COMMUNICATIONS RECEIVERS

The Marconi CR Series

of Receivers

by G. L. Grisdale PlD G5GZ

The life of Gugliclmo Marconi (1874 1o 1937) and the history
of his Companics are both well documented in bocks
available in many public libraries (Refs. 1 1o 3). Born of an
Irish mother and an Nalian landowner, he had @ very mined
education, partly with private tutors and schools including
a two-year stay as a small child at Bedford. and partly by
attendance unrelated to any organised course al scientilic
lectures in his pative country.

As a resuii of
scientific investigations into wave propagation. he experi-
mented between 1894 and 1896 with wireless communication
using spark coil generation of oscillation, the only sowce
of radio frequency oscillation at that time and mere than
a decade afterwards. At first the communication was across
an attic room 2t his parents’ country home near Bologna, but
then the apparatus was taken out of doors and signals were
ultimately received over a distance ane and o half miles,

Unlike his scientific predecessors Hertz and Lodge. who
used short dipoles indoors. Marconi obtained greater ranges
with stmitlar cquipment joined to clevated wire acrials, So
long as the spark coil could maintain the high voltage with
the larger capacitance, the energy of cach impulse was greater
and the radiated power more,

On the receive end also the larges acrial would collect more
power in a given ficld strengths the elevated acrral was the
first major discovery,

Having received ne encovragement for the wireless coms-

ina reading of papeis about the ey

g Vot e Halan authanSon, AMorconi came
with his enterprising mother to London where they hud good
contacts with business peuple, notably through his mother’s
famity Jameson Irish whiskey connections. The chief engineer
of the Post Olffice gave facilities for short-range demon-
strations in London. and further demonstritions of the
equipment brought from faly in the West Country produced
interest from the Services. particularty the Niny because of
the possibility to imprave communication to ships. Finally
in March 1899 the Channel was bridged between Wanereux
and South Foreland.

munication =5z

George Grisdale was born in 1914 and had the call
G5GZ in 1931, the experimental station licence being
given up after a few years. From 1937 fo 1980 he
worked for Marconi's, for 13 years on receiver design
and after that on cemmunication projects in the
Research Lehoraterias at Gragt Baddoew:
no oo, O : "“” ! the old

Hg now !
callsign was reissued in 1989,

e

The author, pictured in 1986. He was a member of the team
responsible for the design of the CH100 and of the CRI150

Origins of the Marconi Company

On the business side. the Wireless Telegraply and Signal
Company was formed in 1897, changing s mame three
years Later 1o Marconi's Wireless Tetegraph Company
(MWTCo this servived until
shorter Murcont Company. Also in

1963 when it hecame the
1900 a subsidian
cosnpany, the Marconi tolernationad Marine Conmgnication
Company (NINMNCob was formed to deal with the tmportant
macitime matters: apparatus and radio officers were supphed
t ships as o service ane the company conbnued as an
operating organisation until recently,

Undl abouwt 1912 the spark gop remained the only way
s veperate radio frequency escillations necessarily ol a pulse
nature. Various receiving detectons were used. notably the
g coherer, the ervstal rectilicr, Vleming s diode valve and
the reliabie magnete detector. Somne devices worked paper
vilve iiinde
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o tmprove communication (o ships and 1o devefop the very
High-power transmitters for lone-disiance conunnnication
between fand stations. i the carly 19208, mprovement in
vacuum pumps and (he production of farger triamsmilting
valves Jed to the establishhsent of broadeusting and the
discovery of long-distunce propogion of high Tregoency
waves, leading (o the nter continentad beinn services, AL the
came time there was rapid development of long disionee

amateur comtacts using comparatively Tow-power nsantiers,

Receiver Design

During the 1920+ wnd "30s several sepanate development
grotups in the Marconi Company destigned receivers Tor
various purposes. Some of these receivers had thetr input
cinvuits modified for use with direction-linding sierial sysiems
using loops. rotating spaced (rmmes and Tour-poster Adeock
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staff. Portable receivers had RP type numbers: aeronautical
had the AD series, one of which led to the well-known
T.1154/R. 1155 bomber equipment {(Ref. 7) of which 80 {100
were made in the Second World War. Large rack receivers
for the beam international service were designed at the
Broomiield site in Chelmsford, with RC lype numbers.

Lastly. the general purpose receivers in the '20s and '30s
were the RG series, designed by the Receiver Group of the
Development Department at Writtle. The group were housed
in the huts which had been the location for the Tuesday
evening half-hour evening ‘concert’ transmisstons in 1922
from 2MT which preceded the formation of the BBC. In
the late 1930s the group consisted of about eight engineers
led by R. B. Armstrong, with the invaluable assistance of
Dr Erich Zepler who had been chief of receiver design of
Teiefunken before Mr Hitler compelled him to emigrate, and
who later became the first Professor of Electronics al
Southampton.

As in the domestic receivers, the superheterodyne had
replaced the earlier straight receivers and the later RG
receivers used ganged capacitor tuning and large rotating coil-
drums instead of plug-in coils (Ref. 6). Much work was done
on the contact strips of the coil drums, including rhodium
plating to give a non-tarnishing contact. The other constant
search of those days was for a rubber or synthetic covering
for connecting wire which would neither harden nor emit
gases which would corrode the contacts. In 1938 the main
established designs were the RG34 for the HF bands and the
RG35 long-wave receiver. The RG42 was being developed
lo replace the RG34.

In the Spring of 1939 the receiver group moved Lo the
newly-built Rescarch Laboratories at Great Baddow on
the east side of Chelmsford. They remained at Baddow
until 1950 when they began maoves to various sites in the
Chelmsflord area.

The CR100 is Born

In 1939 it was decided 10 embark on anew recciver design,
partly to offer the Royal Navy a British made receiver as an
aliernative to the excellent HRO which was widely used. The
intenlion was to use components purchased from outside
suppliers who were already supplying part of the broadeast
receiver industry: details of the circuit design. inductor
windings and filters were [ully specified by the receiver group.
So as to avoid any disruption by enemy bombing there were
to be several suppliers for each component. and several loca-
tions for assembling and testing the complete receivers.

The experimental model design was started in July 1939,
twoe months before the outbreak of World War IE. The circuit
followed normal communications receiver practice at that
time with two tuned signal-frequency amplifiers, hexode
mixer with separale oscillator, three intermediate-frequency
amplifiers at 465k Hz. douhfe diode-trinde signal rectifier and
AGC rectifier and audio amplifier. A two wait audio output
was provided, probably unnecessarily high for most purposes,
with lower level line and telephone output connections.

The experimental model was taken to Portsmouth for
assessment in the Spring of 1940 and the first 500 modeis of
the CR 100 were assembled in a former chapel in Huddersfield
by the Westminster Chassis Company. the first batch of
lwelve being sent to Baddow for adjustment and test in the

Spring of 1941, The subsequent main assembly plant was
at Broomfield, Cheimsford. a very old Murcont location, a
production of over 100 receivers per week being achieved in
the war years. In all eight editions were produced for the three
Services. including the blue panelled CR100/7 which became
the Navy B2R. {see RB No. 12 for a colour photo — Ed.)
i RUeFASt
Technical Features

The input coil coupling gives about 75 ohms impedance
over the bands: there is a second input, capacitance coupled
to the first tuned cireuil for random wire antennas. A panel-
controlled trimmer peaks the first tuned circuit. A receiver
in good condition, with the antenna disconnected. should give
an increase ol noise output on at least the five lowest fre-
quency bands. when the trimmer is tuned to give resonance
(Ref. 6). The signal frequency gain increases at the high-
frequency end of each band because simple capacilance
tuning is used on all three stages.

The four-section tuning condenser rotated by a spring-
loaded gear train incorporates a logging scale and a cord-
driven frequency scale using a drum coupled to the
wave-change switch. The drum was printed with the six scale
lines wird numbers, but the actual frequency calibration lines
were added manually with the aid of a specially made
harmonic crystal calibrator, The drive cords can be replaced.
but it is not a welcome job for unsteady hands.

The first step in adjusting the signal frequency circuits is
to sel the first ascillator to the scale [requency indications,
using an accurately calibrated signal generator to the antenna
connection: inductances .19 1o 1.24 are adjusted at the low-
frequency end ol each band: at the high-frequency ends there
are adjustable capacitance tiimmers C33 to C35 on bands |
to 3, but on the higher frequency bands 4 (o 6 lixed capacitors
have heen soldered on top of the coils on test: this is to
hprove frequency stability. When the oscillator ranges are
correct the three signal frequency components are peaked
i the same way. inductances at the L ends and capuacitanee
trimmers in units 2 and 3 at the HE ends.

Four intermediate-frequency bandwidths are selected by
a wafer switch, the transformer inductors heing adjusted on
the 3000Hz bandwidih. The single-crystal filter is peaked
to give its widest bandwidth on the 1200Hz position, the
narrower 300Hz bandwidth heing obtlained by switching the
7pF capacitor C43 from the inpul to the output filter circuits.
The 100H2 width on CW only is giovided oy a T030H7 wadio
bundpass filter; the BFO must he adjusted to give a 1000Hz
note with a signal giving maximum output from the narrow
band crystal filter.

The AGC diode is fed from the primary of the final 1
transTormer, the BFO being injected at the secondary: this
is to avoid operaticn of the AGC on CW when the BFO
is switched on, If this oceurs the AGC should not be used
on (W,

The CRI100/2 receivers only have a side-tone flacility
when used with a transmitter provided with an operating
switch which opens when transmiiting. This decreases the
receiver gain by applying increased cathode voltage from
R37 mounted inside the receiver.

A piug-hoard inside the receiver enables the receiver fo
operate either from SOHz mains or {rom high- and Tow-tension
battery supplics, connected through the five-pin power plne
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Specifications

CR100/2 (Handbook T1868/1)

FREQUENCY RANGE:

60 — 420kHz in two bands

500kHz - 30MHz in four bands
DC SUPPLIES: 6V 4A, 250V 100mA

(Reduced to 160V 60mA if desired)
MAINS SUPPLY:200-250V 50Hz B5SW

INPUTS: 10042 feeder, balanced or unbatanced, or
high impedance antenna
SENSITIVITY: 20dB s/n ratio on CW in 3kHz bandwidth
60kHz — 11MHz: 1 - 2pV
11 - 30MHz: 1.5 — 4uV
QUTPUTS: Speaker: 352 (1k$2 CR100/4 to /8) 2W max,
Line; 60042, about Z2mWw.
Phones: high or low Z invarious editions
EDITIONS: CR100 to CR100/8 {inc. Navy B.28)
DIMENSIONS: 16 x 16.5 x 12,5in. Weight 82Ib
VALVES:
Position Preferred Passible alternatives
Vi, 2, KTWE2 (VR100) KTW61 (NR64),
4tc 7,10 8K7G, 68J7G
V3 X66 (VR99) X65 (NRB2), 6K8G
V8 DH63 {NR68) 6Q7G
V9 KT63 (NRB5, ARP17}) BFBG, 6VSG
V11 U50 (NU20)

5Y3G, 5Z4G (U52)

CR150/3 (Handbook T2148/1)

FREQUENCY RANGE:
2 — 80MHz in five bands
DC SUPPLIES: 300V 65mA
6.3V 3.7A
MAINS SUPPLY:90W (separate power unit)
INPUTS: 75 — 100£) balanced or unbalanced
SENSITIVITY:  20dRB s/n ratio on CW in BkHz bandwidth
2 - 16MHz; + 2V
16 — 32MHz: 2 - 4pV
32 - 80MHz: 7 - 14uV

OUTPUTS: 1mW to HR or LR headphones.
200mW to 60012 line or 32 loudspeaker
EDITIONS: CR150 to CR150/6

DIMENSIONS (CR150/3):
20.5 x 17 x 14in. Weight 28kg (receiver)

VALVES:

Position Preferred Paossible alternatives
V110 V4 EF50 (VR91) CV1091

V5 X66 (NR82) Cv1099

V6,7.9 6K7G (NR81) KTW83, NR86

V8, 10 DHB3 (NR&8) 6Q7G (CVa87)

Vi1 L63 CV1067, 6J5G {CV1932)
Vi2 STV280/40 VSE68, CV1068

Pawer unit U52 or metal rectifier

Old CR100 Receivers

The last CR IO receiver was probably made in 1946 after
some 200000 had been manufactured. Although many remain
in working order (o this day, some attention may be required
to restore full performance.

Electrolylic capacitors tend to lose capacitance over long
periods; the power supply should be checked lor output and
hum, the 8+8+8ul7 condenser being replaced if necessary,
Rather miore vulnerable are the cathode by-pass condensers
C87 and C88 which can be replaced by modern types slung

in the wiring: this may restore fow audio gain.

It may be found that the receiver gain increases when
switching from manual 1o AGC, contrary to what might be
expected. The taghoard strips on which reststors are mounted
were made ol Bakelised linen sheet which can absorb mois-
ture and become leaky cnough to produce positive valtage
6o the AGC line from the HT decoupling resistors,

In the intermediate-Trequency transformers of carlier

receivers the dust-iron inductance adjustment cores were
mounted on OBA briss studs with Hats and docknuts wlich
nuist he slackened belore turning. Same Tater sets bad dust

_— - e s ' s

All phatographs and illustrations courtesy GEC-Marconi Limited, uniess otharwise acknowledged




CR200 (Navy B29)

FREQUENCY RANGE:

15 — 550kHz in four bands
DC SUPPLIES: Batteries 200V 22mA max, 6V 2.1A
MAINS SUPPLY:100/110 or 200/250V AC 33W

INPUTS: Dipole or unipole via 8042 feeder.
High or low-impedance loop aerial
{15 — 90kHz only)

SENSITIVITY: See Note 1

QUTPUTS: Jacks for Pattern W.621 head telephones.
500042 line for Aute High-speed reception
using DC Amplifier M31

DIMENSIONS: 19 x 13.4 x 16in. Weigh! 82ib

VALVES:

Position Preferred American type

V1,2 VR100 (KTW82) 6K7G

V3 VR99 (X66) 6K8G

V4 NR68 (DHB3} 6Q76

V5 6J5G (L.63} 645G

Power unit VU71A 504G

Note 1: The handbook AP 5.5.104 gives no sensitivily
specifications. However, a Test Certificate for a typical B29
receiver shows a 10dB 5/N ratio was achieved across the
frequency range with signals of 0.1 — 0.15uV to the 80L2) input

CR300 (Handbook T1864/2)

FREQUENCY RANGE:
16kHz - 25MHz in eight bands

SUPPLIES: 250V 60mA, 24V 0.95A.
{Using the Type 889 Supply Unit, the
recetver can be operated from 230V 50Hz
AC, or 24V, 110V or 220V DC)
INPUTS: Single wire aerial not exceeding 700pF
(including feeder).
100¢: feeder at higher frequencies
SENSITIVITY:  20dB s/n ratio on CW
B5kHz — 25MHz. 2 - 5pV
t5kHz — B5kHz: 35 - 701V
QUTPUTS: 2W to internal (o1 ext.) 3.542 loudspeaker.
10mW lo 60¢2 headphones
EDITIONS: CR300/1 with 500kHz crystal calibrator.
CR300/2 with 690kHz crystal calibrator
DIMENSIONS: 1B8.75 x 15.5 x 13.625in. Weight 55Ib
VALVES:
Positicn Prelerred
V1,3,4,6, 8 KTwe1
V2 X66
Vh DHE3
V7 6V6G
Power Unit 6X5G

cores with screwdriver slots, inserted in the Bakelile coil
formers with o white paste which hardens with the years
and makes it dilficult te turn the cores without hreaking
the stot. A drop of solvent on the core iay help. with paticnce,

Removing any of the signal-frequency coil unils is not 2
task to be undertaken lightly, Having removed the case from
Lthe chassis the wavechange switch spindle should be released
from the coupling to the switch click drive and withdrawn.
Then there are three to five soldered wires to be released.
including those through the chassis to the tuning condenser.
alter which the coil unit can be removed.

Varieus insulation was used on the connecting wires during
the wur years and some of the rubber based types may harden
and crack tn old receivers, A particular cause of short circuits
in the detector region is wires trapped under the edges oi the
reclungular screening box covering the bases of V& and V1)
The reeciver should work without this box which was fitted
o averd feedback of BEO harmonics to the stpmal stages.

A number of technical handbooks (no longer available
from Marconi’sy were issucd including T FR68/1.

During (he war years three turther CR oreceivers were
developed, numely  CRISHCRING (Navy B29) and CRIOMN

OANDIM DVRONDCO AlA 21 NMieatebvac/Alaviamadaae 1004
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CR300/1 photographed at the Chatk Pits Museum by Geoff Arnold
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Part of the circuit diagram of the CR150/3 receiver, covering the Mixer, 1st Oscillator, 2nd Oscillator and IF Stages.
it shows the arrangements for the external 1st Oscillator feed when the receiver is operating in a diversity instailation,

and also for crystal control of the 1st Oscillator as an afternative to continuously variable tuning
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Simplified circuit diagram of the CR300 receiver
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Editor's Note; Diode Q2 is a carborundum/steel detector, which could be brought into circuit by transferring the grid top-
cap connector from AF Stage V1 to a special point provided on the crystal assembly. Until the early 1950s, it was a
requirement of the Marchant Shipping (Wireless Telegraphy) Rides that the radio installation on board a British-registered
ship should be capable of ‘maintaining reception by means o a rectifier of the crystal type'. Q2 provides this facility.

Subsequent editions of the Rules called for a separate emergency or reserve receiver.
A facility for reducing the RFIF gain of the receiver when an associated transmitter is ‘key-down’ is provided, similar to
that on the CR100/2. Whereas on that receiver it is calfed ‘Side-tone’, on the CR300 it is called 'Desensilising’
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The CR150

The CRI50 was a short wave receiver with improved
sensitivity, crystal filter selectivity and frequency stability.

The CRI50 has six editions; up to the CRI50/4 the
two signal frequency amplifiers, mixer and first oscillator
use EF50 high siope valves 1o give the maximum sensitivity
{(Ref. 6).

The four-gang tuning capacitor has less than half the
capacitance of that of the CR100 and has extra wide spacing
in the front oscillator section; a bi-metal trimmer is mounted
above the tuning condenser Lo compensate for the frequency
drift caused by temperature change in the cabinet; the audio
output was also dropped to 200mW.

The original CR 150 covered the range 2 to 60MHz, with
a first intermediate frequency of 1600kHz: for direction
finding application the IF was 1200kHz so that the frequency
1500kHz could be covered. The performance on the top range
to 6(MHz is not good; it was included to satisfy the needs of
one user.

The CR15(} has a final intermediale lrequency of 465kHz:
two crystal filters are included each using two resonators o
give a better band-pass response than the single crystal
circuits previously used. Although not designed lor single
sidehand reception. the 3kHz bandwidth gives satislactory
resubts with such signals, so long as the BFO is adjusted 0
give a carrier on the upper or lower edge of the filler response,
according to which sideband is being used by the transmitter.,
A 500kHz crystal escillator gives barmonics for calibration
purposes.

After 1930 the CRI150/6 was developed using 6AMO
(EF91) and other 7-pin button-based valves in the following
stages instead of the EFS0 and octals. 1t also had provision
for six plug-in crystals for reception on spot frequencies.,

The CR200

The CR200 (Navy B29) is a S-valve TRF receiver (2-v-2)
covering 15 to SSO0kHz in Tonr bands, Two audio stages
include & narrow bandwidth fifter tuned to 1kifz for CW
reception. Acrial arrangements include two ‘loop™ inpuls,
intended for use in submarine installations where a single-
turn loep or frame acrial is fitted for submerged receplion,
on the lower two frequency bands (15 to 90kHz),

For operation with such very insensitive acrials. the CR200
was given very good sensitivity; however, with any normal
acrial more than a few [eet fong, the atmospheric (roule) noise
would exceed the internal receiver noise, For long-wave DX

enthusiasts the good receiver sensitivity would not matler

much.

The CR300

The CR300 was designed in the early war years hy Mr
G. J. McDonald, to whom we are gratelul that he raided his
memory for details. It was designed far maritime application
with the wide frequency range 15kHz to 25MHz; il is
identified by the forward facing loudspeaker in the cabinet,
and some power supplies with a vibralor interrupter for
DC power inputs.

Two editions of the CR300 were made: the CR3O/| was
widely used hy the Revial Navy from 1943 with the TGY?2

transmitter on frigates and motor gun boats. it has a 500kHz
crystal calibrator and a desensitising facility to nse with
suitable transmitters, and also the RIS (Radar Tmiesference
Suppression) circuit for reducing possible radar interlerence.

The CR300/2 was used on merchant ships until replaced
by the Marconi *Mercury’ (T.1017) and ‘Electra” (T.1018)
duo, covering LF/MF and MF/HF respectively, and later the
Marcont ‘Atalanta’ {T.2207).

The wide frequency range of the CR300 was obtained by
using an aperiodic signal amplifier between 15 and
85kHz, the lower sensitivily being adequate with the high
noise levels at these frequencies. hermediate frequencics of
08 and 570kHz were used on various bands to give continuous
coverage over [5kHz (o 25MHz, and the CR300/2 has a
690k Hz calibrator to give harmonics in the maritime high-
lrequency bands.

Diversity Equipment

Because jonospheric transmission couses [ading of signals,
the professional services used various forms of diversity
reception to improve the accuracy of messapes reecived, Four
methods were possible: sending messapes twice (time
diversity), sending simultancously on two [requencies,
receiving the same transmission on anlennas with dilTerent
polarisation, and receiving on spaced antennas.

The last method was the most used. Evidently reception
simultaneously through two channels requires scveral
receivers.

Some CR receivers were modilied to L them 1o double
or iriple diversity equipments such as the CRDTSE T was
necessary to operale such combinations with conmmon [re-
quency changing oscillutors and combining circuits. so that
some recetvers such as the CRISOM may be found with
internat oscillators missing.
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Complete circuit diagram of the CR100
CONDENSERS 80, C81 CipF R8 47k
C1-C4 4-gang 437.5pF ca2 0.01pF R9 20k{2
Cs-C12 350pF 2% C83 500pF R10 220k0
c13 20pF C84 0.01pF i R11 470k4) {CR100, CR100/2)
Cil4 25pF C85 100pF 47k{2} on other models
Cc21-C35 5~50pF C86 30pF . R12 10k
C36,C37  SOT C87,088  251F 25V | R13-R17 2.2k I
C38 25pF c89 8-8-8uF 400V R18, R19  4.7kQ |
C39 SOT Coi 0. 1uF R20 39k \
c40 10pF Co2-Co4 100pF R21-R23 4.7k
Cc41 2000pF C95. C97 500pF R24 22k
ca2 420pF Cos 2000pF 500V R25, R26 100kL2
Cd43 7pF C103, C104 Mica trimmer R27 1M42
Ca4 55pF C105, Ci06 3300pF i R28 1.2k}
C45 150pF C110,Ci11 0.01pF | R29 10k€2
c46 460pF : R30 47042
C47 1190pF RESISTANCES | R31 470k
C4s 3400pF Rt, R2 47k PR32 1M
c49 10 000pF R3 22k€) | R33-R38 3900
C51 10pF R4, R5 47kE2 i R39, R40 10kiy 5W
C52-C77 0.1uF R6 470} ‘ Rd1 2k{2 pot
C78,C79 1uF R7 22KkL) - R42 500k pot
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CR100 Version Differences

Aerial input facilities:
CR100, /4, /7:
Balanced or unbaianced low-Z (100€2).
Unbalanced high-Z.
CR100/2, /5, /8, /8{Mod):
Unbalanced law-Z (100£)).
Unbalanced high-Z.
Loudspeaker load impedance:
CR100, /2, /8(Mod):
3qQ.
CR100/4. /5,77, /8.
1000¢).
Noise limiter fitted:
CR100/7, /8. /8(Mod) only — double-diode
VRS54 (EB34) and on/off switch mounted on
small board, adjacent to Heater Link panel.
Side-tone facility:
CR100/2 only.
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