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GUARANTEE REPAIRS

W.H.Sanders (Electronics) Ltd., guarantees
each instrument manufactured by them to be
free from defects in material and workmanship.
Our obligation under this guarantee is limited
to servicing or adjusting the instrument and to
making good any defective parts thereof. Valves,
fuses, batteries, semiconductors and bolometers
are specifically excluded from any liability.
This guarantee is effective for one year after
delivery to the original purchaser, when the
instrument is returned to our factory with
transportation charges prepaid, and when upon
examination by the Company shall be found to be
defective. If the fault has been caused by misuse
or malhandling repairs will be billed at cost. In
this event an estimate will be submitted before
the work is started.

When returning instruments for repair, or
for any other reason, plecse contact the
Company for shipping instructions. Toexpedite
repair service, it is important to provide type
number, serial number, and adetaileddescrip -
tion of the reason for the return of the instru-
ment.

CHANGES

Because we have a programime of continuous
product improvement, specifications noted
herein are necessarily subject to change without
notice. The Company also reserves the right
to make changes in design without incurring any
obligation to make the same changes in units
previously ordered or to continue the production
of instruments conforming to former designs.



V.S.W.R. INDICATOR
AND SELECTIVE AMPLIFIER

GENERAL DESCRIPTION

Indicator and Selective
high gain
amplifier driving a meter output. The instru-
ment is primarily intended for laboratory use,
but, its small size and robust construction
make it equally suitable for use in the field.

The V. S. W. R.
Amplifier is basically a low noise,

Provision is made for two inputs from crystal
detectors, these can be used independently or
together for bridge measurements. A separate
input is provided with a d.c. bias supply for
bolometer operation,

The amplifier can be made selective at
1000 ¢/s and 3000 c¢/s or switched to broad
band operation (800-3500 ¢/s) with only a small
loss of sensitivity. The accurate attenuators
are adjustable from 0 to 40 dB in increments of
1 dB, a continuously variable 0-1 dB attenuator
is also provided.

Either a mains a.c. supply or internal
batteries can be used to power the instrument
which has a very low power consumption,

CONCISE DETAILS

Frequency Range;
Selective frequencies;

Selectivity:

Sensitivity (normal);

Sensitivity (expanded scale):

Input impedance:

Noise level:

Attenuators:

Meter scales:

Meter calibration:
Bolometer bias:

Power Supplies:

Dimensions:

800 c/s to 3.5 K c/s.
1 Kec/s and 3 K c/s.

100 ¢/s bandwidth for 1 K c/s operation,
400 ¢ /s bandwidth for 3 K c¢/s operation.

better than 1uVf.s.d. for selective operation, better
than 2 pV f.s.d, for wide band operation.

better than 0,4 pV f,s.d. for selective operation,
better than 0.8 pV f.s.d. on wide band operation.
approx, 1000 ohms.

less than 0.1 pV on selective operation,
less than 0,3 pV on wide band operation,

0 to 30 dB in 10 dB steps +0.5 dB.
0to 10 dB in 1 dB steps +0.2 dB.
0 to 1 dB continuously variable.

Response ana d.c. 0-100pA
V.S.W.R.,ccto 1l and Oto 1

V.S.W.R.,cc to 3 and 0 to 0-33

Expanded V.S.W.R., 1-3to 1 and 0-77 to 1

W DN =

square law,
adjustable from 3 to 10 mA.

Mains, 110-120 V or 200-250V, 50-60c/s.
Batteries, three Vidor T.6001 or Ever Ready PP1.

16in, wide x 9in, high x 9in. deep.



OPERATING INSTRUCTIONS

PREPARATION

Mains Voltage

Set the connections onthe mains transformer
to the appropriate taps, for the local supply.

Fuse

A 250mA fuse is mounted above the mains
input socket. If the instrument is to be
operated from a 110-120 volt supply, change the
fuse for one of 500mA value.

Mains Lead

Fit a three-pin plug to the mains lead,
connecting as follows:-

red lead - mains supply - live
black lead - mains supply - neutral
green lead - earth

MEASURING TECHNIQUES

V.S.W.R.

For normal V.S,W.R. measurements the
instrument is used in the conventional manner,
Either socket A or Socket B may be used for
connection to a crystal,

Bridge Applications

If two signals are available from the micro-
wave bench, very small deviations in either of
the signals can be accurately measured using
bridge techniques, When the two inputs are
connected to sockets A and B they complete a
bridge network with two primary windings on
the input transformer.

Having connected the signals to sockets A
and B, proceed as follows:;-

1) Switching INPUT SELECTOR to A and B in
turn, adjust attenuator on microwave bench
until the two signals are indicated as being
of approximately the same level on the
V.S.W.R. Indicator.

2) Set INPUT SELECTOR to A+ B and note
whether reading rises or falls., If reading
rises reverse the position of the A+B/A-B
switch.

3) Switchout attenuation inamplifier to increase
the reading to a convenient indication.

4) Adjust attenuator on microwave bench to
obtain a null on the meter indication.

5) Re-adjust one of the microwave attenuators
to a position at which the sensitivity of the
indication is adequate for the measurement
to be performed, atthe same time ensure the
working region for these measurements is
confined to one side of the null, If necessary
the meter indicationcanbe calibrated against
an attenuator in the arm in which variations
are being measured.

A simpler, but slightly less accurate
application of the bridge balance facility,
particularly useful in measuring insertion
losses above 0.1 dB, is as follows;-

1) Adjust the two signals, as described above,
to obtain a null reading.

2) Insert or remove the component, whose
insertion loss is to be measured in one arm
of the microwave system,

3) Adjust the attenuator in tha: arm of the
system to re-establish the null reading.
The difference in the two readings of the
attenuator is the insertion loss.

Expanded V.S.W.R,

When a V.S. W.R. of less than 1-3:1is being
measured, a more accurate reading can be
obtained by using the expanded scale facility
as follows:-

1) Adjust microwave and/or amplifier attenua-
tors to obtain areadingof approximately afor
the standing wave maximum,

2) Set NORMAL/EXPAND switch to EXPAND.

3) Proceed as in normal V.S.W.R. measure-
ment but read the redEXPANDED V. S.W.R.
scale.

NOTE:; Ensure that EXPAND/NORMAL

switch is returned to NORMAL on

completion of the measurement.

Bolometer Operation

On bolometer operation the bolometer bias
must be set in the following manner;-

1) Set the ADJUST BOL, mA control fully anti-
clockwise before connecting tnhe bolometer
to the BOLOMETER socket.

2) Set INPUT SELECTOR to SET BOL.mA and
set ADJUST BOL. mA control to give the
required bolometer bias, This is read on
the 0-10mA scale of the meter.

3) Set the INPUT SELECTOR to BOL, andcarry
out measurements in the normal way.



TECHNICAL DESCRIPTION

INPUT SIGNAL SELECTION

Signal Input A.

This is the normal input socketfor straight-
forward V.S. W.R. measurement. Socket A
is also used as the input for the direct mea-
surement of crystal currentonthe 0-100pA scale
of the meter., Switch wafer SW2a connects the
signal directly to the meter when the amplifier
is switched off, ortoswitchwafer SW1bwhenthe
amplifier is on. SW1b connects the signal to
one primary of input transformer T1 when A or
A +B is sclected on the INPUT SELECTOR
switch SWI1.

Signal Input B.

SWI1A connects the signal to a separate
primary winding of T1, via polarity changeover
switch SW7, when B or A +B is selected on the
INPUT SELECTOR switch, SW7 is used only
when making bridge measurements to ensure
that the signals in the two primary windings are
of opposite polarities.,

Bolometer

When BOIL., is selected on SWI1, the
bolometer socket is connected by d.c. blocking
capacitor C3 and SW1b to the inputtransformer.
A d.c. bias supplyis alsoconnectedtothe socket
from the bolometer supply circuit (Page ).

AMPLIFIER

The signal from the secondary of T1 is
taken to a sensitive amplifier, the gain of which
is adjusted by means of three attenuators.

The first stage of amplification is provided
by the circuit of TR1. This is a conventional
low-noise amplifier with feedback from
collector to base via R59 to improve linearity.
The amplified signal is fed to a 0-30dBattenua-
tor, formed by resistors R6, R7, R8, R9and R53.
R53 is adjusted on final test to give an accurate
10dB setting, for this reason no value is quoted
on the circuit diagram. Switch SW3 permits
selection of attenuation in 10dB increments.

If the amplifier was not provided before the
attenuator, a lower noise level would be
possible, but, with the disadvantage that for
small signals the range of attenuation would be
limited. On the other hand, high amplification
before the attenuator would permit a wide range
of attenuation, but at the sametime increase the
noise level. Thus, the arrangement in this
instrument is a compromise to give adequate
sensitivity and range of attenuation for normal
laboratory use. The high impedance input of
emitter-follower, TR2 prevents the amplifier
circuits from varying the load on the attenuator,

TR3, TR4 and TR5 are conventional
amplifier stages with the collector load of TR5
formed by R26-35 which give 0-10 dBattenuation
in 1 dB steps selected by SW4., Thisisfollowed
by a continuously variable attenuator, RV2,
of approximately 1 dB.

After further amplification by TR6 the
signal is taken to the 1 Ke/s - 3 Ke/s - WIDE
BAND switch which directs the signal through
any one of three paths, according to the
position selected, These consist of a 1 Kc/s
tuned circuit TC1, a 3 K c¢/s tuned circuit
TC2 and a direct connection to emitter-
follower TR7, TC1 and TC2 have a Q of 10,
giving the amplifier a narrow bandwidth, The
high impedance input of emitter-follower TRY
prevents loss of selectivity due to loading of the
tuned circuits by the amplifier,

The final amplifier stage, TR8, drives the
output transformer T1, which is in its collector
circuit,

OUTPUT CIRCUITS

The output of the amplifier is converted to
a d.c. signal by bridge rectifier MR3-6,
smoothed by R52, C24 and taken to the meter
through switch wafers SWlc and SW2c. The
EXPAND/NORMAL switch SW5 in its NORMAL
position connects R51, R62 and RV4 to shunt
the 100pA movement converting it to approxi-
mately 250pA f.s.d. Inthe EXPAND position
the shunting resistors are disconnected and a
backing-off current is provided from the 7.5V
supply via R50 and RV3, The meter is now a
100pA f.s.d. movement and RV3 is preset to
give a backing-off current which expands the
1 to 1.3 portion of the normal scale, to cover
the whole of the expand scale,

POWER SUPPLIES

Amplifier Power Supply - Mains

The amplifier operates from any 50-60 c/s
supply in the ranges 110-120 volts or 200-250
volts, taps on mains transformer T3 provide
adjustment to suit the local supply. A 250mA
fuse, F1, is fitted for 200-250 volt operation,
for 110-120V operation, a 500mA fuse must
be fitted.

The 15V at the secondary of T3 is bridge
rectified by MR1, smoothed by C15 and dropped
through R37, SW2f and parallel resistors R36,
R38 (via SW2e) to feed Zener diode MR2 which
holds the voltage within % of 7.5V.

Amplifier Power Supply - Battery

Two six-volt batteries are used to provide
the amplifier supply when battery operation is
selected. The battery supply is taken through
parallel resistors R38 and R36 to the amplifier
circuit. MR6 holds the supply at a stable 7.5V,
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BATTERY CHECK CIRCUTS

FIG.1
Battery Check

Fig. 1. shows the arrangement of the
battery supply to the amplifier when BATTERY
CHECK is selected. The meter is converted
to a 10mA movement, by the shunt switched in
by SW2d, and connected in series with R36, If
the current is below 10mA the meter reading
indicates that the batteries are exhausted.

Bolometer Bias Supply

The bolometer bias supply is obtained
either from the amplifier supply on mains or a
separate 6V battery, according to the position
of SW2g, This supply is dropped by R61,

-BOL

o
SW2c

SET BOLOMETER m A

FIG.2

smoothed by C27, C28, and developed across
Zener diode MR7 which limits the supply atthis
point to 4.5 volts, safeguarding the bolometer
against accidental over-voltage.

With SW1 switched to "SET BOLOMETER
mA" the bolometer is taken through RV1, the
bolometer bias setting control, SWle and SW2b

. to the meter. The meter shunt is connected in

by SW2c¢, SWlc and SW2d to give 10mA f.s.d.
From the meter the supply is taken through
SW1d and R10 to the bolometer, socket on the
front panel,

When bolometer operation is selected on
SW1 the meter is switched back to read the
amplifier output and is replacedinthe bolometer
supply by R58 to maintain constant bias.

MAINTENANCE

General

As the amplifier is transistorised and all
components are generously ratedthe instrument
operates for very long periods with very little
attention. The batteries should be checked at
regular intervals by means of the battery check
facility and changed if they are below standard.
If the batteries are not used, remove them and
tape the connectors to prevent them shorting.

The EXPAND facility should be checked
occasionally in the following manner:-

1. Set mechanical zero of meter,.
2. Set controls as follows:-

Attenuators to 20dB,

Frequency Selector to WIDE BAND.
Input Selector to A.

Supply Selector to MAINS or BATTERY.
Expand/Normal switch to NORMAL.,

3. Apply a suitable signal to give a V.5.W.R.
reading of 1 on the normal scale.

4, Set Expand/Normal switch to EXPAND.

5. Check that a V.S.W,R., readingof 1 is
obtained on the EXPAND scale, adjust
RV3 if necessary,

6. Set Expand/Normal switch to NORMAL,

7. Adjust input to give a V.S. W, R. reading of
1.3 on the normal scale,

8. Set Expand/Normal switch to EXPAND,

9. Check that a reading of 1.3 +1% f.s.d.
is obtainedon the expandscale, adjust RV4
if necessary,

Progressive adjustment of RV3 and RV4 may
be necessary to obtain correct results. I the
correct settings cannot be obtaired the instru-
ment must be re-calibrated;-

10. Remove link between RV3 and R50.
11, Set controls as follows:;-
Attenuators to 20dB.
Frequency Selector to WIDE BAND.,
Input Selector to A.
Supply Selector to MAINS or BATTERY.
Expand/Normal switch to EXPAND.
12, Apply a 2 Kc/s signal to inpat A and adjust
level to give a reading of 90 on the response
scale,

13. Set Expand/Normal switch to NORMAL.

14, Adjust RV4 to give a reading of 34 on the
response scale,

15. Reconnect link between RV3 and R50.

Then, proceed as in Items 1 to 9.
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Ref; Component

C1 25mF, 25V, electrolytic
Cc2 100 mF, 25V, electrolytic
C3 0.5mF, 150V, paper

C4 25mF, 25V, electrolytic

C5 25mF, 25V, electrolytic
C6 0.25mF, +20%, 150V, paper
(k) 50mF, +20%, 12V, electrolytic

Cs8 25mF, 25V, electrolytic
C9 256mF, 25V, electrolytic
C10 .02mF, 350V, paper
C11 25mF, 25V, electrolytic
Cc12 25mF, 25V, electrolytic
C13 100mF, 25V, electrolytic
Cl4 10mF, 3V, electrolytic
C15 500mF, 25V, electrolytic
C16 25mF, 25V, electrolytic
C17 25mF, 25V, electrolytic
C18 100mF, .25V, electrolytic
C19 25mF, 25V, electrolytic

C20
c21

c22 25mF, 25V, electrolytic
C23 100mF, 25V, electrolytic
C24 0.5mF, 150V, paper

C25 100mF, 25V, electrolytic
C26 25mF, 25V, electrolytic
Cc27 1000mF, 12V, electrolytic
C28 50mF, 12V, electrolytic

MR1

MR2
MR3, MR4
MRS5, MR6
MR7

M1

PLA, PLB,
PLC

SKA, SKB,
SKC

PLD
SKD

PARTS LIST

Rectifier, bridge, 500mA, 12V d.c.

Diode, Zener

Diode germanium

Diode, Zener

Meter 100mA with 10mA shunt

Connector BNC, free play

Connector BNC, bulkhead socket

Plug
Socket

Battery connector, positive

Battery connector, negative

Fastener Ltd,

Manufacturer Type No. Remarks
CAPACITORS
T.C.C. CE431 CD
T.C.C. CE434C
Hunts A.302, W48
T.C.C, CE431.CD
T.C.C. CE431.CD
Hunts W48,A301
T.C.C. CE431.RD
T.C.C. CE.431.CD
T.C.C. CE. 431.CD
T.C.C. CP. 33N
T.C.C. CE.431.CD
T.C.C. CE.431.CD
T.C.C. CE. 434.C
T.C.C. CE.68.A A,
Dubilier BR. 5020
T.C.C. CE. 431.CD
T.C.C. CE. 431.CD
T.C.C. CE. 434.C
T.C.C. CE.431.CD
Partof T.C, L
Partof T, C.2.
T.C.C. CE. 431.0D
T.C.C. CE.434.C.
Hunts A302,W48
T.C.C. CE. 434.C
T.C.C. CE.431.CD
T.C.C. CE. 90B
T.C.C. CE. 431.BD
DIODES
Salford Elect. $ A
Inst,
G.E.C, SX. 75
G.E.C. CEX. 23
G.E.C, SX. 47
METER
W. H. Sanders B619/010
PLUGS AND SOCKETS
Greenpar
Eng. Ltd, CE. 35070.C
Greenpar
Eng. Ltd. CE. 35063
Bulgin P, 73
Bulgin P.73
Carr 75/946 3-off
Fastener L td.
Carr 75/945 3-off



Ref: Component Manufacturer Type No, Remarks

RESISTORS
R1 3.9 Kohms +5% Erie, 109,
R2 27 Kohms +5% Erie, 109,
R3 220 ohms +5% Erie, 109,
R4 470 ohms +2% Erie, 109,
R5 5,6 Kohms +5% Erie. 109,
R6 10 ohms +0.25 ohm Erie. 109,
R7 91 ochms _-tl% Erie. 109,
R8 910 ohms +1% Erie. 109,
RS9 10 K ohms +5% Erie, 109,
R10 180 ohms +5% Erie,. 109,
R11 220 Kohms +5% Erie, 109,
R12 680 ohms +5% Erie. 109,
R13 8.2 Kohms +5% Erie. 109,
R14 5.6 Kohms +5% Erie, 109,
R15 Adjusted on test Erie. 109,
R16 3.9 Kohms +5% Erie. 109,
R17 10 Kohms +5% Erie. 109,
R18 22 Kohms +5% Erie. 109,
R19 470 ohms +5% Erie, 109,
R20 1.2 Kohms +5% . Erie. 109,
R21 3.9 Kohms +5% Erie, 109.
R22 10 Kohms +5% Erie. 109,
R23 22 Kohms +5% Erie, 109,
R24 1 Kohms +5% Erie, 109,
R25 47 ohms _4:2% Erie, 109,
R26 100 ohms +2% Erie, 109,
R27 82 ohms +2% Erie, 109,
R28 62 ohms +2% Erie, 109,
R29 47 ohms +2% Erie, 109,
R30 39 ohms +2% Erie, 109.
R31 30 ohms +2% Erie, 109,
R32 24 ohms +2% Erie, 109,
R33 20 ohms +2% Erie, 109.
R34 15 ohms +2% Erie, 109,
R35 12 ohms +0. 24 ohms. Erie, 109,
R36 470 ohms +2% Erie, 109,
R37 270 ohms +2% Erie, 109,
R38 470 ohms +2% Erie, 109,
R39 33 Kohms +2% Erie, 109,
R40 150 ohms +5% Erie. 109.
R41 10 Kohms +5% Erie, 109,

R42 22 Kohms +5% Erie. 109,



Ref: Component Manufacturer Type No, Remarks
R43 680 ohms +5% Erie. 109.
R44 2.2 Kohms +5% Erie, 109.
R45 4,7 Kohms +5% Erie. 108,
R46 22 Kohms +5% Erie. 109,
R47 10 Kohms +5% Erie. 109.
R48 8.2 Kohms +5% Erie. 109,
R49 180 ohms +5% Erie, 109,
R50 47 Kohms +2% Erie. 109,
R51 1 Kohm +2% Erie, 109,
R52 20 Kohms +5% Erie, 109,
R53 Adjusted on test, Erie, 109,
R54 8.2 Kohms +5% Erie, 109,
R55 18 Kohms +5% Erie, 109,
R56 430 ohms +5% Erie, 109,
R57 47 ohms +2% Erie, 109,
R58 22 ohms +5% Erie, 109.
R59 47 Kohms +5% Erie, 109,
R60 390 ohms +5% Erie, 109,
R61 100 ohms +5% Erie, 109.
R62 56 ohms +2% Erie. 109,
R63 2.2 Kohms +5% Erie. 109,
VARIABLE RESISTORS
RV1 2 Kohms +10%, linear, wirewound. Colvern CLR. 901C
RV2 10 Kohms +10%, linear, wirewound. Colvern CLR.1106/11
RV3 10 Kohms + 10%, linear, wirewound. Colvern CLR.1106/11S
RV4 100 ohm +10%, linear, wirewound. Colvern CLR.1106/118
SWITCHES
SwW1 Wafer switch W. H. Sanders B3619/021
sw2 Wafer switch W.H. Sanders B3619/022
SW3 Wafer switch W. H. Sanders B3619/023
SW4 Wafer switch W, H.Sanders B3619/024
SWb Toggle switch, 1 pole, 2 way Bulgin S601/PD
SW6 Wafer switch W. H.Sanders B3619/026
SW17 Toggle Switch, 2 pole, c/o Bulgin 5270/PD
TRANSFORMERS

T1 Input Transformer The Belclere

Co. Litd. EX. 2724
T2 Output Transformer " KN. 2340
T3 Mains Transformer Willesden 23

Transformer Co.

TUNED CIRCUITS

TC1 Tuned circuit assembly, 1 K c¢/s W. H. Sanders B3619/036
TC2 Tuned circuit assembly, 3 K c/s W. H,Sanders B3619/037



Ref: Component Manufacturer Type No. Remarks
TRANSISTORS
TR1,TR2 Silicon transistor Texas Inst, 2S.302
TR3, TR4 Silicon transistor Mullard BCZ., 11
TRS5, TR6
TR7, TR8
FUSE
F1 Fuse link, 250mA, size 00 Belling-Lee L.562
Control Knobs CONTROL KNOBS
1 Knob, black Bulgin K. 360 Modified to
W.H.S.
D3619/001/34
6 - off
BATTERIES
B1, B2, B3 Battery, dry, 6V. Vidor T.6001
REPAIR

replacement components may
be ordered from the manufacturer or from
W. H. Sanders. However, where a drawing
number is quoted the component should be
ordered from this company.

In general,

Enquiries should be made to:-

Commercial Office,

W. H. Sanders (Electronics) Ltd.
Gunnels Wood Road,

STEVENAGE, Hertfordshire, England,
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W. H. SANDERS (ELECTRONICS) LTD.

STEVENAGE RELAYS LTD.
€ STEVENAGE TOOLS AND SWITCHES LTD.
m ARROW LTD
GROUP OF COMPANIES SANDERS ELECTRONICS G.M.B.H. FRANKFURT-AM-MAIN
PARRISH INSTRUMENTS LTD.

SOMA LTD, (SANDERS OVERSEAS MICROWAVE AGENCY LTD.)
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