelligibi lity, must be kept to a min imum. Main sources of no ise are: 

1. lntermodulation noise due to ampl itude and phase non ­
linearity throughout the system. 

2. Thermal noise generated in amplifiers and receivers. 
It is the purpose of a w hite noise test set to provide a simple and 

accu rate means of comparin g the noise produced by th e lin k w ith the 
level 9f an output signa l due to the applied white noise. The resu lting 
ratio is ca lled the noise power ratio (N.P. R.) of the system. 

A simple understanding of the method of measurement may be 
obta ined if we assume t hat. say. a 600 channel system is completely 
loaded wi th normal speech t raffic except for one channel. This 
channel is used as a listening -post and shou ld be completely si lent. 
but beca use of non- linearity throughout th e link system. inter­
modulation products occur which are not iceable as noise. It is 
immaterial wh ich channel is used as the quiet channel although 
intermodulation will in general be different at diffe rent points in the 
baseba nd. 

These conditions may be simulated by a w hite noise test -set. A 
wh ite no ise generator is used in place of the speech traffic. Its 
output f requency range. as shown in Fig . 2a, is lim ited by high - and 
low-pass f ilters according to the capacity of the system under test. 
A qu iet channel is produced by switchab le band -stop f ilters. as 
shown in Fig. 2b. The w hite noise signal is fed to the baseba nd inpu t 
at the sending end of the link. by-passing the channe lling equipment. 

The second part of t he test set is a receiver w hich is switch-tuned 
to the f requency of t he band~stop f ilter used to produce the qu iet 

channel. It is connected to the base -band output at the receiving 
end of the link- again excluding the channel li ng equipment. 

A measurement is made by setting the generator to the correct 
output level with the band -stop filter out and adjust ing the receiver 
meter to the reference mark. When a band-stop fi lter is switched in. 
a narrow band of frequen cies is attenuated by about 70 dB and the 
receiver meter deflection w ill fa ll. If there is no no ise generated in th e 
link equ ipment the meter deflection would be restored by reduc ing 
the receiver input attenuator by th is same amount. i.e .. 70 dB. 
Because of intermodu lat ion and thermal noise it w ill be found tha t 
attenuation w ill have to be reduced by. perhaps. only 50 dB. as 
shown in Fig. 2c. Th is change in attenuation is the noise power rati o 
of the system. 
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Fig. 2. Principle of operation of whi te noise test set. 
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Frequency Modulation 

With sinewave modu lation the sideband distribution 
depends on the deviation ratio-or modulation index­
which is usually signified by the symbol /3. and j s ;Jiven by 

f3 = a f/fmod. 
where M is the peak f.m. deviation and fmod is the modula­
tion frequency. f3 is also equa l to the phase deviation in 
radians. 

Where the modulation frequency is variable and known. 
f.m. deviation can be accurately measured by setting for 
deviation ratios at wh ich the carrier or sidebands have 
zero amplitude as shown in Tables I and II. 

Table I. Deviation ratios at which the carrier or sideband compo­
nents have zero amplitude. 

Order Deviation Ratio 
of 

Zero 1st Pair 2nd Pair 3rd Pair 
Point Carrier Sidebands Sidebands Sidebands 

1 2-405 3·832 5·136 6·380 

2 5·520 7·016 8·417 9·761 

3 8·654 10·173 11 ·620 1 3·01 5 

4 11·792 13·324 14·796 16·223 

5 14·931 16-471 17·960 19-409 

Table II. Modulating frequencies corresponding to deviations at 
which carrier amplitude is reduced to zero. 

Carrier- Carrier-
first disappearance second disappearance 
dev. ratio (2 ·4048) dev. ratio (5·5201) 

Freq. Dev. Mod. Freq. Freq. Dev. Mod. Freq. 
in kHz. in Hz. in kHz. in Hz 

1 416 5 907 

2 831 10 1.815 

3 1,247 1 5 2.718 

4 1.663 20 3.625 

5 2.079 25 4.530 

6 2.494 30 5.430 

7 2.911 35 6.340 

8 3.326 40 7.250 

9 3.742 45 8.160 

10 4,158 50 9.070 

15 6.237 55 9.975 

20 8.316 60 10.880 

25 10.395 65 11.780 

30 12.480 70 1 2.690 

35 14.550 75 13.590 

F.M. on A.M. 
If f .m. and a.m. are applied simultaneously to the carrier. 

the first order pair of sidebands-as viewed on the 
spectrum analyser- will be equal to the vector sum of the 
a.m. and f.m. sidebands. Assuming that peak deviation in 
the positive direction occurs at th e same instant as the 
a.m. envelope peak-i .e .. the f .m. and a.m. modulating 
waveforms are in phase-the lower sidebands will be 
equal to the sum and the upper one to the difference of 
the a.m. and first order f.m. sideband amplitudes. 

As a guide to the degree of asymmetry to be expected 
from a given spurious f.m. deviation. Table Ill gives the 
maximum asymmetry that can be produced by various 
values of spurious f.m. deviation on 30% a.m. Most 

·spectrum analysers are calibrated in decibels; so the 
apparent sideband amplitudes are given in dB relative to 
the unmodu lated carrier. with the larger sideband 
amplitude above the smaller. 

Table Ill. Sideband asymmetry caused by spurious fm. on 30% 
wanted a.m. (fm. in phase with a.m:). 

Apparent Sideband Amplitudes 
(dB relative to unmodulated carrier) 

F.M. 
Devia- 100Hz 400Hz 1 kHz 10kHz 

tion Mod. freq. Mod. freq. Mod. freq. Mod . freq . 

0 16·5 dB 16·5 dB 16·5dB 16·5 dB 

5Hz 15 ·1 dB 16·1 dB 16·3 dB 
18 ·1 dB 16·8 dB 16·7 dB 

10Hz 14·0 dB 15·8 dB 16·2 dB 
20·0 dB 17·2 dB 16·8 dB 

20Hz 12·0 dB 15·1 dB 15·9 dB 
26·0 dB 18·1 dB 17·1 dB 

40Hz 9·1 dB 14·0 dB 15·4 dB 
26·0 dB 20·0 dB 17·7 dB 

80Hz 5·7 dB 12·0 dB 14-4 dB 
13·2 dB 26·0 dB 18·2 dB 

100Hz 4·6 dB 11·4 dB 14·0 dB 16·2 dB 
10·8 dB 30·5 dB 20·0 dB 16·8 dB 

200 Hz 8·2 dB 12·0 dB 15·9 dB 
21·0 dB 26·0 dB 17·1 dB 

400Hz 4·6 dB 9·1 dB 15-4 dB 
1 0·8 dB 26·0 dB 17·7dB 

800Hz 5·7 dB 14·4 dB 
13·2 dB 18·2 dB 

1 kHz 4·6 dB 14·0 dB 
10·8 dB 20·0 dB 

2kHz 12·0 dB 
26·0 dB 

4kHz 9·1 dB 
26·0 dB 

8kHz 5·7 dB 
13·2 dB 

10kHz 4 ·6 dB 
10·8 dB 
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Peak Modulation Measurement 

A fundamental method of peak a. m. depth measurement 
with an osc illoscope is illustrated in Fi g. 1. Th e display 
in Fig. 1 (a) is obtained with the oscilloscope's internal 
saw -tooth t ime base. and fo r that in Fi g. 1 (b ) t he mod u­
lat ing signal is utilised to produce the horizonta l sca n. 
In eithe r case a.m. depth is given by 

A - 8 
A + B .100% 

Peak modu lation depth measurement by th e oscilloscope 
method is limited in accu racy mainly by any non-linearity 
of the oscil loscope vert ical defl ect ion system and by the 
lack of d iscrim ination resulti ng from the need to compress 
the complete pea k-to -pea k display into the 6 em window · 
of the c.r.t. screen . The lack of di sc rimin at ion becomes 
parti cula rl y acute at low modulation depths. w here the 
A and B dimensions are comparable. 

Considerabl y more di scriminat ion is affo rded by the 
standard type of modulation meter (e.g .. TF 23008) , 
w hich indicates the peak modulat ion di rectl y. This type of 
instrument bas ically comprises a low sensit ivity receiver. 
w ith a d.c. coupled diode demodulator. The d .c. com­
ponent of t he demodulator output is equal to the ca rri er 
vo ltage. and the l.f. output is equal to the modu lation 
component of the incomi ng waveform . In use the sensi ­
tivi ty ot the inst rument is adjusted to bring the carrier 
leve l to a reference va lue. and the amplitude of the l.f. 
component is monitored by means of a peak-read ing 
diode vol tmeter. ca librated di rect ly in % modulation depth. 
Prov ision is normally made for reve rsi ng t he vo ltmeter 
d iode to permi t measurement of t he crest/carrier or 
t rough/carri er modu lation factor. 

Providing the even order harmonic distortion is low 
(5% or less) . obviat ion of th e asymmetry error by taking 
t he average of the positive and negati ve (crest and t rough) 

B A 

(a) 

100 

90 

8 0 

70 

-;. 60 
I 

~ 5 0 
uJ 

~ 4 0 
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peak modulation readings gives the effective mod ulation 
depth with neg ligib le error. 

Sideband Power Method 

With an undistorted sinusoidal envelope. the sideband 
power would be equal to M 2/2 ti mes the ca rrie r power ; i.e. 

M% = [2~s] ~ x 700 

w here M is t he modulati on depth. Ps is the pow er in the 
sidebands. and Pc is th e carr ier power. 

The carrier power ca n be measured direct ly by means of 
a true mean power (thermocouple) meter w hen no modu­
lation is applied. but t here is no direct way of measuring 
the sideband power separately f rom the ca·rri er. The 
standard meth od is. t herefo re . as fo ll ows. 

First measu re the r.f. power with no modulat ion applied. 
and call this power Pc. Apply the modulat ion. note the 
new · power reading. and call this Pm. Ps is equ al to 
Pm - Pc. so equation ( 4) can be rewritten. 

M%= [
2
; ; - 2 ] ~ x 700 

If properly conducted . w it h suitable measuring instru­
ments. th e power- measurement method can give a very 
accurate assessment of r.m.s. modu lation depth. How ever. 
it suffers from lack of d iscrim ioation when th e mod ulation 
depth is low. W ith 30% modulati on. for example. the value 
of Pm/ Pc w ould be 1·045. The uti lity of this method can. 
therefore. be real ised only for the higher modu lation 
depths; and. for most applicati ons. the methods utilising a 
modulation meter are general ly more suitabl e. 

The curve below gives values of Pm/Pc for modu lat ion 
depths from 0 to 1 00%. 
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Accuracy of Electronic Counters 

ICTAL $TAM I TY 
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FREOUENCY-

Accuracy chan 

In general there will always be a possible error of ±1 
count on the least significant digit. This. together with 
the discrimination required. will determine whether fre­
quency or period measurement is used. see chart 

(1) Frequency measurement. Accuracy is dependent on 
the stability of the internal standard which determines the 
counting interval. In addition there will be the ±1 count 
and thus. for a given gate time. higher frequencies will be 
displayed with the greatest precision. 

(-2) Period measurement. The errors in period measure­
'rnent will be: 

(a) ambiguity of gate triggering level, 
(b) accuracy of internal timing units. and 
(c) the ±1 count. 

For sinewave inputs the total possible error may be 
expressed as 

1 En 
i X Es 

where En =total noise. including that due to counter 
circuitry, and Es = signal level. 

Or. for multiple periods. 

1 En 
n:n x Es 

where n is the number of periods. 

Nomenclature of Radio Frequency Bands 

In accordance vyith Article 2, Section Ill. Paragraph 
112, § 7 of the Radio Regulations (Geneva. 1959) of the 
International Telecommunications Union. it 1s recom­
mended that frequencies shall be expressed: 

From 30 kHz to 3,000 kHz in kHz 
From 3 MHz to 3.000 MHz in MHz 
From 3 GHz to 3,000 GHz in GHz 

and that the radio spectrum is divided into nine frequency 
bands. designated by a Band Number "N". where the 
band extends from 0·3 x 10N to 3 x 10N hertz. the lower 
limit being excluded. and the upper limit included. 

The following table indicates the relationship between 
this and other systems: 

Band 
No. 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Frequency 
Range 

3- 30kHz 

30- 300kHz 

300-3.000 kHz 

3- 30 MHz 

30- 300 MHz 

300-3.000 M Hz 

3- 30 GHz 

30- 300 GHz 

300-3.000 G Hz 

Metric 
Adjectival Designation Sub-division 

Very Low Fre- V.L.F. Myriametric 
quency 

Low Frequency L.F. Kilometric 

Medium Fre- M .F. Hectometric 
quency 

High Frequency H.F. Decametric 

Very High Fre- V.H.F. Metric 
quency 

Ultra High Fre- U.H.F. Decimetric 
quency 

Super High Fre- S.H.F. Centimetric 
quency 

Extra High Fre- E.H .F. Millimetric 
quency 

- Decimillimetric 
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·. --------------------------------~---------------------------------------------------

Selected Radio Formulre 
.. ·-------------------------------------------------------------------------------------

CAPAC ITANCE 
Parallel plate capacitor ~· . 

( . ) As 
C In pF = 11 ·31 d 

where A = area of one plate in sq . ems 
s = permittivity 
d = die lectric th ickness in cen ti metres . 

Plates 1 mm apart in air have a capac itance of 0·884 pF 
per sq. em of plate area . Plates 1/1 0" apart have 2·245 pF 
per sq. inch. 

Reactan ce of a capaci tor 

X (in ohms) = 1 /wC 
where C = capacita nce in farads 

w = 2rr X f req uency in Hz. 

Power Factor 

cos cp = R/Z = R/vR2 + X2 
w here R = se ries res istance 
1.e. cos <p = wCR when R is sma ll compared w ith X 

Magnification 

0 = X/ R = 1/ ,,C R 

Loss angle 
o = tan o (when loss is sma ll) 

and tan o = cos cp (when loss is small, i.e .. capac itor has 
good power factor) 

Therefore. for good capacitors. loss angle = power 
factor = 1 / 0. 

INDUCTANCE 
Reactance 

X (in ohms) = wl 
w here L = inductance in henr ies 

w = 2rr x f requency in Hz 

Power Factor 

cos cp = R/ Z = R/vR2 + X2 
where R is seri es resistance 
1.e.. cos cp = R/ wl when R is small compared w ith X 

Magnification 

322 

0 = X/ R = wl/R 
= 1 /cos cp when R is smal l 

compa red wi th X 

TUNED CIRCUITS 

Frequency (in Hz) = 1 / 2rr v LC 
Where L and C are in henries and farads respect ively 

and series res istance can be ignored 
Wavelength (in metres) = 1.885 vLC 
w here L and C are in fLH and f.lF respect ively. 

For single tuned circu it 

0 
= _f_o_ = Frequency at resonance 

f1 - f2 Bandwidth at 0· 707 of max. response 

Dynamic resistance at resonance 

Rd = L/C R 
where R is series res istance. 

TRANSM ISSION LINES 

Zo = VI7C 
w here L and C are inductance and ca pacita nce per unit 

length. 

Para llel Wires in Air 

Zo (in ohms) = 276 log10 d/r 
where d = distance between centres in ems 

r = radi us of w ire in ems 

Concentric Cables 

Zo (in ohms) = (138 1og 10 r,/r2 )/Vf. 
where r1 = inner radius 

r2 = outer radiu s 
s = permi ttiv ity of dielectri c between conductors 

MAINS TRANSFORMERS 
Turns· per Volt 

E in volts= 4·44BANf x 10-s 
whe re B = flu x density 

A = cross-sectional area of core 
N = nu mber of turns 
f = frequency in Hz 

Note : B and A must be in corresponding un its (li nes/sq. 
in. and sq. ins ; gauss and sq. ems) . 

Since N/E = turns per volt 
turns per volt = 1 OB/4 -44 BAf 



------------------------------------------------------------------------------------------------, :--

Selected Mathematical Formulce 

Trigonometrical Functions 
sin (A + B) = sin A cos B + cos A sin B 
cos (A+ B) = cos A cos B -sin A sin B 
s in (A - B) = sin A cos B -cos A sin B 
cos (A - B) = cos A cos B +sin A sin B 
sin 2A = 2 sin A cos A 
cos 2A = cosz A - sin2 A= - 2 sin2 A 

= 2 cos2 A- 1 
sin2 A+ cosz A= 1 
1 + tan2 A = sec2 A 
1 + cotz A = cosecz A 

Hyperbolic Functions 
s in h x = ~ (e' - e-') 
cosh x = ~ (e' + e-') 

tan h x 

Series 
Taylor's 

e' - e-• 

(x- a) 2 
f(x) = f(a) + (x- a)f'(a) + 

2 1 
f" (a) 

+ (x - a)3 f'"(a) + 
3! . .. 

Maclaurin's 
xz 3 

f(x) = f (0) + xf '(O) + 2!f"(O) + ;, f"'(O) + .. . 

Binomial 

(1+ )" = 1 + n + n(n-1) 2+n(n-1) (n - 2) 3+ 
X X 2 ! X 3 ! X ... 

(1 -x) "=1- nx + n(n-1 )xz 
2! 

(x < 1) 
n(n - 11 !(n - 2)x3+ __ . 

Logarithmic 
xz x3 x4 

log (1 + x) = x - 2 + 3 - 4 + ... 

xz x3 x4 
log (1 - x) = - x - 2 - 3 - 4 - .. . 
Exponential 

xz x3 x4 
ex = 1 + x + 2! + 3! + 4! + ... 

Differentials 
d (ax) 
d (uv) 

dM_ 
(v) 

dx" 
deax 
da' 
d (sin x) 
d (cos x) 
d (tan x) 

= adx 
= udv + vdu 

vdu - udv 
y 2 

= nxn-1 dx 
= ae"' dx 
= a' log a dx 
= cos x dx 
= - sin x dx 
= secz x dx 

(x < 1) 

d (cot x) = - cosecz x dx 
d (sec x) =tan x sec x dx 
d (cosec x) = - cot x cosec x dx 

Integrals 

1. I x" dx 
x" + 1 

n + 1 (n :;t: - 1) 

2. I ~dx = log x 

3. I e"' dx a 

4. I log x dx = x log x - x 

5. I u :~ dx = uv - J v :~ dx 

6. I sin x dx = -cos x 

7. I cosxdx = sinx 

8. I sh x dx = ch x 

9. I ch x dx = sh x 

1 0. I az ~ xz dx 

11 . I vaz ,_ x2 dx 

12. I v(x2~a2) dx 

1 3. I yxz ,_ a2 dx 

I f' (x) 
14. f (x) dx 

1 5. I tan x dx 

16. I cot x dx 

1 X 
= -tan-1 -

a a 
X 

= sin-1 -
a 

X 
= sh-1 -

a 
=log (x + vaz + x2) 

X 
= ch-1 -

a 
= log (x + vxz- az 

=log f (x) 

= -log (cos x) 

= log (sin x) 

17. I cosec x dx = log (tan -l x) 

18. I sec x dx = log {tan ( i + ~ x) } = 

log (sec x +tan x) 

I dx 1 
19. a + bx = b log (a + bx) 
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Frontier Patrol 
Spy-trapping? Smuggler-scotching? That's no 

work for the scores of designers in our 150-strong 
engineers' brigade. 

They're on frontier duties just the same, though. 
For sometimes they're operating on the very 
frontiers of human knowledge - as with our 
remarkable new spectrum analyser, in which they've 
combined the latest digital storage technology and 
television display with semi-automatic operation to 
produce a new generation instrument. 

Sometimes, on the other hand, they're helping 
you to economise - as when they produce a signal 
generator able to give the performance you need 

• 

without the cost of the performance you don't. 
There are times, too, when - as a result of 

free-ranging, exploratory probing -they come up 
with a revolutionary instrument that was not 
originally on the agenda at all. An example? The 
X-Y Memory, a definitive solution to the irritating 
problem of clear oscilloscope display of very low 
frequency waveforms. 

The fact is: mf maintains what is Europe's largest 
operation devoted exclusively to electronic test and 
measuring instruments. And it has the resources, the 
research facilities, the development potential to 
match. 

ml : THE INNOVATORS 
MARCONI INSTRUMENTS LIMITED 



Spairline 
We don't claim that mf actually runs its own 

airline, of course. But we do claim .to be strategically 
sited for delivery to a remarkably large number of 
airports. Which is handy for getting those spares 
airborne in double-quick time. In fact most of our 
orders are shipped the day they're received. 

Then, too, our servicing and spares set-up is 
unusually large. In fact, our three B.C.S.-approved 
laboratories in the U.K. issue more calibration 
certificates for electrical measurement than any 
other organisation in the country. And our Service 
Division at Luton Airport is the f irst organisation of 

• 

its kind to be registered on the M.o.D. defence 
contractors' list. We run our own sizeable fleet of 
vans to ensure the minimum of delay in collection 
and delivery. 

Abroad, there are ml service operations in, 
among other places, France, Germany, Australia, 
U.S.A., Canada and South America. 

Put all those facts together and you get what 
is probably the surest and speediest servicing 
operation in the business. And that holds good 
whether· you're in Manchester or Marseilles, Sydney 
or Sao Paulo . 

ml :THE PERFECTIONISTS 
MARCONI INSTRUMENTS LIMITED 
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Cover Story 
Some Marconi Instruments are designed to be 

mobile. Others are not - but do a lot of travelling 
all the same. In fact, nearly three-quarters of ml's 
total sales stem from export orders. 

So there are plenty of people in Milwaukee or 
Mannheim or Melbourne or Montevideo who are 
just as discerning about Marconi Instruments as you 
are. And they're equally enthusiastic about mi 
service, too. We've service organisations in New 
Jersey, Munich, Paris and a whole lot of other 

• 

places to see to that. 
There are ml distributors and representatives 

in more than 60 countries throughout the world and 
we have 14 associated companies in Africa, the 
Middle, Near and Far East, North and South 
America and Europe. 

mi, then, doesn't only cover all the intricacies of 
planning and producing some of the world 's finest 
electronic testing and measuring instruments .. ... 

It covers the world, as well. 

m1: THE INTERNATIONALISTS 
MARCONI INSTRUMENTS LIMITED 



Significant Forlll 
The design engineers at mf all have to shape 

up to one essential fact: we consider good design to 
be all-important. 

By good design we don 't just mean an 
attractive outward form, however aesthetically 
pleasing it may be. We mean design that is right 
both outside and in. No cover-up jobs. No cosmetic 

operations. No makeshift solutions. Because 
whoever pointed out that beauty is more tho n skin 

• 

deep knew what he was talking about. 
The clean, compact, uncluttered lines of today's . 

mf instruments signify more than good styling. 
They are the outcome of the most intensive 
application to the balance of form and function, of 
the eradication of any design that has failed to 
match our exacting standards. 

In other words, they signify mt's conviction that 
correct designing means correct functioning. 

m1: THE STYLISTS 
MARCONI INSTRUMENTS LIMITED 
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Type Numbers-Measuring Instruments 

Type No. 

TF 893A 
TF 1245A 
TF 1246 
TF 1247 
TF 1313A 

TF 2000 
TF 2002B series 
TF 2005R 
TF 2008 
TF 2008/1 
TF 2015 
TF 201 5/1 
TF 2015/2 
TF 201 6 series 
TF 2020 

TK 2021 
OA 2090B 
OA 2090B/4 

TK 2099AB 
OA 2090C series 

TK 2085 
TF 2091 B 
TF 2091 B/4 
TF 2091 C 

· TF 2092B 
TF 2092B/4 
TF 2092C series 

TF 21 02M 
TF 2103 

TM 9808 
TF 2120 
TF 2154 
TF 21 54/1 
TF 2155 
TF 2155/1 
TF 2162 
TF 2163S 
TF 2167 
TF 2169 
TF 2170B 
TF 2171 
TF 2173 
TF 2175 

TF 2212A 
TF 221 2A/1 
TF 2213A 
TF 2213A/1 

TF 2300B series 
TK 2302 

TF 2301A 
TF 2303 
TF 2304 series 
TF 2330A 
TF 2331 A series 
TF 2333 
TF 2337 A 
TF 2356 
TF 2357 
TF 2365 
TF 2366 
TF 2370 
TF 2370/1 

Description 

AF Power Meter 

Page 
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Circuit Magnification Meter .. 
40 kHz to 50 M Hz OsC'illator 
20 to 300 M Hz Oscillator 
0·1% Universal Bridge 

AF Signal Source . . . . . . . . . . . . . .......... . 
MF/HF AM/FM Signal Generator. 10kHz to 88 MHz. 
Two-Tone Signal Source . . . . ..... . . . . . . . 
FM/AM Signal Generator. 10kHz to 510 MHz .... . . .. . .. . . . ..... .. . . .. . . . . .. . . ·} 
FM/ AM Signa l Generator, digita l readout version 
AM/FM Signal Generator. 10 to 520 M Hz ... . .. . ... . . .. ... .. . . .. ....... _.} 
AM/FM Signal Generator. narrow deviation model .... . .. . . 
AM/FM Signal Generator. w ide deviation model . . . . . . .. .. . .... . . ... . .... . . ... . . 
AM/FM Signal Generator. 10 kHz to 1"40 M Hz . . . . . ...... . . . 
Synthesized Signal Generator. 50 kHz o 520 M Hz ... .. . ... . . . .. . . . . . . 
G PI B Adapter for TF 2020 . . . . . . . . . . . . . . . . ......... . . 
White Noise Test Set . . . . . . . . . . . ........ . 
White Noise Test SeC modified for use wi th TK 2099AB 
Noise Filter Extension Unit for OA 2090B 
Au tomatic White Noise Test Set .. 
Control Unit for OA 2090C ... 
Noise Generator. part of White Noise Test Set, OA 2090B .... .. .. . . .. . . 
Noise Generator. modified for ·use with TK 2099AB ... ..... ... . ... . ... . . . 
Noise Generator, part of Automatic White Noise Test Set. OA 2090C .. . . . . .. . 
Noise Receiver, part of White Noise Test Set. OA 2090B 
Noise Receiver. modified for use wi th TK 2099AB 
Noise Receiver, part of Automatic White Noise Test Set. OA 2090C ...... .... .. .. . 

AF Oscillator 
Wide Range Oscillator 
Mains .Unit for TF 2103 
Waveform Generator ..... . . .. . .. .. .. . . . ... .. . . 
DC Power Supply .. .. .......... . . 
DC Power Supply, centre-tapped version .. .. .. ... . 
DC Power Supply 
DC Power Supply, centre-tapped version 
M F Attenuator . 

. ........ } 
UHF Attenuator . . . . . . . . . . . . . . . . . ..... . . . 
RF Amplifier . . . . .. . . . . . .... . . . .. . . . 
Pulse Modulator. 10 to 520 M Hz . . 
Digital Synchronizer for TF 2002 B 
Digital Synchronizer for TF 2015 
Digital Synchronizer for TF 2016 
RF Amplifier, 1 ·5 to 520 M Hz ...... .. . .. . . .. . .. . .. . . . .. .. .. .. .. .... . . .. . . . . . 

.. ... . . . . ... :} X-Y Display ........ . .. ... . 
X-Y Display, with long persistence tube . . .. . . . . . 

. .... .. .. . .. . . ... . . ·-} X-Y Display, dual-trace model 
X-Y Display, dual-trace model with long persistence tube 

FM/AM Modulation Meter . . . . . . . . . . . . . . . . . . . . . . . .· .·} 
Crystal Oscillator for TF 2300B . . . . . . . ..... . .. .. . 
Programmable FM / AM Modulation Meter . .. . .. ... ... . . .. .. . .. . . . . . . 
FM /AM Modulation Meter, narrow deviation model . . . .... . .. . . . 
FM /AM Modulation Meter . . . . . . . . . . . . . ... . .. . . ... . 
Wave Analyser . . . . . . . . .. .... . . . . . ... . . . . . . .. . . .. . . . .. .... . 
Distortion Factor Meter . .... . . ..... • • ...... . ................ • .... . . .. ... 
M F Transmission Test Set . . . . . . . . . . . . . . . . . . . . ... ... ... ... ... .... ..... . . 
Automatic Distorti on Meter . . . . . .. .. .. . . 

Level Oscillator ...... } S L M S 
Se lective Level Meter elective eve! easur1ng et 

75 0 Coaxia l Sw itch for SLMS ...... . . . 
Baseband Filter Unit for SLMS 
110 M Hz Spectrum Analyser. 50 0 version ... . ... .. . .. . ... .. ... . . . . .... . 
110 M Hz Spectrum Analyser. 75 0 version 

-} 
····} 
.... 

160 

163 

48 
10 
49 

16 

20 

26 

34 

60 
60 
64 
65 
68 
61 
64 
66 
61 
64 
66 

51 
52 
53 
54 

86 

88 
89 
90 
32 
15 
24 
30 
91 

92 

94 

98 

102 
104 
106 
114 
11 6 
118 
1.20 

76 

80 

122 

Note: Indented type numbers refer to major optional accessories or modules associated with the instrument immediately above 
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Type No. 

TK 2373 
TK 2374 
TK 2374/1 
TK 2375 

TF 2430 
TF 2431 seri es 
TF 2432 series 
TF 2435 
TF 2437 
TF 2438 

TF 2501 
TF 2502 
TF 2503 

TK 2509 
TF 2512 

TF 2600B 
TF 2603 
TF 2604 
TF 2650 
TF 2655 

TF 2700 

TF 2801/4 series 
TF 2802/2 series 
OA 2805A series 
TF 2807 A series 
TF 2809 
TF 2823 series 
TF 2825 
TF 2828 
TF 2829 

TF 2904 
TF 2905/8 
TF 2909 series 
TF 2909/1 
TF 2910/4 
TF 2913 series 
TF 2914A series 
TF 2915 series 
TK 2917 series 
TF 2950/5 
TF 2950/ 6 
TF 2950/8 
TF 2950/9 
TF 2952 

TM 7816A 

Description 

Frequency Extender for TF 2370 . . . . . . . . . . . . . . . . . . . . . . . . . ... . . .. .. . . 

Page 

128 
Zero Loss Probe. 50 0 version. for TF 2370 ... ... .. .. . .. . 
Zero Loss Probe. 75 0 version. for TF 2370/1 ........ ... ..... . ... . . .. . . . . . .. . 
Tracking Generator Amp lifier for TF 2370 . . . .. ... . . . .. ... .. ........ .. ... . 

:} 127 

128 

Digital Frequency Meter. 10 Hz to 200 M Hz : : 1 30 
Digital Frequency Meter. 10Hz to 80 MHz. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . } 

Digital Free1u ency Meter. 10 Hz to 560 M Hz ........... . . . . . .. . .. . . . .... .. . . . . . . 

100 MHz Universal Counter/Timer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :: 134 
2 G H2l_ Digital Frequency Meter . . . . . . . . . . . . . . . . . . } 

520 MHz Un iversal Counter/Ti mer. . . . .. . .. .. . . . ... . . 

RF Power Meter. 3 Watts 
RF Power Meter. 10 Watts 
RF Power Meter. 100 Watts. . ........ . . .. . . . .. . . . 
75/50 0 RF Transfo rmer for RF Power Meters 
RF Power Meter 

Video Vol tmeter 
RF Electronic Millivoltmeter. 
Electron ic Vo ltmeter 
FET Multimeter. 
DC Microvoltmeter . .. . . . .. . .. .. . . .. . . .. . 

Universal Bridge 

Digital Error Detector. with error rate lamps .................... . . . 
Pattern Generator and SLMS. for HDB3 and AM I systems. . .. . . . . . . . . . . . . 
PCM Regenerator Test Set ............................... .. .. . 
PCM Multiplex Tester........ .. . . . . .. .... . . .. . . . . . .... . ..... . . 
Data Line Ana lyser .. . ..... . . .. . .... .. ....... .. . . . . . .... . .. . . .. . .. . 
PCM Regenerator Tester .. .. ...... . . ..... . . . .. ... .. .. .. . . 
Cable Simulator .......... . .. . .. .. . .. . 
PCM Digital Simulator 
PCM Digita l Ana lyser. 

Colour Gain and Delay Test Set. 625-line systems 
Sine-squared Pulse and Bar Generator. 625-line systems 
Grey Scale Generator. 625 -line systems ..... 
Grey Scale Generator. 525-line systems 
Non-linear Distor ti on Analyser ........ . 

... . . . ... . . .. :: :················ ··:} 
Televisio n Test Line Generator and Inserter .... ...... ... .. . 
Insertion Signal Analyser ... . ............... . .... . . . . . . 
Data Monitor ... . . . .. ... ..... ... . . 
Data Selector .............. . . .. .. . 
Mobile Radio Test Set .... ... ........... ·I 
Mobile Radio Test Set. alternative frequencies model . . . . . . . . . . . . . . . . . l 
Mobile Radio Test Set. 3l ternative frequenc ies model .. . . . . . . . ... . . .... .. .. . .. ... · J 
Mobile Radi o Test Set. alternative frequencies model ....... . .. . . . . . . .. . . . . . . . 
AM/FM Radiotelephone Test Set .... . ............ . . ... ... ... . .. . ... . 

Twelve-channel Noise Generator 

137 
138 
139 
140 
141 

144 
146 
150 
152 
157 

165 

168 
170 
172 
174 
178 
180 
183 
186 
190 

194 
195 

199 

203 
213 
217 
221 
225 

39 

42 

75 

Microwave Products (Instruments) 

Type No. 
6049 / 1 
6052 series 
6055 series 
6440/ 6420 
6452A/2 
6460 
6550B 
6555 
6587 
6590 
6593A 
6599 / 2 
6600A/ 1 
6700B 

Description 
Frequency Meter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . 
Rotary Vane Attenuator ............. . .... ..... . .... . . . . ... ... . .. ... . .. . . . .. ..... . 
Signal Sources . . . . . . . . . . . . ..... .. . ......... . .. . . .. .......... . . . ..... . 
Coaxial and Waveguid e tft Power Heads.. . . . . . . . . . . . . . .... . .... . . . . 
Educational · Antenna Test Bench 
Thermoelectric Power Meter ........ . . . . .. . . . ... . . . ... . . . .. .... . . ........ .... .... . 
Programmable Power Meter . . . . . .. .. . . . . . .. . .. . ....... .. . . 
tft Power Meter .. . 
Level ling Amp lifier 
Power Supply ... . . 
VSWR Ind icator 
Microwave Educational Test Bench 
Sw eep Oscillator . . 
Sweep Oscillator .......... . . ............ .. . .. . . .. .. . 

Page 
230 
231 
232 
240 
243 
245 
248 
249 
250 
251 
252 
244 
253 
257 
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Microwave Products (Components and Waveguides) 

Type No. 

6000/3 
6002 
6003/3 
6005/4 
6006/2 
6009/2 

601 0A 
601 1 
601 7/2 
601 9 

6020 
0021/5 
6022 /4 
6025 
6026 
6027/3 
6029/2 

6030 
6032 
6033/3 
6036/4 
6037 
6039/ 3 

6040 
6041 
6042 

6060 
6061A 
6067 

6100 
6160 
6161 
6170 

6237 

6478 
6478/ 1 

6530 
6533 

332 

Description 

Broadba nd Detector ......... . 
Coaxial Detectors .... . .. . ~ . . 
Waveguide Detectors . . . . . . . . .. . 
Short Circuit ....... . . 
Waveguide Stub Tu ner . . .......... . . 
Standing Wave Detectors. Grade 2 . .. . .... . . ... . .. .... .. .. .... .. . ... . . . . . . 

Universal Probe Carriage . . . . . . . . . . . . ... I 

~~~b~~t:r~:~~~~:e }~i:t~:~:ors. Grade 2 ... . . .. . : ... : :::: : :: : :: : : . ::: . : : :::. ... . : S 
Variable Atten uators ..... . . . . .... . .. . . . · . . . .. . .. . . } 
Preset Attenuators . . . . . . . . . . . . . . . . . . . . . . . . 
Phase Shifters . . . . . . . . . . . . . . . . . .. ·.· ' . . . . . . . . . . .... .. .. . 
E Plane Bends . . . . . .. :~.' .. •. . . . . .. .. . . . ... . .. . . . .... .. . . . . ... . .... I 

~:~:~~i~=~~i~ts .. .. .. .. . . .. .. .. .. .. .. .. .. . . .. . .. .. :: ~ 
Directional Couplers . . . . . . . . . . j 

Multi-hole Directional Couplers . . . . . . . . . . . . . ... . . . . . . . 
Short Matched Terminations. . ...... . ..... . 
Broadband Isolators ... . . . . .. . . ..... . .... . . . . . ... . . .. .... . . . . . 
Waveguide Horn . ......... . . . 
Coaxial to Waveguide Transformers . ..... . .. ... . 
Wavegu ide Support Bench 

Carri age . . .... .. .... .. . 
Free Standing Support 
Waveguide Support Clips . ... . . .. ...... ... . . . .. .. . ..... . ... . 

Wideband Detector 
Gunn Diode Oscillator 
Coaxial Low Pass Filters 

· ·· ·· ·· · · · · · ''} 
···· ·· ···· ····· ·····: .. . . . . . . . . . .. . . ~ : : ~ ::~~ ~: . .. .. .. . 

YIG Tuned Gunn Oscillators ... .. . .. . . . . . . .. . .... .. ... .. . . . . ... . . . . . . . ... . . 
SMA Wideband Detector } 
Coaxial Wideband Detector . . . . . . . . . . . :: 

Subminiature Broadband Directional Couplers .. .. . . .. . . .. . . .. . . .. . . .. .. . . .... . . 

;;·;;;;o~~ ~;;;;;:;,::;,d;;~~~""''"'m'" •• •• •• •••... .... •••••••••... .. ......• } 

265 

266 

267 

268 

269 

270 

271 

272 

273 

Precision Fixed Coaxial Attenuators ... . . . . . .. . 
Precision Coaxial Terminations .... .... .. .. : : : ::::: : : : ::: :: .. :} 274 



NATO Catalogue Numbers 
(Marconi instruments in this Catalogue which have been allocated NATO Stock Numbers) 

M.l. Type No. 

TF 893A 
TF 1245 
TF 1246 
TF 1247 

TF 2000 
TF 20028 
TF 2005R 
TF 2008 
TF 2015 
TF 2016 

TF 2162 
TF 2163S 
TF 2169 

TF 2330A 
TF 2331 
TF 2333 
TF 2370 

TF 2603 (with standard accessories) 
TF 2603 (less accessories) 
TF 2604 

TF 2700 

Military Designation 

Wattmeter Absorpt ion Audio Frequency 
Panel Test Electrical 
Oscillator RF 
Oscillator RF 

Oscillator Audio Frequency 
MF/ HF AM / FM Signal Generator Set CT 572A/2 
Signal Generator Assemb ly 
Signal Generator Set CT 561/3 
Generator Signal Set CT 584/11 
Signal Generator 

Attenuator \Yariable CT 532 
Attenuator Va riable CT 553 
Pulse Modulator 

Analyser. Spectrum 
Ind icator Distortion 
Test Set Transmission Line 
Analyser Set Spectrum CT 571/11 

Voltmeter Set. Electronic 
Voltmeter. Electronic 
Multimeter. Electronic 

Impedance Bridge 

NATO Cat. No. 

6625-99-914-9811 
6625-99-103-1083 
6625-99-103-5187 
6625-99-103-1073 

5845-99-923-7246 
6625-99-628-4711 
6625-99-952-0447 
6625-99-117-3198 
6625-99-529-0130 
6625-99-695-9230 

5905-99-972-0856 
6625-99-519-9976 
6625-99-645-9235 

6625-99-525-0653 
6625-99-001-2681 
6625-99-933-3719 
6625-99-529-1124 

6625-99-193-4355 
6625-99-193-3651 
6625-99-924-5707 

6625-99-104-3861 
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Type Numbers-Optional Accessories 
(Accessories normally supplied with an instrument are not featured in this index) 

."1------------------------------------------:.__------------

Type No. Order Code 

TB 39867 43168-009W 
TB 39868 43168-008S 
TB 46843 33631 - 901 J 

TJ 230 44811-702G 

· TK 2084 series 
TK 2085 52085- 900F 
TK 2086 52086-900C 
TK 2087 52087- 900N 
TK 2087 / 1 52087- 901 L 
TK 2094 series 
TK 2095 se ries 
TK 2096 seri es 
TK 2099AB 52099-300P 
TK 2302 52302- 900T 
TK 2509 52509- 015 D 

TM 1 438 series 
TM 4520 46884-01 3C 
TM 4726/ 136 43125-069B 
TM 4726/ 260 54351-011F 
TM 4726/ 286 43126- 026A 
TM 4824/ 1 43125- 019F 
TM 4916 44411-013U 
TM 4917 4441 3-007B 
TM 4918 44411-004B 
TM 4919 44425-504N 
TM 4919 / 1 44425- 503Y 
TM 4935 41675-003X 
TM 4947 / 1 44133-033C 
TM 4947 / 2 44123-202T 

. TM 4947 / 3 44114-001 u 
TM 4969 / 3 43126-012S 

TM 5031 B 43167-008H 
TM 5032 44416- 003Z 
TM 5033A 44416- 037 E 
TM 5548 44411-002C 
TM 5549 44419- 003J 
TM 5569 44411-001 M 
TM 5573 44425- 501E 
TM 5573/ 1 44425-002D 
TM 5573/ 3 44411-019G 
TM 5582 44411-022G 
TM 5725 43125- 010A 
TM 5726 44411-009 E 
TM 5727 44411-008A 
TM 5728A 43527-001C 
TM 5753 43821-001W 
TM 5955 54481-011C 
TM 5955/ 1 54481-021E 
TM 5955/ 5 44412-021C 

TM 61 13 44412-702T 
TM 6123 44412-023B 
TM 6221 43512- '003P 
TM 6599 44411-018F 
TM 6844 41674-015P 

TM 7010 41 635-041P 
TM 7120 43535-009J 
TM 7720 se ries 
TM 7728 series 
TM 7729 series 
TM 7730 seri es 
TM 7793 series 
TM 7794 series 
TM 7795 series 

334 

Description 

Shielded Adapter (Twin Termi nals to Type 83) ..... . .. . 
Shielded Adapter (Tw in Terminals to BN C) ......... . . ... . . .. .. . . . ···} . . . 
Ground! ng Sleeve for TF 2603 ... . ......... . .. ..... . 

Series Loss Test Jig for TF 1245A ... 

Out of Band Filters for White Noise Test Set . . .. .. . . . . . . . . . 

~~~~:~~~~i~;:~F~~!~t~n~~~or OA 2090C ... .• ••••• :: : . . . . : : : :: :::: : : .• • :: : : : .. . . . : 1 
Manual Fil ter Unit for OA 2090C . . . . . . . . ... .. . . .. . . ... . .. . . ...... J 
Noise Measuri ng Sets for White Noise Test Set .. . . .. . .. ... .... .. . . ....... ... ... ... } 

Low- Pass Filters for Wh ite Noise Test Set .... . · .. _· .· .. · ... · _· .· _· .. .. _· .. . · .· .· .· _· .· ._ .. . · .. . _ .. . _ .. _· .· .... .. .. .. .. . . 
High-Pass Filters for W hite Noise Test Set .. 
Noise Filter Extension Unit . . . . . . . . . . . . . . .. .. .......... . .. . ... . . ........ . ... . 
Crysta l Osci llator for TF,;23DOB . . . . . . . . . . . . . . .. . .. . . . . . ... . . .. .... . . . . . . . .. . .. . 
RF Transformer, 75 to 50 0 ....... . . .. .......... . . .. . ....... .. . . .. .. . .. . . .... .. . 

Page 

278 

149 

162 

74 

71 

73 

64 
100 
140 

Inductors for TF 1 245A ...... . . .. .. .. .......... . · ..... · · · · · · · · · · · · · · · · · · · · ·} 
161

. 
1 62 Inductors (Set of 18) 1n case. for TF 1245A ...... .. . . ....... . . . ... .. . . . . .... . 

Output Lead. 75 0 ................... . .... . . .. . . . . .. . . . . ... .. . .. ...... . . ........ \ 

RF Connecting Cable. 460 mm long . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 279 
Lead for OA 2090B, OA 2090C .......... .. . .. . ..•....... .. .. .. . . . .. . .......... . . I 
Output Lead, 50 0 (1370 mm) . ....... . . . ..... .. ... . . ..... . .. . . . •. . .....•.. . ... . 
Matching Unit. 50 to 300 0 .. . . ..... . ....... . ... .. . . . ... . . .. . . .. . . . . . . . . . . . . .. . 
DC Isolati ng Unit .. . .. . ........... . . . . .. . . . ............ . . 
Matching Unit, 50 to 75 0, with Belling Lee connector ... .. . ... . . . ..... .. . . . .. . . 
Attenu ator Pad, 20 dB. 50 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. } 
Attenu ator Pad. 6 dB. 50 0.. . .. .. .. .. . . ... . ..... . . . . · .. . .... .. . 
Carrying Case for TF 2604 accessories ..... .. ..... . . . . . .. . .. . . . . . . .. . . . .. . .... .. . 
Inductor. 2·5 ~H for TF 1245A . . . . . . . . . . . . . } 
Inductor. 0·5 ~H for TF 1245A · ...... ... ... . . . . ...... .. ...... .. . . . 
Inductor, 0·05 ~ H for TF 1245A.. . . ... .. ... . . . .. . . . . ... . . . . . .. . . . . .. ... . . 
Output Lead . . . . . . . . . . . . . . . . .... .... . . .• . ........ . . .. 

;~a~~~~~~l i~~;0~e~~o;~~~ TF 260.4 . . . . . . . . . . .. . · .· _· .. . · .· .· ._· ·.· ·.· ._· •. •. ·.· ·.· ·.· ._· ·. ·. ·. ·. · .. · . . . . . _ ... .. } 
DC Multiplier for TF 2604. . .. ........ . 
Matching Un it. 50 to 75 0 w ith PR4D connector . . . . . . . . . . . . . . . . . . . . . . . . . . l_ 
Matching Unit. 50 to 75 0 w ith Plessey CZ71 060 connector ... ... . . . . ... .. .. .. . . . f 
Matching Pad, 50 to 75 0 .... . . . ... . 
20 dB Attenuator Pad. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . } 
6 dB Attenuator Pad . . . .. .. .. .. .. .. . . .. . . .. . .. .. .. . . . . .. .. . : . . 
Matching T Pad ........ . . ... .. . .. .. . . .. .. .. .. . 
5-watt Dummy Load for TF 2604 . . . . . ... . . .. . . .... .. . . ... .. . . ... .. . ... . . . .. ... . . 

~fgia~:~~~::~r J~::1~~;\~ ~ ~:-~ •• : : .•.. : : .:: •• . . ... ... . . . . . : . : • . : ::. •.· .· .· _· _: :_· :_ . . · .--. .. } 

600 to 0·5 0 Transformer for TF 1245A, TF 1246, TF 1247 ..... . 
Coaxial Fuse ..... . . .... . . . . . . . . . 
75 to 150 0 unba lanced to balanced Transformer .... . . . .... .. ... .. ..... . ........ } 
75 to 140 0 unba lanced to ba lanced Transformer .. . .. . . . . . . . . .. .. . . . . .. . . ...... . 
50 to 300 0 Matching Transformer .. . ..... .. .. .. .. . .. . ....... . .. . ..... • ..... . .. . 

280 
279 

278 

1 51 

162 

110 

1 51 

279 

279 

278 

279 
1 51 

161 

278 

279 

DC Choke Adapter for TF 131 3A. TF 2700 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164, 166 
Composite Dummy Aeria l & DC Isolating Unit . . . . . . . . . . . . . . . . . . . . . 279 
Unbalanced- to-balanced Transformer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280 
Matching Pad . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . 279 
Blank Panel for TM 7010 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280 

Rack Mounting Case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280 
Isolati ng Transformer for TF 2700 . . . . . . . . . . . . . . . . . . . . . . . . . . . 166 
Low- Pass Filters for White Noise Test Set .. . .. . .. . . 
High-Pass Filters for Wh ite Noise Test Set .... .... .. . . ... . . . . . . . ...... .. . ... .. . . 
Band Stop Filters for Whi(e Noise Test Set . 
Band Pass Filters for White Noise Test Set . . . . . . . . . . . . . . . . . . . . 74 
Loca l Osc il lators for Wh ite Noise Test Set 
Loca l Osc illatcrs for White Noise Test Set 
Loca l Oscill ators for Whi te Noise Test Set 



Type No. Order Code 

TM 7816A 44990-120P 
TM 7948 43167-007Z 
TM 7949 43168-011S 
TM 7950 43168-010V 
TM 7957 54134-011A 
TM 7958/3 54124-021N 
TM 7967 44411 -015 N 

TM 8270 46883-002Z 

TM 9650 44416-077J 
TM 9712/3 46883-072U 
TM 9743 46883-031B 
TM 9808 44990-118X 
TM 9884 43281-007C 

23435-007H 
23443-398M 
23443-804G 

35901-628E 
35901-701E 
35901-869Y 
35901-870E 

41174-029T 
41690-018U 
41690-044B 
41690-079Z 
43129-103V 
43129-106D 
43129-189U 
43168-016X 
43169-010B 
44319-004H 
44827-522R 
44836-104L 
46883-193X 
46883-214N 
46883-220F 
46883-231X 
46883-247L 
46883-267B 
46883-281N 
46883-282L 
46883-315Y 
46883-354F 
46883-368 R 
46893-319F 

52093 series 
52374-900C 
54112-031T 
54112-061 w 
54112-071 R 
54112-091V 
54112-101T 
5411 2-111 K 
54112-121N 
54124-021N 
54127-011 N 
54127-021W 
54127-031R 
54127-071H 
54127- 081F 
54127-131M 
54127-171H 
54127-191D 
54127-211 H 

Description Page 

Twe lve-channel Noise Generator ...... . .. ..... . ...... . . . .. . ... .. . . . . . . . 75 
T Connector for TF 2603.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... I 
Type N.,Adapter (Terminated) for TF 2603 .............. .. . . ... . .. . ... . . .. . . .. . ... ~ 149 
Type N Adapter (Unterminated) for TF 2603 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J 
Front Cover Plate for TF 2091 . . . . . . . . . . . . . . . . . . . . . . . } 
Lid Assembly for OA 2090B .. . . . . . . . . . . . . . ... . . . . .. . . .. .. . . . . .... . ... . . . . 

63 

149 50 0 Load for TF 2603 .... . .. . . .. . . . . . 

Rack Mounting Kit for OA 2090B 

VHF/U HF Detector Probe for TF 2008 ........... . . . .. . . .. . . . ... .. . ..... . . . . . . 
Rack Mounting Kit for TF 2905/8. TF 2909 & / 1 . . ....... . 
Rack Mounting Kit for TF 2904 . . . . . . . . . . .... , . . . . .... . ... ... ..... . . . ... . . 
Mains Power Unit for TF 2103 ... .... .. . . . . ... ..... .... . . . . 
RF Fuse Unit ................... . ......... . ...... .. . . 

63 

19 
198. 202 

194 
53 

110 

7 -pin Free Plug for TF 2020 ........... . . 
U-link for use with TF 2905/8. TF 2909. TF 2910/4 Rack Mounting Kit. 
Adapter for TF 2020 

38 
1 98. 202. 205 

38 

Output Calibration Plate (dB1.1V. e.m.f. and p.d.) . . . . . . . . . . . . . . . . . . . . . . ·} 
Output Calibration Plate (dBm and f1V/ mV p.d.) ............ . . 23 

Conversion Plate (flV p.d. and dBm) for Output Attenuator for TF 2016 ........ . .. ·} 
Conversion Plate (dBflV. e.m.f. and p.d.) for Output Attenuator for TF 2016 29 

Attenuator Dial for TF 2008 series . . . . . . . . . . . . . . . . . . . . . 19 
Front Panel Cover for TF 2002B.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 
Case for TF 2015. TF 2171. TF 2016. TF 2173 . . . . . . . . . . . . . . . . . . . . . . 23. 25. 29. 31 
Front Panel Cover Assembly for OA 2090C, TF 2300B . . . . . . . . . . 71. 100 
RF Lead. 50 0 for TF 2171 . . . . . . . . . . . . . . . . .. . .. .. .. .. .. .. .. .. . . . . 25 
Cable Assembly for TF 2169 . . . . . . . . . 33 
G PI B Lead for TK 2021 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 
Adapter (BNC to phone jack) for TF 2370 .... ... .. . . . . .. .... . . . ... . . . . ... . . . . 126 

126 
228 
117 

Connector Assembly for TF 2370 . . . . . . . . . . . . . . . . ..... . . . 
Battery for TF 2917 Clock Drive ................ ............ .. ..... . . . 
Telephone Weighting Network for TF 2331 A ....... ........ . . .... . . . 
Exterder Board for TF 2802/2. TF 2809. TF 2823 . . . . . . . . . . . . . . . . . . . . . 171 .179.182 
Data Line Extraction for TF 2 914A. . ................. . . ..... . . . .. . . . . . 220 
Mounting Kit for TF 2169/TF 2015 . . . . . . . . . . . . . . . . ·} 
Mounting Kit for TF 201 5/TF 2169 . . . . . . . . . . . . . . .... . .. . . . .... . ... . 33 

220 
224 
126 

Plug and Socket Kit for TF 2914A . . . . . . . . . . . . . . . . . . . . . . . . . .. ..... . 
Accessories Kit for TF 291 5 . . . . . . . . . . . . . . . .... ... . 
Camera Hood for TF 2370 . .. ......... . . . . . .. . 
Accessory Kit for TF 2430 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ·. · } 

1 33 Rack Mounting Tray Kit for TF 2430 . . . . . . . . . . . . . . . . . ..... . . ... .. . .. . . . . .. . 
Rack Mounting Kit for TF 2020 . . . . . . . . . . . . . . . . . . . . . . . 38 
Ventilation Kit for TF 2914A............ . . . . . . . . . . . . . . . . . . . . . 220 
50-Way Plug Kit Amp. for TF 2828, TF2829 . . . . . . . . . . . . . . . . . . . 189. 192 
GP IB Interface Kit for TF 2356/2357 . . . . . . . . . .. . . . . . . .. . 81. 83 

'A' type Noise Measuring Sets for OA 2090B .... ......... . . . . 
Zero Loss Probe for TF 2370..... . ..... . . . 
Case for TF 2303 ..................... .. ............ . . . ... .... . . ... . 
Case for OA 2090 series 

74 
127 
105 

63 
Carrying Case for White Noise Test Set Filters . . . . . . . . . . . 63. 71 
Carrying Case for Filter Units . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... . . .. ·} 

71 Ca rryi ng Case for OA 2090C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 
Carrying Case for TF 2370 . . . . . . . . . . . .. . . . . .. . . . . . . . . . . 
Carrying Case for TF 2304 . . . . . . . . . . ....... . .. . . . . 

126 
111 

63 
90 

Front Panel Cover for OA 20906 . . . . . . . . . . . . . . . . . . . ...... . . ..... ... . . . . 
Rack Mounting Kit for TF 2167 ........ .. ...... ..... ... . . 
Rack Mounting Kit for TF 2002 B and TF 2008 . . ...... . . . . 
Ra ck Mounting Kit for TF 2212A ..... .. . . . . .... .. . . . 
Ra ck M ounting Kit for TF 2828. TF 2829.. . ........ . . . . ... . . .. .. . .. . 
Rack Mounting Kit for TF 2120 .. . . . . . . . . . . . . . . . . . . . ...... . . . . 
Rack Mounting Kit for TF 2300B. OA 2090C. . ....... . ......... ... . 
Rack Slide Kit for TF 2914A . . .......... . .. .. . . . . . .. . 
Rack Slide Kit for TF 2910/ 4 and TF 2913 .... .. .. . ........ . . 
Rack Mounting Kit for TF 2370 ............. ... . ........ ... .. . . . . . . . .. .. . 

14. 19 
93 

189. 192 
57 

100. 71 
220 

205. 216 
126 

335 
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Order Code 

541 27-231P 
54127- 241A 
54127- 251L 
54127-261D 
5431 1-041E 
54311 -051G 
54311-071Z 
54347-012A 
54347- 013Z 
5441 1-011 s 
54412-011 K 
54422- 011 A 
54431-011 D 
54431- 021B 
54441 -011T 
54451-061Y 
54451 - 071S 
54451-081C 
5445 1-091E 
54451-101L 
5445 1- 111 D 
5445 '1-121 B 
54451 - 131Y 
54451-141 S 
54452-01 1E 
54461 -021 Z 
54463-01 1 D 
54490-032H 
54497-131A 
54497-141L 
54497- 151D 
54497-161B 
54497- 171 y 
54499-001Z 
54499-010L 
54541-051 u 
54541-071 M 
545 41 -091F 
5471 1- 021 X 
54711 -031Z 
547 12-031V 
54713- 101B 
547 13- 111 Y 
54713-121S 
59999- 704T 

Descnption 

Rack Mounting Kit for TF 2016. TF 2173 
Rack Mounting Kit for TF 201 6. TF 2173 
Rack Slider Kit for TF 29 17 

··· ··· ···· ··········· ······ ······••} 
Rack Mounti ng Kit for TK 2021 . . . . . . . . . . . . . . . . . . . . . . .. ... . . . 

Page 

29.31 

Adap ter BNC to Con hex for TF 2008 . . . . . . . . . ... . . .. . . . . . 

228 
38 
19 

155 
29 

Coaxia l T- Connector for TF 2650 . . . . . . . . . . . . . . . . . .. .. .. . . 
Adapter TN C to BN C for TF 2016 . . ...... ... ....... . . . . . .. . . .. .. .... . . . . .. . . . 
Interconnecting Lead for TF 2828. TF 2829 . . . . ... . . . 
Lead Assembly for TF 2828 . . .. .... .... . . 
120 0 ba lanced to 75 0 unba lanced Matching Unit for TF 2802 / 2 .. ... . .. . . 
De-emphasis Unit for TF 2303 
12-wa tt Termi nati on for TF 2300B, TF 2303, TF 2304 . 
20 dB. 1 wa tt Attenu ator 
20 dB. 20 wa tt A ttenuator ...... .. . . 
Mains Pow er Supp ly Unit for TF 2650 ........ . .. . ............ . . .. . 
470kHz IF Probe for 1/ ~015. TF 2016. TF 2950. TF 2952. . . . . . . . . . .· ... ·} 
1 0 ·7 M Hz IF Probe for TF 201 5, TF 201 6, TF 2950, TF 2952 . . .. . . .. . . .. . . . 

~~TD:;~~:o;0;r:~e
2

~;r0TF 2650 . ... ... . .. .. . . .... .. .. · .. · .. · .. · .. · .. · .. · .. · .. ~ :: ~ . .. ... l 
Peak-to-Peak Probe for TF 2650 r 
RF Voltage Divider for TF 2650 ..... .. . . j 
455 kHz IF Probe for TF 2015, TF 2016. TF 2950. TF 2952 
Temperatu re Probe for TF 2650 
Clip-on Fl exib le Test Probes fo r TF 2650 . . . .. . . . . ..... . .. ... . . .. . . . ... .. . 
Signal Sniffer for TF 2303. TF 2304. TF 2300B ... . .. .. . . 

189. 192 
189 
171 
105 

} 110 
... 

111 
155 

25. 46 

155.156 

Cu rrent Shunt for TF 2650 .. . .. . . . ... .... ..... .. .... . . . . 

25. 46 
156 
156 
111 
156 
111 Battery for TF 2303. TF 2304 . . . . . . . . . . . . . . . . . . . . . . ..... . . . 

Programming Board for TF 2092C . . . ... ... .... . . ... . . .. . .. .... . ...... . . . . 
1600 Hz Band Stop Filter for TF 2337 A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . } 
1 50 Hz Band Stop Fil ter for TF 2337 A . . . . . . . . . . . ... ..... . .. . 
50 Hz Band Stop Filter for TF 2337 A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 
60 Hz Band Stop Fil ter for TF 2337 A . . .. .. .. ...... .. . ... . .. . . . . . . . 
69 Hz Band Stop Filter for TF 2337 A 
Luminance Noise Weig ht ing Filter for TF 2914A .. . .. ... . . . ... ... . .... . ..... . . . . 
Unified Noise Weighting Filter for TF 2914A 

Mult i burst for TF 2913. . ... · .· .· .· ... · . .. .. .. . . .. .. . . .. . . . · .. ...... ... .. ·.} 
External Line Insertion Cards for TF 2913 
Auxiliary Inputs for TF 2914A . 
Maintenance Kit fo r TF 2008 
Ma intenance Kit for TF 2020 
Socket and Pin Kit for TF 2020 
Noise Generator Modification Kit 
'A' Noise Receiver Modification Kit 
'B ' Noise Receiver Modification Kit .... .. ......... .. .... .... ........ .. .. . ••• } 
Digital Printer GMT 301- P1 6 for OA 2090C 

71 

121 

220 
220 

216 

220 
19 
38 
38 

64 

71 



Alphabetical and Cross-reference 

A 

Absorpti on-see Power Meters 
AC-see Multipliers, Mains Unit 
Accessories-

ACCESSOR IES, OPTIONAL 
ACCESSORY KIT, 46883-281 N for TF 2430 series 
ACCESSORIES KIT, 46883-247L for TF 2915 series 

Adapters-

Page 

277 
133 
224 

19 ADAPTER, BNC TO CON HEX, 54311-041 E 
ADAPTER, TYPE N, TERM INATED, TM 7949 
A DAPTE R, TYPE N, UNTERMINATED, TM 7950 
ADAPTER, SC REENED, TB 39868 

} 149 

ADAPTE R, SHIELDED, TB 39867 } 278 

ADAPTER. DC CHOKE, TM 6113 164, 166 
A DAPTER. BNC TO PHONE JACK, 43168-016X 
ADAPTER. TNC TO BNC, 54311 - 071 Z for TF 2016 series 
ADAPTER. 23443-804G, for TF 2020 
ADAPTER, GPIB, TK 2021 for TF 2020 
ADAPTE RS. SQUARE TO ROUND FLANGE, TYPE 6478 

Aerial-see Dummy 
AF-see Power Meters, Oscillators. Signal Sources 
Amplifier-

AMPLIF IER, LEVELLING , TYPE 6587 
AMPLIFIER, RF, TF 2167 
AMPLIFIER, RF, TF 2175 
AMPLIF IER. TRACKING GENERATOR, TK2375, for TF 2370 

AM-see Modulation Meters. Signal Generators, Test Sets 
Amplitude- see Modulator 
Analysers-see also PCM 

ANALYSERS (Section Index) 
ANALYSER, DATA LINE, TF 2809 
ANALYSER. INSERTION SIGNAL, TF 2914A series 
ANALYSER, 110 M Hz SPECTRUM, TF 2370 series 
ANALYSER, NON-LINEAR DISTORTION , TF 2910/4 
ANALYSER, WAVE, TF 2330A 

Antenna- see Test Bench 
Aerial-see Dummy 
Attenuators-

ATTENUATOR, 54431-011 D. 20 dB, 1 WATT 
ATTENUATOR 54431-021 B, 20 dB, 20 WATT 
ATTENUATO RS, COAX IAL, TYPE 6530-36 
ATTENUATOR, MF, TF 2162 
ATTENUATORS. ROTARY VANE, TYPE 6052 series 
ATTENU ATO R, UHF, TF 2163S 
ATTENUATOR PADS, 6 dB, TM 4919/1 } 

6 dB, TM 5573/1 
20 dB. TM 4919 
20 dB, TM 5552 
20 dB' TM 5b73 

ATTEN UATO R, VA RI AB LE, TYPE 6019 series } 
TYPE 6020 series 

ATTENUATOR, PRE-SET, TYPE 6021/5 

Automatic-see also Distortion, White Noise 
AUTOMATIC PROGRAMMABLE TEST SYSTEMS 

(AUTOTEST) 

B 

Balanced-see Transformers 
Bar-see Generators 
Battery- see also Leads 

BATTERY, RECHARGEABLE, for Type 6460 
BATTERY, 54463-011 D, fo r TF 2303 and TF 2304 
BATTERY, 44319-004H for TF 2917 clock drive 

Bends-
"E" PLANE, TYPE 6025 series 
"H" PLANE, TYPE 6026 series 

Bench-see Test Bench 
Blank Panels-sl')e Panels 
Boards-

} 

126 
29 
38 
34: 

273 

250 
90 
91 

128 

11 3 
178 
217 
122 
203 
114 

110 
111 
274 

83 
231 

89 

2'78 

266 

247 
111 
228 

267 

BOARD. EXTENDER, 44836-1 04L 171, 179, 182 
BOARD. EXTENDER, 54511-012R 189,192 
BOARD, PROGRAMMING 54490-032H, for TF 2092C 71 

Bridges-
BRIDGES AN D Q METERS (Section Index) 
BR IDGE, 0·1% UN IVERSAL, TF 1313A 
BRIDGE. UNIVERSAL, TF 2700 

Broadband-see Detectors, Isolators 

c 
Cable-see also Leads 

CABLE ASS EM BL Y, 43129-1 06D for TF 2169 
CABLE SIMULATOR, TF 2825 

Calibrator-
CALIBRATOR, MODEL 3058, for TYPE 6460 

Camera Hood-
CAMERA HOOD, 46883-267B for TF 2370 

Cards-
CARDS, EXTERNAL LINE INSERTION, 54541-071 M 

Cases see also Rack Mounting 
CASE FOR ACCESSO RIES, TM 4935 
CASE, CARRYING, 54112- 121N forTF2304 
CASE. CARRYING, 54112- 1 01T for OA 2090C 
CASE. CARRYING, 54112-031T for TF 2303 
CASE, CARRYING, 54112- 111 K for TF 2370 
CASE. 54112-061 W for OA 2090 series } 
CASE, CARRYING, 54112- 071 R for Fl LTERS 
CASE, CARRYING , 54112-091Vfor FILTER UNITS } 
CASE, CARRYING, 54112- 071 R for FILTERS & 

LOCAL OSCILLATOR BOARDS 
Carriage-

CARRI AGE, TYPE 6040 
CARRIAGE, UNIVERSAL PROBE. TYPE 6010A 

Choke- see Adapters 
Circuit Magnification-

CLRCUIT MAGNIFICATION METER, TF 1245A 
CIR CU IT. SHORT, TYPE 6005/4 

Clamps-see also Jigs 
CLAMPS, QU ICK RELEAS E, TYPE 6044 

Coaxial-see Attenuators, Connectors, Detectors, Filters, Fuses, 
Leads, Power Heads, Terminations 

Colour Gain and Delay-
CO LOUR GAIN AND DELAY TEST SET, TF 2904 

Components-
COMPONENTS, MICROWAVE (INDEX) 

Connectors-
CONN E:CTOR, COAXIAL T, TM 5031 B. for T F 2604 
CONN ECTOR, COAXIAL T. TM 7948, for TF 2603 
CONN ECTOR, COAXI.I\l. 54311-051 G, for TF 2650 
CONN ECTOR ASSEMBLY for TF 2370 

Control-see also Frequency 
CONTROL UNIT, TK 2085 for OA 2090C 

Counter/Timers-

Page 

159 
163 
165 

33 
183 

247 

126 

216 

151 
111 

71 
105 
126 

63 

71 

269 
265 

160 
264 

269 

194 

263 

1 51 
149 
155 
126 

68 

COUNTE R/TIMER, 100 MRz UNIVERSAL, TF 2437 
COUNTER/TIMER, 520 MHz UNIVERSAL, TF 2438 } 134 

Conversion-
CONVE RSION PLATE for TF 2016 29 

Couplers-
COUPLER. DIRECTIONAL, TYPE 6029/2 267 
COUPLER, DIRECTIONAL, TYPE 6030 series 268 
COUPLERS, SUBMIN IATURE BROADBAND, TYPE 6170 272 
COUPLER. SQUARE TO ROUND, TYPE 6478/1 273 

Cover-
COVE R, PROTECTIVE, 41690-079Z, for OA 2090C, 

TF 2300B 
COVER, FRONT PANEL, 54124-021 N. fo r OA 2090B 
COVER, FRONT PANEL, 41690-018U, for TF 2002B 

Crystals-see Oscillators 

D 

Data-see also Anal ysers, Electrical 
DATA SELECTOR, TK 2917 series 
DATA MONITOR, TF 2915 series 
DATA USEFUL (Section Index) 
DATA LINE EXTRACTION, 46883-193X 

71 ' 100 
63 
14 

225 
221 
281 
220 

337 



DC-see also Adapters. Dummy. Multipliers 
DC ISOLATIN G UNIT, TM 4917 

De-emphasis-
DE-EMPHASIS UNIT, 54412-011 K 

Delay-see Colour Gain and Delay 
Detectors- see also Probes. Pattern. VHF 

DETECTOR, BROAD BAND, TYPE·6000/3 
DETECTORS. COAXIAL. TYPE 6002 series 
DETECTOR. DIGITAL ERROR. TF 2801/4 
DETECTOR. SMA WIDEBAND, TYPE 6160 
DETECTOR. STANDING WAVE. TYPE 6009/2 
DETECTOR. VHF/UH F PROBE. TM 9650 
DETE CTORS. WAVEGU IDE. TYPE 6003/3 
DETECTOR, WI DE BAND. TYPE 6060 
DETECTOR. COAXIAL WIDEBAND. TYPE 6161 

Deviation- see Modulation 
Differential- see Voltmeters 
Digital-see also Detectors. Frequency Printer, PCM 

} 

Page 

280 

105 

264 

168 
272 
265 

19 
264 
270 
272 

DIGITAL SYNCHRON IZER. TF 2170B for TF 2002B 15 
DIGITAL SYNCHRONIZER TF 2171 for TF 2015 24 
DIGITAL SYNCHRON IZER . TF 2173, for TF 2016 30 

Diode- see Oscillators 
Distortion-see also Testers. Analysers 

DISTORTION FACTOR METER. TF 2331A 
DISTORTION METER. AUTOMATIC, TF 2337A 

Display-
DISPLAY. X-Y. TF 2212A series 
DISPLAY. X-Y. TF 2213A (Dual Trace Model) 

Divider-
DI VIDER. RF VO LTAGE. 5445 1-111 D 

Dual Trace-see Display 
Dummy-

DUMMY A ERI A L AND DC ISOLATING UNIT, TM 6123 

E 
Educational - see Test Bench 
Electrical-

ELECTRICAL & MECHANICAL DATA (M ICR OWAVE) 
El ectronic- see Voltmeters 
Error- see Detectors 
Extender- see Boards, Frequency 
Extension- see Leads. Noise 
External-see Cards 

F 

FM-see Generators. Modulation Meters. Test Sets 
Filters- see also Noise 

FILTERS. LOW PASS. TM 7720 (A type) 
FILTERS. HI GH PASS. TM 7728 (A type) 
FILTER SETS, SELECTIVE, TM 7729 series (A type) 

TM 7730 series (A type) 
TM 7793-95 series (A type) 

FILTE'RS. OUT-OF-BAND, TK 2084 
FILTERS. HIGH PASS. TK 2906 series (B type) 
FILTER S. LOW PASS. TK 2095 series (B type) 
FILTER SETS. SELECTIVE. TK 2904 series (B type) 
FILTER S. COAXIA L LOW PASS. TYPE 6067 series 

FILTER UN IT. MANUAL. TK 2087/1 for 
FILTER ·UNI T, TK 2086 } 

FILTER UNIT, PROGRAMMAB LE, TK 2087 OA 2090C 
FILTER. LUMIN ANCE NOISE WEIG HTI NG. 54499- 001Z 
FILTER. UNIFIED NO ISE W EIGHTING, 54499-010L 
FILTERS. BANDSTOP. for TF 2337A 

Flanges- see Waveguide 
Frequency-

FREQUENCY METERS. TYPE 6049/1 
FREQUENCY METER. DIGITAL. TF 2430 series 
FREQUENCY METER. 2 GHz DIGITA L. TF 2435 
FREQUENCY EXTENDER. TK 2373. for TF 2370 

Fuses-
FUSE. COAXIAL, TM 5753 
FUSE UNIT. RF. TM 9884 

338 
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i.l j' 

116 
120 

92 
94 

156 

279 

275 

74 

73 

270 

71 

220 
220 
121 

230 
130 
134 
128 

278 

G 
General-Amplifiers. Attenuators. Power Supplies. 

X- Y Displays 
GENERAL MEASURING EQUIPMENT (Section Index) 

Gain- see Colour Gain and Delay 
Generators-see also Pattern. Inserter. Noise 

GENERATORS. SIGNAL (Section Index) 
GEN ERATOR. AM/FM SIGNA L, TF 2016 seri es 
GENERATOR. FM/AM SIGNAL, TF 2008 series 
GENERATOR, AM/FM SIGNAL. TF 2015 series 
GENERATOR, GREY SCALE, TF 2909 series 
GENERATOR. MF/HF SIGNAL. TF 2002B 
GENERATOR. SINE -SQUAR ED PULSE AND BAR. 

TF 2905/8 
GENERATOR. SYNTHESIZED SIGNAL, TF 2020 
GENERATOR. WAVEFO RM . TF 2120 

Grey Scale- see Generators 
Gunn Diode-see Osctflators 
GPIB-see Interface. Adapters 

H 

H F- see Analysers. Generators 
High Pass-see Ftfters 
Head-see Probes 
Horn- see Waveguide. 
Hood- see Camera 

IF-see Probes 
Inductors-

INDUCTORS, TM 1438 series 
INDUCTORS, TM 4947 series 
INDU CTORS. SET OF. IN CASE, TM 4520 

Indica tors- see VSWR 
Inserter-

I 
j 

TELEVIS ION TEST LI NE GENERATOR & INSERTER 

Page 

85 

9 
26 
16 
20 

199 
10 

195 
34 
54 

161' 162 

TF2913 213 
Insertion-see Cards 
Interface-

INTERFAC E KIT. GP IB. 46883-319F 80 
Isolating- see also Dummy, DC 

ISOLATING TRANSFORMER. TM 7120 166 
Isolators-

ISO LATO RS. BROADBAND. TYPE 6033/3 268 

j 

Junction Box-
JUNCTION BOX. 963R, for TYPE 6460 

L 

Leads-
LEA D, BATTERY. TM 6122 
LEA D. COAXIAL. 75 0. TM 4726/ 136 
LEAD, COAXIAL, TM 4726/260 
LEAD. COAXIA L. TM 4726 /286 
LEADS. OUTPUT. TM 4824/ 1 
LEA D. OUTPUT, TM 4969 /3 
LEAD, RF,43129- 103V 
LEA D. INTERCONNECTING, 54347-012A 
LEAD, ASS EMBLY, 54347-013Z 
U- Ll N K. 23443-398M for TF 2905/8. TF2909 . 

247 

f 279 

j 
25 

} 189 

TF 291 0/4 1 98, 202. 205 
Level-see Selective Level Measuring Set. Oscillators. 

Meters 
Levelling- see Amplifier 
Line- see Analysers. Inserter 
Loads-

LOAD, 50 0.-!;- WATT, TM 7967 
LOA D. 5 WATT DUMMY. TM 5582 

Loss-see Series Loss 

149 
151 



M 
Magnifi ca tion-see Circuit Magnification 

Mains Unit-
MAINS POWER UNIT. TM 9808 

Maintenance-
MA INTENANCE KIT. 54711-021 X 
MAINTENANCE KIT. 54711-031 Z 

Matching-
MATCHIN G PA D. TM 5548 
MATCHING PA D. TM 5549 
MATCH IN G PAD. TM 5569 
MATCH IN G T PAD. TM 5573/3 
MATCH ING PAD. TM 4918 
MATCHING UN IT. TM 4916 
MATCHING TRANS FORMER. TM 5955/5 
MATCHING TR ANS FORMER . TM 5955 
MATCH ING PAD. TM 6599 
75 0 to 50 0 MATCHIN G PAD. 54411-021 C 
MATCHIN G UNIT. TM 5726 
MATCHING UNIT. TM 5727 
MATCHING UN IT. 54411-011 S 
MATCHING UN IT. TM 6221 
MATCHING UN IT. 1 • 1 TRANS FORMER. TM 7120 
STA R NETWORK. 54413- 011 F 

Meters-see also Circuit Magnification. Distortion. 
Frequency, Modulation 

METER. SELECTIVE LEVEL. TF 2357 
M F- see Attenuators. Generators. Test Set 
Microvoltmeter-see Voltmeters 

} 

} 

Microwave-see also Components. Oscillators. Power Meters. 
Test Bench 

MICROWAVE INSTR UM ENTS (Section Index) 
MICROWAVES. EXPERIMENTA L - BOOK 

Mtllimetre Wave-
MILLIMETRE WAVE SWEEPER SYSTEM 

Millivo ltmeter-see Voltmeters 
Mobile Rad io-see Test Sets 
Modulation-

MODULATION AN D DEVIATION MET-ERS (Section Index) 
MODULATION METER. FM /AM. TF 2300B 
MODULATION M ETER . FM/AM. TF 2303 
MODULATION METER. FM/AM. TF 2304 
MODULATION METER. PROGRAMMABLE. TF 2301A 

Modulator-
MODULATOR. PULSE. TF 2169 

Monitor- see Data 
M oun ting Kit- see Rack Mounting 

MOU NTING KIT. 46883-214N forTF 2169/TF 2015 
MOUNTING KIT. 46883-220F for TF 2015tTF 2169 

Multiburst-
MULTIBURST. 54541 - 051 U 

Multimeters-
MULTIMETER. FET. TF 2650 

Multipliers-
MULTIPLIER. AC. TM 5032 for TF 2604 
MULTIPLIER. DC. TM 5033A for TF 2604 

Multip lex- see PCM 
Multi- channel-

M ULTI CHAN NEL TESTING (Section Index) 

N 

Noise-
NOI SE GENERATOR. TF 2091 B 
NOI SE RE CE IVER. TF 2092B 
NOI SE TE ST SET. WHITE. OA 2090B 
NOISE TEST SET. AUTOM ATIC WHITE. OA 2090C 
NO ISE FILTER EXTEN SION UN IT. TK 2099A B 
NOISE M EASU RING SETS (F ILTERS). TK 2094 series 
NOISE GENERATOR. TWELVE -CH ANN EL. TM 7816A 

Non- Linear Distort ion- see Analysers 

0 
Osct/lators-

} 

} 

} 
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OSCILLATORS (Section Index) 
OSCILLATOR. A F. TF 2102M 
OSC ILLATOR. 40kHz-50 M Hz. TF 1246 
OSCI LLATOR. 20-300 MHz. TF 1247 } 160 

p 

OSC ILLATOR CRYSTAL for TF 2300B. TK 2302 
OSCILLATOR. GUNN DIODE. TYPE 6061A 
OSCILLATOR. LEVEL. TF 2356 
OSCILLATOR. YIG TUNED GUNN. TYPE 6100 
OSC ILLATOR. MICROWAVE SWEEP. TYPE 6600A/1 
OSC ILLATOR. SWEEP. TYPE 6700B 
OSC ILLATOR. W IDE RA NGE. TF 2103 
OSCILLATOR UNITS. PLUG-IN for TYPE 6600A/1 

Pad-see Attenuators. Matching 
Panels- see also Control 

PAN EL. BLA NK. TM 6844 (For Ra ck M ount ing Ca ses) 
Pattern-

PATTERN GENERATOR AND SLMS. TF 2802/2 
PCM-see also Detectors 

PCM TEST EQUIPMENT (Section Index) 
PCM MULTIPLEX TESTER. TF 2807A 
PCM REGENER ATOR TEST SET. OA 2805A 
PCM REGENER ATOR TESTER. TF 2823 
PCM DIGITAL SIMULATOR. TF 2828 
PCM DIGITAL ANALYSE R. TF 2829 

Period-see Modules 
Phase-

PHASE SHIFTERS. TYPE 6022/ 4 
Plane-see Bends 
Plate-

PLATE. OUTPUT CALIBRATION for TF 2015 
PLATE. CONVERS ION. for TF 2016 

Plugs-
7-WAY PLUG. 54712-041 M. for TF 2828 
15-WAY PLUG. 54712-051 H. fo r TF 2828 
50-WAY PLUG KIT. AM P. 46883-368R. for TF 2828. 

TF 2829 
PLUG. 7-PIN. FREE. for TF 2020 
PLUG SOCKET. 26-WAY. 46883-231X. for TF 2914A 

Power Head-
POWER HEA DS. tft COAXIA L & WAVEGUIDE. 

} 
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280 

170 
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266 

23 
29 

189 

189. 192 
38 

220 

TYPE 6420 240 
Power Meters-

POWER METERS (Section Index) 
POWE R METER. AF. 10 WATTS. TF 893A 
POWER METER. RF. 3 WATTS. TF 2501 
POWER METER. RF. 10 WATTS. TF 2502 
POWER METER. RF. 100 WATTS. TF 2503 
POWER METER. RF. TF 2512 
POW ER METER. tft . TYPE 6555 
POWER METER. PROGRAMMABLE. TYPE 6550B 
POWER METER. THERMOELECTRI C. TYPE 6460 

Power Supply-
POWER SUPPLY. TYPE 6590 
POWER SUPPLIES. TF 2154. TF 2155 
POWER SUPPLY UNIT 54441-011T. for TF 2650 

Printer-
DIGITA L PRINTER. GMT 301-P16. for OA 2090C 

Probes- see also Carriage. Detectors 
PROBE. 455kHz. IF. 54451-121 B I for TF 2015. 
PROBE. 470kHz. IF. 544 51-06 1Y ~TF 2950. 
PROBE. 1 0·7 M Hz. I F. 54451-071 S j TF 2952 
PROBE. EHT. 54451-081 c I 
PROBE. RF DETECTOR . 54451-091 E lfor TF 2650 
PROBE. PEAK TO PEAK. 54451-101 L I 
PROBE. TEMPERATU RE. 54451-131Y j 
PROBE. ZERO LOSS. for TF 2370 
PROBES. FLEXIBLE TEST. for TF 2650 

Programmable- see Modulation. Po wer Meters 
Pulse- see Modulator 

Q 

0 Meter-see also Circuit Magnification 
0 METER. BRIDGES AND (Section Page) 
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R 
Rack Mounting-

RACK ADAPTER. for TYPE 6460 
RACK MOUNTING CAS E. TM 7010 seri es 
RAC K MOUNTING KIT. TYPE 6600/31 for 6600A/1 
RACK MOUNTING KIT. TM 8270 for OA 2090B 
RACK MOUNTING KIT. 54127-081 F for TF 2120 
RAC K MOUNTING KIT. 541 27-131 M for TF 2300B 
RAC K MOUNTING KI T. 541 27-211H forTF 2370 
RACK MOUNTIN G KIT. TM 97 12/3 for TF 2905/8. 

T ~ 2909 
RAC K MOUNTING KIT. TM 9743 fo r TF 2904 
RACK MOUNTING KIT. 54127-001 N for TF 2167 
RACK MOUNTING KIT. 541 27-021W for TF 2002B 

TF 2008 
RACK MOUNTING KIT. 54127-031 R for TF 22121\ 
RACK MOUNTING KIT. 54127-071 N for TF 2356/2357 
RACK MOUNTING KIT. 541 27-071 H for TF 2828. 

TF 2829 
RACK MOUNTING KIT FOR TF 2016. TF 21 73 
RAC K MOUNTING TRAY KIT for TF 2430 
RACK SLIDER KIT. 54127-251 L for TF 2917 
RACK SLIDE KIT. 54127-171 A for TF 2914A 
RACK SLIDE KIT. 54127-191 D for TF 2910/ 4. 

Radiotelephone-see Test Sets 
Receiver-see Noise 
Regenerator-see PCM 

TF 29 1 3 

RF-see Amplifiers. Attenuators. Fuses. Power Meters. 
Transformers. Voltmeters 
Rotary Va ne- see Attenuators 

s 
Screened- see Adapters 
Selective-see Filters 
Selective Level-see also Pattern 

SELECTIVE LEVEL M EASU RI NG SET. TF 2356/23 57 
Se lector-see Data 
Series -Loss-

SER IES- LOS S TEST JIG. TJ 230 
Simulator-see Cable. PCM 
Shielded- see Adapters 
Shifters-see Phase 
Short Circui t-see Circuit 
Signal-see also Generators. Signal Sources 

SIGNAL GENERATORS (Section Index) 
SIGNAL SN IFFER. 54452-011 E 

Signal Sources-
SIGNAL SOURCE. TYPE 6055B 
SIGNAL SOU RCE. A F. TF 2000 
SIGNAL SOURCE. TWO-TONE. TF 2005R 

Sine-Squared Pulse and Bar-see Generators 
SLM S- see Selective Level 
Slotted Line-

SLOTTED LINE SYSTE M. UNIVERSAL. 
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TYPES 601 OA & 6011 series 265 
Socket-

SOCKET AND PIN KIT for TF 2020 
Spect rum Analyser-see Analysers 
Standing Wave-see Detectors 
Star Network- see Matching 
Supports-

SUPPORT BEN CH. WAVEGUIDE. TYPE 6039/3 
SUPPORT CLIPS. TY PE 6042 series 

Stub Tuner-see Waveguide 
Sweep- see Analysers. Millimetre Wave Oscillators 
Synchronizer-see Digital 
Synthesizer-see Generators 

T 

38 

} 269 

TV- see also Analysers. Colour Gain. Generators. Inserters 
TELEVISION MEASURING IN STRUM ENTS (Secti on Index) 193 
TELEVISION VIDEO TRANSMI SS ION MEASU REMENTS­

BOOK 142 
Telephone- see also Test Sets 

TELEPHONE WEIGHTING NETWORK for TF 2331 A 117 
Tempera ture-see Probes 

340 

Testers- see PCM 
Test Bench-

TEST BEN CH. MICROWAVE EDU CATION A L. TY PE 6599/2 
TEST BEN CH. EDU CATION AL AN TENN A. TYPE 6452A/2 

Test-Jigs- see Series Loss 
Test Line-see Inserter 
Test Sets-see also Noise. Colour Gain. and Delay. PCM 

TE ST SET. MOBILE RA DIO. TF 2950 series 
TE ST SET. MF TRA NSMI SS ION. TF 2333 
TE ST SET. AM/FM RA DIOTELEPHONE. TF 2952 

Terminations-
TERMIN ATION S. COAXIAL. TYPE 6533 seri es 
TERM INATIONS. SHORT MATCHED. TYPES 6032 ser ies 
TERM INATION. 12 WATT. 54422-011A 

Thermoelectri c- see Power Meters . 
Timer-see Counter/ Timers 
Transformers-see also Isolating. Ma tching 

TRA NSFORMER. UNBALANCED TO BALANCED. TM 6221 
TRA NSFORMER. 1 -40kHz. TM 5728A 
TRA NSFORMER. 75/50 0 RF. TK 2509 
TRA NSFORMERS. COAX IAL TO WAVEGUIDE. 

Transmiss ion Measuring- see Test Sets 
Twe lve-channel-see Noise 
Tw ists- see Waveguide 
Two-Tone- see Signal Sources 

u 
UHF-see Attenuators. Generators 
U- Link- see Leads 
Unba lanced- see Transformers 

TYPE 6037 series 

Universal-see Bridges. Carriage. Slotted Line. Counter/ Timers 

v 
Video- see Voltmeters 
Voltmeters- see also Multimeters 

VOLTMETERS (Sect ion Index) 
M ILLIVO LTMETER. RF . ELECTRONIC. TF 2603 
VO LTMETER. ELECT RON IC. TF 2604 
VOLTMETE R. VIDEO. TF 2600B 

VSWR-
VSWR INDI CATOR. TYPE 6593A 

Ventilation-
VENTILATION KIT. 46883-345F 

w 
Wattmeters- see Power Meters 
Wave- see Analysers 
Waveform-see Generators 
Waveguide- see also Detectors 

WAVEGUIDE. FLANG ES & FLEXIBLE (IN DEX) 
WAVEGUIDE HORN. TYPE 6036/4 
WAVEGU IDE STUB TUNER. TYPE 6006/2 
WAVEGU ID E TW ISTS. TYPE 6027/ 3 

Wavemeters-
WAVEMETER S. TY PE 6017/2 

Weighting- see Telephone 
Wideband-see Detectors 
Wide Range-see Oscillators 
White Noise- see also Noise 

X 

W HITE NOISE TE ST SETS (Section Index) 
W HITE NO ISE BOOK 

X-Y- see Display 

y 

Yig Tuned-see Oscillators 

z 
Zero Loss- see Probes 
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As we are always seeking to improve our products. 
the information in this document gives only general 
indications of product capacity. performance and 
suitability, none of w hich shall form part of any 
contract. 
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Further information can be obtained f rom any of the 
fo llowing addresses. If it is not avai lab le in your 
loca lity. please contact the Export Department. 
St. A lbans. 

ARGENTINE 
English Electric Marconi 
Argentina S.R.L. 
Casilla Correa Central 44 76 
iOOO BUENOS AIRES 
Telephone 243-8021 
Telex: 12-2253 

AUSTRALIA 
Amalgamated Wi reless 
(Australasia) Lim ited 
Engineering Products Division 
422 Lane Cove Road 
P 0. Box 96 
NORTH RYDE. N.S.W. 2113 
Telephone: 02-888 8111 
Telex: 2 4441 

AUSTRIA 
M. R. Drott K.G. 
Johannesgasse 18 
A-1015WIEN 
Telephone. 0222/5245 45 
Telex: 01-1499 

BAHRAIN 
(see MIDDLE EAST) 

BANGLADESH 
AEI-English Electric 
of Bangladesh Ltd. 
GPO Box 248 
DACCA 2 
Telephone: 252415 

BELGIUM 
& LU XEMBOURG 
SAlT Electronics S.A. 
66 Chaussee de Ruisbroek 
B1190 BRUSSE LS 
Telephone: (02) 376 20 30 
Telex: 21601 SAlT BB 

BRAZIL 
IGB-IND Gradiente Brasileiras 
S.A.. 
Staub Agency Division 
Caixa Postal 30.318 
01000 SAO PAULO 
Telephone: 61-1131/7 
Telex: STE L BR 011-23135 
and 
IGB -Staub Electronica S.A. 
Agency Division 
Rua Martins Ferreira 75 
Botaiogo 
Caixa Postal 9013.ZC.02 
20.000 RIO DE JANEIRO 
Telephone: 021-226-2043 

CANADA 
Canadian Marconi Co. 
Electronic Instruments Dept. 
Marine & Land 
Communications Oiv. 
2442 Trenton Avenue 
MONTREAL P.O. H3P 1Y9 
Telephone: (514) 341-7630 
Telex: 05-827822 

CH ILE 
Gibbs y Cia S.A.C. 
Providencia 1050 
Torres de Tajamar 
Torre D- 1 Piso 
P.O. Box 16254 
SANTIAGO 9 
Telephone: 231061 
Telex: Gibbs STGO 309 

COLOM BIA 
Repro Ltda. 
Apartado Aereo 5660 
16-73 BOGOTA D.E. 
Telephone: 2 84 61 00 
Telex: 43175 

CYPRUS 
S.A. Petrides and Sons Ltd. 
P.O. Box 4522 
NICOSIA 
Telephone: 42788 
Telex: 2308 

DENMARK 
Sophus Berendsen A/S 
10 Amaliegade 
DK-1256 COPENHAGEN K 
Telephone: (01) 14-85-00 
Telex: 22285 

DUBAI 
(see MIDDLE EAST) 

EIRE 
Neltronic Ltd. 
John F. Kennedy Road 
Naas Road 
DUBLIN12 
Telephone: 501845 
Telex: NELTEI 

EGYPT. ARAB REPUB LIC 
OF (see MIDDLE EAST) 

FIJI 
Amalgamated W ireless 
(Australasia) Ltd. 
P.O. Box 858 
SUVA 
Telephone: 312070 
Telex: FJ 2279 Attn. AWA 

FI NLAND 
L. H. Gallen & Co. Ky 
P.O. Box 104 
00171 HELSINKI 17 
Telephone: 65 84 24 
Telex: 121394 (Attn. 
LEGACO HELSINKI) 

FRANCE 
Marconi Instruments 
32 Avenue des Ecoles 
91600-SAVIGNY-SU R-ORGE 
Telephone: 996-03-86 
Telex: 600541 

GERMANY, FEDERAL 
REPUB LI C OF 
Marconi Messtechnik G.m.b.H. 
P.O. Box 210330 
Joergstrasse 7 4 
8000 MUNCH EN 21 
Telephone: 58-20-41 
Telex: 5212642 

GHANA 
R.T. Briscoe (Ghana) ltd. 
P.O. Box 1635 
ACCRA 
Telephone: 28511-28517 
Telex: 2095 

GREEC E 
P.C. Lycourezos ltd. 
255 Sygrou Avenue 
ATHENS 
Telephone: 9 411 60 
Telex: 21-5542 

HONG KONG 
GEC (Hong Kong) ltd. 
G.P.O. Box 15 
HONG kONG 
Telephone: 5-79 28 28 
Telex: 73098 GHONG HX 

IC ELAND 
(see NORWAY) 

INDIA 
AI MI L Sales and Agencies 
Pvt. Lim ited 
Sunlight Building 
26/ 27 Asaf Ali Road 
NEW DELHI- 110001 
Telephone: 273611 
Telex: 031 - 2700 



INDONESIA 
Centronix ltd. 
30 Jalan Raya Matraman 
JAKARTA 
Telephone: 882839: 884913: 

884953 
Telex: 44306 

ITALY 
Marconi ltali ana S. p.A. 
via Comelico 3 
2013 5 MILANO 
Telephone: 54 65 541/2/3 
Telex: 32467 

IRAN 
lrantronics Company Ltd. 
20 Salm Road 
Roosevelt Avenue 
TEHRAN 
Telephone: 828294- 831564 
Telex: 2129 56 

IRAQ 
(see M IDDLE EAST) 

IVORY COAST 
Baraderie Fr~ res Abidjan 
B.P.276 
ABIDJAN 
Telephone: 32-19-62 
Telex: Barafrer 698 

JAPAN 
Rikei Corporation 
1-18- 14 Nishi-Shimbashi 
Minato- Ku 
TO KYO 105 
Telephone: (03) 59 1 5241 
Telex: J24208. 23772 
and 
Rikei Corporation 
103 Shibata -Cho 
Kita-Ku 
OSAKA 530 
Telephone: (06 ) 374-1771 

JORDAN 
(see MIDDLE EAST) 

KENYA 
S.A. Pegrume and Co. ltd. 
New Standard Building 
Wabera Street 
P.O. Box 41093 
NAIROBI 
Telephone: 25873. 31746 

KOREA, SOUTH 
Bando Sangsa Co. ltd. 
C.P.O. Box 1899 
SEOUL 
Telephone: 24-2950/ 9 
Telex: Banda K 27266 

K 27470 

KUWAIT 
(see MIDDLE EAST) 

LEBANON 
(see MIDDLE EAST) 

MALAYSIA 
Associated Instrument 
Manufacturers (Malaya) 
Sdn. Berhad 
4A-C. Jalan Murai Satu 
off Jalan lpoh 
Batu Complex 
KUALA LUMPUR 13-04' 
Telephone: 667922 
Telex: MA 3065 2 

MEXICO 
lnstrumentacion S.A. de C.V. 
Ave Del Parque 42 
Colonia Napoles 
M EXICO. 18 D.F. 
Telephone: 250-34-88 
Telex: 1772659 

MIDDLE EAST 
Marconi Instruments 
Representative (Middle East) 
P.O. Box 5118 
NICOSIA. CYPRUS 
Telephone: 49939 
Telex: 2308 

NETHERLANDS 
Koning en Hartman 
Elektrotechniek B.V. 
P 0. Box 43220 
2504 AE THE HAGUE 
Telephone: (070) 210 101 
Telex: 31528 

NEW ZEALAND. 
AWA New Zealand Ltd. 
36-44 Adelaide Road 
P.O. Box 830 
WELLINGTON. 2 
Telephone: 851-279 
Telex: NZ 31001 

NORWAY 
Norsk Marconi A.S. 
Ryensvingen 5 
P.O . Box 50 Manglerud 
OSLO. 6 
Telephone: 67-04-80 
Telex: 16218 

OMAN 
(see M IDDLE EAST) 

PAKISTAN 
International Industries ltd 
P.O. Box 4775 
Ha kimsons Building 
1 9 West Wharf Road 
KARAC HI 2 
Telephone: 20111 1-4 
Telex: KR 3649 YAOEEN 

PHILIPPINES 
Phi lippine Electronic Industries 
Inc 
P.O. Box 498 
Makati Commercial Centre 
Metro MAN I LA 3116 
Telephone: 87-99-26/ 7/ 8 
Telex: 722- 2036 

PORTUGAL 
E. Pinto Basto and Ca. Lda 
1 Avenida 24 de Julho 
Apartado No. 2200 
LISBON 2 
Telephone: 36-29-21 
Telex: 13516 

QATAR 
(see MIDDLE EAST) 

SAUDI ARABIA 
(see MIDD LE EAST) 

SINGAPORE 
The General Electric Company 
of Singapore Pvt. ltd. 
Magnet House 
P.O. Box 4046 
Bukit Timah 
SINGAPO RE 21 
Telephone: 663011 
Telex: GECS ING RS 21508 

SOUTH AFRICA 
Marconi (South Africa) Ltd. 
P.O. Box 14289 
WADEVILLE 1422 
Telephone: 34- 5903/9 
Telex: 8-6003 

SPAIN 
Neotecnica S.A.E. 
Marques de Urquijo 44 
MADRID 8 
Telephone: 242- 09-00 
Telex: 22099 

SUDAN 
(see MIDDLE EAST) 

SWEDEN 
SRA Communications 
Agencies Division 
Torshamnsgarten 21-23 Kista 
Fack S-1 6300 
SPANGA 
Telephone: 46- 8 752 10 00 
Telex: 13545 SRA S 

SWITZERLAND 
Baerlocher A. G. 
Forrlibuckstrasse 11 0 
8021 ZURICH 
Telephone: (01) 42-99- 00 
Telex: Zurich 53118 

SYRIA 
(see M IDDLE EAST) 

THAILAND 
Yip in Tsoi & Jacks Ltd. 
P.O. Box 2611 
BANGKOK 
Telephone: 233- 1390 
Telex: TH 2929 

TURKEY 
Orko Mumessi llik 
Teknik Cihazlar Ticaret ve 
Sanayii A.S. 
Tunus Caddesi. 85/8 
Kavaklidere 
ANKARA 
Telephone: 266047 
Telex: 42498 OKAS TR 

UNITED ARAB EMIRATES 
(see M IDDLE EAST) 

URUGUAY 
Pellmar S.A. 
Piedras 676-77 
MONTEVIDEO 
Telephone: 8-1 4- 4 7 

U.S.A. 
Marconi Instruments 
Division of Marconi 
Electronics Inc. 
100 Stonehurst Court 
Northvale 
NEW JERSEY 07647 
Telephone: (201) 767- 7250 
Telex: 710-991-9752 

VENEZUELA 
Marconi de Venezuela C.A. 
Avenida Urdaneta 
Edificio Banca Exterior 7" Piso 
Apartado 3923 
CARACAS 101 
Telephone: 572- 541 1 
Telex: 22856 

YEMEN ARAB REPUBLIC 
(see M IDDLE EA ST) 

YEMEN PEOPLE'S 
DEMOCRATIC REPUBLIC 
(see MIDDLE EAS T) 

YUGOSLAVIA 
Jugohemija 
Section 620 
Gen. Zdanova 31 
P.O. Box 441 
BELGRADE 
Telephone: 341-141 to 9 
Telex: 11-390 YU YUGHEM 

ZAMBIA 
International Aeradio 
(Zambia) Ltd . 
P.O. Box 1253 
LUSAKA 
Telephone: 73758. 72200 
Telex: ZA 43260 
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