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Preface 

This operating bulletin covers all the carrier equiment required 
for a standard system. It is arranged as shown below into four sections, 
each section being headed by a numbered divider card. 

Section 1 
	

General Description of System 
Section 2 
	

Commission Information 
Section 3 
	

Maintenance & Fault Location 
Section 4 
	

Description & Circuits of Units 

Any non-standard equipment used in the system, or any special 
modifications made to suit a particular contract, will be dealt with in a 
short section immediately following the contents list. Where no such section 
is included, it may be taken that the system supplied, other than sub-equipping, 
is'exactly as described in this bulletin. 

A separate handbook OB7013 contains information and suggestions 
relating to the installation of CM type carrier equipment will normally be 
provided for each terminal station. 

Any additional information or assistance required in setting-up or 
operating the equipment will be freely provided on request. 
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GENERAL DESCRIPTION 

INTRODUCTION 

This bulletin describes the 12 channel carrier equipment supplied 
on CMR 1 01 80/1 -2 racksides which form self-contained terminals designed 
to provide up to 12 high grade carrier derived speech circuits complete with-
out-of-band signalling facilities. Each speech circuit occupies a band width 
of 4 Kc/s and the channels are transposed to form a base-band 60-108 Kc/s 
(when fully equipped) to which another group, already transposed to occupy 
6-54 Kc/s could be connected so that the two would then together occupy 
6-108 Kc/s equivalent to 24 channels. 

To meet contractual requirements the present equipment is 
sub-equipped as follows:- Racksides CMR 10180/1 SPL Serial Nos. 11766 and 
11768 are each equipped with both way group equipment and channelling for 
Channels 7-12 (60-84 Kc/s) and will be installed at Terminals "A" and "C" as 
shown on route diagram ES64-4574. Rackside CMR 10180/1 SPL Serial 
No. 11767 is equipped with two sets of both way group equipment and two sets 
of channelling for Channels 7-12 (60-84 Kc/s) and will be installed at 
Terminal "B" where it will provide communication to Terminal "A" and to 
Terminal "C'; 

All rackside are single sided and are 6 feet tall. They are supplied 
complete with a. c. operated power supplies and incorporate built in frequency 
generating and synchronising equipment. All audio circuits incorporate 
2W/4W conversion equipment and have ring down relays associated with them. 
The complete equipment conforms with the standards recommended by the 
C. C. I. T. T. and may be integrated with an existing multi channel system if 
required. 

It is transistorised throughout and is constructed on the card 
mounted principle (hence the term CM), the components which form a 
particular circuit function being mounted on a circuit card ,(or cards). 

Summary of Electrical Features  

Up to 12 speech channels each covering the audio band 300-3400 c/s 
are assembled to form a basic 12 channel group translated to occupy the 
C. C. I. T. T. group B band 60-108 Kc/s or part thereof. This process is 
accomplished by two stages of modulation in which "sub groups" of three 
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channels are first formed, up to four of them being separately modulated and 
combined to form a complete group. When racksides are sub-equipped dummy 
cards are inserted to maintain circuit continuity. Where necessary appropriate 
loading resistors are provided either to provide correct termination or to main-
tain loading. Once the C. C. I. T. T. group or part thereof is produced the band 
is applied to group combining equipment where if need be the band associated with 
an external group, suitably transformed to 6-54 Kc/s, may be combined with it. 

In the return direction the 6-54 Kc/s band (if used) will be separated 
from the remainder of the incoming signal which will then undergo similar 
processes to those already described, the four sub-groups (or less if sub-
equipped) being first recovered followed by the individual channels. 

The following optional facilities may be provided:- 

(a.) 
	

A bothway out-of-band signal channel associated with each speech 
channel, The signalling equipment may be supplied to operate 
either at high level (-5 dBm0) or -15 dBm0, the operating levels 
being fixed for whichever signalling equipment is supplied. The 
facilities may be used in conjunction with inbuilt relay sets to 
provide ringdown signalling between manual exchanges when local 
relay sets are not available. Alternatively the "E" and "M" wires 
of the individual signalling channels may be extended directly to the 
exchange if automatic pulse code operation is to be employed. 

(b) 
	

The audio input and output terminations of each channel may be 
extended directly to the exchange on either a four wire or two wire 
basis, the desired mode of operation being adopted through use of 
links and sockets in association with 2W/4Wire conversion hybrids 
which can be supplied. 

The various carrier and pilot frequencies employed in the system 
are derived from high stable 12 Kc/s master oscillators. The 3825 c/s 
signallalg oscillator employs a crystal control circuit. 

Frequency synchronism is maintained throughout the system by 
means of a 60 Kc/s pilot, generated at and derived from the 12 Kc/s master 
oscillator at Terminal "B". This pilot is sent out as part of the composite 
carrier band sent out from Terminal "B" towards Terminal "A" in one 
direction and towards Terminal "C" in the other. At terminals "A" and "C" 
locally generated 60 Kc/s carriers are compared with the standard received 
from "B", the local oscillator being re-adjusted until the 60 Kc/s produced by 
it is synchronised to the standard. 
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To facilitate testing and aligning the system selected test points in 
the transmission path, the carrier generating equipment and the power supply 
circuits are brought out to standard test/access sockets which are mounted on 
the front face of the equipment. These sockets will usually be found affixed 
to either the left or right hand side uprights which form the rack frame work 
and by use of suitable patching cords appropriate test equipment can be patched 
thereto to enable commissioning and routine maintenance to be proceded. 

Mechanical Features 

The terminal rackside dimensions are 6 feet tall x 20.5 inches wide 
x 9 inches deep. Its weight will vary from 400 to 550 lb according to the amount 
and type of equipment fitted. It is single sided and protective doors are fitted 
to cover the working side of it. 

Equipment shelves are affixed to the rackside by means of horizontal 
guides which are attached to the side members of the frame. The shelves slide 
into position and are secured by captive screws (held in flanges formed at the 
rear of the shelves). These screws locate in bars fitted behind the shelves 
and at the rear of the rackside. Any shelf may be withdrawn if necessary from 
the rackside. 

All shelves are fitted with moulded guide strips which are grooved 
front-to-rear at 0.2 inch interval, the printed card units shaped to fit them. 

Connection between cards and shelf wiring is by means of plug-in 
type contacts affixed on the actual card and spring loaded contacts which form 
part of 22 way multiple connector sockets conveniently mounted at the rear of 
each shelf. Locating key ways on the connector sockets ensure correct 
positioning of the printed cards. 

Component designation strips, tag numbers, attenuator settings etc. 
are conveniently printed on the component side of each card. In addition, a 
symbol showing two cardinal points of the compass (North and West) is used 
to assist in establishing whether a particular component is mounted along or 
across a particular card, reference being made first to the relevant circuit 
drawing where the connections will be shown as "N" or "W". 

Where necessary to complete a particular circuit function two or 
more cards may be grouped together to form a multi-card unit (designated CMM) 
the individual cards being attached by four bolts and spacing bushes. 
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Termination block/test tablets are fitted at each shelf end and they 
form a convenient means of inter-connecting the various types of equipment 
installed in the rackside. 

Installer's cabling is brought in through entrance holes at the top 
of the rack frame and are fed down cable ducts which run the full length of 
the rack. Cabling can therefore be terminated on the tag blocks so obviating 
the need for special terminating panels with their associated cabling. 

The tagblocks are conveniently hinged to enable them to be swung 
clear to expose both the internal wiring and the installers cabling. 

A simplified block diagram appears on most of the left-hand rack 
doors. These have been prepared to assist technical personnel who will find 
on them most of the relevant test information. The right hand doors carry 
layout diagrams which show the position and designation of all units and 
printed cards. 
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Drawing Code No's  

The various items of equipment and their associated 
production drawings are identified by number codes with three 
prefix letters whose significance is as follows:- 

CMA 	Ordering code No. for printed card 

CMB 	As above for wired (non printed card) unit 

CMM 	As above for multi printed card unit 

CMR 	 Ordering code and assembly drawing for 
complete rack 

CMS 	 Circuit schematic drawing for any type of 
card or unit 

CMW 	List of inter-unit and inter-shelf cable form 
drawings required for use on a given rackside 

CMZ 	 Ordering code for a filter or other sealed 
sub-unit 

TC 	 Ordering code of certain components - also 
rackside point-to-point wiring drawings 

ES 	 This prefix is applied to explanatory drawings 
specially prepared for use in this bulletin 

X 	 Small text insert explanatory drawings 

Abbreviations  

The following terms and abbreviations used in this 
bulletin are as defined. 

Channel... A single bothway speech circuit 

G.D.F. .. Group distribution frame. Also used to refer to 
the transmission path at any point between the 
channelling and group equipments. 
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Group .... 12 channels translated to the band 60-108 Kc/s 

Modem ... Abbreviation for unit which contains both 
modulator and demodulator circuits, e.g. channel 
modem unit CMM 20050. 

Pad 	 Fixed or variable attenuator 

Pilot 	 Signal of fixed level and frequency injected 
into main transmission path, for regulation 
or synchronisation purposes. 

P.V. & • • .. Percentage variation. This refers to a type of 
d.c. test meter scaled in + % from mid-scale. 
The meter is a lv F.S.D. 5000 ohms movement 
and is used for most d.c. measurements on CM 
equipment. Most d.c. test points are arranged 
so that under normal conditions the P.V. meter 
will read mid-scale + a given percentage. 

Signalling . This term is used with reference to the control 
circuit as 	with each speech channel 
whereby ringdown or dialling pulses are passed 
between terminals via the carrier system. The 
term as used here is not to he confused with the 
term 'signal' which may refer to any voltage 
conveying intelligence. 

Sub-Group . Three channels translated to occupy the band 
12-24 Kc/s. 

Strap 	 An adjustable soldered connection between tags -
also the operation of fitting it, e.g. 'strap tags 
23 and 26 together'. 

T.M.S.... Transmission measuring set, e, for measuring 
loss or level in dBrn. 

V.F. 	 Voice frequency or audio. Often used with 
reference to the connections between exchange 
and carrier equipment, (e.g.. V.F. line). 
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Abbreviations relating to the decibel  

P1 
dB 	= decibel = 10 log10  of ratio of two powers = 10 log10 

dBm = Level in dB relative to a fixed power of 1 milliwatt 
i.e. OdBm equals 1 milliwatt into the given impedance 

dBr 	= Level in dB relative to the instantaneous level of 
incoming speech at the 2-wire V.F. point. If the 
nominal 2-wfre level is OdBm then dBr = dBm for line-
up purposes. 

dBmO = Level of some steady signal (such as pilot or signalling 
tone) at a given point compared with the equivalent of a 
V.F. test tone at the same point. E. g. if at some point 
the signal level due to an incoming V.F. test tone is -37 
dBm while the pilot level is -57 (113m, then the pilot level 
is said to be -20 dBmO. 
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Basic Channelling & Signalling  

Ref drg ES64-4311 & 4087 

Frequency,translation from the audio band to the group 
baseband 60-108 Kc/s is achieved by a two-stage modulation process; 
this reduces the number of different types of modem unit required 
and permits the use of relatively simple and robust L/C band-pass 
filters. 

In the first stage, three channels are assembled to 
form a 'sub-group', by modulating carriers of 12, 16 and 20 Kc/s 
respectively and selecting the resultant upper sidebands which 
cover the range 12-24 Kc/s. 

In the second stage, four of these sub-groups are used 
to modulate carriers of 84, 96, 108 and 120 Kcis respectively. 

Selection of the lower sidebands produces the basic group band of 
60-108 Kc/s. 

The reverse process is carried out in the receive 
direction of transmission to recover the 12 audio channels from 
the basic group baseband. 

Channel Transmit Path  

Taking any given channel: the incoming speech signals 
from exchange are fed via the 4W TRANS access links to the input 
circuit of the relevant channel modem unit. The input circuit 
consists of an arrangement of pads whereby the nominal level of 
signals (test tone level) is set to -17 dBr at the input to the limiter 
amplifier which follows. This is achieved by means of e fixed 13 dB 
pad, (which may be strapped either in or out of circuit), followed by 
a pad holder AP6 which may contain any required value of pad unit 
or which may be by-passed altogether. (E.g. for a -4 dBr input, 
the 13 dB pad would be strapped in circuit and AP6 would be by-passed). 
All the channel modem units on the rar Icside will usually be factory set 
to accommodate the 4W input level quoLeci by the customer. 

The limiter amplifier is designed to act as a linear 
amplifier for all signals up to +4 dB above nominal input level. 
Signals above this level are clipped so that the output from- the 
limiter can never exceed +8 dB above nominal speech level. This 
feature ensures that overloading of subsequent circuits cannot occur 
due to excessive incoming speech level. 
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The output from the limiter is confined within the 
band 0-3.4 Kc/s by means of a low-pass filter and then passed 
thiough a hybrid network where the signalling tone is injected into 
the transmit path when required. The speech and signalling. 
channels share a common path from this point on. 

The signals are fed through the channel modulator, 
which is also supplied with a carrier of 12, 16 or 20 Kc/s as 
appropriate and the resultant sidebands pass via a 0-3 dB 
adjustable attenuator to the equalised channel band pass filter 
which selects the required upper sideband. This filter also 
suppresses the equivalent of audio frequencies below 300 cis, and 
has an attenuation peak 175 c/s below the carrier frequency in 
order to reject signals which might otherwise interfere with the 
signalling tone in the adjacent channel. 

The outputs from the three channel band-pass filters 
forming a sub-group are commoned and taken via the SUB GRP 
TRANS IN access links to the sub-group modulator at a level of 
-34 dBr in 600 ohms unbalanced. 

The applied signals in the range 12-24 Kc/s modulate 
one of the sub-group carriers (84, 96, 108 or 120 Kc/s) and the 
resultant lower sideband is selected by a suitable low pass-filter. 
A 0-3 dB adjustable attenuator which follows, allows the over-all 
level of each sub-group to be adjusted individually as required. 

The inverted lower sidebands of each sub-group are 
next fed to a combination of hybrid transformers which serve to 
combine them to form a complete 60-108 Kc/s basic group. The 
use of the hybrid networks prevents interference between sub-groups 
at the combining point. 

The over-all level is now rlised by a fixed gain 20 dB 
amplifier and the output passed via a 60-108 Kc/s band-pass filter 
to the G.D.F. via the CHAN EQPT OUT access links at a level of 
-37 dBr in 75 ohms unbalanced. 

Channel Receive Path 

The incoming 60-108 Kc/s group baseband is received 
via the CHAN EQPT IN links at a nominal level of -8 dBr in 75 ohms 
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unbalanced. The signals pass via a 60-108 Kc/s band-pass 
'cleaning-up' filter and a 10 dB isolating pad to the receive hybrid 
networks. These hybrids distribute the input to the four sub-group 
stages. 

Each sub-group demodulator is preceded by a 0-7 dB 
level adjustment attenuator and a low-pass filter which selects the 
required portion of the• sideband input. The resultant lower 
sideband from the' demodulation process is selected by a 24 Kc/s 
low-pass 'filter •and raised in level by a 30 dB fixed gain amplifier 
to a level of -10 dBr in 600 ohms unbalanced at the SUB GRP REC 
access links. 

The signals are then fed to the paralled inputs of the 
four channel receive band-pass filters. The selected portion,  of 
the band is fed to the appropriate channel demodulator and the 
resulting sideband output passed through a hybrid circuit in the 
associated signalling unit where the signalling tone is extracted by 
a suitable filter. The speech sidebands then pass back to the 
channel modem unit where the lower sideband resulting from the 
demodulation process is selected by a 3400 c/s low-pass filter. 
This filter ensures adequate suppression of vestiges of the adjacent 
chanriel, carrier leak, and upper sideband. 

The output level is raised by an amplifier having a 
maximum gain of 36 dB. This amplifier is fitted with an input 
potentiometer (operated by a movable link on the front face of the 
unit) which enables the gain to be reduced up to 10 dB from maximum 
in. 1 dB steps. A pad holder AP39 is wired in series with the output 
and is normally by-passed but can, if required, be fitted with a 
suitable level dropping pad where a nominal output level below +4 
dBr is required. 

Pilot Stop Filters  

The transmission paths of sub-groups 2, 3 and 4 on the 
send path and sub-group 2 on the receive path are completed via a 
by-pass card CMB 40943/12. This card, or one similar, is fitted 
as a standard item on basic channelling equipment and appears 
between the sub-group modern and combining circuits. 

When required, one or more filters may be fitted in 
place of the loops as required; .e.g. an 84.08 Kc is stop filter may be 
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required in sub-group 2 receive path to prevent an incoming 84.08 
Kc/s group reference pilot from causing interference with the 
out-of-band signalling tone on channel 6. In this case the by-pass 
card is replaced by a card unit which mounts the required filter 
for sub-group 2 and also completes the other paths. 

Signalling Circuits  

A signalling tone of 3.825 Kc/s is supplied from the 
carrier generating eqv'pment and is connected to the inputs of all 
the signalling static relays - one of which is associated with each 
speech transmit path. A static relay is switched 'on' by an earth 
extended over the associated signalling send leg (M wire) from the 
local exchange, thus allowing signalling tone to be injected into 
the associated speech channel outside the normal speech range 
but within the 4 Kc/s channel allocation. 

The signalling tone passes through the system in the 
same way as a V.F. tone from the same channel and is detected 
at the receiving terminal to operate a dry-reed relay which extends 
an earth loop over the signalling receive leg (E wire) to the distant 
exchange. The level of the tones throughout the common 
transmission paths is -5 dBmO for high level working or -15 dBmO 
for low-level working. 

The system can be adapted to ringdown signalling by 
means of the inbuilt ringdown relay sets which cause incoming 
low-frequency ringing current to, operate a relay which in turn, 
extends an earth over the relevant signalling send leg as before. 
In the receive direction, the signalling detector relay is caused to 
switch a local ringing supply onto the exchange line. Thus, L . F . 
ringing can he made to pass between exchanges in either direction 
via the intervening carrier equipment. 

V.F. Terminations 6 Rinsclown Rela-vs 

Two transformers forming a hybrid, together with 
associated capacitors and termienting resist°,  , are available for 
each channel fitted and thcbe are used to provide). 2-wire to 4-wire 
conversion operating in a 600 ohm. circuit. The hybrid also 
permits injection of low frequency signalling (17 or 25 c/s) over 
the 2-wire line or d. c. signalling over each leg of the 2-wire line 
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and earth. Strap connections permit the hybrid balance winding 
to be terminated internally or externally. 

Ringdown relay sets, two per card unit, are available 
for each channel fitted. These provide facilities for the conversion 
of ringdown signalling between exchange or switchboard 2-wire line 
and the transmit and receive legs of the out-of-band signalling 
circuit. Where the relay sets are omitted from the rack, they are 
replaced with by-pass units CMB 40943/11 to maintain circuit 
continuity. 

Load Simulators 

Where for reasons of economy one or more channel 
units are deleted from a working sub-group, a simulator card 
CMB 40967/1 is fitted in place of each missing unit. This simulator 
merely provides the carrier supply with a 62 ohm load equal to that 
of the unused modem. A similar card CMB 40967/2 is fitted in 
place of each signalling unit removed to maintain the correct load 
on the signalling tone source. 
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GROUP EQUIPMENT 

Ref. Drgs. ES64-4573 and 4574 

Note: 	Facilities are provided for combining the basic group (or part thereof) 
produced by the present rackside with that of an external group already trans-
posed to 6-54 Kc/s. By this means a fully equipped rackside CMR 10180/1, 
when combined with an external group, produces a line band extending from 
6-108 Kc/s. In the reverse direction a similar band would first be divided into 
6-54 Kc/s and 60-108 Kc/s sections, the 6-54 Kc/s being handled by external 
equipment and 60-108 Kc/s demodulated in the present rackside. 

In the present application all three CMR 10180/1 racksides are sub-
equipped. In addition to being sub-equipped the external group facilities are 
not at present required; 75 ohm terminations have therefore been fitted in 
order to maintain hybrid balance. 

At terminals "A" and "C" only Channels 7 to 12 are required and 
these result in a line band of 60-84 Kc/s instead of 60-108 Kc/s. This line 
band is developedin the channelling equipment, channels 1 to 6 being omitted by 
deleting the six channel units, their associated signalling, 2W/4W terminating 
and ringdown relays. The following are also deleted:- 

84-96 and 96-108 Kc/s sub-group units, the sub-group combining unit, the 108 
and 120 Kc/s sub-group carrier amplifiers and the pilot injection units. 

At terminal "B" two sets of channelling and group equipment are 
installed, one facing terminal "A" and one terminal "C". (See Drg. ES64-4374). 
Both sets are identical and are sub-equipped to provide line bands of 60-84 Kc/s 
equivalent to Channels 7 to 12. As in the case at terminals "A" and "G" the 
facility for adding an external 6-54 Kc/s is provided for but being unused at 
present 75 ohm terminations have been fitted. 

The circuit description is as follows- 

(a) 	Terminal "A" (Transmit Path) Drg. Ref. ES64-4373 and 4374 

Output from the rackside's channelling equipment (60-84 Kc/s at 
present) arrives at tags SK1/6 c-d (GP EQ1VIT TRANS IN) at -37 dBr. From 
this point it is extended to a hybrid and where it could be combined with the 
6-54 Kc/s external group which would pass to the hybrid via SK1/9 c-d/a-b, 
a 54 Kc/s low-pass filter and an equaliser. The output from the hybrid is 
applied to a 30-42 dB amplifier. Next follows a level adjustment pad after 
which the line band leaves the equipment at SK1/2 -3 (SYSTEM OUT) at a 
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nominal level of -10 dBr. If terminal "A" assumes control a 60 Kc/s pilot is 
applied at -20 dBm at SK1/18-19 (PILOT IN) the pilot level being reduced to 

-15 dBmO at the point of injection. 

(b) Terminal "A" (Receive Path) Drg, Ref. ES64-4373 and 4374 

Incoming signals arrive from radio at a nominal level of -30 dBr 
with the sync pilot (if used) at -45 dBm i.e. -15 dBmO. The line band at 
present will occupy 60-84 Kc/s but if the rackside was fully equipped and 
designed to carry the external group it would then extend from 6-108 Kc/s. 
In any event the incoming signal enters the rackside at SYSTEM IN/SK2/2-3 
and is applied to a hybrid which is used to separate the 60-108 and 6-54 Kc/s 
bands if two groups are being handled. In the present circumstances one out-
let from the hybrid is extended to SK2/9 a-b and being unused is terminated in 
75 ohms. (Between the hybrid outlet there is a matching transformer and a 
54 .Kc/s low-pass filter which would normally be used to accept the 6-54 Kc/s 
band). The second outlet from the hybrid is applied to a level adjustment pad 
and thence to a 60 Kc/s high-pass filter by which the 60-108 Kc/s band or part 
thereof is accepted. From this filter the selected band is amplified after 
which the incoming 60 Kc/s pilot (if Terminal "A" is not control) is separated 
from the rest of the band which is passed to the channelling equipment at 
-8 dBr via SK2/6 a-b/c-d (GP EQMT REC OUT). Assuming an incoming 
pilot is received it will be raised to -28 dBm prior to being extended via 
SK2/18-19 (SYNC PLT REC) to the synchronising equipment on the frequency 

generator. 

(c) Terminal "C" (Transmit Path) 

Exactly the same arrangement obtains at terminal "C" as at "A" 
and the description in sub para (a) applies equally well. 

(d) Terminal "C" (Receive Path) 

. Exactly the same arrangement obtains at terminal "C" as at "A" 
and the description in sub para (b) applies equally well. 

(e) Terminal "B" (Transmit Path) Ref. Drgs. ES64-4573 and 4574 

At this station two identical sets of group equipment are installed 
on the CMR 10180/1 rackside and operate in exactly the same way as at 
Terminals "A" or "C" and as described in sub para (a). 
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(f) Terminal "B" (Receive Path) Ref. Drg. ES64-4573 and 4574 

Two identical sets of receive path equipment are installed and are 
operated in exactly the same way as at Terminals "A" or "C" as described in 
sub para (b). 
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FREQUENCY GENERATION 

Ref drg ES64-4475 

The frequency generating equipment provides all the 
necessary carrier frequencies for the translating equipment mounted 

on the rackside, together with the line pilot and out-of-band signalling 
tone. Spare outlets at all frequencies are available. 

The frequencies supplied are as follows:- 

12, 16 and 20 Kc/s 
	 84, 96, 108 and 120 Kc/s 

	 60 Kc/s 
3  825 Kc/s. 

Derivation of Frequencies 

All the frequencies, with the exception of the 3.825 Ice's 
tone, are derived h arithmetical processes trom a 12 Kc/s master 
source . This source consists of a highly stable crystal controlled 
oscillator CMM 20002) the crystal being enclosed within a 
thermostatically controlled oven. By this means, a long term 
frequency stability of at least 4 parts in 106  per month is achieved. 

The various frequencies are derived from the 12 Kc/s 
source by circuits which carry out the four primary arithmetical 
operations of addition, subtraction, multiplication and division. 

Frequency addition andior subtrnction is carried out 
by feeding the two frequencies concerned into a balanced ring 
modulator, one as 'carrier' input, the other as ',signal' input. The 
Fl + FZ and FI-F2 sidebands are then siected by suitable filtration. 

Frequency multiplication is carried out by means of 
harmonic generators in which odd harmonics of the fundamental input 
frequency are produced,by saturated iron cored inductors. Even 
harmonics are obtained from diode rectifier networks. Filtration is 
employed to select the required harmonics. 

Frequency division may be achieved by means of one or 
more bistable circuits in tandem, each performing a 4-2 function. 

- 18 - 	 7082/Sect. 1 

Channel carriers 	  
Sub-group carriers 

Sync Pilot 
Signalling tone 



Where the fundamental frequency is to be divided by an odd number a 
regenerative modulator is used (see later in this section). 

12 Kc/s Channel Carrier: 

This is a direct output from the 12 Kc/s master oscillator. 

16 & 20 Kc/s Channel Carriers: 

A regenerative modulator (CMM 20008) is used in which the 12 Kc/s 
input is used to 'lock' a 4 Kc/s L/C oscillator. The output of this oscillator 
is passed through an 'even' harmonic generator and the fourth harmonic is 
selected to provide the 16 Kc/s output. The second harmonic at 8 Kc/s is 
added to the 12 Kc/s input via a ring modulator to provide the 20 Kc/s output 
after suitable filtration. The difference frequency output of the modulator 
(12-8=4 Kc/s) is fed back to the input of the 4 Kc/s oscillator to complete the 
regenerative loop. 

84, 96, 108 Kc/s Sub-group Carriers 

These are the 7th, 8th, 9th, and 10th harmonics respectively of 
12 Kc/s and are selected by sharply tuned filters from the 'odd' and 'even' 
outputs of harmonic generator CMA 30034. 

60 Kc/s Pilot. 

This is the 5th harmonic of 12 Kc/s and is selected by a sharply 
tuned filter from the 'odd' output of harmonic generator CMA 30034. 

3.825 Kc/s Signalling Tone: 

This is generated by a separate crystal controlled oscillator 
CMA 30007. 

Carrier Amplifiers  

Each generated frequency is raised to the required level by means 
of a tuned amplifier having an adjustable input attenuator to permit each 
carrier supply to be maintained at the correct output level. 

Auxiliary outlets are available on most of the amplifiers but these 
are all unused. 

7082/Sect. 1 	 - 19 - 



All carrier amplifier cards carry a pair of test sockets on'their 
front edge. The upper pair lavelled 'TEST IN' form a 75 ohm level measuring 
point at the output from the relevant supply filters. A 180 ohms series resistor 
is included to prevent an accidental short circuit when testing, this has the 
effect of causing most types of medium impedance test meters to read up to 
1dB less than true carrier level. A high impedance meter should therefore be 
used if available. 

The 'TEST OUT' socket is a standard reference test point arranged 
to give a reading of -l0dBm on a test meter set to 600 ohms loss (i.e 
terminated by 600 ohms) when the input attenuator on the amplifier has been 
correctly set. The ,10dBm reading indicates that the amplifier is supplying 
its distribution circuit at the correct level. 

Frequency Distribution 

The, main output from each frequency supply amplifier is connected 
to a distribution network. These networks are designed to reduce interference 
between transmission paths, via the common carrier source, by arranging 
for the distribution networks to have an impedance- of 75 ohms and feeding 
from amplifiers having a much lower impedance, this also ensures good 
regulation. 

The supplies required for the rack equipment are connected through 
to their injection points via the rack wiring. The spare outlets are connected 
to shelf end tagblocks and are available for use with external equipment when 
required. Each outlet on the distribution card has an associated terminating 
resistor strapped into circuit to maintain a constant load impedance on the 
generator source, this resistor must be disconnected whenever an outlet is 
brought into use. 
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POWER SUPPLIES 

The power supply equipment mounted on the rackside. 
for a.c. operation, consists of a power input panel, mains 
transformer(s), and power supply unit. For d.c. operation, an 
external dc/ac converter is required. 

The power supply circuitry is designed to cater for 
the following requirements, operating from an a. c. input voltage 
in the range. 100-125 or 200-250 volts at 45-60 c/s. The total 
power consumption is approx 100 watts. 

(a) 24v a.c. for feeding the master oscillator oven heater and the 
soldering iron socket. Max load approx 2 amps. 

(b) 20v d.c. unsmoothed to supply any ringdown relays etc. 
Max load approx 250 mA. 

(c) 12v d.c. regulated, from five main fused outlets to supply all 
transistorised circuits. Max load 2.2 amps. 

(d) 5v & lv bias supplies for the channel limiters. Derived from 
the main 12v regulated supply. 

(e) Optional 75v ringing supply at half mains frequency. 

The supply to the rackside should be on a ring-main 
basis, the supply cable being passed through the rack via 2 inch .dia 
holes in the lower part of the side member. The cables are 
terminated on the special 'live' and 'neutral' connector block 
mounted on the power input panel using an insulated box-spanner. 
The connector allows work to proceed without the necessity for 
disconnecting the supply to all rackS fed from the 'ring main' loop. 

A fused power socket is mounted on the input panel for 
supplying external equipment, in addition a fused 24v a. c. socket is 
provided for feeding a low voltage soldering iron. 

A single pole switch SA connects the a.c. input, via 
an anti-surge fuse to the primary of the power transformer which 
is suitably tapped in 5 volt steps. The transformer is bolted to 
the bottom plate of the rack with its terminal plate facing forward. 
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Access is gained by unscrewing the four bolts holding the power 
input panel and pulling the panel clear on the end of its flexible 
connecting Cables. The strap connections required for operation 
on any given mains supply voltage, in the ranges 100-125v and 
200-250v, are given in the chart in the commissioning section. 

As shown on the supply and fusing diagram X 332/1, 
the 24v a. c. supply is derived from a secondary winding on the . 
mains transformer,. the 20v unsmoothed d.c. is derived from a 
separate winding and a full-wave bridge rectifier which forms part 
of the power supply unit CMB 40907/3. The 12v regulated d.c. 
supply is derived from a 22-0-22v centre tapped secondary on the 
mains transformer and undergoes full-wave rectification and 
smoothing in the power supply unit which also includes a 
transistorised voltage stabilisation circuit. The 5v and lv bias 
supplies are obtained from potential divider networks placed across 
the main 12v stabilised supply. 

Ringing and ringer start facilities are normally 
taken'from station suppli, ..s and should be connected to the installers 
tagblock at the end of the power supply shelf. If inbuilt ringing 
supplies are required, facilities are available for mounting an 
auxiliary transformer and a half-mains ringing supply unit 
CMA 30206. The auxiliary transformer (T2) provides a 75-0-75v 
output, when fed fromithe 125v tappings on the mains supply 
;transformer (T2,), this i3 'chopped' at half-mains frequency, by the 
action of the ringing supply unit which also provides a 'ringer start' 
facility to. switch on the ringer euxrent as it is required. 

Fuses: 
Access to the cartridge type fuses can be gained by 

removing the front cover of the power input panel, this is held in 
place by two coin operated fasteners. Similar cartridge fuses are 
mounted on the power supply unit GMB 40907 and serve to provide 
a separate 12v outlet to each section of the rack equipment. 

The current rating of the cartridge fuses is indicated 
by a coloured spot which appears on the fuse itself and next to the 
relevant fuse holder. The colour code used is as follows:- 

5A Black & White I. OA Dark Blue 150 rnA Red 
3A White 500 mA Yellow 100 mA Grey 
1.5A Light Blue 250 mA Brown 60 mA Black 
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INSTALLATION 

Carefully unpack the rackside and examine it for possible 
damage sustained in transit, then ensure that all units are pushed 
securely into their jack sockets. 

Test the floor mounting area, using a spirit level. If necessary 
remove any surface irregularities either by use of a plane on wood floors, 
or by means of suitable packing pieces on concrete floors. When 
satisfied that the floor surface is true, drill holes for the coach screws by 
which the base of the rackside will be secured. 

Move the rackside into its alloted position and secure tie-bars to 
it. After confirming that the rack is vertical, tighten down the coach 
screws. 

For fuller details of use of tie-bars, screw sizes and 'preferred 
methods of making-off cable ends refer to the Installation Bulletin OB7013, 
a copy of which is usually available at each terminal. 

Before proceeding with the cabling operation reference should be 
made to the relevant rack wiring (TC) diagrams to obtain any required 
information about the termination points of all equipment. The code 
numbers of these diagrams are listed on the CMW drawings. Note that• 

SKI. is the left-hand installers block and SK2 the right-hand block. 

Power Supply Cabling Wire to Drg. No. TC 255230 

Use 3/0. 036 inch PVC insulated cable. 

Connect station earth to rack earth lug on top member of rack 
frame using 7/0. 036 inch bare tinned copper wire. 
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REQUIRED 

• 84 OR Kcis PILOT FACILITY USED ONLY FOR LARGE STATION PRACTICE 

9 	WHERE THE ALTERNATIVE APO G.ELF LEVELS ARE REQUIRED, THE THREE 
SEPARATE CARDS SHOWN WILL BE FITTED IN PLACE or MULTI-CARD 
UNIT CMM 20003. THE 0-7d8 ATTENUATOR WILL ONLY SE FITTED 
IN THIS CASE 
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TYPICAL WIRED  & NON-WIRED UNITS  

2W/4W TERMINATION UNIT CMB 40904/1 

3.825 Kc/s OSCILLATOR 
	

CMA 30007/1 

ES64-4442 
	

Scale: approx a  full size 



TYPICAL UNI-CARD ASSEMBLY  

SUB-GROUP RECEIVE CARD, CMA 30017 

COMPONENT SIDE 

CIRCUIT SIDE 

ES64-4441 
	

Scale: approx -12:- full size 



TYPICAL MULTI-CARD ASSEMBLY  

SUB-GROUP COMBINING UNIT CMM 20003 

SUB-GROUP MODEM UNIT CMM 20005 

ES64-4443 	 Scale: approx a full size 



TYPICAL COM. FILTERS 

CHANNEL BAND-PASS FILTER CMZ 40200 

SUB-GROUP L.P. FILTER 
	

CMZ 40000 

;S64-4444 
	

Scale: approx 2 full size 



HIGH LEVEL SIGNALLING UNIT CMM 20052  

ES64-4447 
	 Scale: approx -} full size 



CHANNEL MODEM UNIT CMM 20050 

ES64-4445 
	

Scale: approx full size 



COMMISSIONING  

The carrier equipment will have been fully tested and 
adjusted for optimum performance before despatch, hence the 
commissioning procedure should involve little more than lining 
up the system to suit the particular route and then checking that 
its performance meets the required specification. Full details 
are given of all circuit adjustments which may prove necessary 
but generally no re-adjustment should be made unless a particular 
test result falls outside the tolerance quoted here. 

System performance tests such as crosstalk, inter-
modulation, etc. are not described, since the nature and extent 
of this type of test will depend on the requirement of the 
administration concerned. 

Test Equipment 

The flpilowing items of test equipment. will. be  necessary. 

1. Signal generator 300 cis - 150 Kcis. To he used for 
supplying audio test tones and basic group (60-108 Kcis) 
frequencies. 

2. Transmission measuring set. To be used for loss and level 
measurements in the above frequency range and at 50 cis. 

3. 5000 ohm, 1 volt F,S,D„ d.c. meter ('P.V" meter). 

4. Psophometer (optional item). 

Measurement & Testing Conventions  

A 'level' measurement is a measurement which does 
not disturb the circuit under test in any way. It is carried out by 
bridging the high impedance measuring set across the transmission 
path at the required point. 

A 'loss' measurement is carried out by breaking the 
transmission path and terminating the end under test in its 
characteristic impedance. 
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TAO3 INTefINALLY 
CONNECTED AS BROWN 
BY DOTTED UNITS. 

TAG I - 

— SOWN 

IEDLATOD 'T1415 
FORMING ACCESS SOCKETS 

NKS 

INSTALLERS 
SIDE OF 
TACT st.oq. 

uoulomat4 I' NOS - 
OP TAO BLOCK 

TAOS 20 

Note:- 	There will often be an appr+ciable discrepancy between 
a given 'loss' and 'level' measurement due to the tolerance in 
impedance matching of filters, modulators, etc. For this reason, 
most of the tests quoted here will be loss measurements, the ,  
corresponding level measurements applying only when undertaking 
routine maintenance checks with the system in traffic. 

On the shelf-end test tablets the arrangement of the 
internal wiring is such that level measurements are always made 
across the inner pair of access sockets, while loss measurements 
are made across either the inner or outer pair of sockets, depending 
upon which is connected to the source of the signal to be measured. 
The middle and inner pairs of sockets are generally wired together 
internally. 

On translation equipment (channelling, group modem 
etc) the left-hand test tablets carry transmit path or input connections 
and the right hand tablets, receive or output connections. 

• All pairs of test sockets have their 'earthy' or low 
potential side as the lower or right-hand socket (except power unit 
test sockets which are reversed to allow for the fact that earth is 
common positive). Patching cords supplied for use with the-
equipment have their 'live' side indicated by ribbing on the side of 
the plug nearest the live pin. 

References to gain or lonr. in a circuit are in decibels, 
(d13). All absolute levels, (dI3nt) are with rt terence to a power of 
one milliwatt. Levels in (113r arc with reference to the test tone 
level chosen for the 2-wire V.F. point. if this chosen level is 

• 
 

OdL%m then, for lining-up purpose s, titir (113m. 
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Circuit Adjustments  

Where adjustable strappings on printed card units 
require re-setting, care should be exercised when unsoldering 
existing straps to avoid damaging the terminal tags (which are 
attached directly to the printed track). A new connection should 
be made by wrapping the connecting wire 1Z times around the top 
of its tag and then soldering. If the wire is wound around the base 
of the tag difficulty may be experienced in removing it for any 
subsequent re-adjustment. Adjacent tags may be strapped with 
25 S.W.G. (0.020 inch) bare tinned copper wire. 

Through Path Levels  

Unless any special instructions have been received 
the equipment is lined up in the factory to the levels quoted in the 
following table. These levels have been assumed for commissioning 
purposes but may be modified on site to suit local conditions. 

2-WIRE LINE 	  OdBm 	  600 ohm bal 
4W TRANS IN 	  -4 dBr 	  600 ohm bal 
4W REC OUT 	  +4 dBr 	  600 ohm bal 
SUB-GP TRANS IN 	 -34 dBr ....... ..... 600 ohm bal 
SUB-GP TRANS OUT 	 -10 dBr ..... ...... . 600 ohm bal 
CHAN EQPT OUT (GDF) 	 -37 dBr 	  75 ohm unbal 
CHAN EQPT IN (GDF) ...... -8 dBr 	  75 ohm unbal 
SYSTEM OUT 	  -10 dBr 	 • • . 75 ohm unbal * 
SYSTEM IN 	  -30 dBr 	  75 ohm unbal * 

It should be noted that the impedances marked thus * 
may be varied by the use of line, matching transformers. Equalisers 
may be added on receive path equipment to obtain a flat respon.ne over 
the line baseband. 

Throughout 	main tranFtnis s ion paths, ?out-of-band' 
signalling tones relative to speech sideband signals. 
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POWER SUPPLIES  

(i) Check that the tappings on the primary of the mains 
input transformer are correctly set for the local supply voltage 
(see table below). Access to the transformer is gained by 
unscrewing the four retaining bolts which hold the front of the 
power input panel CMB 40910 to the rack frame. On drawing the 
panel forward the transformer tag board will be exposed. Re-
connect and solder the flying leads on this tag-board if necessary 

and replace the panel. 

(ii) Switch the rack on (on/off switch on power input panel 
at foot of rack). Patch a P.V. meter into each pair of numbered 
sockets on the front face of the power rectifier and stabiliser unit. 
The readings obtained should all be mid-scale + 6%, except at test 

point PV6 where the tolerance is + 30%. If the readings are outside 

the tolerances given, re-adjust the tappings on the resistor chain in 

the stabiliser unit - see drawing CMS 40907. 

If any wired test point fails to give a reading, inspect 

the fuses on the stabiliser unit and on the power input panel, ensure 

that the cartridge holders are fully screwed home. 

MAINS INPUT TAPPINGS 

200-250v. MAINS. 

VOLTS 
5-i7AP 
TAG 

't: 70 

SWAP 
TAG 

'N'TO 

5TP.AF' 
THESE 
TA5.-5 

200 8 2 3-7 

205 8 ►  3-7 
210 9 2 3-7 
215 9 3-7 
220 9 2 4 -7 

225 9 1 4-7 

230 10 2 4 -7 
235 10 I 4-7 _
240 10 2 5-7 
245 10 I 5-7 
250 10 1 5-6 

100 -12 5 V. MAINS 
511Z41-5  5ITN" STRAP 

VOLTS TAG TAG Ti-iSE 
V TO 'U'TO TAGS 

100 8 7 8-3, 7-2 
105 8 6-3. 6-1 

110 9 7 9-4. 7-2 
115 9 5 9-4. 6-1 
120 10 - 10-5. 7-2 

1125 10 7 10-5.6-I 

4 
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FREQUENCY GENERATING EQUIPMENT 

Master Oscillator and Crystal Oven Tests  

(1) 
	

Immediately after the rack is first switched on, 
connect a transmission measuring set, switched to 600 ohms 
loss, to the HEATER SUPPLY test socket on the front face of 
the master oscillator unit CMM 20002. A reading of approx 
-10 dBm should be obtained thus indicating that the 24v a. c. 
oven heater supply is correct. N.B:- the meter used must 
read accurately (or with a known error) at the mains supply 
frequency. 

(ii) 	Connect the T.M.S. to the HEATER CURRENT socket 
and note that a reading of approx -2 dBm is obtained, thus 
indicating that the oven heater winding is drawing the correct 
current. 

(iii),  Connect a P.V. meter to the OVEN TEMP socket and 
note that a deflection of roughly 1-scale is obtained indicating 
that the oven temperature is below 50 C. Now leave the, oven 
to reach steady operating temperature (approx 30 minutes). 

(iv)  Re-check the HEATER CURRENT. If the oven has 
reached normal operating temperature (55

o 
 C) it will have 

commenced to cycle. This will be indicated by the T.M.S. 
reading falling to zero at regular intervals. The time for one 
complete cycle (on-off-on) should be from one to five rnimites. 
The ratio between 'on' and 'off' periods will depend upon the 
ambient temparature; an en/off ratio of 1:3 (I 'on' to 3 'off') 
would be normal for ar ambient temperature of 20 C. 

(v) Re-check OVEN TEMP, The P. V. meter should now read 
approx mid-scale, indicating that the ove. temperature lies 
within the normal operating range (50-60-C). -A reading of 
v.-scale indicates that the oven temperature has risen above 
60°C. This is a fault condition and should be investigated. 
If the guard circuit d.o,:s ns i _)peratc 	 fly cutting off 
the oven heater supply, the rack should be switched off to avoid 
overheating the crystal oven. 
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Carrier Output Levels 

A block fitted with two pairs of test sockets will be found attached 
to the front edge of each carrier supply amplifier unit. 

The upper pair designated 'TEST IN' are used to monitor the 
amplifier input as a 75 ohm level measurement. The reading obtained at 
this point will usually be about I dB lower than the true level, due to the 
180 ohm resistor wired in series with the test point to guard against accidental 
short-circuit. 

The lower pair of sockets, designated 'TEST OUT; is arranged to 
give a standard reading of -10dBm on a meter set to 600 ohms loss. Each 
type of amplifier is arranged to give the same -10dBm reading under normal 
conditions, irrespective of its normal output level. This socket is used to 
check the line-up of generating equipment and for routine maintenance tests. 

Each amplifier is fitted with an adjustable input attenuator which 
can be re-set when necessary to maintain the correct output level. 

Checks should be made as shown in the following table using a 
T. M. S. set to 600 ohms loss. Amplifier locations given are for a typical 
rackside. 

FREQ CODE POSITION SOCKET READING 

12 Kc/s 

84 Kc/s 

60 Kc/s 

16 Kc/s /2 
20 Kc/s /3 

96 Kc/s /2 
108 Kc/s /3 
120 Kc/s /4 

CMM20062/1 
II 

II 

CMM20061/1 
,t 
II 

II 

CRIM20006/2  

KC 
KD 
KE 
JD 
JE 
JF 
JG 
JJ n 

TEST OUT 
II 

II 

II 

II 

If 

II 

-10 dBm + 2 dB _ 
II 	 II 

It 	 II 

II 	 II 

II 

"II 

tl 	 II 

ll 

Should any of the readings fall outside the stated tolerance (but 
not otherwise) re -adjust the input attenuator of the amplifier concerned, 
referring, to the appropriate circuit diagram to identify strap positions. 
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Amplifier Input Levels 

When all the carrier generator circuits have been checked and 
re-adjusted where necessary, measurements should be made at each 
'TEST IN' socket using a T. M. S. set to 75 ohms level, and the readings 
thus obtained recorded as a basic for future maintenance work. 

The levels measured may depart considerably from the nominal 
figures quoted on the relevant block schematic diagram due to the accumulated 
tolerances on the losses of filters, harmonic generators, etc. , they will 
however be of considerable assistance in monitoring the long-term 
performance of the generating equipment. 
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BASIC CHANNELLING EQUIPMENT  

General 

The nominal speech level into each channel limiter 
requires to be set to -17 dBr in order that the limiter may function 
correctly. In many cases a level of -4 dBr (corresponding to a 
level of (OdBr at the two-wire line) will be required and to this end 
a 13 dB input pad will be found already wired into circuit in each 
channel modem unit CMM 20050. Where a nominal input level of 
less than -4 dBr is required, the 13 dB pad is strapped out of 
circuit and use is made of a special pad holder, designated AP6, 
into which any required value of pad assembly may be wired. This 
operation will normally be carried out in the factory when the users 
requirements are known in advance, but it is important nevertheless 
to check that all input circuits are set to the requirements of the 
system before proceeding with any further tests. 

Where the input circuits of particular channels are to 
be altered on site, the following procedure should be followed with 
each channel unit affected: 

(i) Take the 13 dB input pad out of circuit (if necessary) by 
Cutting straps joining tags 24-25 and 27-28 on the send card 
and strapping tags 23-24 and 26-27. 

Cut strap A-D and B-C on pad holder AP6 (bottom of left-
hand card) and slide in the required pad assembly with 
printed-card side of pad unit facing base-hoard. Strap 
outer tags on pad to tags A & D respectively on pad holder, 
and inner tags on pad to tags B & C. Solder all connections. 

Transmit Path 

Remove all the 4 WIRE TRANS links and the CHAN 
EQPT OUT links thus isolating the transmit path of the basic 
channelling equipment, Check that no signalling tones are being 
transmitted by ensuring that the send link on the front face of each 
signalling unit is temporarily removed. 

Connect the T,M.S., set to 75 ohms loss, to the -saner 
pair of CHAN EQPT OUT sockets. Apply an 800 cis test tone at a 
level of -4 dBm (if this is the chosen 4W input level) to the inn-r 
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pair of 4W TRANS IN sockets of each channel in turn. The 
recorded level should be -37 dBm 1 dB in each case. 

Any channel level which falls outside this tolerance 
may be corrected by means of the adjustable output pad in the 
channel modem knit concerned (see drg CMS 20050). 

If a complete sub-group of three channels (CHI-3 or 
4-6, etc) falls outside the tolerance, it may be preferred to adjust 
the output attenuator of the common sub-group modem unit 
CMM 20005. 

Receive Path 

The test tones required for lining up the receive path 
may be derived from the distant channelling equipment, assuming 
that all the intervening equipment has already been checked and 
aligned. However if a suitable signal generator is available, it 
may be preferred to inject the required frequencies into the receive 
path directly, by removing the CHAN EQPT IN links and connecting 
the source to the inner pair of sockets. The frequencies should be 
applied 9.t a level of -8 dBm in 75 ohms: 

Each of the frequencies given in the table is equivalent 
to an 800 c/s test tone applied at the distant terminal to the channel 
shown. 

Channel Sideband Freq. Channel Sideband Freq. 

1 107.2 7 83.2 
2 103.2 8 79.2 
3 99.2 9 75.2 
4 95.2 10 71.2 
5 91.2 11 67.2 
6 87.2 12 63.2 

Measure the output at the relevant inner pair of 4 WIRE 
REC OUT sockets using the TMS set to 600 ohms loss, with all 4 
WIRE REC bridging links removed and with the gain control link on 
the front face of each channel unit set to maximum gain (zero dB 
position). 	Readings should be between +7 and +10 dBm. 
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If any output falls outside thislolerance, remove the 
SUB GRP REC links and take a 600 ohms loss measurement at the 
'inner pair of sockets. The level of anti channel within the sub-
group should be about -10 'dBm. It is permissible to re-set the 
sub-group receive attenuator (see .drg CMS 20005) to correct the 
4W output level provided that the level at the SUB GRP REC access 
point remains within + 1.5 dB of -10 dBm. 

Finally re-check each channel output level, setting 
the gain control link on each channel unit to give a level of +4 dBm 
+ 0.5 dB. 

On a fully equipped rack, repeat all tests on second 
12-channel block. 
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Group Translating Circuits 

(a) Receive Path Ref. Drg. ES64-4573 and 4574 

Apply an 84 Kc/s test tone to SYSTEM IN SK2/2-3 and adjust input 
level to -30 dBm. Connect a TMS set to read 75 ohm LOSS to SK2/6 a-b. 
The instrument should read -8 dBm + 0.5 dB. If necessary readjust the 
variable pad in the REC HYBRID CMA 30030/2 and the gain of the amplifier 
CMA 30026/6 to meet this requirement. 

Transfer TMS to SYNC PLT REC OUT SK2/18-19. Decrease level of 
applied signal 15 dB to -45 dBm and readjust frequency to 60 Kc/s. Note 
setting of TMS and peak to maximum by slight readjustment of test oscillator. 
The meter should read -28 dBm + 1 dB. If need be readjust pad on the Pilot 
pick-off unit CMM 20044/1 to meet this. 

Transfer TMS to SK2/9 a-b. The meter should read -48 dBm + 1 dB. 

Repeat these tests (at Terminal "B" only) on the second set of group 
equipment. 

(b) Transmit Path Ref. Drg. ES64-4573 and 4574 

Apply a test tone of 84 Kc/s at -37 dBm to GP EQMT TRANS IN SK1/6 
a-b. Connect a TMS set to measure 75 ohm LOSS to SYSTEM OUT SK1/2 -3. 
The meter should read -10 dBm + 1 dB. If necessary adjust the pad iii 
CMA 30025/2 to meet this. 

Transfer test oscillator to PILOT IN SKI/18-19, readjust frequency to 
60 Kc/s and test level to -20 dBm. Adjust the pilot path level adjustment pad 
in CMA 30025/2 to ensure a TMS reading of -25 dBm + 0.5 dB. 

Transfer test oscillator to SK1/9 a-b and readjust test level to -37 dBrn 
at 30 Kc/s. The level at SYSTEM OUT should be -10 dBm+ 1 dB. 

Repeat these tests (at Terminal "B" only) on the second set of group 
equipment. 
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SIGNALLING 

Preliminary testing of the signalling circuits should be delayed 
until the remainder of the rack equipment has been lined-up and adjusted for 

optimum performance. 
As either ringdown or dialling impulses may be used, the following 

test procedure covers both methods of signalling. Where dialling impulses 
are used, the ringdown relay sets normally fitted on the rack are replaced 
by through circuit patching cards to maintain speech path continuity and the 
signalling legs are extended to the exchange equipment. 

The following sketch shows the test socket arrangement on the front 
of each H. L. signalling unit CMM20052., 

X260 

IVI (SPACE) 

Pva (wax) 

UMW FOR NORMAL 
INO.OUNG 

Output Level  

Remove the SYSTEM OUT links, Connect a suitable T. M. S to the 
inner pair of SYSTEM OUT sockets. Place a link in the bottom right 'sig-send' 
test sockets designated 'Ti, thus simulating a mark condition on the send leg. 
Check that the resultant level of signalling tone at the system out sockets is 
-5dBmO + 1dB, repeat for each channel equipped, If the output level from any 
channel is incorrect, adjust the 0-3dB variable pad in the output of the 
relevant signalling unit. 
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Replace all 'sig-send' links to the 'N' (left-,hand) position, thus 
restoring circuits to through working. 

Bias 
With links in normal 'N' position check the static relay bias of each 

signalling unit by connecting a P. V. meter to the PV1 (upper) test socket. 
A mid-scale reading + 10% should be obtained on each unit. Repeat test at 
each PV2 (lower) socket. A reading of mid-scale + 10% should again be 
obtained. If necessary, adjust the resistor chain R20-24 (tags 29-34) on the 
send card, see drg CMS 20052. 

Change links to test 'T' position and repeat test at each PV2 socket, 
a mid-scale reading + 10% should be again obtained. 

Sensitivity  
(a) Loop the SYSTEM OUT/IN sockets via an amplifier & variable 
attenuator to off-set the difference in levels at these points. Set the gain'  
of the looping circuit to 29dB initially. 

If ringdown relays are fitted, remove the covers from the relay sets 
CMB40901. Verify that when each RT relay is operated manually, the 
associated RR relay closes. 

Increase the over-all loss of the transmit/receive path loop by 
13dB (re-set the looping attenuator). Repeat preceding test and note that 
all RR relays still operate. Then, increase the loss by a further 5dB and 
again repeat test, this time no RR relays should operate. These tests 
establish that the signalling channels will continue to operate under abnormal 
line conditions but will not operate to poise or interference signals received 
at 18dB' below normal signalling tone level. 

Any channel which fails to meet both conditions may be corrected by 
adjusting the strapping between tag 23 and tags 24-28, this modifies the gain 
of the receive card CMA 30219 in unit C1\41\420052. Restore all links to 
normal when testing is completed. 

(b) Where ringdown relays are not fitted, connect the send terminals of 
a signalling distortion measuring set to the lower pair of 'N' and 'T' sockets 
of unit under test and inject a signal of 30 bauds at 1:1 ratio, connect the 
receive terminals of the measuring set to the upper pair of SIG REC sockets. 
Verify that the test set is receiving signals and that these signals continue 
to operate test set when looping loss is set to 13dB but cease when loss is 
increased by a further 5dB. Restore all links to normal. 
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Signalling Distortion  

This test is only necessary where dialling tones are to be conveyed 
by the signalling channels. A signalling distortion or telegraph distortion 
measuring set is required, connected as in part (b) of previous test. 

With transmit and receive paths looped at SYSTEM OUT/IN access 
points via a 16dB attenuator, measure the distortion present when a 30 baud 
1:1 signal is transmitted and received. The maximum signalling distortion 
should not exceed 9% (3 millisecs) as the loop gain is varied over the range 
-6dB to -10dB from normal. 

X Alternative Low-Level Signalling 

In certain installations, low level signalling may be used. `"In this case 
the signalling unit CMM 20051 replaces the high-level unit. 

All tests are as previously detailed, except that in the transmit path 
line-up, the lea/el out to line is -20 dBmO. The test sockets are as shown - 
in sketch. 

1 X259 I 
TO TEST SET MILTCEMI 

♦INKS ova 
NORIIAI WORKING 

DAL 
	Pre (MNYI 

SIG REC. 
SIG SENO 

A 

	UWE TO SIMULATE 
MAIM COMATION 

MOM 
TEST SET WM 

L t 516 UNIT 
SMIN 2005I/I  

(WK ftfQ 
NorINAt. WORKING 

X Not applicable on CMR10180/1 -2 
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L. F. Ringing  

Apply low frequency ringing current (17-50 c/s) to each 2-wire 
line in turn and note that the appropriate RT relay operates. The relays 
are designed to operate with a maximum line resistance of 4000 ohms when 
fed from a 75 volt, 17 cis source, 

Manually operate each RR relay (or simulate a receive leg earth 
condition on each channel) and check that 75 volt low frequency current 
appears on the appropriate 2-wire line. If an inbuilt ringing supply generator 
is fitted on the rack, check that it switches on only during the time that an 
RR relay is operated. (The operation of the ringing generator will be 
audible as a buzzing tone). 
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SYSTEM TESTS 

After each of the three sets of terminal equipment have been checked, 
the complete system can be aligned and tested. 

When the required level adjustments and equalisation is completed, 
such performance tests as frequency response and limiting, may be carried 
out. 

Terminal Transmit to Radio 

Apply an 800 c/s test tone at a level of OdBm to the 2-wire access 
point of channel 9 and adjust attenuator on CMA 30026/6 to give the required 
level into the radio equipment. (Nominal requirement -10 dBm). 

Terminal Receive from Radio 

Arrange for a test tone to be applied at channel 9 input at the distant 
terminal. Adjust the 0-31 dB attenuator on CMA 30026/6 to obtain a level of 
-8 dBm + 1 dB in 75 ohms at the CHAN EQPT IN access points. Confirm 
that an output of +4 dBm can be obtained at CH9/4 Wire REC. If necessary 
adjust audio gain of CT-T 9 demod amp to meet this requirement. 

Routing & Frequency Response. Terminals B to A and B to C (Both ways) 

With the complete system aligned and operating normally, arrange 
for an 800 c/s test tone to be transmitted from the distant terminal via each 
channel in turn and check that the test tone is received at the corresponding 
4W REC OUT sockets of each corresponding channel on the near end 
equipment. 

Set the gain control links on the front of each near end channel unit to 
give a level of +4 dBm + 0. 5 dB at the 4W REC OUT access sockets at the 
local terminal. Check the over-all frequency response of each channel by 
injecting test frequencies at the distant end as follows:- 

Frequency (c/s) Output level (dB) relative to 800 c/s 

300-400 +1. 1 to -4.4 
400-600 +1.1 to -2.2 
600-2400 +1. 1 to -1. 1 

2400-3000 +1.1 to -2. 2 
3000-3400 +1.1 to -4.4 

Repeat tests at the other terminal. 
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Linearity & Limiting. Terminals B to A and B to C (Both ways) 

Arrange for a 2 Kc/s test tone at normal level to be injected 
into the 4W TRANS IN point of each channel in turn at the distant terminal. 
Measure the output level at 4W REC OUT point at the near end terminal. 
Now repeat test with the applied level increased by 4dB (i. e. OdBm if normal 
level is -4dBr at the 4-wire point). The measured output level should have 
risen by 4 dB + 0. 3dB. 

Place the gain control link on each channel unit to the 
minimum gain (-10dB) position and again note the output level from each 
channel. Arrange for the input level to each channel to be increased by a 
further 12dB (Le +12dBm). Check that the output level has not increased-
by more than 4dB from the previous figure. Finally restore the gain control 
link on each channel position to its original position. 

These tests are intended to verify that each,  channel has 
a linear amplitude characteristic over the range from normal level to 
+4dB but, ,due to limiting action aboye this level, the output can never rise 
more than a further 4dB, irrespective of applied input level 
Repeat tests at the other terminal. 

Carrier Leak 

Check that no signalling tone or V. F. signals are being 
transmitted. Connect a T. M. S. set to correct impedance, to the SYSTEM 
OUT point and check that the reading (due to total carrier leak) is at least 
17 dB belownormal signal level. 

If the carrier leak appears to be excessive, each channel ' 
modern unit (CMM 20050) should be removed and replaced in turn, noting 
the improvement in carrier leak obtained by its removal. Thos units which 
appear to contribute most to the total carrier leak may be adjusted by 
strapping tags 29-33 inclusive in any combination which gives minimum 'leak'. 
Note: These adjustments are factory preset and should normally only require 

attention after a very long period of use to counteract rectifier ageing. 
No adjustment is provided on sub-group or group modulators. 

Noise 

If a psophometer is available, the basic noise may be 
measured at each 4W REC OUT point. The readings obtained will to a 
great extent be due to noise or unwanted pick-up on the radio or cable link 

.1 
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and therefore the figures obtained must be suitably corrected to obtain the 
signal-to-noise ratio of the terminal carrier equipment alone. 

The noise on any channel should not exceed -66dB belair signal 
level (or -62dBm for a +4dBm test level at the 4-wire output). 

V. F. Terminating Hybrids 

Check the operation of each 2W/4W hybrid transformer by 
restoring all the 4 WIRE TRANS and 4 WIRE REC links and transmit test 
tones at OdBm via the inner pair of 2-WIRE sockets of each channel in turn. 
The received level at the 2-WIRE links at the distant terminal shouldbe approx 
OdBm for a + 4dBm signal level at the distant 4 WIRE REC point). Note that 
the hybrid transformers have an actual loss of about 3. 6 dB so that the 
output will usually be a little greater than OdBm. 

Signalling 

,If the ringdown relays are fitted, apply low frequency,ringing 
current at the 2-Wire point of each channel in turn at the local terminal. 
Verify that the required ringing tone appears at the appropriate 2-Wire point 
at the distant terminal during the time that the local RR relay is operated. 

If the dialling tones are to be used, check that test tones transmitted 
from the local exchange produce the required impulses at the distant 
exchange. 

Synchronisation: 

It is'necessary for all the master oscillators in the system to be 
operating at precisely the same frequency. 

It is usual for the M. 0. at one station to be nominated the 'master' 
and for the 'slave' master oscillator at the distant terminal to be synchronised 
to it. 

The means whereby the synchronisation is effected, consists of a 
60 Kc/s pilot tone derived directly from the M. O. at the master station, this 
tone is injected into the main transmission path and may be 'picked-off' when 
required at the slave station. 

The method to be employed at the slave station is as follows:- 
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(1) 

(5) 

Connect a patching cord from the SYNC PILOT REC access links to 
the 'PILOT IN' socket on synchroniser card CMA 30018. The 
synchroniser card is located on one of the frequency generator shel4es 
and should have a link fitted in its PILOT LINKS socket. 

Connect a second cord from the 'OUT' socket on the synchroniser card 
to the input terminals of a T. M. S. meter set to 600 ohms LOSS. 

Adjust the LEV ADJ link to give approximately 1-scale deflection 
on the meter. 

Connect a cord from the SYNC OUT socket on the local 60 Kc/s 
amplifier CMM 20006 to the IN A socket on the synchroniser card. 

When two frequencies are near synchronism the difference frequency 
will be displayed as a 'beat' on the T. M. S. meter. 	For rough 
calculations, 1 beat in 10 seconds indicates a difference of 1/40th of a 
cycle per second between local and incoming 60 Kc/s supplies. 

Synchronise the local source by small adjustments of the FREQ ADJ 
screwdriver control located on the front face of the 12 Kc/s master 
oscillator CMM 20002 until a zero beat is obtained. 

If the difference in frequency is outside the range of this control, 
course control may be affected by altering the strapping between tag 
26 and tags 23-25, (see drg. ES/CMS 20002). 

It should be noted that synchronisation should not be attempted until all 
master oscillators in the system have been running uninterruptedly for 
several days. 
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MAINTENANCE OF CM EQUIPMENT 

General 

The degree of maintenance performed on the carrier 
equipment will depend upon staff availability and the grade of 
service required. Precise instructions will presumably be laid 
down by the administration concerned. The following instructions 
are therefore intended only as a guide to the type of routine testing 
which it is desirable to undertake and to the frequency with which 
such tests are carried out. 

Special emphasis is placed on the desirability of 
keeping regular performance records, sample charts being included 
at the end of this section to aid the preparation of a suitable test 
schedule. Such records will assist the maintenance of efficient 
performance and will also be of great assistance when tracing any 
fault that may arise. 

Power Supplies  

Check the output from the power stabiliser unit at 

weekly intervals by patching a P.V. meter into each test socket on 
the front face of the stabiliser unit and note that the reading is 
within + 5% of mid-scale. If all readings on a given stabiliser are 
outside this tolerance and the mains supply is found to be within 
10% of nominal, it may be necessary to re-adjust the resistor chain 
strappings in the unit (refer to appropriate circuit drawing for 
details). 

Frequency Generator Equipment 

Each generator source should be tested-out at weekly 
intervals. 

With a T.M.S. set to 600 ohms loss, patch into each 
amplifier output test socket and note that a reading of -10 dBm 
+ 2 dB is obtained in each case. If the output of one particular 
frequency is found to lie outside this tolerance, re-set the input 
attenuator of the associated amplifier to regain the correct output 
level. Record any re-adjustments on the performance record 

chart. 
If several frequencies are found to have altered in 

level in the same sense (i.e. all too high or too low) refer to the 
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frequency generator block schematic diagram and trace the 
frequencies back to their common source. 

The 75 ohm amplifier input test point readings may be 
used in conjunction with the relevant block schematic diagram to 
establish whether the input levels are within the range of adjustment 
of the amplifier input attenuators. The levels obtained in practice 
at these points may vary somewhat due to the tolerance on the 
filters, harmonic generators etc. and are, therefore, only quoted 
as approximate figures on the schematic diagrams. 

The master oscillator oven should be checked to ensure 
that it is cycling normally and that its temperature is normal, (see 
commissioning section). 

Synchronisation 

The master oscillators in the system should be 
synchronised to that chosen as the frequency standard at fairly 
frequent intervals (say fortnightly) during the first six months after 
commissioning. As the crystals age, the drift rates may be 
expected to fall eventually to a negligible rate, so that synchronisation 
may be carried out at progressively longer intervals. Record the 
amount and direction of drift in each case before synchronising. 

Translation Equipment 

A daily audio-audio check should be carried out on 
each speech channel, if convenient, to ensure that all are serviceable 
for traffic. 

At weekly intervals a test tone should be transmitted 
in each direction via each channel and the level at each 4-wire 
receive socket checked to ensure that the circuit equivalents are 
maintained correct. Any output which falls outside the tolerance of 

dBrn. + 1 dB should be corrected by means of the gain control link 
on the face of the relevant channel unit. 

At quarterly intervals check all the intermediate levels 
in the transmission paths and carry out (and record) any necessary 
re-adjustments to restore all levels to within their stated tolerances. 
Points to measure at include: the sub-group access on the basic 
channelling, the GDF point and the connections to and from the radio 
or line equipment. 
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Signalling Channels  

A brief daily check of each circuit should be made by 
ringing through on each channel in each direction. 

Once monthly check the static relay bias conditions at 
the PV I and PV2 test sockets on the face of each signalling unit as 
detailed in the commissioning section. 
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FAULT LOCATION 

General 

In most cases the fault will be a simple one and can be 
quickly cleared if the following points are checked first: 

(i) Check that the mains supply is reaching the rackside; i.e. 
look for loose or blown cartridge fuses or failure of a common 
mains supply. 

(ii) Inspect racks for any card not pushed fully home in its guides. 

(iii) If any cards or units have recently been removed, check that 
they have been replaced in their correct location on the rackside. 
The pair of letters signwritten on the front edge of the card unit 
should match the code letters signwritten on the shelf edge below 
the unit. The first letter of the code denotes the shelf; the 
second letter denotes the unit location on the shelf. 

(iv) When a particular unit is suspected of being faulty, before 
going further, ease out and replace the unit a few times. Dust 
or grit on the contacts may cause a faulty connection to occur 
between the unit connectors and the jack socket. 
Examine the jack socket in case any spring contact has been 
accidentally damaged. 

Failure of one or more Channels  

A failure of a number of associated channels will indicate 
a fault in equipment common to all the faulty channels, (e.g. carrier 
supplies, sub-group or group equipment). 

Where a fault is isolated to a single channel the following 
procedure is recommended. Using a test oscillator, send a test tone 
in at the 4 WIRE TRANS point on the faulty channel, connect a T.M.S. 
to the GDF point on the group concerned and check for a -37 dBm 
signal. In the same way; check the level at SYSTEM OUT etc. 
comparing the levels obtained with those marked on the relevant block 
schematic drawing and noting that the T.M.S. is set to the correct 
impedance for each test point. 
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When a point is found in the circuit where the tone is 
absent or a serious discrepancy in level occurs, return to the unit 
following the last access links at which the test signal was present. 
Plug this unit into a test extension jack and check signal level at 
input and output tags, continue signal tracing on all cards until 
fault is isolated. 

Before finally deciding that an individual card is 
faulty, the following checks should be made before replacing it by 
an available spare. 

If the unit is a modulator or demodulator, check that 
the carrier supply is reaching the tags of the unit. 

The fault may be due to a short circuit in the rack 
wiring. Check this by removing the bridging links on the extension 
jack which connect the output from the card unit to the rack wiring, 
and measure the signal on the output of the card itself. 

The faulting procedure outlined is for use on the 
transmit path, a similar procedure may be adopted for faults in 
the receive path, commencing at the system input and working back 
through the circuit to the 2W access point. Note that the signal 
applied at the GDF point should be the frequency equivalent to 800 
cis at 2W LINE for the particular channel concerned. 

It should be noted that the levels quoted on all block 
schematic diagrams are based on the assumption that the impedance 
at the measuring points are always equal to their nominal value of 
600 ohms, 75 ohms, etc. 

In practice this is not always the case, particularly 
where filters or modulators are concerned. When such a mismatch 
occurs there will be an appreciable difference between LOSS and 
LEVEL measurement and further errors may arise due to carrier 
leak, noise, or spurious oscillations. If a discrepancy in levels 
is found, it is better to break the circuit, if conditions permitl and 
make a correctly terminated LOSS measurement. 

Carrier Supply Failure 

Use the relevant block schematic to determine the 
origin of any missing carrier frequency and work back through the 
supply circuit to trace the fault, using a T.M.S. meter set to 75 

ohm LEVEL. It may not be possible to be certain when a faulty 
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card has been reached, since the levels at various points cannot 
always be defined. It is helpful in this case to jack in a spare 
unit of the same code and so obtain a positive proof. 

Distorted Speech 

Check that the limiter stage in the channel unit is not 
being overloaded. This would occur if the input pad was of 
incorrect value or if it had been strapped out in error. Failing 
this, the limiter stage or its d. c. supplies may be at fault. 

Excessive Noise or Interference  

A broken earth connection is a possible source of this 
kind of trouble. Check that all card units are firmly in place and 
check any wiring that has recently been disturbed. 

Rack Wiring Faults  

Where a fault has been traced to the wiring between 
units, the repair may usually be effected most conveniently by 
removing the back cover plates on the rackside to expose the shelf 
wiring. 

If the rear of the rackside is not accessible, the wiring 
to any jack socket may be exposed by removing the two holding 
screws on the socket and easing it forward. The coaxial cable used 
is of thin gauge and should be handled with reasonable care if any 
joint is to be remade. 

If a fault has been traced to a test termination tablet 
on the end of a shelf, access to the wiring is obtained by removing 
the two holding screws; the tablet on the end of its guide may then 
be pulled clear to expose the connections. On a new rackside, 
trouble may be due to solder splashes or damaged insulation when 
fitting the installers cabling; tags are closely spaced so that short 
circuits from these causes are not impossible. 

Fault Location within Card Units  

When carrying out fault location or repairs on card 
units the following points should be noted. 
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Multi-card units may be opened up by loosening the 
four fixing screws, as illustrated at the end of this section. When 
re-assembling the units care should be taken not to trap any inter-
card wiring. Handle card units with reasonable care, they may 
crack if dropped or roughly handled. 

Before commencing any electrical tests inspect the 
card for possible source of trouble such as solder splashes, 
broken component lead-outs or deep scratches across the printed 
track. Emergency repairs to cracked or broken tracks may be 
effected by bridging the faulty section with a short soldered length 
of wire, removing any excess solder with a small stiff brush. 

The printed circuit side of the card is covered with a 
protective layer of varnish, this must be scraped away from any 
joint that is to be used as a measuring point before electrical 
contact can be made. It is preferable to make such tests on the 
component side of the card. 

Transistors do not normally fail unless they have been 
subjected to heat or accidental application of wrong voltages. For 
this reason do not immediately suspect them of being faulty but 
check other components first. When other methods have been tried 
and it appears that a transistor is at fault it is best checked by 
substitution of a new one of the same code. 

Certain transistors (0C7I, 0C44 etc.) are coated with 
paint, if this coating is damaged or removed, photo-electric action 
can occur resulting in a degree of instability of the collector current, 
it is advisable to replace or repaint any transistor affected in this 
manner.  

Should it be necessary to unsolder a component, extreme 
care should be taken since transistors, germanium diodes, and other 
miniature components are easily damaged by excessive heat. The 
method illustrated at the end of this section should be followed. 
Scrape the joint on the printed circuit of the card to clear any 
varnish, grip the wire end of the component on the other side of the 
card with pliers, (these will act as a heat shunt), then lift the 
soldered end clear using a small hot clean iron. 

If a component is known to be faulty, it should be cut 
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free from its solder ends leaving about 711.," stubs of wire as shown, 
the new component may then be soldered to these stubs. 

LEADS OF NEW COMPONENT 
CUT LEADS CLOSE TO 

	
TURNED l TIMES AROUND 

FAULTY COMPONENT 
	

PROTRUDING WIRE STUBS 
& THEN BEND VERTICAL 

	
& THEN SOLDERED. 

Relays  

Most of the relays used on CM equipment are of the 
dry-reed relay type, whose contacts are sealed in glass tubes 
containing an inert gas and so are completely inacessible for 
maintenance. They are, however, extremely reliable and robust 
and have a satisfactory working life comparable with any of the 
electronic components with which they are associated. 

A fault on this type of relay usually entails its 
replacement, by unsoldering its connecting tags from the printed 
circuit (see section on fault location) and fitting a new relay. If 
the fault is confined to the contacts themselves, it should be possible 
to cut the connections at the ends of the sealed tube, force out the 
tube from the surrounding coil bobbin and fit a new set of contacts in 
its place. 

Cleaning Printed-Card Connectors  

The gold-plated printed card connectors undergo a 
special cleaning process during manufacture and should give no 
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trouble in service. Where, due to dusty conditions, trouble is 
experienced with dirty contacts, it will often be sufficient to clear 
the fault by pushing the affected card in and out a few times. This 
will, in effect, wipe the contacts clean. 

If this is not sufficient, the connectors on the affected 
card may be cleaned using a solvent such as methylated spirit or 
propyl alcohol. The fluid should be applied sparingly using a soft 
rag and rubbed along each connector and not across the row of 
contacts or else varnish on the card will be dissolved and will 
spread over the contacts. Cleaning fluid must be kept well away 
from polystyrene capacitors. 

Finally, a dry rag should be used to polish the contacts, 
wiping along each contact as before. The card should be replaced 
in the rackside immediately afterwards. 

Regular contact cleaning should not form part of a 
maintenance schedule since besides being quite unnecessary, 
frequent handling of the cards may do more harm than good. 

Replacements  

Requests for replacement units or components should 
quote the following:- 

(i) The CMR rack code & assembly no. (e.g. CMR 10034/1) 
(ii) The unit code, assembly & issue no. (e.g. CMB 41939/1 Iss.1) 

(iii) The code of the component concerned. This will be found in the 
apparatus schedule which accompanies the relevant unit 
schematic diagram. 

All correspondence should be addressed to:- 

The Engineering Manager, 
Electronics Division (Transmission), 
Automatic Telephone & Electric Co.Ltd., 
Strowger Works, 
Liverpool. 7. 
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Chart No. 1.  

MAINTENANCE RECORD CHARTS  

Once Weekly: Audio - Audio record 

Levels are taken by injecting an 800 c/s test tone into 
the 2 WIRE point on each channel in turn at the sending terminal 
(at a level OdBm, 600 ohms) and measuring the output level at the 
same point at the receiving terminal with a T.M.S. set to 600 ohms 
(bal) LOSS. Any unduly large variation in levels over a period 
should be investigated. 

Date • 

Group No.( ) 	, 

Channel No. 1. 
H 2.  
H 3.  

4.  
.1 5.  
.. 6.  
u 7.  
II 8.  
II  9.  

'II 10.  
II • 11.  
II 12.  
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Chart No.2.  

Once Monthly:  Check Signalling bias, using lv F.S.D. 
5000 ohms D.C. meter. 

Date 

Group No. 	) 

CHAN 1 PV.1  
P.V.2 

CHAN 2 P. V.1 

P.V.2 

CHAN 3 P.V.1 

P.V.2 

CHAN 4 P .V.1  
P.V.2 

CHAN 5 P. V.1 

P.V.2 

CHAN 6 P.V.1 . 
— 

P.V.2 

CHAN 7 P .V.1  
P.V.2 

'CHAN 8 P .V.1  
P.V.2 

CklAN 9 P.V.1  
P. y . 2 

CHAN 10 P. V. 1  
P.V.2 

CHAN 11 
. 

P. V1  
P.V.2 

CllA.N 12 P.V.1 

P.V.2 
- 	- i 
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Date 

12 Kc/s 

16 Kc/s 

20 Kc / 

84 Kc/s 

96 Kc/s 

108 Kcis 

120 Kc/s 

114 Kc/s 

3.825 Kc/s 

60 Kc/s 

Chart No. 3.  

Once Weekly: Carrier Supply Check  

Output levels are measured at the TEST OUT monitor 
points on the Carrier Amplifiers, or at the shelf end routine test 
points, with a T.M.S. set to 600 ohm LOSS. 
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Chart No.4.  

Once every 3i months: Check intermediate levels on 
channel and group equipment. Use an 800 c/s test tone on the two 
outer channels of each sub-group for measurements at the sub-
group access links, e.g. for sub-group 1, use test tones on channels 
1 & 3. For measurements at test points common to all 12 channels, 
use test tones on channels 1, 7 & 12. 

Date 

Sub Grp-No.1 TRANS 

H 	H 	H 	2  

H 	it 	11 	3  

II 	 I 	II 	4  

11 	" 	" 	1 REC 

H 	H 	H 	2 	II 

II 	II 	II 	3 	II 

II 	II 	II 	4 	H 

CHAN EQPT OUT 

H 	" 	IN 

SYSTEM OUT 

SYSTEM IN 
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Chart No. 5. 

Once monthly: Check synchronisation of all master 
oscillators against master station; record amount and direction of 
drift (parts in 106) before re-setting oscillators. 

Date 

Drift 
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EXTENSION TEST FRAMES. 

The rack test frame or extension jack' (TC 94262) 
is used to mount a printed-circuit card clear of the rack equipment 
in order to make it accessible for fault location. All the electrical 
connections are carried through via access sockets and break links 
mounted on the frame itself. It is thus possible to disconnect any 
circuit from the rack wiring and to make current measurement on 
d. c . paths . 

Where multi-card units are to be tested it may be 
necessary to use two or more frames to complete all circuits and/or . 
support the weight of the unit. 

The bench test frame TC 94263 is used in the same 
way, but since it is made in two halves joined by a flexible cable 
the card may be tested on an adjacent test bench if desired. The 
wires in the cable are unscreened and therefore the rigid frame 
may be preferred at high frequencies. 



UNSOLDERING 

CARD-MOUNTED 

COMPONENTS 

ES64-M/4083 ISSUE 1. 

22.3.62. 

1. Use pliers as 

thermal shunt 

2. & 3. Lift wire end with 

clean iron and withdraw 

component. 



4. 

DISMANTLING 

MULTI-CARD UNITS 

ES64-M /4084 

22.3.62. 



UNIT & PRINTED CARD INFORMATION 

This section comprises circuit drawings, apparatus schedules 
(component lists) and brief descriptions of all the units and printed cards 
used in this system. 

The units and cards, are listed under their assembly code numbers 
in numerical sequence. Although in general each description merely gives 
a brief summary of electrical features, comprehensive details are given 
of all the more complex units (e. g. channel modem, or master oscillator). 
Basic Filter units and certain other tuned circuits are contained in sealed 
cans, as no field adjustment of these units is possible, detailed circuitry 
has not been included. 

The drawings which follow are again arranged in numerical 
sequence. Each drawing includes an apparatus schedule which lists all 
the components on the given unit or card and gives their ordering codes 
should replacements be required. 

Requests for replacement units or components should quote the 
following. 

(i) The CMR rack code and assembly numver (. e. g. CMR10154/1). 
(ii) The unit code and assembly together with the issue number 

marked on the unit (e. g. CMM20050/1 Issue 5). 
(iii) The code of the component as listed on the relevant apparatus 

schedule. 

All correspondence should be addressed to:- 

The Engineering Manager, 
Electronics Division (Transmission) 
Automatic Telephone & Electric Co. Ltd. , 
Strowger Works, 
Liverpool. 7. ENGLAND. 
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0MM 20002/1 12 Kc/s Master Oscillator  

The unit consists of a highly stable 12 Kc/s crystal 
oscillator together with an associated buffer amplifier and circuits 
necessary for amplitude and temperature control, the unit is used 
to provide the basic 12 Kc/s frequency source from which all other 
carrier frequencies are derived. 

Oscillator Circuit: 
The crystal XL6 forms a positive feedback loop with 

the two-stage amplifier VT7 and VT15, this is tuned by TC8 to 
avoid oscillation at spurious frequencies. The back-to-back 
silicon diodes MR4 and MR5 are shunted across the feedback path 

to stabilise the output level by limiting action, with C22 used for 

d. c. blocking. 
Frequency adjustment is provided by trimming 

capacitors C2, C3, C4, which are set to give the correct output 
frequency during factory testing. Fine frequency control is 
carried out by using the screwdriver control trimmer Cl, 
accessible from the front face of the unit. 

Output Circuit: 
Buffer amplifier VT26 and tuned transformer TC3I 

provide outlets at -10.5 dBm and -15.0 dBm, the first outlet is 
used to feed the 12 Kc/s channel carrier amplifier, the•second 

feeds a 16 & 20 Kcis regenerative modulator GMM 20008. 
A second amplifier circuit incorporating VT42 and 

tuned hybrid TC49 provide a pair of outlets at OdBrn, these feed the 
sub-group and group harmonic: generators.  

All output impedances are 75 ohms unbalanced and the 
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outlets are isolated from each other so that unused outlets need not 
be terminated. 

A gain adjustment is provided for on the OdBm outlets 
only, this consists of resistor chain R33, 34, 35. The output level 
will fall as these are progressively strapped out of circuit. A gain 
control is not required for the -10.5 and -15 dBm outlets since 
their loads are not dependent upon exact input level. 

Crystal Oven: 
The crystal XL6, which has been selected and aged to 

provide a long term frequency stability, iS enclosed in an oven 
block maintained at a temperature of 55QC + 1°. The oven is 
heated by a cupro-nickel winding which Surrounds the block and is 
fed from a 24v a, c. or d. c. supply. 

To reduce the heater power required, the oven block 
is enclosed within a vacuum flask and this assembly is mounted in 
a metal container. Thermal dissipation is thus reduced to a 
minimum and the average heater power required is less than two 
watts. 

Oven Control: 
When first switching on, transistor VT12 is fully 

conducting with relay OC/ 1 operated, thus OC1 is closed and the 
oven circuit is complete. Contacts ALl and AL2 are also closed. 

When the oven temperature rises to 55°C, the contact 
thermometer CTH1 operates to short-cirCuit VT12 base to earth. 
With VT12 cut-off, relay OC/ 1 releases and power to the oven 
heater is removed. The temperature will then fall until CTH1 
contact breaks and the cycle is repeated. 

Temperature Alarms: 
Under normal temperature conditions, the first pair 

of contacts of the double contact thermometer CTH2 are closed 
thereby short-circuiting tags MC17/3-4 and a voltage from the base 
of VT7 backs off the diode MR10. 

If the oven temperature falls below 50°C, the short-
circuit referred to will be removed and th'e' back-bias on MR10 is 
taken off. This condition is used to signal an alarm and effect a 
changeover to standby equipment, i.e. low.temp fault. (This 
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condition will also obtain when first switching on). 
Should the oven temp rise above 60°C the second pair 

of contacts of CTH2 will close and short circuit tags MC17/3-4-5. 
This will again remove the back-bias from diode MR10 and will 
also remove the base-bias to transistor VT7 so that it cuts-off and 
relay AL/2 releases. Contacts ALI and AL2 will break the supply 
to the oven heater thus safeguarding the crystal, i.e. high temp 
fault. 

Test Points: 
OVEN TEMP 	A 'P.V.' meter (lv fed. 5000 ohm) 

connected to the OVEN TEMP test 
point should read as follows:- 

3 Low Temp 	 i-scale deflection 
Normal 	 Mid 11 	 + 10% 
High Temp 	 -scale 

HEATER SUPPLY: A 'T.M.S,' meter set to 600 ohms Loss 
connected to the HEATER SUPPLY test 
point will read approx -10 dBm if the 
24 volt supply is intact. 

HEATER CURRENT: A 'T.M.S.1  meter set to 600 ohms Loss 
connected to the HEATER CURRENT 
test point will read approx -2 dBm each 
time the oven heater draws current. 
The time for a complete on/off cycle may 
vary from one to four minutes. As a 
rough guide, a ratio of 1 'on' to 3 'off' 
is usual for an ambient temperature of 
20°C. 

Note: It is advisable to use meters which are isolated from earth 
for the above tests since all the test points are above earth potential. .  

The T.M.S. meter used should be accurate down to 50 c/s. 

Circuit data: 
Current drain from 12v supply 	 63 mA 20% 
Current drawn by heater 	  210 mA + 20% 
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CMIvi 20003/1 Sub-Group Combinin. Unit  

'This unit provides facilities for combining, in the 

transmit direction, the outputs from four sub-groups to form a 
composite band 60-108 Kc/s. In the receive direction, the 

incoming band 60-108 Kc/s is divided to form outlets for 
distribution to the subsequent sub-group stages. 
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Transmit Path: 
In the transmit direction, side-band signals from the 

four sub-groups in the ranges 60-72, 72-84, 84--96 and 96-108 Kc/s 
enter the unit at -45 dBr, the input impedance being 600 ohms 
unbalanced. These signals are applied to an arrangement of skew 
hybrid transformers T27-T31 in which the four sub-groups are 
combined to form the basic group 60-108 Kc/s. The transformers 
are so designed that no inter-action between sub-groups occurs. 
Further, the insertion loss in each hybrid coil is designed to be the 
same for each sub-group i.e. 7 dB nominal. 
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Facilities are provided for the injection of a group 
reference pilot (84.08 Kc/s), if required, the assembly 1 version 
Of the unit includes level adjustment pads which are omitted on 
assembly 2. The pad consists of resistors R20 to 26 incl. and 
strappings between tags 27 and 34 are made as required to ensure 
correct performance. (See Notes 1 and 2 on ES/CMS 20003). 

The combined signal at 60-108 Kc/s is, amplified in 
a two stage 15 dB fixed gain amplifier centred around VT7 and VT26. 
This amplifier has an input impedance of 600 ohms for which a 
specified return loss of 35 dB is obtained and by which satisfactory 
operation of the hybrids is ensured. 

The output transformer T18, matches the high 
impedance of the amplifier (1305 ohms) to 75 ohms and applies the 
amplified signal to the sub-group combining high pass/low pass 
filter F19. This filter is designed to suppress signal leak at 12-15 . 
Kc/s and the higher order modulation products peculiar to sub-group 
modulation. The nominal level at the unit output tags is -37 dBr 
(75 ohms unbalanced), the signal passing from this point to the 
G.D.F. 

Receive Path: 
Signals arriving at G.D.F have a nominal level -8 

dBr (75 ohms unbalanced). From here they are applied to the sub-
group combining high pass/low pass filter F41 which is identical to 
F19 in the send path. Its function is to 'clean' the 60-108 Kc is 
applied signal by removal of all unwanted modulation products. 
This signal then passes via a 10 dB fixed pad into an arrangement 
of hybrid transformers T37-T34, (the purpose of the pad being to 
set the correct level and to ensure a suitable input impedance at 
the hybrids). 

The output level of the four bands 60-72, 72-84, 84-96 
and 96-108 Kchs distributed to the four sub-group units, is -24 dBr 
nominal at 600 ohms unbalanced. 
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ClviM 20005/1-4 Sub-Group Modem Unit  

This unit mounts the equipment required to translate 
one sub-group to and from the appropriate portion of the 60-108 
Kc/s band. It performs the modulation and demodulation process 
and also segregates the sidebands appropriate to the sub-group 
under consideration. 

In the transmit direction signals equivalent to three 
channels and occupying. the band 12-24 Kc/s are converted to a 
higher position in the frequency spectrum. These appear as 
lower sidebands of the applied carrier (84, 96, 108 or 120 Kc/s as 
applicable) in the 60-108 Kcis band. 

In the receive direction the reverse action takes place, 
each assembly of sub-group unit selecting its own sideband 
frequencies from the 60-108 Kc/s band and restoring them to the 
12-24 Kc/s band. 

Four similar assemblies are available. These differ 
only in the frequency characteristic of the filter appropriate to the 
sub-group. Details are as follows:- 

Assembly No. Sub-Group Carr.Freq. 
Pass-band of Send 

or Rec Low Pass Filt. 

1 1 120 Kc/s 0-108 Kc/s 
2 2 ' 108 	" 0- 96 	" 
3 3 96 	" 0- 84 	" 
4 4 84 0- 72 	" 

Send Path: 
In the transmit direction, signals at -34 dBr are 

applied via a simple matching network to the sub-group modulator. 
This network, foi-med by RI/L1 raises the input impedance to 600 
ohms (unbalanced) and provides a certain amount of pre-equalisation 
for the send sub-group lowpass filter which follows the modulator in 
the transmit path. 

The modulator is of the miniature resin potted type 
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employing copper oxide rectifiers which are carefully matched to 
ensure balanced operation and is supplied with the appropriate 
carrier frequ'ency dictated by the relative position of the sub-group. 
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The resultant output passes, via a fixed isolating pad, 
to the, send sub-group lowpass filter which selects the appropriate 
lower sideband 60-72, 72-84, 84-96 or 96-108 Kc/s. The filters 
used have an input impedance of 1600 ohms, and include a section 
designed to suppress carrier leak. This is followed by an 0-3 dB 
pad, included to provide some compensation for slight changes in 
the modulator and for variations between the performances of 
individual filters. By this means the insertion loss of all sub-group 
units can be made equal. The level of the selected sideband at the 
unit output tags is -45 dBr, the point having an unbalanced impedance 
of 600 ohms. 

Receive Path: 
Signals in the range 60-108 Kc/s arrive at the 600 

ohms unbalanced input tags at -24 dBr. Passing via an 0-7 dB pad, 
the signal is applied to the sub-group receive lowpass filter which is 
similar in design to the sub-group send filter, but omits' the carrier 
leak suppression section. (The filter output impedance is 1000 
ohms). Leaving the filter, the sele:ted signal, part of the 60-108 
Kc/s band forming the particular sub-group passes, via a matching 
pad, into the demodulator to which the appropriate carrier is applied. 

The signal, now two sidebands resulting from the 
demodulation process, passes via a matching pad to the sub-group 
demod. filter in which the 12-24 Kc/s lower sideband is selected, 
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the upper unwanted side band and carrier being suppressed. The 
level at this point is -40 dBr. 

The signal is next applied to a 30 dB fixed gain two-stage 
amplifier built around VT27-VT40. The circuit chosen employs 
over-all negative feedback for which a tertiary winding on the output 
transformer (T43) is provided. Resistor R45 and capacitor C46 
build out the unites output impedance to 600 ohms and the signal leaves 
at this point at a nominal level of -10 dBr. 

CMM 20006/2  60 Kc/s Pilot Amplifier Unit  

This multicard unit is designed to amplify and stabilise the 
60 Kc/s supply from the sub-group harmonic generator CMA 30034/1. 

The unit consists of a main amplifier formed by a pair of 
transformer coupled transistors VT9/VT17 (0C44 and 0072) in a 
conventional AGC controlled circuit operating at 60 Kc/s, the output 
being taken from VT17 via a tuned output transformer Tc20 which has 
two secondary windings. The main outlet is taken at + 4 dBm from one 
of the two secondaries, the second one being used to feed 60 Kc/s to the 
AGC rectifiers MR 's 26 to 29. ;The main outlet can be strapped to 
provide two 75 ohm outlets at -20 dBm. Output from the AGC rectifier 
is used to bias VT9 the effect being to alter the gain of the unit to offset 
change in output, thereby stabilising it. A zener diode MR7 is used 
to provide a reference against which the circuit operates, the potential 
across the diode being applied to the base of VT9. An additional 
outlet from VT17 is applied to a subsidiary amplifier VT44 to provide 
an outlet at -16 dBm for synchronising. This outlet is also used as 
part of the system alarm/cha.ngeover.' 

Circuit data: 
Current drain : 	12 mA + 15% 

Routine test point level (R. T. E. Test OUT) -10 dBm 
(600 ohm LOSS) 

Level at TEST IN : 	+ 3dBm + 3 dB 

Level at SYNC OUT : 	- 16 dBm + 4 dB 
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CMM 20008/1 16 & 20 Kcis Regenerative Modulator 

This multi-card unit is used to derive both the 1.6 and 
20 Kc/ s,channel carrier frequency from one of the 12 Kcls master 
oscillator outputs. The circuit diagram is simplified and shown in 
block form in diagram X110. 

Circuit Description: 
The operation of the circuit is dependent on a 12 Kc/s 

input to the unit. Diodes MR12-13 provide a rectified output, 
stabilised by zener diode MR14. This output is used to bias back 
MR28 and thus 'remove the a. c. short-circuit which exists between 
the base of VT40 and the common 12 volt (+)ive line via MR28, 
C25, and R26. Removal of this short circuit results in VT40 
functioning as a 4 Kc/s oscillator, TC38 being tuned to this frequency. 
The essential feedback loop is provided by C35, R36 .and R37..  

Diodes MR44-45, to Which a 4 KcIs input is applied, 
feed pulses (equivalent to the even harmonics of this frequency) to 
the base of VT52. This stage is provided with two collector loads 
TC50-51 which resonate at 8 and 16 Kc/s respectively. The 16 
Kc/s output is taken from TC51 via a suitable band-pass filter. 

The 8 Kcis output is fed back as a carrier frequency 
for the modulator, MR21-24, which is also supplied with 12 KcIs 
via Ti, C4, VT8 and T7. Due to the modulation process, sum and 
difference frequencies of 4 and 20 Kc/s appear at the output of the 
modulator. This output is applied to the base of vT40 which 'locks-
in' to the 4 Kcie component to complete the regenerative action. 
The collector loads of VT40 consists of TC38 tuned to 4 Kc/s and 
also TC39 to 20 Kc/s, the output at this second frequency is selected 
by a bandpass filter to provide the 20 Kc/s carrier source. 
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Should the 12 Kc/s source fail in service, the backing-
off bias to MR28 will be removed and as a result VT40 will cease 
oscillating c&using both the 16 and 20 Kc/s outlets to fail. 

To safeguard the output levels against possible changes 
in temperature within the unit, a thermistor RTH48 is inserted in 
the base feed to VT52. 

Circuit data: 
Z in, Z out 	  75 ohms 
16 Kc/s Output 	  -8. 3 + 2. 5 dB 
20 Kc/s Output 	  -6.5 dBm 
Current drain 	  13 mA + 15% 

CMM 20044/2 Pilot Extraction Unit 

This multicard unit is used to extract the 60 Kc/s pilot 
from the main transmission band and to raise it to a suitable level 
(-28 dBm) for synchroning purposes. 

The unit consists of a simple level adjustment pad, a 60 
Kc/s pand pass crystal filter and an amplifier in which two 0C45 
transistors (VT's 5 & 15) provide a nominal 32 dB gain. 

Circuit data: 
Z in, Z out 	  75 ohms 
60 Kc/s output 	  -28 dBm + 2 dB 
Current drain 	  13 mA + 15% 



CMM 20011/1 114 Kc/s Generator 

This unit provides a 114 Kc/s group carrier supply 
from input frequencies of 60 Kc/s and 108 Kc/s. 

As shown in the diagram below, -108 Kc/s (derived from 
an auxiliary outlet on the 108 Kc/s sub-group carrier amplifier) is 
divided by two and the resultant 54 Kc/s is modulated by 60 Kc/s 
(derived by filtration from the 'odd' harmonics outlet of the 12 Kc/s 
sub-group carrier harmonic generator). The upper sideband is 
then selected, to provide the•required 114 Kc/s output. 
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The 108 Kc/s input is passed through a single stage 
amplifier (VT8) and then serves to trigger the bistable circuit (VT18, 
VT30) to give a square wave output at 54 Kcis. This 54 Kcis output 
acts as switching or 'carrier' frequency in the following balanced ring 
modulator. The 60 Kc/s input is fed into this modulator via the 
tuned transformer circuit TC34. The modulator output is passed, 
via a 3 dB isolating pad, through a high-pass filter where the 54 & 60 
Kc/s component, 114 Kc/s, is selected. 

The filter is followed by an 8 d13 isolating pad, and then 
a simple two-stage amplifier (VT54, VT67) raises the carrier supply 
to the required level. 

Circuit data: 
Current drain 	  
60 Kc/s input level 	 
108 Kc/s input level 	  
114 Kc/s output level ....... 
Conversion loss of modulator 

card 	 
Gain of amplifier card — . 

16 m 1- Z 5% 
+3 -dfrrt 75 ohms 
-6 (inn), 75 ohms 
OdBm + 3 dB, 75,ohms 

31 dB -I 2 dB (75 ohms) 
. 28.5 dL% + 2 dB in 75 (75 ohms) 
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CMM 20050/1-3 Channel Modem Unit 

This unit mounts the equipment for translating a 
single V.F. channel to and from the 12-24 Kc/s sub-group frequency 
band, together with facilities for the injection and extraction of high 
or low level 'out-of-band' signalling frequencies from associated 
signalling equipment. 

In the transmit direction, V.F. signals in the range 
300-3400 cis are converted to a higher, frequency band, appearing 
as the upper sideband of the applied 12, 16 or 20 Kc/s carrier. 
The reverse process takes place in the receive direction, each 
channel unit selecting its own band of carrier sideband frequencies 
and restoring them to the voice frequency range. 

The unit is built in three assembly codes which differ 
as follows:- 

	

Assembly 1 CH1. 	(12-16 Kc/s B.P. filter) 
yr 	2 CH2. 	(16-20 Kc/s B.P. filter) 
It 
	

3 CH3. 	(20-24 Kc/s B.P. filter) 

Send Path: 
The channel unit send card is adjustable to cater for 

input levels between +13 and -17 dBr, with a return loss better than 
20 dB when adjusted for input levels higher than -15 dBr. 

The 600 ohm balanced input circuit is designed so. 
that the nominal speech level to the limiter which follows, may be 

set to -17 dBr. This is achieved by the use of a fixed pad of 13 dB, 

which may be strapped out altogether if required; together with a 
pad holder, AP6, into which any desired value of pad assembly may 

be wired. 

Thus - for an input level of -4 dBr, the 13 dB pad will 
be used and AP6 will be strapped out; whilst for a -16 dBr input, 

the 13 dB pad will be strapped out and 1 dB fitted in AP6, and so on. 
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The limiter stage is designed so that, when presented 
with a nominal input level of -17 dBr, it will begin to limit for levels 
greater than -13 dBr and will ensure that the output never exceeds 
+8 dB above the nominal speech level. The characteristic is 
illustrated by the following diagram. 

+6 

Output Level 
at 4 W REV 

0 

Nervincil love 
0  e2 440 I 4t--3-46 
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The operation of the limiter circuit is as follows:- 

The signals are applied to the input transformer T9 
which steps up the current applied to the emitter of VTIZ. R7 and 
R8 build the input impedance out to 600 ohms. RII fixes the value 
of the emitter current and CIO decouples Ril to earth. 
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To increase the stage gain a controlled amount of 
positive feedback is applied by means of the winding on T9 which 
is in series with VT12 base. 

The a. c. output circuit of CT12 (shown as a heavier 
black line in sketch X149) is completed via the L.P. filter coils, 
transformer T19, and the -5v supply. The D.C. potential between 
collector and emitter is thus held constant at 4v, (lv is dropped in 
the emitter bias circuit). 

The limiting action takes place thus: 

(a) Incoming (-)ve peaks cannot cause the output voltage at T19 to 
rise above 4v, since at this point VT12 bottoms i.. e. the 
voltage drop across the collector load approaches the supply 
voltage, so that transistor action ceases. 

(b) Incoming (+)ve.: peaks above a certain magnitude, drive VT19 
into cut-off so limiting the output in this direction. 

A steady direct current. flows from the -12v supply via 
R16 and R14/R18 in parallel, through T19 primary, to the 5v supply. 
This current is arranged to approximately equal !he opposing steady 
collector current of VT12 so that, by this means, the standing 
current in T19 primary is reduced to a minimum and magnetic 
saturation is avoided. R16 is a decouplmg resistance, whilst R14 
and R18, (earthed to A.C. by C15) provide correct terminations for 
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the L.P. filter. 

The function of the L.P. filter is to attenuate 
frequencies above 3.4 Kcis thus preventing in'terference,with the 
adjacent signalling channel. 

The limiter output transformer T19 has, in addition 
to its secondary winding, a wound screen which is used for 
capacitive balancing purposes. 

The speech signals pass through the signalling 
injection hybrid T23 which also serves as the modulator input 
transformer. Sketch X184 illustrates the operation of the circuit. 
The signalling filter is designed to have .an output impedance equal 
to R22 (taking the transformer ratio into account), at both signalling 
frequency 3.825 Kc/s, and also at 175 c/s. 

The hybrid is therefore balanced at these frequencies 
with consequent high attenuation to speech signals at these 
frequencies. Interference into the associated or the adjacent 
signalling channel is thereby prevented. For frequencies in the 
speech band 300 c/s - 3.4 Kcis Z1 Z2 so that the hybrid is 
unbalanced and the loss of the speech path is much less. 

The modulator is of the miniature resin-potted type, 
employing copper-oxide rectifiers which are carefully matched to 
obtain balanced operation. The channel carrier frequency is fed 
in via the carrier leak adjustment circuit. Tag 33 may be strapped 
to any of tags 29-30-31-32 for minimum carrier leak and, in addition ,  
any one or more of resistors R27A-B or C may be strapped out if 
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required for best results. 

The sideband output resulting from the modulation 
process is fed via a fixed 3 dB isolating pad and adjustable 0-3, dB 
pad to the equalised channel, band-pass filter which selects the 
required upper sideband. The equalisation compensates for the 
frequency characteristic of the low-pass as well as the band-pass 

filter. 

The outputs from the three individual band-pass 
filters are connected in parallel at this point and signals in the 
range 12-24 Kc/s are fed to the subsequent sub-group stage at a 
level of -34 dBr into 600 ohms unbal. 

Receive Path: 
In the receive direction, signals from the associated 

sub-group stage are fed in at a level of -10 dBr in 600 ohms 
unbalanced, to the receive band-pass filter, which selects that 
portion' of the 12-24 Kc/s band appropriate to the particular channel. 

The signal then passes via a fixed 4 dB isolating pad 

to the demodulator, whose output includes the wanted lower sideband 
(300-3400 c/s). At this point in the transmission path, before the 
lower sideband is actually selected, facilities are provided for 
extraction of the 3.825 Kc/s signalling tone. Both speech and 
signalling frequencies are fed to the associated signalling unit where 

the signalling tone is selected by filtration and the speech signals 
returned to the transmission path at a level of -25.5 dBr. 

If 'out-of-band° signalling facilities are not required, 

a 2.5 dB building-out pad is strapped into circuit to simulate the 

loss of the extraction circuit. 

The required lower sideband is then selected by a 3.4 

Kc/ s lowpass filter and fed to the demod. amplifier via a 

potentiometer network, which adjusts the gain over a range of 10 dB 

in 1 dB steps by means of a shorting plug on the front face of the 

unit. 

The demodulator amplifier consists of two transistor 

stages VT19 and VT27 with a nominal maximum gain of 36 dB. 
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Signals are applied to the base of VT19 via the input 
transformer T18. R17 and C41 ensure stability on maximum 
gain. R20 acts as collector load, and direct coupling is employed 
between VT19 collector and VT27 base. T28 is a parallel feeding 
choke fitted with a secondary winding which applies a. c. voltage 
feedback to the base emitter circuit of VT19. L29 is wound with 
resistance wire and serves as a current feedback resistor, the 
inductance providing frequency' correction at high frequencies. 

Finally, the signal is fed to the unit 4-wire receive 
point via the output transformer T35 and a fixed pad AP39 selected 
to suit contractual requirements. When the output required is +4 
dBr the pad value is zero. The output impedance is 600 ohms 
unbalanced. 

Circuit data: 
Loss of bandpass filters in passband is 3-4 dB 
Loss of receive lowpass filters below 3.4 Kc/s is less than 
1.1 dB (Z in & Z out, 3600 ohms). 
Current drain from supply 	 15.2 mA + 15% 
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CMM 20052/1 High Level Signalling Unit  

This multi card unit is designed to provide high level 
out-of-band signalling facilities, suitable for the transmission of 
dialling or ringdown pulses over an associated speech channel. 

The signalling path employs a tone of 3.825 Kc / s, 
which operates at a level of -5 dBmO, and lies 0.425 Kc/s above the 
effective speech band (300-3400 c/s) of its associated V.F. channel. 

Signalling  

Injection of the 3.825 Kc/s signalling tone into the 
transmission path, prior to the first stage of modulation, is 
controlled by means of a static relay, operated by an earth applied 
to the signalling line (M wire), 

The signalling tone is fed continuously to the transmit 
static relay at a level of -11,5 dBm, and switching of the relay in 
sympathy with the signalling earth is governed by the balance of a 
bridge network, which controls the gating bias. One arm of the 
bridge is formed by the signalling line impedance, which is 
normally built out to 500 ohms by adjustment of the series resistor 
chain R20-24, to provide the correct operating condition. For test 
purposes, a link position SK29 (designated 'T') permits the resistor 
chain and line impedance to be replaced by a 500 ohms resistor. 

The static relay bias condition is such that, in the 
quiescent state (No Signalling), the rectifiers MR10 and MR11 
conduct, presenting a terminating impedance shunted across the 
signalling tone path, while MR9 and MR8 present a high series 
impedance. In this condition, a mid-scale deflection (0.5 volts) 
should be obtained across P.V.1 access point, indicating that the 
correct backing off bias is being applied. 
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MR, 	 TT 

When the signalling line is earthed, the bias condition 
is reversed, permitting the signalling tone to pass via the send 
signalling band pass filter and an adjustable attenuator to the injection 
hybrid in the channel modulator input path. In this condition, a mid-
scale deflection (0.5 volts) should be obtained across P. V.2 access 
point indicating that the correct forward bias is being applied. Any 
deviation from mid-scale can be corrected by adjustment of the 
resistor chain R20-24 in series with the signalling line. 

The purpose of the bandpass filter is to permit a 
relatively gradual build-up of signalling voltage and thereby prevent 
interference with other channels, arising from the effects of sharp 
switching pulses applied to the static relay. The attenuator 
provides adjustment of from 0-3 dB around the nominal level to 
compensate for small differences in the discrimination orindividual 
filters. 

In the receive direction of transmission, the signalling 
tone is extracted at the output of the channel demodulator, by means 
of a 3.825 Kc/s bandpass filter from the hybrid T3. 
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The filter output level is raised by an amplified which 
consists of two transistors, VT31 and VT33, both in grounded 
emitter configuration. The gain of the amplifier is adjusted by 
varying the negative feedback, R24-R29 being strapped plccordingly. 

The output of the amplifier is fed to the detector 04.04.it 
(MR7 and MR8 with, associated components) via a coupling network, 
which appears as a quarter wave line at signalling frequency. This 
network provides an impedance inversion at the amplifieT. output. 
R16, C34 and MR18 provide level compensation., which peTmits the 
receive signalling circuit to operate satisfactorily over the range t5 
to -10 dB around the nominal level of -5 dBmQ. 

Finally, the output from the detector is fed to a single 
stage d.c. amplifier, VT6, 4n which a dry reed relay SRI1 provides 
the collector load. When operated, contact SRI applies an earth 
to the signalling receive line (E wire), via the access links SK38, 
and spark quench circuit C35. and R36. 

Level Compensated Signalling Detector 

The coupling network F2, in addition to providing 
impedance, inversion, converts from unbal to bal and provides d. c. 
paths for VT33 collector and for the rectified signal current . 
Terminals F2/1 and 3 are held at d.c. earth potential by C19 and 
C34 respectively. When no signal is applied MR18 is biassed 
forward by a small standing current determined by the value of 
R16. VT6 is cut off, R9, R15 and R17 being chosen substantially 
"to maintain this condition even at high temperatures. 

When a signal is applied VT6 conducts, the path for 
the rectified current being completed by MR18. It will be observed 
that the rectified current opposes the forward bias current in MR18, 
but it is arranged that VT6 bottoms before MR18 blocks. After 
VT6 bottoms, the rectifier current rises rapidly and MR18 blocks. 
(The path for the rectified current is now completed via the 12v 
power supply and RI6). 

The rectified voltage is divided 'between C22 and C34. 
The voltage across C22 is determined by the input voltage required 
to bottom VT6 - thus the excess voltage appearing across C34 is 
more than proportional to the input voltage. 
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Because VT6 conducts and bottoms before any 
appreciable voltage is developed across C34, the point in the build-
up of the signal at which SR/1 operates is NOT affected by the 
compensation 4circuit, MR18/C34: SR/1 operates earlier for large 
signals than for small ones, as in an uncompensated receiver. It 
will be seen subsequently, however, that compensation is provided 
by arranging that SR/1 also releases earlier for large signals than 
for small ones. 

When the signal' begins to decay, the voltage across C22 
follows the envelope of the decaying signal but the decaying charge in 
C34 opposes the voltage across C22. The rate of change of envelope, 
voltage is numerically larger for large signals, than for small ones -
thus VT6 cuts off earlier for large 'signals. 

SR/1 therefore releases early in compensation for its 
early operation. 

MR32 protects VT6 from the surge voltages that would 
otherwise be developed when VT6 is cut off. It also increases the 
release time of SR/1, and so assists in reducing the over-all impulse 
distortion. C37 prevents premature bottoming of VT6 by ripple 
voltages developed-across SR/1. 

-22- 



Circuit data: 
Z in, Z out 	  
Current drain of send card 	 

Through loss of send card 
Current drain of receive card • • 

Loss of receive path 	  
Minimum input level to receiver 

for relay to operate 	 

600 ohms 
12.0 mA + 15% (tone off) or 
25.5 mA ♦ 15% (tone on) 
7.0 dB + I dB 
8.6 mA +, 20% (tone off) .or 
20 mA +2% (tone on) 
2.5 dB —± 1.dB 

-50 dBm + 3 dB 
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CMM 20061/1-4 Subgroup Carrier Amplifier  

This unit comprises a parallel push pull output stage driven by 
a single transistor whose gain is temperature compensated. A number 
of strap in pad sections at the input to the unit enable it to be used with 
varying input levels and for it to provide an auxiliary output. 

Circuit data: 	Z IN 	75 ohms 	Z OUT 	75 ohms 
Nominal Output 
Nominal gain 
Current drain mA 

Test Points : 	TEST IN 75 ohm LEVEL 
TEST OUT 600 ohm LOSS. 

Adjustments: 	Pad, variable 0-15. 75dB in 0. 75dB steps. 

Purpose•: 
	

To increase the level of the sub group carrier supplies 
from the frequency generator to ensure correct 
operating levels being applied to the sub group modulator 
& demodulators. 
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NAM 20062/1-3 Channel Carrier Amplifier 

This unit comprises a pair of tandem connected push pUll stages 
erating with tuned output transformers and with negative feed back. 
ie hybrid transformer T16 provides a spare outlet at low level and when 
.used tags 9-10 must be strapped. 

.rcuit data 
	

Z IN 75 ohms Z OUT 75 ohms 
Nominal output 
Nominal gain 
Current drain 

points 	 : TEST IN. 75 ohm LEVEL 
TEST OUT. 600 ohm LOSS 

ljustments 	: Pad, variable 0-7dB in 1dB steps 

urpose.: 
	

To increase the level of the channel carrier 
supplies from the frequency generator to ensure 
correct operating levels being applied to the 
channel modulators and demodulators. 
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CMA 30007/1 3. 825 Kc/s Crystal Oscillator  

This is an independent oscillator unit that generates the 
3. 825 Kc/s tone for all signalling channels. The crystal XL20 forms 
a positive feedback loop with the two stage amplifier VT5 and VT12, the 
amplifier being tuned by TC4 to avoid oscillation at spurious frequencies, 
the back-to-back silicon diodes MR18-19 are shunted across the feedback 
path to stabilise the output level by their limiting action. The thermistor 
RY34 stabilises the output against change in ambient temperature. 

Circuit data: 
Output level 	  
Level stability 	  
Freq. Stability 	  
Current drain. 	  
TEST OUT 	  

OdBm into 75 ohm load 
+ 0. 4dB for temp range 20-50°C 
+ 0. 5 c/s 	" 	II 	 II 

7. 3 mA + 10% 
-10 dBm 600 ohm loss 
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CMA 30024/2 54 Kc/s Low Pass Filter & Equaliser 

This unit comprises a 54 Kc/s low pass filter and equaliser network 
which are used to select the wanted lower side band (6-54 Kc/s) from the 
output of the 114 Kc/s group modulator. 

The pass band loss of the filter is approx 0. 5dB and in its 
stop band it provides approx.  20dB discrimination. 
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CMA 30026/6 6-108 Kc/s Group Amplifier 

This amplifier appears in both the transmit and receive paths 
of the group translating equipment. 

The amplifier circuit is designed to give a substantially flat 
response over the frequency range 6-108 Kc/s and consists of two 
directly coupled grounded emitter stages followed by normal transformer 
coupled driver and output stages. Impedance correction components 
placed across the windings of both input and output transformers ensure 
a good return loss. Shaping networks together with voltage and current 
feedback are used to obtain a flat response. 

The gain of the amplifier can be reduced by 12dB, in 1dB steps, 
from a maximum of 42dB by connecting tag 36 to tags 35-23 in turn as 

shown. 

Circuit data: 
Z in, Z out 	  75 ohms 
Gain 	  30-42 dB 
Max output level 	. . +5dBm 
Frequency range 	6-108 Kc/s 
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CMA 30030/2 Receive Circuit Hybrid and Filter Network  

This unit is used to enable a 6-54 Kc/s 12 channel group to 
be separated from a 60-108 Kc/s group, assuming a composite 6-108 
Kc/s band i§ applied to the input of the unit. Basically it consists of 
a hybrid transformer (T2), a circuit isolating device (T4), an -0-31 dB 
pad and a 60 Kc/s high-pass filter (F20). 

The composite band is applied to tags 1-2, the 6-54 Kc/s and 
60-108 Kc/s bands appearing at tags 18-19 and 16-17 respectively. In 
practice tags 16-17 and 14-15 may be strapped in which case the 60-108 
Kc/s will then appear at tags 4-5. 
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CMA 30034/1 Sub Group Harmonic Generator 

This •generator operating with a 12 Kc/s input, is used to 
produce the 84, 96, 108 and 120 Kc/s sub-group carriers and the 
60 Kc/s pilot. The circuit consists of a single-stage Class B push-pull 
amplifier, VT5 and VT6, driving a saturable reactor circuit, which 
together with a rectifier bridge, produces the required 'odd' and 'even' 
harmonics at separate outlets. Each outlet is fed to a set of paralleled 
filters, which select the required harmonics. 

The amplifier input and output circuits are tuned by transformers 
TC1 and TC7 respectively. The nominal input level is OdBm into 75 ohms. 
The copper resistor R3, provides to 	compensation. 

xioz I 

SATURABLE REACTOR EXPLANATORY 

In TC7, Cl and L2 are tuned to 12 Kc/s; L3 and. C4 (modified 
by the external C9) together with saturable reactor L10 'are also tuned 
to 12 Kc/s, These c omponents form a filter and ensure that the current 
waveform applied to L10 is sinusoidal, thus making the production of 
harmonics independent of small changes in input wayeform to the unit 
and of amplifier distortion. 

L10 core remains in a saturated condition while the amplitude 
of the applied sine wave remains outside the levels indicated by the 
dotted lines. During this period, the re is no flux change in L10, and 
consequently no voltage will be developed across its load. 
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When the amplitude of the applied waveform falls to a level 
at which L10 is no longer saturated, the capacitor C5 charges. As the 
reactor again saturates with the increasing amplitude of the applied 
waveform, the collapse of flux will allow C5 to discharge rapidly 
producing the pulse lc, which contains the desired 'odd' harmonics. lc, 
in fact, shows the current waveform through C5 and approximately the 
voltage waveform across R17. In order to develop the 'even' harmonics, 
the bridge doubler arrangement is added to the output circuit, reversing 
the polarity of alternate pulses giving the voltage waveform shown in ld. 
It should be appreciated that the filter loads connected to the two output 
somewhat modify the output voltage waveform. 117, however, ensures that 
the waveform of the current through C5 (in TC7) is not critically 
dependent upon the filter loads. 

- 31 - 



CMA 30038/1-3 Band-pass Filters  

These units mount 1 or 2 filter assemblies that are used to 
select the sub-group carrier frequencies and 60 Kc/s pilot from the 
outputs of an harmonic generator CMA 30034. 

The assemblies used on this system are as follows:- 

1.... 60 Kc/s filter only 
2.... 96 & 120 Kc/s 

84 & 108 Kc/s 

Circuit data: 
Z in, Z out  	75 ohms 
Passband loss 	3.5 dB max 
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CMA 30206/1 Ringer Generator 

This unit is used to provide an output of approx 75 volts at 
half the frequency of the local supply mains from which it is derived. 
It is used in Conjunction with a mains transformer which operates from 
the local supply to provide 75-0-75 volt outlet and also a 6 volt 'trigger 

voltage,'. 	The generator itself consists of (a) a single stage pulse 
generator and (b) an Eccles - Jordan bistable multi-vibrator. 

The pulse generator employs an OC 44 (VT4) as a limiting 
device which produces a squared pulse which is used to trigger the 
multi-vibrator the trigger voltage being applied to the junction between 
MR s 15-17 and R16, C10 being the coupling device. Two dry reed 
relays RA/1 and RB/1 are employed as collector loads for VTs 13 and 
21, the associated relay contacts RAI and RB1 being used to switch the 
75 volts supply. 

VT4's base has applied to it 6 volts a. c. derived from the 
mains transformer and this supply is just high enough to cause limiting 
action by which the squared pulse be 	available to trigger the two 
transistors in the multi-vibrator. Under the action of this pulse 
VTs 13 and 21 conduct alternatively at half the mains frequency the two 
relays RA and RB cycling in sympathy. 
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CMA 30209/3 Group Modulator/Demodulator 

This concentional balanced ring modulator is employed to 
effect the translation of the basic 60-108 Kc/s group to and from the 
band 6-54 Kc/s. A 0-7dB adjustable attenuator is included, together 
with a 108 Kc/s low-pass filter and filter equaliser. A 3dB isolating 
pad is provided between the.modulator and filter to improve impedance 
matching. 

When used on the R24B system, the carrier is applied at tags 
17 and 19 with tags 17-18 strapped together, so that the unit presents 
a load to the carrier source equal to a mod/de mod pair (56 ohms). 

Circuit data: 
Z in and Z out 	  75 ohms 
Conversion loss (with 3 dB pad 
before and after modulator) 	 12 dB + 1dB 
Loss of filter and equaliser 	 1 dB min  
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CMA 30241/1 800 c/s Test oscillator 

This test oscillator which is an optional item may be used for 
lining up the system initially and may then be used for routine maintenance 
testing and for synchronising the system. 

It consists of asingle transistor (VT16) operating in an L/C 
(tuned) oscillator circuit to produce an 800 c/s output at a nominal level 
OdBm. This level can be set accurately by means of strappings on tags 
23 to 27 incl. Key KA has three positions. In its centre position the 
oscillator output is fed out at OdBm and may be patched to the 2W access 
links of the present system. 

In its "-4dBm " position a 4dB pad is inserted in the oscillator 
output path to enable the instrument to be patched to the 4W TRANS links 
in the present equipment. 

In the "SYNC" position a rectifier MR10 is shunted across the 
oscillator output to ensure a high even harmonic content being available 
along with the 800 c/s fundamental. This enriched "output" can then be 
transmitted to the distant terminal for synchronising purposes. Rectifier 
MR19 is supplied for patching across a suitable portable level meter to 
detect frequency deviation (beating) between similar signals sent from 
the distant terminal. 

Circuit data Z OUT 600 ohms 
Nominal level Out +0. 5dB 
Sync output level -6 +2dB. 
Level Stability 	+ T. 0dB range 20C to 50 G 
Freq Stability 	 c/s range 20C to 50°C 

7. 3 mA 

Output Level 

Maximum (Strap tags 23 to 26) 

Progressive 
24-26 23-25 
25-26) 24 -25 
23-24 ) 23-24 
25-26 

Min output 	No Straps 
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CMA 30520/1 3. 825 Kcis Band Stop FilteT. 

This unit is inserted in the 4W REC path whenever high level 
out of band signalling is employed, its presence limiting the audio band 
and eliminating interference at 3825 c/s at the 4W REC point. 

_ 



CMB 40903/1 Ringdown Relays  

Two relay sets, the requirements for 2 channels are 
mounted on this card. Each relay set provides facilities for the 
conversion of 17 c/s ringdown signalling between the exchange or 
switchboard 2 wire line and the transmit and receive legs of an 
'out-of-band' signalling circuit. 

TwO relays RR/4 and RT/3 are employed in each relay 
set. The first operating to a 24v d. c. supply, and the sectand to 
rectified 17 c/s Dr low frequency signalling pulses. 

The operation of the relay set to signals in e4her 
directiQn is detailed below. 

Send: 
17 c/s ringdown signalling pulses from the exchange 

2-wire line are fed via the unoperated contacts of RR2 and Rp.4 and: 
the split winding of the associated 2W/4W hybrid to the bridge 
network MR1, which rectifies the low frequency pulses to operate 
relay RT / 3. 

Contacts RT I and RT2 short circuit the split windings 
of the 2W/4W Hybrid. 

Contacts RT3 complete the signalling earth loop to 
operate the associated 'out-of-band' transmit static relay. 

Receive: 
Incoming signalling operates relay SR/1 on the 

associated signalling receive card. This relay extends an earth 

loop to RR/4. 
Relay RR/4 operates. 
Contact RR1 places a 600 ohm load across the hybrid 

2-wire winding. 
Contacts RR?. and RBA break the 2-wire line connections 

to the hybrid and replace it with 17 cis ringing supply. 
Contact RR3 extends a loop to start a 17 cis generator, 

when necessary. 
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CMS 40904/1 2W/4W Hybrids  

This unit is fitted on all channels which are to be 
operated on a two wire basis. Two similar circuits are contained 
in each unit. Each circuit provides a 2W/4W conversion and can 
be used for low frequency signalling (17 cis) over the 2-wire line 
or d. c. signalling over each leg of the 2-wire line and earth. 

An internal compromise balance network is provided 
comprising,  RI and one section of Cl. The internal networks can 
be disconnected when the use of an external balance is preferred. 

Requirement Connect tags Disconnect tags 

C/ct 1. Comp. bal. TS1/ 	1 & 2 TS1/15 & .16 
C/ct 1. Ext. bal. TS1/15 & 16 TS1 / 1  & 2 
C/ct 2. Comp. bal.' TS1/ 9 & 10 TS1 / 5  & 2 
C/ct 2. Ext. bal. TS1/ 5 & 6 TS1 / 9  & 10 

The units may be wired to access points located on 
the adjacent shelf end blocks, providing facilities for level 
measurements, terminating or breaking each circuit for test 
purposes. Alternatively access sockets may be mounted on the 
unit. 

[X 326 I 
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CMB 40907 / 3  Power Supply Unit  

. 	This unit is fed with an a, c. input of approx 22-0-22v 
from an externally mounted supply transformer and employs a bi-
phase silicon rectifier to produce a d. c. output which is stabilised 
to 20v by the action of a transistorised regulation circuit. 

The action of the stabiliser circuit may be followed 
with the aid of diagram X265. Note that in the actual circuit, 
ES/CMS 40907.Sh.2, the output stage VT4 in the diagram consists 
of two transistors in parallel. 

DC. 
INPUT 

tARI 

Circuit Operation: 
Part of the output voltage developed across the 

potential divider RV is fed back as a base bias to VT1. This is 
compared against a fixed reference voltage developed across a 
zener diode MR1 and applied to VT1 emitter, thus VTI collector 
current is a direct function of the output voltage. Should the 
output voltage tend to rise, the collector current of VT1, flowing 
through RI will increase and reduce the potential applied to the base 
of VT2. The collector current of VT2 will then fall, this effect is 
amplified by VT3, and passed to VT4. VT4 being in series with the 
supply will, by the fall in its emitter current, tend to restore the 
voltage to normal. 

A tendency for the output voltage to fall would be 

-39- 



countered by the reverse sequence of events. 

The main output voltage can be adjusted to a precise 
value by means of tappings on the potential divider RV. 

Five separately fused 12v outlets are available, each 
with a test socket designed to give a normal reading of 0. 5v + 
on a 5000 ohms d.c. test meter (e.g. P.V. meter). Further 
outlets, for use as bias supplies at lv and 5v, are also available, 
together with smoothed 20v d.c. supply connected to a test socket 
marked '20v Noisy', the test meter reading here is 0. 5v + 30%. 

Circuit data: 
Range of input voltage 	 + 10% from normal 
Main output voltage 	 12v + 0. 5v 
Aux output voltage 	  20v + 6v 
Max load current 	  2.2 amps 
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F41 CMZ 40257/I 

951-9.537 
951-951+‘ 

-4rxim4fdte 
q5i-c1550  
w51-9532 
95i-9572. 

CMA 30013 
APPARATUS SCHEDULE 

RI, R42 510..n. ±5°/0 '/8W 1.15 
R2, RI7 2.2K 	± 5% V8 W H.5 
R3 600.n. t I°/o I/BW H.S 
R4 33K 	± 5% I/8W HS. 
R II 4.7K 	±5°fo veri H.S 
RI2 I5K 	±5% I/8W H.S. 
R14 73.5.a. ± I% I/8W HS 
RI5 1.3K 	±1% 	'/8W H.5 
R20 7-511. ± 20/o I/8W H.S.  
R2I 2.71n. 	± 50/a I/8W H.5 
R22 2.4n ± 5% yew HS 
R23 70.6.n ± 10/0 I/8W HS 
R24-R26 101. 	± 10/0 '/8W H S 
C5,C6 	1p.F 	±259'o 150! MP 
C 8 0.25,LLF .t259'0 150! MP 
C9 0.511F ±25% ISOY M P 
CIO 0.1µF 	125% 150t M.P 
TIS TC 953418 
L13 TC 28653 
VT7VTI6 0C45 	MULLARD 
FI9 CMZ 40257/1  
C43 10 ,LLF ± 2o0/012y. ICC TA 

(iss-q538  

q5/-*M9s47 
Si—c1S90 

ALL RATINGS QUOTED ARE JOINT 
SERVICES TYPE APPROVED. 

2 W/O PILOT LEVEL ADJUSTMENT 

1 WI- PILOT LEVEL ADJUSTMENT 

ASSEM DESCRIPTION 



60-72 Ke/s 
FROM 

SUB GRP 
UNITS 

R3Os 
w 

R29 
71-84Kcis 10  

ww  
20 37  

0 
17 -17 36 
O 	0 

39 84-96 Kc/s 16  28 

15 

0
40 29 96-108 Ke/s 14 

FROM 
SUB GRP 

UNITS 

3 

FROM 
GDP 

SUB GROUP COMBINING UNIT 

CMS20003 	 ISSUE 3. 

CMA 30012 SEND & RECEIVE HYBRIDS PART or CMA 30013 GROUP SEND AMPLIFIER PART OF CMA 30013 

1.2 
I 

34 	 3 128 8  R42 RI II 
+P-- 	 . - 	- .•,,ie-

M 
 1...•• -12 v. 

3. 1.867 
I.  0267 

8 T3I 6 

L13 

C43 
W 

30 	41 
	0 	0 

F19 
RI4 	1.305 K :75JL 
w 

5 

3 R32 31 
4 
0 	 

RI 1 
4 	

70 24 023 

R15 
036 

SUB. GRP COMB 
H.P/LP FILTER 

CMS 40257 
4 I TIE 

3 2 

0 35 

*-0
34  

•
R26 

N  33 

R25 

32 

N2 
R24 

e_-031 

N 
$ R23 

3 
0 

B 
VTI6 

21  
0 

13 

42 
7 1 5  1 

)1212 	RI7 

COMM* 
PILOT IN 

18 

TO 
SUB GRP 
CIRCUIT 

I* I 	 I : 0.706 

19 	 S T348 	 T 37 R38 R40  
8 5 

72-84 KO 
20 

60-72 Kc/s 22  

NOTES 

I. 	THE PILOT LEVEL ADJUSTMENT IS MADE BY 
STRAPPING TAGS 27-34 AS REQUIRED. 

2 	ON ASSEM 2. THE PILOT LEVEL ADJUSTMENT 
CIRCUIT VIZ R20-R26 13 NOT FITTED AND 
TAGS 27 2.34 ARE STRAPPED. 

3. 	THE CLEATS FIXING COMPONENT ARE USED IN 
SOME CASES AS PART OF THE WIRING AND 
THE WORKING OF THE CIRCUIT DEPENDS ON 
THESE CLEATS ALWAYS BEING FITTED. 

2 	 3 
F4I 

SUB. GRP. COMB. 
HP/LP FILTER 

CMS 40257 

2 

17 

84 -96 Kcis 
TO 

SUB GRP 
CIRCUIT 15 

96-108 Kc/s 14 

23 

ETH 



APPARATUS SCHEDULE 

ES/ CMS 20005 

Iss. 4. 

CMA 3001(o 
	

CMA 30017 

APPARATUS 	SCHEDULE 
RI 	2zen 	± rro 	YBW 	H S. 
R49s1-ciSq2,2•14,K 	± I% 	1/5w 	H 	S.  
Rto95i-4511 50i. 	I I% 	VeW 	4. S. 
Retist-cis03.8K 	± 1%, 	VBW 	H. 5 
R9451-9535 310651- 	:t 1%, 	1/8W 	H S. 
RII Ri3 	3311 	± 5% 	1/81,4 	H 5. ...__, 
RI2 	5.1K 	± 5% 	1/8W 	14. 5 
R14,R10 	6811 	± 57. 	VB V 	14 5. 
RIS 	2.71( 	I 5% 	1/8 W 	4.5. 
MR5 	TC9526(o 
13 	TC953411 
T7 	TC953200 
L2 	TC281604 
FIO (A55.1.) 	CMZ 40000/1 
FIO (A55 2) 	CMZ 40000/2 
Fi0fA55 3) -._ 	 CMZ 40000)3 
FIO (A55.4.) 	CMZ 40000/4 

ALL RATINGS QUOTED ARE 
JOINT SERVICES TYPE APPROVED 

APPARATUS 	SCHEDULE 
RI R3 	135.n_ 	± I% 	1,8vi 	H.S 
R2 	1.2(,,K 	2; I% 	VS W 	H 5. 
R+RO 	C043n. 	I 5% 	Ye. v 	H 5. 
R5 	2 7K 	.1 5'4 	I/8 IN 	14 5. 
R7, R9 	33.n. 	± 5% VS YV 	14 5 
RB 	5.IK 	± 5% 	VBYV 	H.5 
R II 	3.42K 	± If. 	1/E1v 	K 5 
RI2 	30011 	1 1,0 	1  8W 	H 5 
RI3 	50n 	± I% 	1/8 1N 	H 5 
RI7 	1.35K 	+ 1,11 	I/8 Vs! 	H S 
RIB 	28211 	± I% 	178W 	H 5 
R22 	G, BK 	I ri, 	VBW 	H.5 
R23 	2.2K 	+ 1% 	%8W 	H S 
R25 	15K 	± 5°° 	li 8 1A 	H 5. 
R29 	2.2K 	1" 5°. 	Viov 	H S 
R31 	100K 	_I 10,, 	1/4 W 	C 
R37 R313. 	G•BK 	- I`, 	/8w 	4.9 
R39 	I K 	. I°O 	' B v‘i 	H.5. 

R44 47011. 	+ 10`o 4,  Vti 	C 
R45 	470n. 	T  ro 	1;'131V 	H.5. 
C21 	15OFF 	± 10% 350v S. M. 
C.2:‘, 	3.3.4F 	3.20;. 	12v TCC.TA 
C30 C32 	8.u.F *50'0- 20% 	iyv TC.C.T.A 
C33,C34 	157.,P +20°n 	12.V TCC.T.A 
C35 	0 ip.F+50*/0-2090 150v T.C.CTA 
C3C0 	0.02,(IF .1.-  20°, 	200v 	M.P 
C4I C4Ca 	1500 pF .4.: 5 */, 	350v 	M•M 
MRI5 	TC9520(0 
T14 	TC 953201 
TI G., 	TC953412 
120 	TC9535,b 
T43 	TC95 3 -1-I4 
V1-27 VT40 	0C45 	MULLARO 
Fi0 25S !L 	CMZ 400040 
F100`,DS 2) 	CMZ 4-00042 
F, 0 (AC'',  3) 	CMZ 400043 
`I'DAS..+5 -9 	CMZ -4-00'3414- 

FR 	 CMZ 4-0001/1 
P.24 	liKr. 	15% 	1/91VH 5-- 
P73 	1-5Ka 	1.: 5% 	'/f3v 	N. 5. 
R42 	IA ..n. 	± ion 741,4 	c. 

q5( 46 i6 

qs1 qsn. 

5)-9577 
y51-qcssi,,  
q51-qs11 

4. 

3. 

_._ 	_ ... 
6s0Kcis TO 72 Kt/is 

72 °Cc/5 TO 94Kci6 

2 84 Kejs TO 9(91(cts 

1 

AssEM. ..__. 

VoKqe. TO 108Kc.49 

DE5CRIPTI0N 



TI4 
• 0.5 • 586. 0.5 

w  RI2 3 	1 
MRI5 

T.- 

16 

SEND 
OUT 

600.a 

21 

SUB GROUP MODEM UNIT 

ES/CMS 20005 	ISSUE 4 

N  R44 
*AP,  

11 CMA 30017 SUB-GROUP RECEIVE 

PART OF 
CMA 30016 

12 V 

iw i 
R25 	R29 _ C 33w — C34 
N w

+ R314- N 	I wC5„ 5  
11+ FI9 

T43 

0.05.1
4 R45 

T20 FIO 
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" : 1 0.5 035 600D-:6.16K 

4 	2 	
RIB N I 	4 24 23 a  3 

• • 

9 

SUB- GROUP 
RECEIVE 
FILTER 

CMS 40004 

C4I R42 
w w 

Air VT27 
	v 	C36 

C30 
+1  

He R22 
C2I 

N  R23 
vv•—• 
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DEMOD 
FILTER 
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0 	 

wwl 
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	 0 

C26 

N N 

R24 R2S C32 w + 

13 
0 	 

N 

RG 
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0.5 

5 	9 

T7 

R9 
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2 
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SEND 
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C MA 30022 At5 
ASS. I. 

PESCR1411617  
sorccis 	PILOT AMP 

jaleithRattlide. 

CMA 300 Z 1 
AS3.1, 

APPARATUS SCHEDULE 

ES/CMS 20006 ISSUE 5 

4-51-9 if7 

CMA 30021 
APPARATUS SCHEDULE 

RI 	1EO4n 	±±S% 	1/4  W 	14.5. 
R3 	62.n 	15% 	44 W H.S. 
R4 	115 A. 	23%, 	1/4  w H.5. 
1-15 	1.5k 	to% 3/4  w 	C 
RH 	12k 	t o% ikt_. w 	c, 
RO 	470.ft 	110% 1/4 W 	C. 
P14 	1-8k 	t5Z 	1/4 W 	11 5. 
R35 	3'911 	to% 	3/4 W 	14.5 
R18 	100.a 	±5% 	1/4 W H.S. 
R19 	6e0k 	15% 	4/4 W 	H.S.  
P2I 	082.4 	Ur; 	H.S.  
P22 	1.8A 	tIOX 	314 W 
R23 	3'8 	15% 	1/4  W H.5 
R24 	7-2A 	12% 	1/4 W 	H.5. 
R25 	34.4A 	!1% 	1/4  W 	H.5.  
R3 	490. 	III_ 1/4 W k 5. 
R304 	9.1k 	21% 	11(4  W 	31.5. 

R31 	30.2,,, 	1.1% 	1 / 4  W 	1.1 5 
R32, R34 	a 	t 1 %1/4   W H.5. 
R33, R35 	85.A 	t 1% 	14 W H.3 
R37 	82,e, 	110% 	1 4 W 	G. 
P38 (ass -I) 75,,4 	I I % 	174-w 	H.5. 
co 	5.21,.< 	2251 	mot 	M.P. 
C 42 	0.04,yi 	. 	200'1 	M. P 
eft, 	0.4 	1:25% 	30I 	M P 
C35 	8 .,,a1 	?IQ% _ _12TIC.C. T. k _ 
53(2 	TC 94247 
T3 	TC 953436 
MR7 	OAZ 204 	(MILLARD) 
114$726, 27,83 zs 	QA K3 (mutiARD) 
vi 9 	OC 4.4 	(MULLARD) 
vrrt 	cc 72 	(kroLLAHD) 
RELAY ACO 	X 99421 	(Ass. I)  
TC 8 	Oa 40402/ I 
TC 20 	Cm2 4040711 

CMA 30022 
APPARATUS SCHEDULE 

R40 4.7k 	t % y4 w 44. 
R41 12K 	t I% V4 IV R8 
R42 Ilk 	t 1% V4 III KS 
R45, 8204 	t 1 % 114 W oul 
R47 15K 	21% V4 Vi HS 
R50 too. 	: 107. V4 w C 
R52 1k 	t10% 1/4 w c 
C39, C46 O•otd !70% 2007  IN.P 
CSI 0.5_,a 	!257.,  1901  MP 
VT 44 OC 72 	(144.44-ARC) 
MR49. MP33 	OA IO. MULL ARPL 
SK 54 	X 94242 
X 43 CM2 40402/2 
R48 9104 ?1% 1/4/11 Hi_ 

ALL RATH&5  QUOTED  ARE JOIWT 
5EHvrce5 I TPE APPROVED. 

gsf-4663 
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tR11 
14171 
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T5 6 

It 
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4 

(K)  VT9 

INPUT 

ABSENCE 
LOOP 	7 

NOTES 
I 014 A55.2 RELAY ACO AND RESISTOR 438 ARE NOT PrT7ED. 
2. T466 27-32 ARE STRAPPED ON TEST AS REQUIRED TO OBTAIN 

CORRECT OUTPUT LEVEL 

3 TAGS 23-26 ME STRAPPED ei ACCORDANCE WS CONTRACTUAL 
REQUMENENTS. 

4 OW AS. 1 STRAP TAG 11 TO TAG 14 WHEN RACK WIRING 
DOER NOT FEED POWER TO TACT 14. 
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APPARATUS SCHEDULE 

ES/CMS 20008 

Issue. 1. 	 16.5.61. 

GMA 30035 	 CMA 30036 

APPARK2U5 SCHEDULE APPARATUS SCHEDULE 

531 no.. 	to% 	)412‘ 	C 51 4704 	210% 	11, 	C 
R33 IO k 	IS% 	4 W 	H 5 55 3.9)1 	210% 	.4W 	C 
534 33K 	25% 	4W 	H5. rtct • 8k 	210% 	YA W _C 
536 47k 	2 5% 	tkist4 	H5 G04 	157. 	itv4 -H 5 
R37 15k 	!V/. 	4W 	H5 RIO 5604 207. 	Y4W 	C 
R41 4&s 	!2 	4 tt'i 	HA, R15.,6,17)9 too. 	!lox 	W 	C 
542 4704 	53% 	 H 520 3.3k 	±10% 	_sivy 	C 
R44 220k 	2107. 	ktiW 	C 526 22 k 	210% 	a W 	C. 
547 1 7 k 	110% 	fr".4 "4 	C. 527 M4 	210% 	±4w C 
549 1 	!107 	YW 	C CS 215% 	150'1 	MP 

R53  _ MEA 	 hov 	H. s _ C4 	0.1.,< 215. 	150! 	M.P 
554 oho. !10% 	44 	C. Cii C30 	I„.t 2 75% 	150,! 	m P 

C31 C43 % 	255'/. 	ISOT C197C21 0061 Cia% 
C35 210% 	100., 	MP Ti 	TC 953428 
C56 A 	TS% 	150! 	M P T7 	TC 953429 
mR44, M.45 0410 (MULLARO) T79 	IC 953430 
"PTH 46 L 04492 VT 8 OC 71 (MULLARD) 
VT40 YTS: OC 71 (mULLA5) 1450 3 21.12.13.24 24 	CM 10 (M11LARD) 
TC 30 CM/ 4040112 H514 ClA1 704 (5501-LARD) 	

- TES, CMZ 40103(5 5% 25% 	41V 1-15_ 
TC 50 CM7 4020317 R57  110± 	*5% 	tktt/ 
TC 51 CMS 4010314 

ALL RATINGS QUOTED ARE JOINT 
5€51/10ES TYPE APPROVED 
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APPARATUS SCHEDULE 

CMS 20044 SH I. 

ISS 5. 

CMA 50031/1 -4 

APPARATU5 5CH EDULE 

RI 	(A554) 360.4 	C1'. I % 	1/4.14. H.S. 
R2 (A554) 4741. 	! 5% P4.w. H.5. 
R3 	(A554) 100A 	±51: kw. H.5. 
R4 (A55.4) 2204 	:t 5% k4. w. 145. 
R5 (A554) 86.5 41 	± 1% (4w. M.S. 
21 .,44k_5.1) 1920n 	t5% 	Ini.w. 14,5. 
In 	5.0 2404 	±5% A. w  H.S. 
23 	(A55.1) 51 Oa 	±5% U p, H.S. 
24 	(A55.1) 1200.2 	±5% A w. H.S. 
25 	(A551) 7711a 	'.I-: I % y4 by H.5. 
1Z1 	(A352) 1. (( K 	11% 14 w.  H..5. 
22 (A55.2) 220A 	±5% j‘s w.  H.S. 
25 0.551) 39aa 	±5% Up„ H.S. 
24 (455.2) 91011 	1-5% yl. p., H.S. 
25 	(455.2) 792.2 	±1% Acsw.  H.S. 
CG TCG82804 	2-50pf 
XL7 TC 94103 
XL9 7C 94104 
N/8 C.MZ 4020G/I 

RI (ASS,3) 1.16K 	t We 	Y4 FY. H.S. 
Re (Ass,$) 15011 	1:5% A W. H.S. 
Rs G%ss.a.) 330A. 	±5,5 Aw. H.S. 
R4 (ASS.3) 750.a 	t5% 414/, HS. 
R5 (ASS.3.1-  79.2.2 	t 1% 	y4  w. K.S. 

CMA 30032 1 

APR% 0.ATL15 5C1-1EPULE 

21 114 	±5% 	Ye wv. H5 
122 12K 	t1% 	kg w H.5 
24 , ma 2 214 	'13% 	14 w, H.S. 
20 3-3K ±5% 	Vs w, 14$ 
1Z8 4-7K ±5% 	Va w. u.5. 
211 15K 	±5% 	Yi3 w  M • 9. 

113 73-5.12. .t17. 	4 w 143. 
214 4...J41441i% 	4 , H.S. 
C3 I1uf 	.125% 	I5QY M.P. 
CT 05,1,c ±257.. 	150Y M.P.  
C.9 OW 	1:25% 	!..50" M.P. 
C10 0.25µf •t25% 	1^' 	• M.P. 
VT5YT15 CX 45 	N:L'LLACE, 
L12 TC28C,:".73 
T17 TC 9F %-•••17.-.• 

5)015'0,  

6 A55.4. A35. i. GOK% PLOT SELECTION AMP.1 FUER (24 CON2. 
ASS.3. ASS, I. 1. .6.,0 KS; PILOT SELECTION AMPri:FILTER (24 c*m) 
ASS. Z. ASS.1. 000's FU 4AT 	Know: AM? S. PLTEZCCa,cum.4) 

3 2  

1 ASS. i. ASS. I. 40eis PILOT .5EIECTIN AM:, g. PiL.TERC24 Cr4AN) 

CMA 

	

3z  

ASS CMA SOOS1. PeSC-CIFTTON 
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+2d3 2430 
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- i d 5 24-2G; 27-28;29-30 
-2,33 24-23; 25-30 

213 	117 
w 5 22 C7 

CG 
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23 5Z4, 
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C9 

I 	• 

14 

1CMS20044 I 

PILOT SELECTION AMPLIFIER & FILTER 

ES/CMS 2 0 044.Sh. 1. 

ISS. 5. 



45i-9565  
ctsi -(1 sclio. 

ctst-9543 
951- 6$1 

, 
 

151-9539, 

gsi-4549 

APPARATUS 0 SCHEDULE 

ES/CMS 20050 

Issue 5. 	6. 3.62. 

CMA3OISE 
	

CMA 30183 

APPARATUS SCHEDULE 
RI V444ito 9 4 6 	2 I% 	Ye W 	HS 
R2R3(66 0632 	± I% 	VeW 	HS 

R7, R 8 	no 	± I% 	yew 	145 
RI I 	_ e20 	±1% 	1/8 W 	KS 

1414 	6 eK 	± I% 	1/6W 	14S 
RI6 	3K 	± I% 	1/6  w 	H5 
RIB-- 	6.2x 	.4:10/0 	1/6W 	145 
R20,R21 	47K 	± i 70 	1/8 W 	115 
R22 	_ 1.44K 	± 1% 	1/6  W 	HS 
.R24 	2,12K 	±1% 	1/6 W 	145 
R26 	35 	± I% 	Ve et 	F45 
R27 	TC 28286 
1229,R30 10441 ± P/0 	1/8 W 	H5 
R32, R33 33 	± S% 	i/e W 	HS 
R34 	5414 	± 5% 	1/6  W 	115 
1235.R36 66 	± 5'/o 	Vevi 	145 
R51 	27K 	±5% 1/6W 	HS 
CIO 14.4F 1'20% 61'T CC 14 1 	NON 
C,5 246F+50%-20%,12YTC.C.14POLARISED 
TS 	TC 953497. 
719 	TC9534 54 
T 23 	TC955493 
VA 	TC95.3401 
met25 	TC9586 6 
vT 12 	0[75 (mt_LARD) 
err 	CM2 4C003/I 
R liR4(64646) 34 K 2 516 Ve %/ 145 
R2423(A392S t !OA ± 54feVew H.. 
APG(ASsz) ova_ 44,eocfy/z 
R3i 	t‘72 K 2 I 15 	Yew 	149 

APPARATUS, SCHEDULE 
RI, R3 	135 	± It 	Yaw 	HS 
R2 	I. 26 K 	± I% 	1/8 W 	HS 
125 	43 	t I% 	yaw 	PS 
R7 	1.614 	2 I% 	1/4W 	HS 
R5,012 	4.3K 	±5% 	VeW 	HS 
810 Pll 	91 	±5% 	I/eW 	HS 
le16 ---relii-44 	-170 	I/SW 	HS 
R17 	330 	t5% yew N8 
920 	5 •I X 	±5'/o 	VeW 	HS 
821 	303K 	±5% 	VO W 	NS 
R22 	470 	i 5% ve W 	KS 
R25 	56O 	± 5% 	1/8W 	145 
1:126 	4.31( 	±5% 	/fete 	NS 
1130 	le 	±5%o 	VeW 	HS 
PSI 	200 	t 5% yew 	14$ 
P40 	15 	±10% 1/4W C 
C23,C32 504E t204o 37 T.CC.TA 
C24 	4AsoP 1.80% - 20% 67 Tc c.TA 
C33 	8 ur + SO% -20% 6Y 1".C.CTA 
C34 	3Atc + SO%-  20% Ye TC.C.TA 
06 	0 02,0' 220% 2507 MP 
C37, C38 16 -,,F t 20°k 12/ T.C.0 7,6 
74 	TC 853401 
T8 	TC 993490 
713 	TC953491 
T18 	TC 953403 
T28 	TC 953400 
735 	TC 953402 
MR6 	TC95266 
RVI5 	Tc72246 
vT19 	OC 71 (MULL/461W 
VT27 	0c72 (MULLARD) 
L29 	IC 2131603 
Ft4 	cMZ40002/1 
C41 	Woo p4 ± 6.%20,,v SM 

Si-%869 
si-c1S9‘ 

SP 41,9 

ALL RATINGS QUOTED ARE JONT SERVICES 
T,PE APPROVED 

LAS REF • CMA 30182 AA/9 
CMA 30163 AA/8 

E CM A 30182/2 CMA 30183/I Cm/ A0200/ 3 20 KW I 
S CIAO 30152/ 2 CMA 30183/I CM240130/2 16K<!4 

12 Ke/O 
imalsate 

4 CMA 30182/2 CMA 30183/I CMZ40200/ I 
3 :MA 30182 I I CMA 30183/1  cmz 4020cy 3 2c 6.,/1 
2 cm/4 30.826 CMA 301e3/1  ONZ 40200P lb Kg' 

:m430182/1 '..:m6. 30I89/ i CA.Z 40200/I 12 K./3 
ASS TRANS CARD aEc. cum eP PLIERS of scalet1014 flEMAIWS 



RI8 

LOW PASS 
FILTER 

CM540003 

R26 

F17 

4 

6 8 K • 3124  

T 3 6 

4 

1 I, 0 5 
0.558' 0 5 

IT23 

9 

MR25 

32 

31
R27A 2 

0 	 

R276 
30 
O• 	 

(NO7E3)
2272. 0'5 

R24 N  

N 
RI4 

6 

7 

C38 

AP 39 A 
9 	9. 	 

W 1+C37  6002:600.17 
034 

T35 

C24 1R21 RZO 

VT  27  6  

9 

1. 
8 

C32 7, R30 VT19 

13 

02 2 C33.7_ N  R31 

600A. 470 06 

5T8 a 

R7 

MR6 d ft,  

NOTE I 3 

RVI5 
iNTE5) 

,R16 

LOW PASS 
FILTER 

CM540002  

FROM SuEl.GRP 
-10.48r 

RECEIVE 
BAND PASS 

FILTER 
CM540200 

6 

4-1 7 

4 	2 	15 

NOTE! 
S 

AdB 
11 	) R2 

5 

6 05K:3 6K 

RI7 
T18 

5 

FI4 

	

, 	3 6K 600n 

	0 	0 	-113 

3 	2 

	

0 	 

23 24 	RIO  

N 

2 5 dB 

RI2 

25 26 	RI1 

NOTE I 

4664 6004 

3T4-9 R3 	RI 	22 	 5 	 14 
w 

20 

6 N 

C23 

CMA 30182 

SIGNALLING IN 
	

CARRIER IN 

8 	 05 

R20 	R21 

0.144 
23 	

T9 4 	 VTI2 
R7 

	

-i74(51. MIN 	 ct (NOTE 2) It 
4 W TRANS, -- R4 

(NOTE 4) RI 

	

21 
	 21 

-A." ^- 
R3 27  

26 10 
IS 

R30 N N  R32 R33 N  635 Rao  
34 35 	 3G 37 	 38 39 40 

3dB 	 1dB 	 2c115 
R3I 	 R34 	 R37 	 /P 

5 	I 	44 I 

	

SEND 	70 5U8. CAP 
BAND PASS P  -34.181. 

	

FILTER 	(NOTE 4) 
CMS40200 

2 I Loa z 
0 

3 

N N 	 N 

41 \I  
0 

.42 

4866 6734 

	3T28 

41 9 R29 

N 
4 

C15 

RII 

3 
COMM+ 

le 
-55 	 kRI6 

lay 
	11 

ETH 

19 
0 	 

FROM 
5IG. 

CARD 	IS 
O 	 

17 
O 	 

TO 
51G 

CARD 	16 

NOTES :- 
1 	THE USE OF RI - R4 (546oR130B PAM'S oETERMINEO ST 

INCOMING .V F LEVEL. 

ON ASS I THE ATTENUATION pADAP6 15 SELECTED ANO 
FRTEJ ONLY ASS.WNEN SPEciFiED EN CONTRACTUAL REQUIREMENTS. 
IN THE FIRST INSTANCE THE PAD IS NOT FITTED AND HOLDER 
TAGS A-O AND B-C ARE STRAPPED.THESE STRAPS ARE 
TO BE FITTED AFTER CARD TESTING. 
oN Ass..z AH,C5 IS A tea FAP 

3. FOR MINIMUM CARRIER LEAK RESISTOR R27 TO BE 
STRAPF'Er AS RECoMEO 

4 7RAN5 LEVELS ARE FOR NORMAL LIMITING ACNON 

CMA 30183 
II  R41 
	

40:I 

4 v.,  REC. 
TITe•-ar 
(NOTE 4) 

7 
0 	

(NOTE 2) 

r) 
C. 

C36 

7 

L29 
, NOTE 3 

R26 
N 

w 

R5 

CHANNEL UNIT 

ES/CMS 20050 

Issue 5 6.3.62. 

NOTES:- 
I. 	INSERT STRAPS BETWEEN TERMINAL 23-24, 25-26 AND 27-28 

WHEN THERE IS NO OUT-OF-BAND Si 'ALUMS 

2. ATTENUATIONT-&    
PSeNIStRIEANDFI

ON
DWHE81E 	D gYg TUAL REQUIREMENTS. 

WHEN NOT REQUIRED HOLDER TAGS A-I1 AND B-C ARE STRAPPED. 

3. L29 IS WOUND WITH RESISTANCE WIPE. 

4 	LOWER LEVELS OETAINASLE BY FITTING A 39 

5 	1048 ST I38 STEPS 

20050 



APPARATUS SCHEDULE 
Cu 	750 t 	3/4W HS 
R2 	500 +I% Ve W H5 
R3 	270 ± I% 	W HS 
Ft.  750 	1% 1/4  W HS 

 

55 	iso 	-± 	1/sw Hs 
RIZ 	330 ± 5% Vs W HS 
RI4 	30K 	 Ve W HS 
R15.516 200 	 1/8  W HS 
R17,518 430 ± 5% 	w 
519 	16K 	± 	'/8W HS 
1520 	510 • t 5% 1/4114 HS 
821,522 200 ± 5% 1/4W HS 
R23 	100 t 5% 1/4  W HS 
R24 	SI 	t 5% 1/4v.i HS 
R25 	438 ± 1% VaW H5 
826 	294 	 V8W HS 
527,826 680 1: 5% 1/8W HS 

"MR8/MR3 TC 95246 
MR10,61511 TC 35 248 

16 	TC 953405 
T7 	TC 953511 
SK29,5K30 IC94241 
F13 	C14240/217/t 

APPARATUS SCHEDULE. 

CMS 20052 Shl. 

CMA 30218 CMA 30219 

APPARATUS SCHEDULE 
R5 	15 	5% VoW H5 
R9 	3K 	5% 1/8W -HS 
RIO 	1-76K ±1% Vivr 145  
R11.812 47 	 VeW 145  
R13 	• 	51 	± 5% 1/ew HS 
R14 	3•42K ± 1% 1/4W HS  
515 	2.7K 	1% I/4W 145  
P46 	20K t 	1/8W H5  
RI7 	30 	I% VOW Ft5  
520 	45K ±5% VOW H5  
R24 	6-2 	± 5% VeW HS  
R25 	2 	± 5% VeW HS  
R26 	2 4 t 5% VOW HS  
R27 	3 	±5% 1/8W• HS  
R28 	3.9 	 1/OW J15  
529 	330 +5% Ii8W HS  
R30 	1 • 3 K ± 5% VOW HS  
835 	tO0 	10% 114W C  
C19 	324F 	20% 12'1 TCC TA  
C21 EIALF +50%-.20% 6•1 TCC TA 
C22 0. 25.44.F ±25% 150" MP  
C2311.1• OAF l• 50% -20% 12Y TCC TA  
C34 i• OAF 	±20% 150? MP  
C35 O• 5.4aF 	± 25% 350Y MP  
C37 0- 5 AlF+50%-20% 50'ITCC TA  
VT6,33 CV 7006  
VT31 	CV 7005  
FIR7.8,19,32 TC93248  
SR 	 TC 99417  
SK 3 0 	TC 94241  
13 	TC 953512 
T4 	TC 953435 
Fl 	 CMZ40202/2 
F2 	CMZ 40600/1 

4CAPACITOR C23 IS NON POLAR 

q51-9522 

ALL RATINGS QUOTED ARE .10914,11  SERVICES 
TYPE APPROVED. 



MRS 

.''1 S16.0 
COUPL. 
NETW 

MR7 
CMS 40 

:1, 

zsz  

R26 

CIS 

Cam . P27 

a 

• 

H. L. SIGNALLING UNIT. ES/CMS  20052. Sh.1. 

ME* 

MR 321 

VT6 

R3 wa  

C22 

F2  
VT33 

	

0 	 
TOR 

1K 

	

b 	 

R24 

R2S 

Fi6  

RU 

123 

0.3 
F1 	 1.17:3 

0•S 

retei 
V 

.SC. 
C449 

3K:i00s. 

R14 

T4 

:•-• C37 
1.1 

	04 

•	 

• 

R20 

YT31 

MRS 

41 	 
51430 SOO 

RR"  --4 	 —4 s— 
PV1 	 PV2 

RZ7 
R26 	 R2S 

K ,* 

are k 

1-14R10 

0.412 6-3 

3.1113K410 
*OMIT 

PS 
V 

MRS 

Fit 
I-371:3.4R 

40 
22 

01 

310. SEND 111./TPUT 

FILTER 
CMS 402 ri 400•0.. 

21 

R12 
RLS 	RI6 	R17 	R13 

N K 
RI4 	 RIS 

1  

CMA 302113, 

K 

O 

SI IS  



4Si --94.6 

CMM 20061/1-12 incl. 

CMA 30244 

APPARATUS SCHEDULE 
R I 	180A ±5%  I/4W H.S. 
R3,R 2 	Zan ±1% Yaw H.S. 
RIO 	100.n. ±1% y4w H.S. 
R5,R4 	13 .n. ±5% y4w H.5. 
RI I 	2204 ±5% Y4 w H.S. 
147,R6 	6.2A. ±576 y4w H.S. 
RI2 	430.1. ±5% y4w H.S. 
R3,118 	3.34 ±5% 1/4w H.S. 
R13 	910.n. 25% %4w H.S. 
R 16 	304 21% '/4w H.S. 
PIS 	65.6n. ± I% VAlvi H.S. 
R19 ,R20 	/20 A. ± 1% y4w H.5. 
R21 	/00 n 'II% Y4w H.S. 
R14 (As2V 14704 ± I% V4 w H.S. 
R15 (ASS3) 204 ts% W H.S. 
RI7 (AS5.3) 1104 1:5% /444 11.5. 
R17 (A552) 240/Z 5% '/4w M.s. 
RI4 (A55.2.) 8751 -7-  1% y4w H.S. 

±170 Yaw H.S. R214551) 41.40E 
R14 A55.1.) 4-061f. -± I% '/44 

TC 953423 
TC 94242 

CMA 3000G 

APPARATUS SCHEDULE 

R42 	10K 	t 	yaw H.9.- 
R43 	4-71( ±5% y4w H.S. 
R45qs(-947s 1.92K 	± 1 % y4w H.S. 
R49 	69•24 ± I % '/4w H.S. 
R50 	1,5K ±5% Y4* H.S.'  
R52 	150.n. 210% 1/4w C. 
R53 	61304 25% I/4w H.S. . 
R55 	220n. ±50/2 1/4w H.S. 
R62-R65 10.4 	1:5% y4w H.S. 
R66,R67 1504 ±5% 1/4w H.S. 
R69 	15.n. 	210% */4,1 C. 
C 39 	2,.4F 225% 150! M.P. 
C4.1,030,031 0.1/.41 ±25% I50!. M.P. 
C44 	'SOOpF. ± 5 % 200! 
C45,C68 1,ta 	±25% 150! M.P. 
C54 	O.5,uf ±25% 150! M.P. 
c56,C61 470pF ±10% 350! S.M. 
RY47 	K22 S.T.& C. 
VT 46 CV 7003 (0C44 MULLARD) 
11T57&60 CV 7006(0072 MULLARD), 
151 	TC 953424 
TC 70 (A55.1) CMZ 40404/I 
TC 70 (A55.2) CMZ 40404/ 2 
TC 70 (A55.3) CMZ 40404/3 
TG 70 (A55.4) CMZ 40404/ 4 
TC 70 IASS.5) CMZ 40404/ 8 
TC 70 (ASS.6) CMZ 40404/ 7 
TC 70 (A55.7) CMZ 40404/8 
TC 70 (A5S13) CMZ 40404/ 9 
TC 70 (AS59) CMZ 40404/ 6 
TC 70  (A55.10) CMZ 40404/10 - 
TC 70 CASSI1) CrY1Z 40404511  

I TC 70 CA55.12) CMZ 404-04- 12  

R 23 (As5.11 	 V:1 't H.S. 
R15 (A55.1 50.n. ±5% y4w H.S. 
R 17(A55.I.) 554% IVA V4W • H.S. 

T1 
SKI 

12 12 104 Kcj5 	AMP 
3 64- gc/5 	AMP. 

10 1 10 72 Kc/s 	AMP 
9 2 9 115 Ke/S 	AMP 
8 2 5 114 Kc/s 	AMP 
7 2 8 80 Kas 	AMP. 
6 2 7 66 K c/s 	AMP 
5 2 6 Kcis 	AMP 
4 1 4 120 KcIS 	AMP 
3 1 3 106 Kc/s 	AMP 
2 2 96 Kcis 	AMP. 

1 84 KciS 	AMP 
ASS A55 DESCRIPTION 

ASS C 1.4A 3024 4 CmA30c06 

CARRIER AMPLIFIER 
TRANSMISSION EQUIPMENT CMS 20061 



AMPLIFHER 
CRA 20004 

PART OF INPUT & OSTOJEAMON CARD 
Q O2344 

PART OF Neer & OISMIOUTE06 OWL 
OW 30144 

R2 lo 30 26  .-5410a 	32 Fla artuaR4' 

CARRIER AMPLIFIER 

ES/ CMS 20061 

ISS 9. 	Sept 1964 

re 	35 9 9 	eV,  .!..7\•9 
. 164. • 

-12404.• 

10 07E5:- 
MI542 "1O •  1.4 C14111"CV4 .46515,.4.5.W7,37CLIF- 

7,-A05  5e009 
9g19:N9 STRAP 6412035 T1Onon66.3 23 a 2.4 ,non 6.666uF5655 6,02 
omoceo To ~oat Acornaku- ottsur na 666=LE-un-  CAMEO .40262.0201156. 

3. 92•0•1 br2a.". 29-29 AmyASP st2.60 24-'64 rn..?• 14 MICO11R110 To nom,* 2.91.41...62...IN ral•FV, T9 t 

Cad 

•—(3) Yr57 

TC 

n earrusima *WEI. 

R I 

.1. 

Z&2 yar 

Ref 
NI* 	• 

YORK 

	(...9 
Cat 	COO ▪  $411  fre  11 

of 

/nazi; TC70 rams 
655 CCIF612:C40 Trt T1 
I 4045 2-2 65 
2 96105 32 11-2 

•
• 2-5 424 

:3 2-5 ti-2. 
5 65 *as 236 127 
G Gemeis 2.34 12,r 
7 11101400 243 15-f 
f 044o66 244 101 
9 415105 214 163 
112 726106 356 12-7 
U 
li 

19-0 
rifV: Ili 1e-5 

am:0mm. 

SICI —03 

Lei 4.1FPZ•1.1:4111 

R▪  1®
te  

212  R13 



CMA SOZ48 

APPARATUS  SCHEDULE 
RI (Ass,t,aA)_ ISOA tSt Yow_t-IS„ 
Rs (Ass.o..$) 	-75A t 	Y9 w lS 
R42. (ASS.1„13) _ 75 Kt t 	_ *w_ WS 

R44 (ASt 1.2._LS) §2 .5 	t 

Ft4 5 (ASS A.1  3) 15 

R55(kSSA,1,S) S°11-2. 

R4b ,R4-9 (Ms.'s) 260a 

t6 
4:57.  4w 
!Ili'. YogHS 

1148,RgicksS.3) SST).  t 	Yew VIS 
1e 	(1 bOn. 	1%  Vow H$ 

R2.(ASS.1) 	nc t7  Y8vi H 

1i4 (ASS. S) 	39n t 	w H5 
TC41 (ASS. I) 	CmZ. 404-03 h 
TC4I(ASS.2) 	Cmz 40403 /2 

R5S(ASSA) 	53.11 t it Yaw 

TC.4.1(ASS.3) cMz o4thJi 
C56. (A.SS 	;6F20 	T.1.1 

ES/CMS 20062 

ISSUE 4 

CPA 1001,5 

XPPARAJUS 5C4 EDULE 
R4, R42 	/6-9n 	*17. 	Y4 w 	14.S _ 
RS 	15bn 	1 It _ 14w 	HS. 
R1.119 	el a—  * 5 7;  _ 
AS 	300n 	*.51. 	1/4w 	KS 
R10,012 	4-3a 	*57. 	1/4 .4 	145 

EIOn_± 5Z _ _  
4115 	.51a 	;--:5/. 	___1/4yar_HS. 

Pt I 8 	820n ±5/a 	1/4 w 	H. . 
Ric) 	. 	1S0a ±5 7. 	//vw 	PIS 
Rai , Rai 41n 	±57. 	Y4 w 	H.S. 
R2.4 	220n t7. 	Y4'. 	M$.  
R26,R2.9 	4-114.o. 	1:51 	I/.4•,. 	H.S. 
R 21 	I 00n. 	t57. 	V-w 	H5, 

Y1,14 	RS. 
R34 	/SO.a 	tE7, 	' w 	HS. 
R37; RIO 	4.ift 	t576  

. T140 	?,9.o. 	4:57; 	3 .: . 	RS. 
C ZS 	1,,,r 	-/.. 2--- 1,-,-1,50-4 	HP i_C-11, 

2.5C30 	56,00, 	1.157. 	1SON 	Sri. 
' C Ba. ,C SS 	0-0r t 2.07. 	200.V 	mS? 

l'It) 	Tc.. 5'53412 
TS/ 	- 	TC 9S3421 
NIT2,0,NITa3 	OC 12 ( HuLLARO— 
AfT36,VINS 	OC 29 (MULLARD 
F157 	 02 	'I' 5°70 	i/AW 	;-1.51 

(151-90.3 

'>. 

5 
4 ___1 

1111 ASSEM. S A55Em. i 2.0 gas 	CARR . AMP. , 
ig 

ASS 

ASSEm. a ASSEM. 	i ‘2K:46 	CARR.AmP. 	•ii 
ASSEM. I ASSEm. I 2.Kas 	CARR:AMP 

CmA 302.413 O1& '?00t5 DESCRIPTIDN 



INPUT 

OUTPUT. 2 

(won 4) 

CARRIER SUPPLY AMPLIFIER 

ES/CMS 20062 

ISSUE 4 

PART OF AMPLIFIER 
CMA 302411 

TC, 41 RATIOS 

ASSEMBLY I ,n in 
i 	(12 14.N) I-11 10-1 
a 	(1614,4) 

1 
1.15 747 

3 	(2.0Kds) . 14 0.1 

1155 	II 
42 44,  

3 

6 30 

4 dB 
29 P4 	P6 a Z7 

;.,'"""r"..7c 	.; 
R7 

a J13. 

R9 24 23 RIO 

1 	s4 	I. 

'M 

61;1

1 

ids 

P12 24 23 

I  
1 	, 

2  
i 

7 
7 

, T15 , 6 

RI

C  ', 
\ , 

i 	N ; 

1 	,,,, 1C 

PS 

AMPLIFIER CMA 10015 PART OF AMPLIFIER 
CMA 303.44 

C12 
44  

C25 

• RZ6 

ta 

..,, SAv IC 11. 
04171407 70 
4.0 3i MODEMS. 

R14 P40 
H  Rsa 

22 
isastro 641134 me) 

4 154 
TC 41 

I ET 

I
Ma 0 j TABLE 

-r 

R44, P48 
HYMNi  

P45 R51 
Ane acv  

R44 

RAZ 

21 
-15.43(TOSM14. MOP) 

loAs1om2sA.13.44) 

I RIB 

4 

R52 P54 19 

1 

•;* 

;S 

I°   RO6TME 
° TOT 

	 0.. COMM. • 

NOTES :. 
1 	TARS 9 IS 40 TO DE STRAPPED ON RACK KillING 

soitw ODTPUT 2 IS NOT USED. 

CM S 20062  

P29 
C 35 

C30 	
el 	  

" 	• 

0 	 1. 	 41  Vs." 
, 

9 

1 	 ..3 

i F A 4 
A  ' 	4 

/ i  

I 	14 	.1- 
I - 	I 

P15 : 



3.825 Kc/s OSCILLATOR 

ES/CMS30007 Issue 8 

6 'CH. STACKABLE 

5 ICH.CAOLE OE %v WIZH.C(20 

4 GCH.RAPC. 2GA 

3 3CH °AY W3C. 

2 3 825 Kci5 05C (3 CHAN) 

I 3-825 KA 05C 

ASS DESCRIPTION 

APPARATUS SCHEDULE 
R2 	12K 	17 I% 	V.I. W 	1-15 
R3 	9-7K 	t 2.7. 	V4 W 	115 
R6 	1K 	t 2% 	14 ‘..4 	H5 
Ril 	1-92K 	t J 1. 	Y., W 	H5 c 
R13 	Z20,- t 2% 	VA. W 	M5 
R15 	1-5K 	2: 2% 	V4 W 	H5 
R22 	5.1K 	t 1% 	'As W 	H5 
R27 	100., 	t Zy. 	4 W 	H5 
R29 	1.2K 	t 2.1. 	V4 W 	H5 
R30(a551 82,_ 	t 2% 	V4 W 	H5 
R30(A552 53-^- t 	f % 	V W 	HS 
R7 R24 	4.7K 	t 10% 	1/4  W 	C 
R9 	15 K 	2: 2% 	Vi. 1../ 	145 
RIO 	10K 	t 27o 	V4 W 	HS 
RZ3 	8 2 K 	±10'10 	1/4  W 	C 
R32 	1803:- 	t 10% 	1/4  W 	C 
CI,C8 	0.2.5..F ±25% 	!SOY 	MP 
C14,17,21.28.0-5-.F ±25% 	ISO= 	MP. 
CIG 	0.04F t 20% 	200` MP 
C31 	i.F 	±25% 	150'1 	mp,  
YTS, a 	0C44 (MULLARO) 
YTZG 	OC 72 (MULLARD) 
mil15,19 	5)(640 (GEC) 
TC 4 	Cfriz 40400/i 
TCZ5 	C PAZ 4040;j1 
XL2O 	TC940g9 
R33 	750s ± I% 	1/4  W 	H5 
RY34 	L 94462A 
255 	27 .n. 	± 1% V4 W. 	I45. 
P30CA553) 50st 	f leo 	1/4  W. 	14 5. 

Cz3cI(A554) SELECTED 014 TE5T (NOTE I) 
gz_100,._ 0 	2004. 	I 1,./., 	,,IVII. 	H S, 

R50(A55.(.14 1.20.n. 	t 1% 	V4 YI 	H.` s' 
 

SKI 	TC 94282 

ALL RATINGS QUOTED ARE JOINT 
SERVICES TYPE APPROVED. 

St-R4-75 

NOTES :— 
P50 TC BE 5ELEcTED CNTEST PROM 27a 24st C1?771 ON A55.4 ONLY, 

5i-RST2. 



APPARATUS SCHEDULE 	 SYNCHRONISING CIRCUIT 

ES/CMS 30018. 

ApPAPA- 5CHM."-E 
75x 	:st 	 5  

236 82:.^-a 	)4 C  
%55 !Z•55 	6 8K 	° 	4..• 	C 

r'k 	:k.:)% 
2 2k  
420 a  

7 	 ) 
'_'C. 

?. 2 
3 5 X 	4w C 

!;4. 	5  cr5i-4517. 
.) 5 

C5 :2 55:6 7'47 -0 	:2;27. 2X7 .0 7' 
C )! 	Z .„„= 	5C.' 	P  
C. 7 L.37 	 :_•%.7` 
C.35 	-a.73 	43,:, 

C 54254 
9.(3.5;e32 Tz: 94242 
13 	Z 98343 

:73 	C_M7. 40.402 '5 

R15 	ZY 	% 	ud' 

7:5 

Au- Anklas 	mrE Jpayt- 
ServicEs *rive ApPiCowEv 

p3 
C5 

Issue 3 5.10.61. 

COMM O 	 

3 
O 	 II. 

ES/CMS 30018 

5(32 
2 OUTP,IT 

SK: 
OT 

733 

51C32 

	

I 	°Z. 

;1.'4 

	

LL 	 

3 

R36 4:57 
g 	w 

-res-r S 4. 
Q34 F~ 

C35 
PUT IN 

T 

T31- 

5 

Issue 3 	5.10.61. 



Issue .4 30. 11. 61 

ES/CMS 30024 

ALL RATRA5441 QUOTED ARE 
.70047 SERVICES TYRE. APPROVOC4 

ASSEM. 1 iCkFtei. 
AA554.11. 2. 70 F tA. & 

F12044 
14110OULAIOR 

75. 
0  
0 	 

•••••.•mmilma. 

FROM ."3---1-954 KV* 
INOOMATOlit ' PU-TER 

75A 	I CM540005 1 

Fla B. 
v 	r 	4FT  —4" 

4 	 
6.5.4gia 

I EASAAM0A540500  I LINEAMe 
75s4 

2 

FILTE$ skususez.  
TIZA161.540A17 WYg542t1.  

ASS- 	 DIESCRICT1004. 

APPARATUS 50431174..LE 

23444. 2 I% 	w 
tl%w 

*A. 31% '.11w 
'IC 953210  
TC 953209  
On =1  
042 1 

14.5. 

M.3. 

TRANSMIT HYBRID CIRCUIT 

ES/CMS 30024 

Issu.e . 4 	 30.11.61 

APPARATUS SCHEDULE 
	 FIG A 



i.....` I i-f: RI 

, I: 1.2 	.,,... 

s.  w 	E‘ 1 

I 
. 

C•4 
Nix . j 

6-3/ 
7It 

LP's 

ES/ CMS 

';H%1
  

7I.411 

L:) 

A55.Ies,7 aft . 

ASS. I AS17 
ASS 2507as 

i,2,54.6 

APPARATUS SCAERU-t 
15,t 	IC4. :is 	'40, 	K 5 x2151-q,SIA 
uz.t.  R21 4-CAAA,  I 17. _ rmg _ HS 

AS CIA 03.24:4, 71x   TS % _Teti 	K S 
/Z, 	_ __I Sit trt  i,w___HT5 
?IS 	12,..74, _ TA 	Ye4i 	H,5 

R:3 	470.4 .: 5 7.-  — A6VA--   145. 
02-1 Te20 It 	T S%, 	4444 	ri 5 

f  i R30 	ISOx t5% 	isiut __ 14 5 1 

:432, AS.4 5454 T5'27_ 47)4—  45 
. 	. .. 	, 

.249 	.-4:044 :9 t VA M.5  
124: 	rA4I 	t,% 	1,4I 	14.5 , 	 4440 

III 1  

iV49 	154 	t5: Ii, 	/4 5 ! 
i CS 	7..."4:4.7of :51 	Ye* 	5,4 : 
C4 	NoZo4 .!5 X "47 5,4 
GA. 3$ 10,4i. t20%. Taf . 5T. 	 734 
C.:, 	14X4p.• ! 5 7.,. 	=*.-7 	5 NI 	 w,  

1C,;:„ 0.5 ...4 .L.1-2i32. 5CY.TCC TA ALL .RATIMG.T. TeXTE0 

I C1(4. 20,44. CO:: :40.4. I2 rcc TA *PE MIMI.  r'ir,ir-eG 
1 Rio 	47A :5T  %,,,,,,. 45 TYPE AK•scica 	 z 

. 	C57  ,0,14e :5 t 27,2.' 	AM. 	 -.,4:, 

1C_?, 	1.4 	5 :UM 35T 	5.T. 	 . 
CAT 	02,4,  2702 11:1' ICC TA 

, C"  47..' t3:4 20..T.C.C. TA 
; C49 441, 30244  E 5 Z - rxr -- 5.14 

T5 , .. 	. 'Y. 14ST4S7 	_ 
Tf 	It S543511 , I :: 
T.42 	TeT. 9E3419  
T2L 	'4... 55!.44C 	- ' ...... _ — 	 r_ ____ 
146 	".. t:3441 , 
T39 	3+u3: 

 , LA 
L2 

9,33443 
: 91,94,5:. 

- ..— -- 

. . __ 	, 4.444 
4 

LAI 	1'1' !,A3 444 	 I 
vri, ms Yr25 CC45 MULLARIT . 	 1 	AtT122,  , 
vTat 	GC = PotALARI,  - 	 LAO I 0 
54VA 	Tr. 271 S - 	- 
MI5 	7C inia 	

. 
	 . 

__...... 
cavr9e 	V rill 	

--....---- 
.._ 	_ ASS 4 UR  

' 1. 40.... 	TC 10144"4 	.. 	.5 ASS a POI( W.W.II. 
C94 1'0:i % 5 1, 7001. 	S1A i 	A31 317 

1 It As '50r4   : S5, 	sI' 	II 5 : AS A751 raft !Ow WAI• 
ICAO 2.2/:i20%   2 	5.' 1 	us e 

-  4  A531 
-ICS 4444 I 



INPUT 
12 1(C/5 

RI5 

vTh 

TC1 

T 0,8 

:f1  

Ce 

	 TC 7  

4 

VT5 	 1" 
5 	I 	 43)  

t11' P2 
P3 R4 
	 i.511  

:05 R 

—CO 

TIE 

12' 

C
CL,PUT 

rO 
HARFACMCS 

CV7RJ7 
ELENA 

HARhiOn4C.5 

SUB-GROUP 

HARMONIC GENERATOR 

ES/CMS 30034 

ISSUE 5 

APPARATUS  SCHEDULE 
R2 	8.21(`I%   1/4.w 	H.S. 
123 	49A t27. 	C+W  W. 
P4 _ _ 51.4 '_11.34.w 
RS 	56. 	25% 1/4w 	H.Sj 

Ito% 	c.. 
ce, — 	 ;2+ 
C9 	'R1MMER (cua 5r422)  
vr5, YT6 OC 72 (MOLLARO) 
L 09 0 TC 261612 
MR/1 , 12,13,14 	0A 5 (MULLARD) 
716 	7C 953427 
TC 1(A55.1)0i2 4040511  
IC 7(4561 )C142. 4040511 
TC 1(455.2)6C 4040 9±2 	 
TC7(A5S.2)C1+1740405/2 	 
L tO(ASS2) TC. 281C*21 	  

ALL RATINGS QUOTED ARE, JOINT 
SERVICES TYPE APPROVE9•  



CARRIER SUPPLY FILTERS 

1 	APPARATUS 	SCHEDULE FREC) 

F1 	(A55 1) CMZ 40204/ I 60 kris 
IF i 	(A55. 2 ) CMZ 4020_4/3 96 kc/s 
Ft 	(A.55.3) CMZ 40204/2 84 kcis 
in 	(A55.4) CMZ 40220/ 1 24 Icc/s 
t Ft 	(A.55.5) CMZ 4022111 80 Iccts 
! Ft 	(A55 7) CMZ 40221/3 /8014s 
Fl 	(A.55 6) 

1,2_(A55 3) 
CP4240 04 2 	4 / 

 
108 kris 

;F2 (A55. 2) CMZ 4020415 1 12014s 
!F2 (A5  S.8), CMZ 40204 /5 120 
!F  ITA95. 8) CMZ 402044 

F2 (A554) CM2402 0 4/11- 10514 

F2 (A555) — CMZ40221/3 Weds 
F2 (A5510) 
FI (A559) 

CMZ 40 204/ 2 84. WAX 
CMZ40221/4 104K4s 

;FI 	(A5510) CMZ40221/4 104 1Cas 
101 	(A55 it) CMZ 40032/1 2014c Is 

ES/CMS 30038 	ISSUE 6. 

9 

OUTPUT 

(EARTHY) 

OUTPUT 

2 
0 	 

(EARTHY) 

_t- 

Fl  

r-- 
4 

B P FILTER 
CM5407040551-3,645} 

015 40220 (A55 
045 40221 (A55.517) 
3 0.640:22 05510 2 
	0 	 0- 

B. P FILTER 	 I 
C115402040552. A4 66) 	 I 	INPUT 
614540221 (A555) 	 I 

3 	 2 	 L 17 . 
O 	 `o...• 

(eArn-ty) 

F2 

I' 

O 	 
15 

(z 
 ate 

INPUT 

I 14 

( (EARTMY ) 

i 
1 I 

I II  

1%1  
18 

20 

11 	20 Kos FILTER  
I0 	104 Kgs& 641Ccis FUER 
9 

8 	1081(4/s&1201k/s  FILTER  
7 	I 	el° kr./s FILTER  
6 	FOB Icc/s FILTER  
5 	80142s & 180Kc/s FILTER  
4 24icas 1OBKclsg11.7E iC  

3 	84 kcis t 10845 FLTER  
2 	96) & 120 HO FILTER  

60 kis FILTER  

ASSI34 DESCMPTON 
a 

NOTES:- 

2. DOTTED CONNECTIONS APPLY ON ASS 2 & 3 
ONLY. 

104  Kcjs RL7ER. 	 1. FILTER F2 IS NOT FITTED ON ASSEMBLY Vol 9 6 11  



APPARATUS SCHEDULE 

ES/CMS 30206 	ISSUE 3. 

APPACATU5 5CHEEVLF 
hZ.Z6 68.a ± 5% varti  

.---- 0:11 ez 	±5%  p4w.  
¢3 	lot,: 	t5% 1/20v.  
-125 2.81C 	± 5°0 I/4 w, 1.4.5 

12G 	2. 2 It 	i I % 1/4  W.  
127 	3 / st 	± 1 % 1/4  w H.S. 
Q8 	11 	4. j 4,13 I/4 W. 1.1.5 

ii12,1220 4.7k: 	1_1% I/4 w . H.5. — 
1Z14,2-113 a .5 K 	± 1 .%:, 1/4 w H.5. 

12* 33kC 	I I % 1/4  W. H.5. 

IZ 22 Gen 	1.1% I/4 W. H.S. 

923-225 250.0. * 5%4 5W PAINTON 5014 W.W.  

CI,C10 !ALF 	±251,150v MP. 
C9 	100N,F 	1.--  70% (v TCC . TA 

Cli CI9  50u$ t 20% f 2v DUB TA. 
VT4 	OC 4 4 	(MULL-AL) 

VT )3, VT21 	007 Z 	MULL-AE2c:7) 

NA CZ 15, M17 0A95 NuLLACZO- 

QA, , cZgy 	TC 99479 
C27 	7gAiF 1.20%, Qv TCC TA 

C25 	0-1.4.4.FI'256/0 150V MP, 

ALL EAithiGa QUOTEP ARE JOINT SE2vicES 
TYPE APP COv EP 



20 " TO 
	p.• COMMON 

VIA SZINGEF STAgT 
	Om"' 

S 

SUPPLY 
OUTPUT. 

.C25 

wRZ6 
r2v 

7 

224 
	Cowie 
ic• 

MAI N5 
PR'e 

T 

	

Aff■■0--Vit 	 

	

1223 	241 

6 

R25 

• 

RINGING GENERATOR 

ES/CMS 302b6 ISSUE 3 

CMS30206  



R20 Rl9 25  

(AZ- 104)Ass.22.4 2▪  18  

6"3"%Assiza. 75.0. 

Is sue 5 14.2.62. 

FILTER 
Ih/L5400o4 
cAssaw 

N 

Awe 	 

NW ROTES I &I " 

2413 	 443 
216 -  Ekt 

GROUP MODULATOR/DEMODULATOR 

ES/CMS 30209 

ApiababiltS SCIASPLA,C 

IMAISIII4IS 	*54% y4.  143.  
&4 &o 	 Ks. 
asksisa) 15A*of; yir7i4.i71 

sois 	#et‘s-&b.- 
tateAasS115) 	 /-4-.S71 

151x4  r. *M. 54 W N.S. 
azio,au6 ia•ta. 	jaw m.o. Igsk-ci(f43 
b15 	 • Yaw 

fete 	&NAIL 	25944 ti.S. I 
• )41114.071 

Ti (ASSIA3) 8953206 	  
TS 	Tc95e2o7 
am2 Tetsuo 

_L.76431114 Tc2bibul 
IstIOSSAV 0143447500h 

:in2i05503)cremsooixds 
Fzt (4s6***) 

_71 fAsszsArrcssurt 
L7 tA852t4TOISI62, 

R4.1. MTNIS MOMS AM ANT 
SOMOIS TOW 1#9112740 

NIC7TeS)- 

L  AS 	
AT Teti/A N 	 iS/Mk AL STATIONS CAMEO 	ti IS CONICOTEC/Zumer  

IVILIES  US, ), ble WITH IS STVAPPEO TO TA6I7 AT Fase61Ne 
STATIONS CARRIER SIF7f.Y IS COANSCM0 TOTAtt5 Is VIC 

eesenee_ge. 	sa, pm Is moT to-110,, Smut AGMS IMO 31 511 ALPO Mi I WIT 
"4 	FITTE3 STRAP TA05 it4 'AND 2A 3. M& NO Abe POT FITTOS. 

.C.ARRIA 5LarLy comacitut To mom f5 art. 



S® 3 	 

ES/CMS 40903 Sh. 1 

Issue 6 	 8.11.61. 

2 w
TA 

( 	
RR2 

5 OGG DM Ell-RRT-FIR3-RT2 (4) 

INPUT 
r5 515 	 TB 

HYBRID 2W 
UNE 

8161 9-5 

(M) 4 
55550.94a9 

71K1 cmv 	 •
S RI 	 RT2 

RR 

616  

13 	+ 

102 0-4 	 RT3 
Sr.. SEND 	 •••.21 

616 REC 4")  

RR4 

0-6  

"4  [ 	 

156 2 	21 -R11,-RR23 .---.6.04, 

5-0 ° low 24 • 

RINGE
TARTR 
	a 

S 

APPARATUS SCHEDULE 	 RINGDOWN RELAY CIRCUIT 

NOTES:- 
L ALL WIPES BEARING A COLOUR ID se 255.W.6.10 SPEC. 53000 

A 
UNLESS ODERIMSE SPECIFIED. THESE WIPES 10 BE MADE tP 
STD CABLEFORM. 

2 LOCAL WIRING 10 BE 255.W6. BLACK 10SFEC 53000 
3 ADIACFNT TAGS TO BE STRAPPED WITH 25 S.WG 
i. TIM CIRCUITS PER CARD. 116 5ILM6ER15 IN BRACKET'S REFER 

10 THE SECOND CIRCLET. 

5 ON ASSB.42. THE SEC0147 [awn' IS NOT CAI 1FO  FOR 
ON A95963. THE FRO' CPC.LJIT IS NOT CALLED FOR 
017 ASSEPL 2 TAGS 1S-te It 14-21 ARE TO SE STRAPPED. 
OR ASSES. 3 TAGS 0-4 lk 7-2 AM TO SE STRAPPED. 

ES/CMS 40903 Sh.1 

Issue 6 	 8.11.61 

APPARATUS SCHEDULE 

RI 	Wan TM 	KS. 
CI __ Z- 	.12.5% 250,  MP 
-41R1 	 TC 95251 	 
RELAY RT JRJ 603 CO-IR 
RELAY RR JRJ 1013 AI • ZR 

	

3. 	RING DOWN RELAYs (1EICIRCUIT)_ 

	

2. 	RINGDOWN_ RELAYS ( 1 V CIRCUIT 
curdocowN RELAYS IV 	IRU! 

	

ASS. 	DESCRIPTION 



APPARATUS 	SCHEDULE 

al Goa.. 	'-1`. 	Y2W 	H5 

CI 0.5„4,1-1-0.55.i t20% 	35:Y! 	M P 

C2 Lai` 	1- 20% 	350`.? 	M P 
5K1 TC 94247 
TI , T2 TC 952601 (2 OFF TC952600) 

C5 	 

0-000GOzp  CA)  Q0 2 0 OS 44  

Mc 010 ' 

C3 9  

CO 

comoci 
A4 Ab 

04.4 4(15) 

WHEN A NOMI 	BALANCE IS USED,BAY WILL BE 
SHIPPEDEN 

A  
WIT 

NAL.
H  TSLP-TS1/2iTS1/49- 

cg 
TS1/101 

ED 
STR 

B 
APPED. 

WH 	PRE !SION B LA 	Is LI BAYS 
WILL DE SHIPPED WITH TSIi15-1-51/16(TSI/S-T51/6) 
STRAPPED. 

112 
(212) 

171 1:1.422 
(211) 

lc2oisou 

C4 

S 	sp4) 

1:1422 

Ago 	CS 	 Al 	oC6 

13-6 	1(12) 

A2 

ICI 
(2CI ) 	J51/4 

crs,7-0 	1
a
0,  ,,,7504  

,5) ,s070.  , c. 
7T5i/6) 

C3 e oA4 A64 

.0 MOO, r000 Qua, 

19(n) 
SKI 

i0(12) 
SKI 

13 09) 	5,4 	 0-w 
2 6 

° 	 (4) 109  0 	 
o-sod 

2 WIRE 
LINE 

o • 	 C4 	 Af... 
7(p) .11)  .1.6 	 SK 	O'SJ • 

I 	s 
(3) (7) 

Si) 

1MATCHEP PAIR 
TC 68536 

SIG 

1751/1 
(151/9) 

0-12 
?(r

9
51/
1/ 

 0) 

I RI 
(2R1) 

L 9(21) • 

0(22) 

o-5
a 

 '3.103 
75./31 

IC? 

b  
(751/4) 

• 504 

6 () 

C6 

6-8N 

9-9N 	2(13) 

G-S 

TRANS 

BALANCE 

REC 
600.4. 

ENGINEERS NOTE:- 

2W/4W V. F. HYBRIDS 

ES/CMS 40904 SH 

ISSUE 5 

NOTES 
ALL WIRES BEARING A COLOUR TO BE 25 SW G TO SPEC 53000 
UNLESS OTHERWISE SPECIFIED THESE . WIRES TO BE MADE UP 
INTO A CABLEFORM. 

2 LOCAL. WIRING TO BE 235.W G SLACK TO SPEC 53000 
S, ON ASS. IS 2:- 2 CIRCUITS PER CARP. DESIGNATIow BRACKETS REFER ID 

SECOND CIRCUIT. ON ASS. 3:- I GROAT PER CAW ONLY. 
4 	ON ASS. I WIGDNO 5I.401•Ni THUS — • — APPLIES. 

ONASS2A3 WIQtIG SHOWN: THUS --o-- APPLIES. 

   

EARTH TAG 20c211/E - 212/E 
N-t MA -112/E 

R 

L  CMS 40904  



APPARATUS SCHEDULE 

ESICMS 40907 SH. 2. 

Issue 6 	16.8.62 

APPARATUS SCHEDULE 
CS 	S00.0 -701...S0% 	291 	Ella 
MIR1 NM 	2R 21 	(FERRANTI) 
0404 	TP 251.. 2211 
.3 	le9.X509 
VI II 	OC 29 .muLLARD 

VTI vr 14 	S OC 1/3 	(HULLARD) 
U56-Ass 
C.49 	00,40 2.2_03 	25E *TCCTA 
R6 	2.2k 	15% 	%VI 	14 S. 
911 	3.314 	.51. 	YIN 	M S. 
913 	580. 	:5% 	1,4W 	14 5. 
917411,919411 	2A ! 	3w 	TON SOME 
910 	470. 	t5 	'..I.W 	M.5 
977 920 III 	157 3w p414539 306A 
023 	39 	!10% 	'Arl 	C 
924 	82A 	110% 	Vali 	C 
925 	150A 	t107. 	yarl 	C 
92G 	330. 	110% 	!4W 	C 
R77 	61.0. 	1107. 	!ttk1 	C 
C9 	1AF 	125% 	/501 	t4 0 
C21 	9,1 	'120 L 	ITT 	TCC. T A 
We 	01,2 204 	(14ULLARD) 
VT7 VTO 0072 	(MULLA90) 
979 	37,tt 45 77CA 11% 3w p''AmT,4 Nal 
93054554246 15e. !I 314 M.11011 MGM 
93135994347 35 A  11% 31,rmimTa4 Noel 
5573e4,544-48 33o 	±202 	19 	.7CLTA 
R55,4237,12.59,1204,965, 	1141(±1% yo 55. 
R56  606171G.RGS..961, SG0RIPE /41.4 Rs 
965 	 03,4K I% 75W N5 
REG 	 950.42105 Jaw N 
Sk.42 	 TC94222 

ALA. RATINGS *UMW ARE 
roc SERVICES TYPE APPROVED. 

4 	33,0-4.&-7 E4A5 
5 2UIE-1,81E091111112011 

OESCRiPMA4 

CM2 4090911 
MCI 

CPC
14C 
4080** 



P552 	0 

F533. y 

F554 	72 

5  
561A-7.fr P6L1W-I' 1 

/5 P.V.111S-3 

5,467,111 
1A61/9 	TE5T5 

Ec4 	 I 2 Pr110514. 

G I 5117t5 
 

PYTE3T5 

POWER SUPPLY UNIT. 

ES /CMS 40907 SH2 . 

Is sue 6 	16.8.62. 

a e‘a 

— 

1 41 	
CAILY I 

6.• 	 .1 

L 	 I 

E 	
OPEC- F.Y1'60.' 

	

1 	I  
1:4•WiG 	t  

a 
1.5.,, 	I :RCN 	 A4F5 

1 	SvAlif 1 

• !A. 	-Z 
o 253.A 1 

I 

FLAVOvE5 

NFE 
!P;42T CF PCWEP C_JO 
I FOC? ENI3LINATCZ1 

I'R2 
C.- 5 • 

I 1 
_4— 	  

E
H.4c2;11:- moll -A6.-..s- 

- 	a 	51l7 
—1 

Q3GA -61.50A-41.40..- 262•••• QC...a...- 5:447 -6"..66:—  .- .7-'7/ -1 751CG7/5 -36(43/6 - 3K.6713 

.  	 Q 	  
I I 	'•-•-•5.A,L 	 /1  . 

___ 
1 ,....; 4110 *wrests I 

	

205W.S. , 	
5p5 

c2.0 

I 1 	
i 	4E11E1 _ Jaz 1  5FEC. 5 	- 	5G65000 	1 

	

Nams  , 	TVA -MPAA-M124t.z..126.6.3.-  5..6706—  
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