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Preface
freidc€

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 10180/1-2 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. FEach 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 101 80/1 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 ¢/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.L. 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 Ke/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 de-ived from high stable 12 Kc/s master oscillators. The 3825 c/s
signalliag 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 1b 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 (designatéd 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 multl 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 ....es Ordering code of certain components ~ alzo
rackside point-to~-point wiring drawings

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

X teeeeses 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.i.... Percentage variation. This refers to a type of
d.c. test meter scaled in + % from mid-scale.
The meter is a2 1v 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. mater
will read mid-scale + a given percentage.

Signalling . This term is used with reference to the control
circuit associated 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 be confused with the
term 'signal' which may refer to any voltage
conveying intelligennc,

Sub-Group.Three channels translated to cccupy the band
12-24 Kcls.,

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

T.M.S.... Transmission micasuring set,i.e., for measuring
loss or level in dBm.

V.F...... Voice frequency or audio. Oftcn used with

reference to the conneciions between exchange
and carrier equipment, {e.g. V.F. line).
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Abbreviations relating to the decibel

dB = decibel = 10 log10 of ratio of two pdwera = 10 log10 -E%

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-wire level is OdBm then dBr = dBm for line-
up purposes. 4

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 dBm, then the pilot level
is said to be -20 dBmO. '
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BLOCK SCHEMATIC SYMBOLS
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FREQUENCY TRANSLATION

Modulation Processes

. The accompanying diagram illustrates the manner in
which up to 12 audio speech channels are progressively translated
to their final positions in the line baseband.c S

The basic channelling equipment which carries out
the initial two stages of modulation will first be described, -
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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 simpie 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 Kcls
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, 198 and 120 Kc/s respectively,
Selection of the lower sidebands produces the basic group band of
60-108 Kcls. 4

The reverse process ig carried out in the recelve
direction of transmission to recover the 12 audic channels from
the basic group baseband.

Channel Transmit Path

Taking any given channeli: 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 18 achicved by means of @ 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 or the rackside will usually be factory set
to accommodate the 4W input level quoica 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 specch 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
through 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 c/s, and
has an attenuation peak 175 c/s below the carrier frequency in
order to reject signals whichmight 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 thc 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 mkrference between sub-gr oups
at the combining point. :

The over=~all level is now raised 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 llnks 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 Kcls
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-pasé 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
channel, carrier leak, and upper sideband.

The output level is raised by an amplificr having a
maximum gain of 36 dB. This amplifier is fitted with an input
potentiometer (operated by a movable link on the {ront 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 onc similar, is fitted
as a standard item on basic channelling equipment and appears
between the sub-group modermn 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/s 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 thie 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 eq:‘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 systern 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 dBmQ
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 be made to pass between exchanges in either direction
via the intervening carrier cquipment.

V.F, Terminations & Ringdown Relays

Two transformers forming a hybrid, together with
associated capacitors an¢d termueating resistos | are available for
each channel fitted and these are used to provide 2-wire to 4-wire
conversion operating in a 600 ohm civcuit.  The hybrid also
permits injection of low frequency signalling (17 or 25 ¢/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 ow externally.

Ringdown relay sets, two per card unit, are available
for each chanpel 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, '

Lioad 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 éupply 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. Inthe 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 developed in 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 "C' 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 follews!-

(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 EQMT 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 Ievel 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 a2 nominal level of -30 dBr
with the sync pilot (if used) at -45 dBm i.e. -15 dBm0. 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/=.

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 nocrmally 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, l

(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,

() 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: =

Channel carriers .o..ovse... 12, 16 and 20 Kc/s
Sub-group carriers ........ 84, 96, 108 and 120 Kc/s

Sync Pilot . eesesevseces 60 Kec/s
Signalling tone......ec0.00. 3,825 Kc/'s.

Derivation ot Frequencies

All the frequencies, with the exccption of the 3.825 Kc/s
tone, are derived Ly arithmetical processes trom a 12 Kc/ 8 master
source . This source conaists of a highly stable crystal controlled
oscillator CMM 20102, the crystal being enclosced within a
thermostatically controlled oven. By this means, a long term
frequency stability of at Jeast 4 parts in 108 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, multiplicalion and division.

Frequency addition aud/ov subiraction is carried out
by feeding the two frequencies concerned into & balanced ring
modulator, one as 'carrier' input, the olher as 'signal’ input. The
Fl + F2 and F1-¥2 sidebands ave then riected by suitable £flltration.

Frequency multiplication is carricd out hy means of
harmonic generators in which odd harmonics of the Tundamental input
frequency are produced by saturated irov cored inductors. Even
harmonics are obtained fromn diode rectificr 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 -+ 2 function.
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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 Ke/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

FEach 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.
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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 -10dBm on a test meter set to 600 ohms loss (i.e
terminated by 600 ohms) when the input attenuator on the amnlifier 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,

(2) 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 from the 125v tappings on the mains supply
transformer (12}, 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 cuxrrent as it is required,

Fuses: ‘

Access to the cartridge type fuscs 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 CMB 40907 and serve to provide
a separate l2v 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 1.0A Dark Blue 150 mA Red

3A White 500 mA Yellow 100 mA Grey
1.5A Light Blue 250 mA Brown 60 mA Black
“22 -
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Power Supply & Fusing

Typical 24-Channel Rackside

(23]
TERMINAL RACK, POWER Tea G
SUPPLIES 8 FUSING non aca(tf
w T _w 8,
£l L n:-! ot
olacnm 00 ' v
Ot
o 2 "

]
'
]
]
.
1
|
T STANLISED
'
|
|
'

HATTER 09C

.
OvEN HEATER" WrAL

10 G TO AMNIOOWN RD.ATS

(A W
1350 w»

QORP® EQPT
159 o

ter 12 CHAN
F382 0 |

2R e snae " ueny sand
£33 v l

FREQ GENR
334

bl alriOoencpems 34 49 GENR

)
e N o ; " . nvoce {"‘" tet 12 GUAN
200 mA lI 87 0L  Drwedme dad 12 CHAN
LV 1 AN l'
swrmen 0 F812 " I
:” A ]
es P . 0 a8 & 'z‘i 1ot 12 CWAN
" MYTIATY Rbaly O 14 12 CHAN
N e 6:54 CHB 40%07/3 Q!
¢ cwn' 100ma POWER UNIT 'J
P S ’ . ! b o e ——— oA E———
PAND BUS-BARS ri ' Y L kLS EHD TAS BLOCK
" ;--Q-.u—-—_—o - —— - —-‘
L O~ 1y E
? 1 —
b] On po = e N
(iovd 1) A - "p
& €A Jotoe/ ™ 1™
[EYVIRTIE \
;_" ' amats s B 1o = & -
r— T
= Nets & Translormr T2 ams pinging
AEmt 14107 o e Spianal Giuttiune
TERMINAL BACK FUOR LAVCUT
-] T 97 L ] L]
D OO0E 6 6
*
oy powen 140 MO N ’
*-i‘s;" BLxGT e o Bty h‘f“a!
83 34 L, £33 Ll YR
o ( OO e
oo O X (]
v A A
LAY S K41
s Ar

PR NS FTCED VAR G Iy PN U

‘#% HOT APPLICABLE TO THE PRMSENT RACKSTIDR

7082/Sect. 1

-23 -



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 spiritlevel. If necessary
remove any surface irregularities either by uyse of a plane on wood floors,
or by meams 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
SK1 is the left-band 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.
'Live' lead to .... 'L' busbar on power input panel
'"Neutral' lead to ,". INt " " "
'Earthlead to.... TSz2/1" " noooon

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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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 following items of test equipment will be necessary.
1. Signal generator 300 ¢/s - 150 Kc/s. To be used for
supplying audioc test tones and basic group (60-108 Kc/s)

" frequencies.

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

3. 5000 ohm, 1 volt F.85.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' measureruent is carried out by breaking the

transmission path and terminating the end under test in its
characteristic impedance.
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Note:- There will often be an appréciéble discrepancy between
a given 'loss' and 'level' mcasurement 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 ac¢cess 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.

d ¢ b a
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LTS . TAGY INTEANMALLY

Lo CONNGCTED A9 SHOWN
- e . =] 8Y DOTTED LINES.

7

- o es e

TAQ | ~-
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TAQ BLOGCK e N
N - EQUIDMENT si08

217 OF TAQ GLOCK
TAGE 20—Jeeem = =~ — L

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). Pitchmg, 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 ore loss in a civeuit are in decibels,
(dB). All absolute levels, (dBim) are with rcierence to a power of
one milliwatt, Levels in dBr are with reference to the test tone
level choscn for the Z~wire V.F. point. 1f this chosen level is
* OdBm then, for lining-up purposcs, dbr = dBm.

>
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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 1%.timea 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 spetial 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 .viieeceoces OdBM .vvcovsessess 600 ohm bal
4W TRANSIN ....cecve0eee =4dBr'.iueeeeeses.. 600 ohm bal
4W REC OUT ...veevacesa 14 dBX cvosecssesss 600 ohm bal
SUB-GP TRANSIN .....c.. =34 dBT vveveevsess. 600 ohm bal
SUB-GP TRANS OUT ...... ~10dBY v.vvveevas.. 600 ohm bal
CHAN EQPT OUT (GDF) ... =37 dBr ve.vvevveee.. 75 ohm unbal
CHAN EQPT IN (GDF) ..... =8 dBT v.esvsusess. 75 ohm unbal
SYSTEM OUT .....40000s0. -10dBr ............ 75 ohm unbal *
SYSTEMIN....vcvecvvasee =30dBY .........0e. 75 ohm unbal *

It should be noted that the inapedances marked thus *
may be varied by the use of line- matching transformers. Equalisers
may be added on receive path equipment to obtain a flat responne over
the line baseband. B

Throughout the rnain tvansmission paths, ‘ouf-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.

STEAP|STRAP] STRAP
VOLTS | TAG | TAG | THESE

L IO TNTO TAGS I00-125V. MAINS
200 8 | 2 3-7 STCAF|STRAP|  STRAP
205 | & |1 | 37 Yours | A e | Thes
Z10 212 3-7 100 8 7 18-3, 7-2
215 | 9 | | 3-7 105 8 | 6 |8-3.6-)
220 | 9 | 2 4-7 Ho 9 7 19-4.7-2
225 9 ] 4-7 15 9 & 19-4.6-
230 (10 | 2 4-7 120 0 | 7 |05, 7-2
235 {10 | | 4-7 125 Yo | 7 o056~
240 |10 | 2 5-7
245 (10 | | 5-7
250 |10 | ) 56 |
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FREQUENCY GENERATING EQUIPMENT

Master Oscillator and Crystal Oven Tests

(i) 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.

(i) Connect the T.M.5. 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 io the OVEIN TEMP socket and
' note that a deflection of roughly -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 CU’RRENT.O If the oven has
reached normal operating temperature {55 C) it will have
commenced to cycle. This will be indicated by the T.M.S.
reading falling to zero at regular intexrvals. The time for one
complete cycle (on-off-on} should be from one to five minutes.
The ratio between 'on’ and ‘off’ periods will depend upon the
ambient temparature; an cn/off ratic of 1:3 (1 'on' to 3 'off')
would be normal for arn ambient temperature of 20 C.

(v) Re-check OVEN TEMF. The P.V. meter should now read
approx mid-scale, indicaring that the oven temperature lies
within the normal operating range (50-60"C). A reading of
{-scale indicates that the oven temperaturs has risen above
60°C. This is a fault coadition and should be investigated.

If the guard circuit docs aot spevate - aucomaricr 11y 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 ochms loss. Amplifier locations given are for a typical
rackside.

FREQ CODE POSITION SOCKET READING

12 Ke/s | CMM20062/1 KC TEST OUT -10 dBm + 2 dB
16 KC/S t /2 KD 1 t 1"
20 KC/S " /3 KE t 1 T
84 Kc/s CMM20061/1 JD " i "
96 KC/S " /2 JE 1" " 1
108 KC/S 1 /3 JF " n "
120 KC/S " /4 G ] " "
60 Kc/s CMM20006/2 JJ " " "

Should any of the readings fall cutside 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, meagurements 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.

u ,

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.

(ii) Cut strap A-D aad B-C on pad holder AP (bottom of left-
hand caxd) and siide in the required pad assembly with
printed-card side of pad unit facing base-board. Strap
outer tags on pad (o tags A & D respectively on pad holder,
and inner tags on pad to tags B & C. Solder all connecticns.,

Transmit Path

Rernove 11l 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 ¢zch
signalling unit is temporarily removed.

Connect the T.#4.8., set to 75 ohms loss, to the ‘nner

pair of CHAN EQPT OUT sockers. Apply an 800 c/s test tore =t a
level of -4 dBm (if this is the chosen 4W input level) to the inr- ¢
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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 tnit concerned (see drg CMS 20050).

If a complete sub-group of three channels (CH1-3 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 at 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
) 87.2 12 63.2

Measure the output at the relevant inncr pair of 4 WIRKE
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 this tolerance, remove the
SUB GRP REC links and take a 600 ohms loss measurement at the
‘inner pair of sockets. The level of any 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 WYBRID 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
g

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 ih
CMA 30025/2 to meet this. h

Transfer test oscillator to PILOT IN SK1/18-19, 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 dBm
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,



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.

[ . AR
i o = [g/l
’ -

o FOR NOAMAL S16.REC.
WoRuNG SiG. SEND ;
. TRvo reer ger
RECEVG
ST\ pusswar
L M 20052 J

LNK TO SIMULATE
MARR CONDITYON

#
TRAY 827 3ENG

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 'T’, 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,

-1z- 7082/Sect. 2



Replace all 'sig-send' links to the 'N' (left-hand) position, thus
restoring circuits to through working.

Bias
T 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.

Se nsitivity '

(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
CMB40903. Verify that when each RT relay is operated manually, the
associated RR relay claoses.

Increase the over-all loss of the transmit/re; ceive 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 pgise 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 CMMZ20052. 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 attenudtor, 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.

¥ Alternative Low-Level Sigﬁallixg

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 level out to line is -20 dBmO., The test sockets are as shown -

in sketch. -
A
| Z/E— )
(] i
RERHERS

SI6 REC.
5i6 SEND

LINKS FOR
NOR

LL SIG UNIT
\_CMM 20051/1

LUINK an

ACRMAL WONK NG

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

Apply low frequency ringing current (17-50 c/8) 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 ochms when
fed from a 75 volt, 17 c/s 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 0dBm 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 CH 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 ¢/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. 0dBm if normal
level is -4dBr at the 4-wire pomt) 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 (i. e +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 -
modem 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 ctain the
signal-to-noise ratio of the terminal carrier equipment alone.

The noise on any channel should not exceed -66dB below 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 0dBm 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 should be approx
0dBm 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 0dBm.

Signalling

JIf 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, O.. 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. Q. 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)

(2)
(3)

(4)

(5)

Connect a patching cord from the SYNC PILOT REC access links to
the 'PILOT IN' socket on sfnchroniser card CMA 30018, The
synchroniser card is located on one of the frequency generator shelves
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. 5. 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.

1f 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
+4 dBm + 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 PV1 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
c/s 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 permit,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 compenent lead-outs or deep scratches across the printed
track. Emergency repairs to cracked or broken tracks may be
eifected 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 layew 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 (OC71, OC44 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 3" stubs of wire as shown,
the new component may then be soldered to these stubs.

LEADS OF NEW COMPONENT

CUT LEADS CLOSE TO TURNED 1; 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.

R24B/M -9 -



Chart No. l.

the 2 WIRE point on each channel in turn at the sending terminal

Once Weekly: Audio - Audio record

MAINTENANCE RECORD CHARTS

Levels are taken by injecting an 800 c/s test tone into

(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.
should be investigated.

Any unduly large variation in levels over a period

. Date

Group Np.( )

Channel No. 1.

2,

"

3.

4.

5.

¥ e

6. |

7.

8.

9.

)
"

10,

‘11,

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 P.v.1
- P.V.2
cuanz | 2-V-1.
P.V.2

cuani | TVl
P.V.2

CHAN 4 | T-V-1
'PoVQZ

CHAN 5 | o-V-1
P.VQZ

CHAN G | BV
P.V.2

cuan7 | EB-V-l
P.V.2

ICHAN 8 P.v‘l
P.V.2

ANy | PeV-!
P.V.2

GHAN 10 [ F-V-1
P.V.2

cuanN 11 | .B-V.1
P.V.2

CHAN 12 P.v.1
P.V.2
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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.

Date

12 Kc/s

16 Kcls

20Kc/s

84 Kcls

96 Kc/s

108 Kcl's

120 Kels

114 Kcls

3.825 Kcls

60 Kcls
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Chart No. 4,

Once every 3 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.l TRANS

CHAN EQPT OUT

L] 1" 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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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 the se units is possible, detailed circuitry
has not been included. ¥

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

Reque sts for replacement units or components should quote the
following.

(1) 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,



CMM 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.

c.gm':ot ’ ':\:.
(] ] Brm—e:
iz Kese 12 Kele P, 'Y

ara .
T S o

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 TC3l1
provide outlets at -10.5 dBm and ~15.0 dBm, the {irst outlet is
used to feced the 12 Kc/s channel carrier amplifier, the second
fceds a 16 & 20 Kc/s regenerative modulator CMM 20008,

A sccond amplifier circuit incorporating VT42 and
tuncd hybrid TC49 provide a pair of outlets at OdBm, these feed the
sub-group and group harmonic generators.,

All output impcdances are 75 ohms unbalanced and the



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 enc105ed in an oven
block maintained at a temperature of 55°C + 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 VTI12 is fully
conducting with relay OC/1 operated, thus OC!l is closed and the
oven circuit is complete. Contacts AL}l and ALZ are also closed.

‘When the oven temperature rises to 55°C, the contact
thermometer CTHI 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 CTH]I
contact breaks and the cycle is repeated.

%

Temperature Alarms:

: Under normal temperature conditions, the first pair
of contacts of the double contact thermometer CTH2Z 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 500C, the short-
circuit referred to will be removed and the' back~bias on MR10 is
taken off. This condition is used to signdl an alarm and effect a
changeover to standby equipment, i.e. low'temp fault. (This

.



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 ttansistor VT7 go that it cuts-off and
relay AL/2 releases, Contacts ALl 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 fad, 5000 ohm)
: connected to the OVEN TEMP test
point should read as follows:-
Low Temp ..... 3-scale deflection
Nermal........ Mid " " +10%
High Temp..... $-scale " :

HEATER SUPPLY: A 'T.M.S,' meter set to 600 chms 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.' 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 is8 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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CMM 20003/1 Sub-Group Combining 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.

60-72 Kcfs
O—

0 6ro REF

piLor

SKEWED

(7)2‘94'"&/5 NYBRIDS

84 -96Kc/s
o

96-108Kc/s
o
-48 dBr

600 .n UNBAL

1548 60HKc/s 108Kc/s 750 UNBAL.

c-108
?bm:l-

60-72K¢/s
O 0
SKEWED
72-84 K /5
HYBRIDS

(o,
84-96Kc/s
O

i i'% 7o)

2.3 Y v S
96-108K¢/s o
> 1048 60 Kejs 108 Ke/s 15 L UNBAL

~24 dBr
600 n UNBAL

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 ochms
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.
Furither, the insertion loss in each hybrid coil is designed to be the
same for cach sub-group i.e. 7 dB nominal.



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 Kcls 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/s
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 Kc/s distributed to the four sub-group units, is ~24 dBr
nominal at 600 ochms unbalanced.



CMM 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 Kc/s 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:-

Pass-~band of Send

Assembly No.| Sub-Group | Carr.Freq. or Rec Low Pass Filt

1 1 120 Kcls 0-108 Ke/s

2 2 108 0- 96 "

3 3 96 0- 84

4 4 84 v 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, formed by R1/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 frequency dictated by the relative position of the sub-group.

MATCHING
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~BAddr
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SO0 n UNIAL,
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€00 UNBAL , SO0 UNDAL

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 ohimns, and include a scction
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 ol
individual filters. By this means the insertion loss of all sub-group.
lunité 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 rcceive 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 selected signal, part of the 60-108
Kc/s band forming the particular sub-group passes, via a matching
pad, into the demodulator tc which the appropriate carrier is applied.

The signal, now two sidebands resulting irom the
demodulation process, passes via a matching pad to the sub-group

demod. filter in which the 12-24 Kc/= lower sideband is selected,
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the upper unwanted sideband 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 unit's 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 (OC44 and OC72) in a
conventional AGC controlled circuit operating at 60 Kc/s, the output
being taken from VT17 via a tuned output transformer T (G20 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/change over.’

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 Ke/s Regenerative Modulator

This multi-card unit is used to derive both the 16 and
20 Kc/s,channel carrier frequency from one of the 12 Kc/s master
oscillator outputs. The circuit diagram is simplified and shown in
block form in diagram X110.

STATIC RELAY

———l. :H rJL “‘ were 18 Kejy 18 Hefs

T E,,

- .
20 Kxfe
Lra Hefs ‘
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 dicde MR14. This output is used to bias back
MRZ28 and thus remove the a.c. short-circuit which exists between
the base of VT40 and the cornmon 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 Kc/s 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
Kcl s output is taken from TC51 via a suitable band~pass filter,

The 8 Kc/s output is fed back as a carrier frequency
for the modulator, MR21-24, which is also supplicd with 12 Ke/s
via T1, 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 applicd to the base of VT40 which 'locks=-
in' to the 4 Kc/8& component Lo 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 Kcls carrier source.

-10-



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 chusing 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.

Cir cuit data:

Zin, Zout .............. 75 ohms

16 Kc/s Output . ........... -8.3+2.54dB
20 Ke¢/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 OC45
transistors (VT's 5 & 15) provide a nominal 32 dB gain.

Circuit data:
Zin, Z out ............. 75 ohms .
60 Kc/s output ........... -28 dBm + 2 dB
Currentdrain ........... 13 mA + ]TS%
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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 ;('c/s output.

100 kele
' 84 Kefs
.s.(so Kels ) .-—-% *] . E. 1na ucls

80 Kcfs 14 Kele

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 Kc/s. This 54 Kc/s 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 Kcls, is selected.

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

Circuit data: .
Current drain ...ooevevnacnnnnns 16 mA 1 25%
60 Kc/s input level ............. +3 dBrm 75 ohms
108 Kc/s input level ..cecvzcvvvae =6 dBm, 75 ohms

114 Kcls output level ,.......... OdBm + 3 dB, 75.0hms
Conversion loss of modulator ,
card..esvae. 31 dbis + 2 dB (75 ohms)

Gain of amplifier card .......... 28.5dB %+ 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 c/s 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 CHl. (12-16 Kc/s B.P, f{filter)
' " 2 CH2. (16-20 Kc/s B.P. filter)
" 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 } dB fitted in AP6, and so on.

(%5
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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 diagramn.
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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 emiiter of VT1IZ. R7 and

R8 build the input impedance out to 600 ohms. Rll fixes the value
of the emitter current and C10 decouples R11l 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 VT 12 base.

The a.c. output circuit of CT1Z (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:

(2) Incoming (-)ve peaks cannot cause the output voltage at T19 to
rise above 4v, since at this peint VTI12 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 stecady direct currene flows from the -12v supply via
R16 and R14/R18 in parallel, throupn T19 primary, to the 5v supply.
This current is arranged to approximatcly equal the opposing steady
collector current of VT1Z so that, by this means, the standing
current in T19 primarvy is reduced to a nudnipwm and magnetic
saturation is avoided. R16 is a decoupling resistance, whilst R14
and R18, (earthed to A,C. by C1b5) 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 Kc/s thus preventing irfterference 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 s:.gnalling
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 Kc/s Z1 # Z2 so that the hybrid is
unbalanced and the loss of the speech path is much less.
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The modulator is of the miniature resin-potted type,
employing copper-oxide rectificrs 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 R27TA-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 pa'th 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. R20acts 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
normadlly 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, a2 mid-scale deflection (0.5 volts)
should be obtained across P.V.l access point, indicating that the
correct backing off bias is being applied.
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. 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 of individual
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 amplifier which
consists of two transistors, VT3l and VT33, both in grounded
emitter configuration. The gain of the amplifier is adjgsted by
varying the negative feedback, R24-R29 being strapped accordingly.

The output of the amplifier is fed to the detector gircuit
(MR7 and MR8 with associated components) via a coupling network,
which appears as a guarter wave line at signalling frequency. This
network provides an impedance inversion at the amplifier output.
R16, C34 and MR18 provide level compensation, which permits the
receive signalling circuit to operate satisfactorily over the range +5
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, jn which a dry reed relay SR1 provides
the collector load. When opgrated, contact SR1 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 VT 6 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 MRI18 biocks. 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 R16).

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
apprec1able 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!circuit, 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/I, and so assists in reducing the over-~all impulse
distortion. C37 prevents premature bottoming of VT6 by ripple
voltages developed.across SR/1.
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Circuit data:

Zin, Zout ceveaeresssscsases 600 ohms

Current drain of send card..... 12.0 mA + 15% (tone off) or-
25,5 mA + 15% (tone on)

Through loss of send card...... 7.0 dB + 1 dB

Current drain of receive card ., 8.6 mA - +,20% (tone off) .or
20 mA + "2% (tone on)

Loss of receive path........... 2.5 dB + 1-dB

Minimum input level to receiver

for relay to operates.¢..o.... =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
Nominal Output
Nominal gain
‘Current drain mA

Z OUuT 75 ohms

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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MM 20062/1-3 Channel Carrier Amplifier

This unit comprises a pair of tandem conne cted push pull stages
erating with tuned output transformers and with negative feed back,
1e 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

ast points : TEST IN, 75 ohm LEVEL
TEST OUT. 600 ohm LOSS
ijustments : 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 VTI12, 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
RY 34 stabilises the output against change in ambient te mperature.

Circuit data:

Output level.......... ¢esesesses 0dBm into 75 ohm load

Level stability..... ¢eessseecaes. +0.4dB for temp range 20-50°C
Freq. Stability................ +0.5¢/s " " " .
Currentdrain. ..........00.... 7.3 mA +10%

TEST OUT ....vvvvevveseeenss =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 togive a sub stant1a11y 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, ‘

o

AA

TTTTTITTE I‘T |

81 3

3;__J

N! ¢8

2
L] 0-0 * fl

Circuit data:
Zin, Zouti.,ee0000s0.54. (5 0Ohms
Gain.eveeeveesaessanseess 30-42dB
Max output level........ e. *+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 ig 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 #-54 Kc/s and
60-108 Kc/s bands appearing at tags 18-19 and 16-17 respectively. In
practice tags 16-17 ahd 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
produée 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. FEach outlet is fed to a set of paralleled
filters, which select the required harmonics.

The amplifier input and output circuits are tuned by transformers
TCl and TC7 respectively. The nominal input level is 0dBm into 75 ohms.
The copper resistor R3, provides temperature compensation.

L3 Ca cs -m ______ o |'.'0°0'
l——-’-——-l Z---—-——W- SATURAYED
"»

a1} oo I l
L2 e HARMONICS - ’y

ic

s =S S S S

EVEH HARMONICS &

SATURABLE REACYOR 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
wave form 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 ovtside the levels indicated by the
dotted lines. During this period, there 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 1d.
It should be appreciated that the filter loads connected to the two output
somewhat modify the output voltage waveform. R17, however, ensures that
the waveform of the current through C5 (in TC7) is not critically
dependent upon the filter loads,
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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:-

L... 60 Kc/s filter only
2.... 96 & 120 K¢/s
3.... 84 & 108 Kc¢/s

Circuit data:
Zin, Zout.......... 75 ohms

Passband 108s. . .4 e 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 donjunction 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
MRs 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 RAl and RB1 being used to switch the
75 volts supply.

VT4's base has applied to it 6 volts a. ¢. derived from the
mains transformer and this supply is just high enough to cause limiting
action by which the squared pulse becomes 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 Ke/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/demod pair (56 ohms).

Circuit data:
Zinand Z out.......0000000ca0. 15 ohms
Conversion loss {with 3 dB pad
before and after modulator)...... 12 dB + 1dB
- Loss of filter and equaliser...... 1dB 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
0dBm. 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 0dBm and may be patched to the 2ZW 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 ¢/s fundamental. This enriched ''output' can then be
transmitted to the distant terminal for synchronising purposes. Rectifier
MRI19 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 +24dB.

Level Stability + 1. 0dB range 20C to 50 C
Freq Stability + 10 ¢/s range 20C to 50°C
Current drain: 7.3 mA
Adjustments: 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 Kc/s Band Stop Filter.

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 paint.
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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 second to
rectified 17 ¢c/s or low frequency signalling pulses.

The operation of the relay set to signals in ejther
direction is detailed below.

Send:

17 ¢/s ringdown signalling pulses from the exchange
2-wire line are fed via the unoperated contacts of RR2 and RR4 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 RT1 and RT2 short circuit the split windings
of the 2W/4W Hybrid.

Contacts RT3 complete the signalling earth lqgp 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 RRI1 places a 600 ohin load across the hybrid

2-wire winding.

Contacts RR2 and RK4 break the 2~wire line connections
to the hybrid and replace it with {7 cls ringing supply.

Contact RR2 extends a loop to start s 17 ¢/s generator,
when necessary.



CMB 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 c/s) 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 R1 and one section of C1. The internal networks can
be disconnected when the use of an external balance is preferred.

Requirement Connect tags Disconnect tags
Clct'l. Comp. bal.| TSI/ 1& 2 | Ts1/15 & 16
Clct 1. Ext. bal, TS1/15 & 16 TS1/1 & 2
Clct 2. Comp. bal.| TS1/ 9& 10 | TS1/5 & 2
Clct 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

it.
.
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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.

—

X265

vTa VT4

STAB
vTi
5 Su g
<€ .

L.

L AR
w + 2 . A *

Circuit Operation:

Part of the output voltage developed across the
potential divider RV is fed back as a base bias to VT1l. This is
compared against a fixed reference voltage developed across a
zener diode MR1 and applied to VT1 emitter, thus VT1 collector
current is a direct function of the output voltage. Should the
output voltage tend to rise, the collector current of VT1, flowing
through R1 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
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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 + 3%
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......... 1l2v + 0.5v
Aux output voltage.......... 20v + bv
Max load current,.....0.0.. 2.2 amps
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Inu 118k ___ 5% /aw W5 | Irs52 1K t10% ﬁ C.
RIS 3ok 8y AW g C39,C46 00 1207 200! MP
RIS 100a__ *5%, 1JA W_ K51 O5.4 1257, 150" Mp
RIS 680a 3% /a4 w H.s, VT 44 OCT72 _ (MULLARD)
R2! 0-82a 1 H.S, 49, MR53 _OA 10 (MULLARD} |
1?22 18a  NO% e W HS ] I5K54 X 94247
[R23 36n 5% taw MS| Ca3  cm2 30402(2
[r24 T2a 2% ifew HS| (R4S S0a % Yaw N
E§ Wan % YaW WSl RATINGS QUOTED ARE JOINT
R3O 480a NY AW HS
[RioA ™ ok % VAW Hs SERVICES TYPE APPROVED,
R3! 9670 Y AW NS
R32,R34 59%a 119, Y/4W HS
naanas 854 f1% AW WS
82a 0L /AW ¢
Raa(assu)vsq 2y VAW us
| [3%) 2255 t M
7 0047 0% 200" MFP
6 Ol ¢ XY 1807 MP
3% B of 127 12YTCLTA
15x7 C 24242
T8 TC 95343¢
MRT OAZ 204 (ML) ARD)
026,727,280 79 OA IO (MALARD)
VT S OC 64 (MULLARD)
Vi CC 72 (maLanp)
RELAY ACO T 99421 (ms.1)
xa CMZ 40807}
T2 oMz a0407/
a8} cMA30021 cMA30022]  DESCRIBTION,
] AS83.!. ASS.4. GONRC/S PILOT AmMP
~ASS. 2. 78S, 1. T AMP

GS1-9663



N

OUTPUT | .
O UNSWITCHED
s

B amnd

EARTHY

APPARATUS SCHEDULE
CMS20006 ISSUE 5
4 AMPLIFIER
RELAY =~ =0 ‘ - CMA 30021
(SEE NOTE 4) " R37,
-12Y ——)- L a4
w  ACO
400] 2
22 )
- $R3
hw' -
INPUT -~
] fl“
. ” 'f
COMM. 4 ===O—
6 .
oy -
ABSENCE , . ' 1s
—o—-—r- ) .

NOTES';

| ON AS5.2 RELAY ACO AND RESISTOR W38 ARE NOT FAYTED.

2. TAGS 77-32 ARE STRAPPED ON TEST AS REQUIRED TO OBTAN

ORRECT OUTPUT .
3 r»eszsvzeam?mwwmmm
4 ON ASS | STRAP TAG |l TO TAG |4 WHEN RACK meG

DOES NOT FEED POWER TO TAG |

e

o= OUTPUT 2



APPARATUS SCHEDULE

ES/CMS 20008

Issue. 1. 16.5.61.
CMA 30035 CMA 30036
APPARATUS SCHEDULE APPARATUS SCHEDULE
e3l__220n__*0% 4N C | [R2_ 470a_*10% KW ¢ |
R33 10K 's‘/ W _ns)| [rs_ 39k 0% 4w ¢ |
fona L 3% ARw 3 18Kk N0% 4w _ c
736 47k C aW_ HS| RO - Jgw H
R¥7 13k ¢ Bw _HS| RO aw_c c i
R4 68n_ 187 AW_ns.| [R5.6,1718 100a_*10% ] [
[R42 ~ 470a HS 320,_ ~ 33k_to% KW € |
R46 220k _ R26 22k 0% hw ¢ |
R47 27k R27  ®a 0% 4w _C
R4S 1k c3 2af_*25% 150 MP]|
[RS3  36a C4 __ Olar 1257, 1507 MP]
rs4 600n Cl €30 1.6 _128% _ 150° wmP]
CI7C3_ZuF Ci9.C25 00441207 200° MP]
[c35 ~ ~ 0-04ut 2207 T TC 953426 ]
F 12 T T 953429 1
Mitas ono_(gauu_mo) 129 1C_933430 1}
[Rrae U s4492 vT8 OC 72 (MULLARD)
[VT40, VIS OC72 (MOLLARD) | [MR12,13,21,22.25,24 20 O 10 (MALARD)
< 30 Mz 2 ] [MRu OAZ 200 {MUALARD)
TC39 CMZ 402035 1 [Rs6_ 360 5% HW Hs |
T80 CMZ 40203[7 [R5 “226@ 5% KW Hs
181 CMZ_40203/6

ALL RATINGS QUOTED ARE JOINT
SERVICES TYPE APDROVE™
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oM.+

16 & 20 Kc/s GENERATOR
ES/CMS 20008

Issue. 1. 16.5.61.
GENERATOR g
ENERATOR CMA 3035 GENERATOR
O 30036 oo
1] N TN
b3
e L-
: SR33
I
y
3ras
o
\d
3ms d
38
3 T Mrad
= " b
S E i wt
L]
21 ‘
™ I3 3
7! S g
Qfs 7 i f
" =113 MRS 1 9 23 s, 2
iMoo | G4 EL A Lz | L o s
b W gis / TR ’isnae 95 FATER
aps g ] ‘i B 189024 2 3 2% 17
3hE E ar® 39 N 7 s
b=l =4 ! C t |
= 2 9 i FOR EXPLANATORY
1 _3=)es | ; + {5 awy |
218 = I RRORS ONLY
15 ; g' 5 | !..~_._.
i3 3% -—— 3 7 7 L o o s
a . i Re7 B FATER '
6rfL— 4 0 3 [3 ! 2 3. i
T _L"i 'E 15 i
L RTH48 1ROR_EXPLANATORY,
= Hxwn—o—) YT 32 {riosts say
Ld
$rz7 2 0 tes
k I
=mCe
jn »
2 i'm Rca3 L2 R34 mmcss
\d
3 3 "
2

.xﬂ-—-q-u

‘.”_._W,

outPuT
aucls



APPARATUS SCHEDULE

CMS 20044 SH 1.
ISS 5.

CMA 30031/1-4

APPARATUS SCHEDULE
RI _(AsS4) 3608 *1% Liw.KHS
R2 (A884) 478  *5% law. HS.
R3 (A584) 1002  ¥5% 14w Hs.
R4 (AS3.4) 2204 287 Jaw. HS.
R5 (AS54) 8e5a *1% law. Ha
2 (AS51) 19208 5% Yaw H.5 SIS
22 (AS5.0) 240a 5% Yw H.S.
R3 (AS5.1) S10a 35% Y44 HS.
R4 (As5.1) 12000  *5% Y4y H.S.
RS (As51) 7784 % Y. HS.
BRI (#552) 10K 1% Wy HS.
R2 (A52) 2208 15% Y\, H.5.
23 (a552) 390a 5% 5., HS.
R4 (a552) 910n 5% K w H.S.
RS (A$52) 792 1% ) RS

73 TCGB2804  2-30pf
XL7 7C 94103

XL2 TC 24104

N8 CMZ 40206y

Rl (ASS3) IIBK 1% Ja4W HS.
Re (ASS.3) 1500 *5% Jaw. HS,
RS (ASS.3) 33008 £5% VW HS.
R4 (ASS.3) 7500 5% J4W HS.
RS (AS$S.3) 792a *i% W, WS,

CMA 30032/1
APPARATUS SCHEDULE

I3 K #5% law HS

22 2K 1%  law.  HS

R4,RG 22K %5% oW WS,

[~ 33K *5% Bw, HS

<8 47K 5% Bw. __HS.

=1 15K 15% oy HS

213 7352 1% Jay M8 [i5)-955%

373 418KR2H% Ky HS

c3 uf 225%  15QY M.P.

<7 O5uf £25% i5oY M.P.

(<] Oluf  I25% 150V M.P.

cio O26uf 325% 507  MP.

VISVTIS  OC45 MLULLARD

Li2 TZ86-5

T TCOs 47
7] AS5.4, ASS.i. GOKSy PILOT SELECTION AMP & FILTER (24 (2N
3 ASS.3, ASS. . ZOK, PILOT SELECTION AMPSFILTER (24 CHAN)
2 ASS. 2. ASS.1.  |COKSs PIOTSEETIONAMIS. FILTER (GOCHAN)
! ASS. 1, ASS.1. 0L PROT SELECTION AV & FILTER(Z4 CHAN)

ASS | CMA2003], | CMA300A? DESCEPTION




PILOT SELECTION AMPLIFIER & FILTER
ES/CMS 20044.5h.1.

ISS. 5.

PART OF CMA30032 I FILTER CMA3003| PILOT SELECTION AMPLIFIER CMA30032

LEVEL
+246  |24-30
+(dB 24-27, 29-30

1t 4] ~N
NOMINAL _|24-26; 28-30 -12y =——O——AN——
a8 [24-26; 2728, 29-30
-24B 24-23; 25~30
N
324 22
1
ce
_';H/_‘_ ) ouTPUT
758
i ;
3
2z RZ 20
zI B3 28 o7 56 i f i
5 15 w24 26 w 28.30 8 1 #c @ vrs
° ' A A ! N
PiLOT B Liw% o $ma BPF. NETWORK . 22
55, ECTION = T ems40206.
POINT o
! 2 -
— -4 -3 g 3 —o N I
! w
: 9z 94 | c3 W 3!2” RI6
: - Re
20 20 XLO 13 i . ‘
Ot O——{1- =  COMM+==O— —— PPy ;
| , i
—dy Cl,l?” }CMS2OC)441
[



APPARATUS SCHEDULE

ES/CMS 20050

Issue 5. 6.3.62.
CMA 30182 CMA 30183
APPARATUS SCHEDULE APPARATUS SCHEDULE
951-95%° [RIge@dNo4e  *1% Vew H5| [RIA3 1 £ W
qei-QS9Y [Rem30E 632 F 1%, Vsw__HS Z T26K_*1% VewW us 5$i- 96 86
5 43 X% __aw_HS HS-9590
RT.RS 220 *1% Yew H5 16K 1%  1/8W HS |
Ril 820 *i% /sW_ WS 5,55 43K 15% Vaw HS|
[RIO,RIT__ 31 ¥5% VW _HS|
Ri4 8K ¥ 1% Vaw _Hs! [Rie_ 128K X 1%. 1/8W _HS PSIS65L
RIS K T vsw_H5| [R1J 330 E5% jeW _Ws ]
18%- 82K ¥i% '/aW HS RED 50K 5%, I/8W HS
[R20,R21_4 7K__* (% VW _H5| [R2 33K XE% /B W _HS
q5i-9si3 [rZ2 144K %1% 1/8W  HS R22 470  365% l/aw NS
4si-9sg[R24__ 212K _*% 'aw HS| [R2E 560 % 5% VgW HS
951-4532.[R26 39 *1% _/8W_HS R26 43K  ¥5% 1/aW NS
R27 ¥c28286 R30 8 35% VeW H3|
9$i-3549 [R23,R30 10aax ¥ 1 V8w 45| [R3I 200 __%5% V/gW_H3
R32,R33 33 * 5% Vew HS| [R4D 15 E10% /aw _C
R34 51K ¥ 5% 7awW H5| |[Ce3,C32 504F L80% 37 T.CC.TA
R3S R36 66 F5% 7gw HS %X GuF v50%-20% 67 T( C.TA
[R37 271K ¥ 6%, /sW c33 su=+so% 20% 67 T.CLTA
CI0 BaF£20% 6% TCC 1A } u6 ¥ 1RYT.C.L.TA
[ +507%~20512YTCL.T 535 [} é,uF‘*zO% Z50Y MP_
ITe TC953497. C37T C3B1owF £ 20% 127 T.CL 1A
Tiﬂ |ES§3434 T4 TC 953401
23 T1C953393 T8 YC 953490
TZ8___ Tc953401 713 Tc 953401
MR25__ 1C95266 T8 TC 953403
yTiz 0C 7S (MULLARD) T28 YL 953400
FIT__ CMZ 4L003/1 T3 €953
LY RAASS2) 36K 2 5% /3 W Ho MRE TC9525%
RI-RIABEZ) 1017 Bolaw he | [RVis — TCT224E
APG(ASE2) CMZ 30800/Z VTS 0C 7l (MULLARD)
[R3 172k * 1% Tew WS VT27__oc72 (MULLARD)
L2 _ TC28I603
Fi4 CMZ40002/1
Sat 2002 pfF F BSS203 6M
ALL RA‘hNGS ouo*reo ARE JOINT SERVICES
TVPE APPROV
LAS REF - CMA 30182 AN
CMA 30183 AA/8
& 1Eva30182/2 [omA3I8d/ i JcM240200/3 | 20Kkés B 1
5 [CMA30182/2 1CMA30I83/1 1EMZ 40200/3] 16 Ke, 08SOLES
4_[CMA30182/2 [CMA 30183/1 |CMZ4020011] 12 Ke/s
3 |SMA30IBZ/1 |CMA30183/1 |CMZ 40200/ 3] 20 Ke/s
2_|CMA 30:82)t {CmA 30183/1 [CMZ 402001 | 1o Kys
[} SMA 30182/t [<MA 301831 1IEMZ 40200/ 12 Kerg
ASS | TRANS CARD | REC CARD | BP FLTERS |DESCRIPTION REMARKS




CMA 30182

SIGNALLING IN CARRIER IN
LSt — /
& /L
R26| S
w
. 0 . -
i:8%4 £ 6 8K BI2e 4860 6208
23 To I__—[ TS s 3T28 ————
AP6- R7IE o jﬁ" s ¥ |
A ! N ! N wR35  R36 5 v o4
i W 3 RI4 R2TAZ2 O—VWh—y Ot
4w TRANS, ba | ! 6Ll LOW PASS 31 E 3 3 49 | seENp 0 508 a2
“17dBe MM o (NOTER) 2 il cio FILTER < =3 4 2dB ;| |BAND PASS 0 58, GRr
(WD . (nore2) ?:' . s e Tu cMs 40003 |R18S LS ReTed R3’CI P CM?Eorggo P (NOTE 4)
) I ' 'Y
o & A - h | cis i (NOTES) o S 0.5 R 2 | {48 ¢
D R w0 ™ | z 3 2(gizvc(.o ﬂ_x__o o__io -
0 26 = W |__ | AL 3
v 8 L APRE!
=
[ | SN
COMM#+:
12
Y o ~3RI6
N
~12Y —-lé
s i NOTES :-
TH I THE USE OF RI-R4 {3480R134BPADNS DETERMNED 8Y
ETH ==O—rdb INCOMING V F LEVEL.
19 2 ONASS | THE ATTENUATION ?AD‘AVs 15 6£LE.CTEU AND
— FITTED ONLY AS & WHEN SPECIFIED BY CONTRACTUAL REQUIREMENTS,
oM IN THE FIRST INSTANCE THE PAD IS NOT FITTED AND HOLDER
S16. JAGS A-D AND B-C ARE STRAPPED.THESE STRAPS ARE
CARD 18 70 BE FITTED AFTER CARD TESTING.
ONASS.2 APS 165 A 1dB PAD
—0
7 3. FOR MINMUM CARRIER LEAK RESISTOR R27 TO BE
. STRAPPEP AS REQUIRED
;l% 4 TRANS LEVELS ARE FOR NORMAL LIMITING ACTHON
CARD | 16
—0—
or! CMA 30183 L3
1" R4 :
Lo * . 5
v )i Jrzs, T - L3
c38 == L 37 ¢4 $R2I  SR20
g W3 gooni600a ’—_‘”ﬁ
AP339 C34 srlth
__g__g__g___,v..,h__é. T35 : vT27 |L 5?5 1
H ' s t » s WV
4w REC 5 LS w i @
70 *7dBe b <, 3 u
aees || peeEas €se 3y =N »
7 7 ! .é 71z Pt SRS
—0—}0- RUVVS
< & 3+ 1 SR26
= N 1
c32=p SR30 LARE] Fi4 - —
b A 36k 6002 , 80084708 VR 4564 s00n
ce3 6 05K:3 6K 5 o T3 35 3}2 sT8 2 5 Ll
—————— s ¢ %ﬂ:L RI7 RVIS L f NOTE N ¢ : ©
o[ w ! 3 LB M aaen | Low PASS il . N 2348 i RECEIVE |
C33= R3I R22 2 FILTER i SRI2 SR9 > il BAND PASS | FrROM suB.GRP
13 | W[ Wl N CMS 40002 ! 3 ! FILTER -i0der
- J31E, RI6 o)1 y : CMS 40200
i2 3 2 25 26 27 28 =$lis 4 2.7 15
O O— = O’ AMA- O0—0O~ e
J?_ € NCTEL N NOTE 3 . j
= i : 3 20
_ ; ) 0
= . ’ i 26 ]
} q}—(}
1
NOTES :-
. INSERT STRAPS BETWEEN TERMINALY 23-24, 25-26 an0 27-28
CHANNEL UNIT WHEN THERE 15 NO OUT-OF - BAND SIGNALLING

2. THE ATTENUATION PAC AP 38 15 SELEQTED AND FITTED
ONLY AS AND WHEN SPECIFIED BY CONTIRACTUAL REQUIREMENTS.

ESI CMS 20050 WHEN NOT REQUIRED HOLDER TAGS A~} AND B-C ARE STRAPPED.
3. 129 1S WOUND WITH RESISTANCE WIRE.
4 LOWER LEVELS OBTAINABLE BY FHTING AH39

Issue 5 6.3.62. 5 1048 Bv idB STEPS

20050



APPARATUS SCHEDULE.

CMS 20052 Shl.

CMA 30218 CMA 30219

APPARATUS SCHEDWRLE APPARATUS SCHEDULE
Ll T50__E19 /aW W5} [R5 15 ¥5% Vew_HS
RZ 500 Z1% 'YeW HS| IRS 3K 25% VsW -H
RS Z70__ 1% _ VeW HS5] [RIO 76K ¥1%, 1/gW_ HS
R4 750 *1% YeW HS| [RILRIZ 47 T 5% Vew HS
RS 180 T 5% !/gwW Hs| (RI3: 1 ¥5% YeWw HS
Ri2 330 X 5% '/sW HS| R4 ‘42K X 1% WaW_HS
R4 30K__ ¥ 5% Vew Hs} [RE 2 TK ¥ V% Vaw_HS
RIS,RI6_ 200+ 5% /8W _Hs} (R 0K ¥ 1% /W _H5
RI7,RIB_ 430 ¥ 5% /aw _ Hs| [RIT 50 ¥ 1% 1/sW_H5
R19 16K % 5% i/sw HS} [Re0 15K £ 5% YW HS
R20 510 * 5% V4W_Hs} [Re4 62 *5% YawW_HS
R2I,R22 200 ¥ 570 '/aw HS| |Re5 2 5% 1/sW__HS
R23 100 %5°% taw HS} [R26 2.4 ¥5% VgWw HS
R24 5t T 5% J<W_H5) |ReT 3 *¥5% gW WS
R25 138 ¥1% 1/aW_HS} |Red 39 *5% Vew XS
R26___ 294 _ * 1% /eW_MNS| |R2J 330 * 5% /aW _H5 |
R27,R28 680 ¥ 5% /8w _HS| [R30 13K X 5% 1/8W_HS
MRB{MRS__TC 95246 R36 100 ¥ 10% /AW C
MRIOMRit_TC 95 248 cy 32uF__ ¥ 20% (2% TCCIA
T6 TC 953405 C2f_BaF +50%-20% 6% TCCTA
17 TCO5351F C22 O 25uF _¥25% 150Y MP
SKZS,SKSO TC94241 C23%E- 0.uF +50% ~20% i2Y TCC TA
PFI3 CMZ40217/1 €34 1- OuF ~ ¥ 25% 150Y MP

€35 C-5uF T 25% 350Y MP
C37 O- 5 uF+50%-20% S0YTCC TA

YT6,33 _CVT006

E] V7005
MR7.8.15,32 TCO5248

SR TC 99417
[oK38 TC 94241

T3 TC 953512

T4 YC 953435

Fl CMZ40202/2
F2 CMZ 40600/ 1

& CAPACITOR C23 15 NON POLARISED

ALL RATINGS QUOTED ARE JOINT SERVICES
TYPE APPROVED.

45j-9522



H.L. SIGNALLING UNIT. ES/CMS 20052. Sh.l1.

o233 MR9 ———— -
e K30 ‘ - 28 — .
” HL .!1‘ { + [4%) PV2 25 M L) 3 LS. g——_ -t B O frm—.
o e : RIS | RI6 RI7 | RIS
i Rz7 " $10. SEND Ladiadd
1 w 26 Rz b 4 S 219 ek
3-825Kch ! VY VWAt A ] SRI4 2 TR,
NSUT i c0oe SaL.
: Rz 3 s 28
- [} ) 02 3
3 MRI0 L
20 :I.R‘l | p—
Oy w1 ) -
gyl EMA 30218 |
K28 R24 R23 R22 21 R20
. NORMAL | ¥ L] ] " L
3 3 2 = » 3
coraer =3
6. N =D
1 CMA 30219
on p
RELAY TEST
r——————
® ™)
. I -
M u Fi .
SR < I
L} b9
S:RIS ! F2 RZD:: o s, ,T s
' ' SK38 "‘732!; MRS ] VT3S o 3K: 6004
° I "3 1 P ' CIAKS Slﬁ; 'COR T4 Lo v
€35 l gi EOWE‘:\: G‘ ] BYT &nNDTPE:‘Q ™ | o
R4 S [N v
6. REC. /36 SR wry |CMS40@0 " ; CMS 40202 ‘ Sl dS
. - RN IS g T
. % an 4 Rz4 5: : .
<
< gm 1; L o Bt
T R2S
<
RS Ri6 od » >
.'.'. ‘vv‘ 4 o b
RZ S 3
waed | cod P9
2 N 4 B "
e Eoose |®27 2
e - s
R2S E: ca $R30 1—-3—-0—'
n * - N
<
®2y ¢




CMM 20061/1-12 incl.

" CMA 30244

CMA 30006
APPARATUS SCHEDULE APPARATUS SCHEDULE
RI 180oa 15% Yaw HS.| [ , o]
R3,R2 25a %I VYaw HS.| |R42 10Kk t5% Yaw H.S.
RIO 100a *1% Yaw HS.| |R43 4TK  15% Yaw H.S.
R5,R4  13.a 5% V4w HS.| [R4Sw-s1r92K 1% Yaw H.S. |
R 220a 5% Yaw HS.| |[R49 924 1% law HS. |
RT,R6  62a *5% YAw H.S.| |R50 1.5k 5% Yaw H.S.
RI2 430a 5% Yaw HS.] |R52 I150a %0% Yaw C. |
R,R8  33a 25% Yw HS.| |R53 €80a 5% ‘4w HS.|
RI3 olon 5% Yw HS.| |R55 2200 %5% YA¥ H.S.
RI6 302 1% Y4w H.8.| |R62-R65 10a  25% Y4w H.S.
isi-Auel. JR18 656a *1% Yaw HS.| |RG6,R67 150a 15% Yaw H.S. |
RI9,R20 /20 a %1% Y4w HS.| |R69 15  *10% Yw C.
R2! 00 n % Yaw HS.| |CI39 2uf  225% i150Y MR
Ri4 (Ass®) 14700 %1% Yaw HS.| |CHLO0L0I O-Luf £25% 150Y MP.
RIS (A533) 200 t5% Vaw HS. | |case 'BOOpF  £5 % 200Y S.M.
RITASD 0N 5% Yaw HS.| |caBCe8 1uf  £25% 150Y M.R
RI7 (Ass2) 240a 'S5% Yaw H.S.| |c54 0-Suf *25% 1S0Y M.P.
RI4(A552) 8754 1% Ysw H.S.| |C56,C61 470pF *10% 350Y SM.
IR22(A%8)) 41400 21% Jaw W | |RY4T K22 S.T.&C.
gsi-akbg |RI4 (ASS.L) 4-06Kk 1% Yaw H.8.| |VT46 CV7003(0C44 MULLARD)
451-e3 RZ%[A&&!.} 1090 t1% Vavi 1S, | {VT57860 cv 7006(0C72 MULLARD).
RI5(A$5.]) 50a %5% Y4w H.S.| [T51 ~ TC 953424 ‘
R17(A551) 55a 15% Y4w-H.S.| |TCT70 (ASS.1) CMZ 40404/}
TC70 (ASS.2) CMZ 40404/2 _
T TC 953423 TC70 (ASS.3) CMZ 40404/3
SKI TCO94242 TCT0 (ASS.4) CMZ 40404/ 4
TCT70 (ASS.5) CMZ 40404/5
TCTO (ASS.6) CMZ 40404/7
TC70 (ASS1) CMZ 40404/8
TC70 (ASS8) CMZ 40404/9
TCT10 (ASS9) CMZ 40404/6
TC70  (ASS510) CMZ  40404/10 |
TC 70 (ASo) CMZ 4D404/1
TC 70 (A55.12) CMZ 404-04-/12
2] 3 12 104Kc/S AMP
1) 3 " G4 Ke/3  AMP
10 ] 10 T2Kefs AMP
9 2 ) 1S Ke/s  AMP
8l =2 5 114 Ke/s  AMP
7| 2 8 £0 Kefs AMP
[ 2 7 66 Kefs  AME
5 2 © 65 Ke/s  AMP
4 ! 4 120Kefs  AMP
3 t 3 08 Ke/s AMP
2 ! 2 96 Ke/s AMP
| I J B4Kels AMP
ASS AS5 DESCRIPTION
ASS|CMA 3024 4CMA0006

CARRIER AMPLIFIER
TRANSMISSION EQUIPMENT

CM52006I




CARRIER AMPLIFIER
ES/CMS 20061
ISS 9. Sept 1964

o . AMPLRIER PART OF NPT & OSSTRIBUTION CARD.
CMA 20244 O% 30006 . e
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ES/CcMS

s

D

SU

20062

E 4

451-9£93

s

CMA 30248 CMA 300S
APPARATUS SCHEDULE | APPARATUS SCHEDULE |
Ri (A35.123) 180a 5% pw HS | |R4,R6. 168n 1% %w HS
R3 (A85.123)  T8n 1% %wHS! [RS 156n 2w WS |
RA2 (R$5.123)  7-5Ka 1% Ve WS ] RTRG T B2n 5L gy WS
L 13%:]  300n %55 Yaw HS
Ra4 (A€ 12.3) 6250tV gy, |RIO,A12 43n 23k Ypw HS
) IRM 6B0n 5L ey HS|
TRAS(ASSA2Y) 75 *1% Y%w W] [RI5_ Sip %5k  %w HS
[R55 ($5.1,2,3) S:in £5) Yaw H$ R4 ISa 5% Yaw HS
[R46,R49(A%5.3) 2600 *1), Kw HS| |RIB_ B20n t5% Yaw WS
R4T,RSO(ASSY) 60~ T1% ‘%hw HS, [Ri® . 3300 ¥5%  Yaw 8S
iRa8,RE1(ASS3) 28a +1%  Yaw MS| |[R2i,R22 4Tn  #5%  Yw HS
'Rszgnss 3) usn 1], YawHS| (R24 2200 ¥5% Yaw NS
G572 | REB(ASS.3) 834 +1% Yow WG] [R26,R29 4Tkn ¥5h  Yayw HS
sscasn] RS4(ASS3) " 38n r\), YwHS! [R27T 100a  £5%  Yaw HS.
| TC41(ASS.Y oMz 40403 /1 R 290n 31SL  Yaw HS
[ TC41(ASS2)  CMZ 404032 PEVE 508 5% Vaw HS.
[ TC41(AS5.3) €Mz 40403/3 | [R3TAIE A4Tn £8%  Hw HS
C56. (ASS123) 16AF 220% 25Y. TAl |40 300 5% Yo HS
| [CiM,C28  ix¥F *o5T 150¥ MP
c 25, 5,030 Bo0pF 5L 350N SM. ]
€32.C36  O-OF £20%, 200N MP
Tie  TC953422
T YO os3421
NT20,VT23 0C 72 (MULLARD)
¥T36,VT39  OC 28 (MULLAGD)
Rs7  1BOR %5% AW HS
6 B
5 | ‘
4 |
3 | ASSEM. 3 |ASSEM, || 20Ke/s CARR,AMP
2 | ASSEM. 2 [ASSEM, I | HoKe/s CARR.AMP. !
! | ASSEM. 1 | ASSEM. | 12Ke/s  CARR:AMP —
ASS | CMAR0248 | CMA 200G DESCRIPTION




CARRIER SUPPLY AMPLIFIER

ES/CMS 20062

ISSUE 4
PART OF AMPLIFIER AR
v on, Anpurs AMPLIFIER CMA 30015 PART OF AMPLIFIER
cas TC 41 RATIOS
n% 2 ASSEMBLY m n
wy 1 (12 We/s) | 1-31 1103
i R26 L 2 (16Kels) [ 118 {777
i e 3 (20Ws) 114 |81
|
1 : 2 |e RS
E i & :'AvA O -2V
3 po27 | w 27511
—————p 44B 248 148 27 | BB - __‘;-75:!
- T3}
€ 6 wmR  Rownm AT ROUBRO R2uzy 5, | Py Ay RAB 22 .
~ A AAN Qe =15 4B { YO 08 00
S SR W WS e | e e foatar)
i I I . i]g_( ¥4 oo SRY SR Res RS 2 ’
Ay 24 9 WA-AAA O s 9500
R H RS a8 Ri ) ,\'é: - ~I 2B {10 92%/s 1)
INPUT - v"‘;'j!‘ 2 o 4 -] 3, >
y 18 | T 4 |
TEST zqsu ! PG n22 33 R52 RS4
i | Ii» Yool NP ~1048(TO520 KA res)
7 ! H , J T s N C‘J T2 niw
O 4 4 . 2 B & AN i <q‘ \3})\;'\'2. ii"-z
8 | . P ! T B G - -
0 S— I ~ . % i
ag . %RS’ W ¥ Pl + - ]
oUTPUT.2 | ; u: 7 VR 9 ; < 4
: s 4 J I Vit U L L 2,58
- o . - | g : 2ass SpeT  $RSO S AS3 8.0% MODEMS
(woTr .t} i "
w0 |
D
. L!‘ 133
o : s
. R29 K2
. Hani— ¢35 41
N 18 geonme
[&1+] LH] A
20 20 N
_0___________0___4» u_1i'1 TEST
3 come
NOTES :» .
¢ . | TAGS 9810 TO BE STRAPPED ON RACK WIRING
WHEN OUTPUT 2 15 NOT USED.

CMS 20062



APPARATUS SCHEDULE

RZ 12K * 2% Yew HS
R3 47K * 2% VaW HS
R6 1K * 2% Y4 W_HS
Rit 192K+ 1% Yo W HSKSI-U47S
RI3 220a * 2% Ya W HS
RIS IFBK £2% YaW HS
R22 54K * 1% VY« W HS
R27 100~ *2% Ve W HS
R28 12K £ 2% VYa W HS
R30(ASS) B2 t 2% VYa W HS
R30(A52) 53Nt % Y= W _HS[4-9S712
R7,R2¢ 47K +10% Ya W _C
RS IBK  *2% YaW HS
RIO 0K *2% V4w HS
R23 82K 0% YawW C
R32 180 210% YawW ¢
CIL,CB 0-254F £25% 150Y MP
Ci4,17,20,26.0 54F £25% 150% MEF
Clo 0-06uf £20% 200° MP
C3l lwF  225% i50% MP
¥TS,/2 0L44 {MULLARD)
¥T26 0c 72 (MULLARD)
MRIB, 19 5X640 (GEC)
TC4 CMZ 40400/1
TC25 CMZ 4040:/!
xL20 TC 94099
R332 7502 f1% Yaw NS
RY34 L 94462 A
35 27 R 1% YaW. HS.
R30(A553) 50N T 1% VA W. HS.
230(A554) STLECTED ON TEST (NOTE 1)
RAC(AZE) 2000 T 1% 4W. WS
R30(AS5.0) R0a %1% V4W __ Hs

Ki TC 9472872

ALL RATINGS SUOTE%OBEE JOINT
APPROVED.

SERVICES TYP

SCH. STACKABLE

12CH.CABLE OR %v WI2H.CI126

GCH.RADIO. RGA

BCH ©/w W3C.

Riwlaiwvie

3 825 Kk 0SC (BCHANY

3-825 koS OSC

ASS

DESCRIPTION

NOTES i~

i R3O TC BE SELECTED ONTEST FROM 222242 CR 272 ON ASS.<3 ONLY,

3.825 Kc/s OSCILLATOR

ES/CMS30007 Issue 8

R7 R3Z
WYV ZAAA——Omm - 12
- a7s.
i ' "I 4.1 i1 y
RZ RS RI| cat R22 R23 R ouTPUT
f 3w \al N w 4 ~3q (7
v | L Y s G
t_—z__JTC“* R33 RY34 29 teis s
RALK
* 8 > =
_l,: I y w3s
Ci VTS w vTi2
T Ve,
N
\i == Ci7 Cilg=
‘; w
SR3 <“m; i
- ‘out
4
+
MRI8 MRI9
24
13 o comm
+vE
(4]
i




APPARATUS SCHEDULE SYNCHRONISING CIRCUIT
ES/CMS 30018. ES/CMS 30018

Issue 3 5.10.61. \ issue 3 5.10.61.

APPARATUS SCHEDULE - J

= 17Y - T !
A Ta_ 5% zw HS
R36 8205 0% w4 C 4
@6, 3 6 BK 0% aw & 1:97 =8 SRS
=T - M N
EREEY) z 2
o = 3 X3 Tid ! AP 2 -
= = T 5 (vTe cr7 i
= 7 Lt [3 Nt '_34*'\? it 6 B VI H 250x7004 F‘ﬁn
F z alis " A 7 245 o i ﬁg;,fé I
S Z glis RS H=J P Lo .l g;;:
R * 5 1951~6G8 T2 ahg ! K“rs B Ss T ooy | =77
2, H 5 5K &% » b= ‘g E: 3 g :é :” Mlﬂrg < ;ii % bt
3 oy S . d > > 1 i < >
2‘ [ > 3T o 22z Sl R6 3. o 8 i 9 i . 3R5 | SR l , Fhe_3 '
=) TS NEUT =2 N it -(_;‘} N 27 R [
&x 5 g = sbed ge3 | g == A —i $pm o
Z787 = e x ?} o u i_‘ b3 gr30
£35 b ) Hat ] i ) i i N
= ‘s
K3 5437 e
3 =
T4 733 M+ =S ¢
T3 :"‘239 PROSS—
VIS 20,29 40 XC4a4 MULLARD 733 :’u' |
: =z [=14

Qie T 72248 NIRCY ﬂm F! VTZ0
33 M2 353025 . ) :g ! ] 3y
[ 2% £.0°%  aw = 1S 2 )
25 Zx 2% 4w BS K3z OF =E o TEST ‘smzml‘iu

NUT o 14 ;'64 ?n 4 P

§ '§ a5 - R4S =m=L42
$ < .
NOTE = - ) Houd ) i

Al RATINGS QUOTED ARE J0%T
SEVICES TYPE APPROVED



TRANSMIT HYBRID CIRCUIT

ES/CMS 30024

30.11.61

‘Issue.4

APPARATUS SCHEDULE

ES/CMS 30024

Issue.4 30.11.61

[3]%

= 1N

T EQUALS ‘
. MEMIT HYBRDO
ASS. N2 DesCRICTION. -

APPARATUS SCHEDULE
283a 2% Hw HS.
835~ 31 My HS
5a 217 Bw WS
X 953210

TC 953209
CM2_40005/!

CMZ 40500/1

nf "

REE 5'%

ALL RATINGS QUOTED ARE
JONT SERVK.ES TYPE APPROVELD

ASSEM. | T, Frca. A
mngsm s’

PERd




AMPLIFIER

ES/CcMs 30026

ISSUE 7. 29.4.65,

e e+ et 0 e e < R RZ3 o R85 . .
¢ APERRATUS  SCHERAZ ; [ ot o -
| SR bty ——— . » .
e i0%a_trh v _ w3 Q5-ASuR b L5 = T A 3t
{Re 22 &0k 1% JYaw _ M5 4 r. {
P RIA ZIx 5L _JaW___RS b
o R L ‘L e - ;E
s - < : iz
Ry wa T4 1% <%
" g 31 !z
ale i
o f o 3
- HE s
-
4t 2wk i ! a4
KS il , ] s 7 :
we i) le ’ v i .
o | rez she vis | F o : i :
HS ks B 212 | e | P ,
s IEE Ziz 5 - . D b mees
! SM R zhe  spcne b - ; =as == :
(G N R SmM Rt s ::m ; :7161 : “iv'.‘ £ .
O3 0E 10 % sov 8T 75 12 P ke s E s A : ;
X 207 sM ey giz i é Lo Rse; Y Ras ¢
G0 wr S1-10% SOYICE TA ALL RATIMGS QUCTED 2 S18 ==¢s ¢ 2 L 3 ———
BT L% 1! TCL Ta APE JONT SIR/CES g B2 2‘r, H R i H
3 470 5% Vew  wS TYPEARRRO/ED s 55 E :r s e i i
g . Cs Bt o
(37 30w 155 XY sM s ] 1% i i T
e BIo% 35Y ST . < i !
ok CT IOV TCL TA <+ et :ﬁ L3 e | !
AT o WL 2O¥TCCTA Cl ;
L4504 W0 IS5 MO SM v g
: B2 s p—
. Yooayes3s °.e “' z
7 % mriaye %_? ‘
- - ) i
T - — T 2 e !
ASBABELT 6 - . — o | 5
» s an i i
ASS LAGaS Vel . — i 3R ﬁ;‘; '
4 _ - x: N
(L —— 5 x ey "m\Lw J
Lo i o - " ‘:s-‘.s_:g':rﬂs .
Las assess T ! 2oy .
VI, T4 VTZS (045 MXLARD ATTED Ow ’70_5:23 ’.'5
| vra G T MRLLARD | asrowr | o .
CRYGA T . ;75
Gegs L EIMe R $em  $em c38
gesemows T g ——) 2ok a3 TR 4 ‘
Lan L |13 A3 2 POR 2OVWG. dw o tw B
s aTo 281 0Y SM D ase3ey i "
ASSFATRE . (648 350 T3% 4 WS A3 ASSIroREOYWNE ‘ ! )
(G0 T2 F £ 20% 20 5T 1 AEig _L
ol % 08 v/ Anr( 75 AUT) =
- A% 85 N
16~ 108 Refy AvD. (3% a0
. DESCRPTION




APPARATUS SCHEDULE

R2_ 82K % Yew RS5 |
R3 __49a Yo Cuww|
R4 _ 5ia

RIS S6a 257 Yaw  n.5.|
RI7_ gocn Yo% Yaw <. |
ce 8.t

1207 i2¥ TCC.TA-
(<] TRIMMER  (DUB. 5M22)
VT5,VT6  OC7Z_(MULLARD)
LIO(AB) T 28817
MRIL§2,13,14 _ OAS (MULL
TiI6 T 953427
TC (855 CMZ 40403/1
TCHASS I ICMZ 4C40S[V
TC {455.2)CMZ 40409/2
TCHASS2)CMZ40405/2

LIO(AS52) Te. 281621

ALL RATINGS QUOTED ARE JOINT
SERVICES TYPE APPROVED.

SUB-GROUP
HARMONIC GENERATOR
ES/CMS 30034

ISSUE 5
[<-]
”
s REQEY
o %7 +
_ T i A g g8
i“”b - " 1 v
22 : s V15 c,{llg :
;r';; &M = ’;\:i .~_____’ i
T, e = |
]t 1 {1
,’?i‘,’: ‘i s 3 A 3 ,qg” v e
4 N NP H 1 w
i‘l'g i %a Lio
i il ]
et Vvié i
l 2 2 ‘;,‘ 4 IE]H MRiZ
R S - ! i s |
L . .
= 71,6 .
= !
® ]
3 i
S oo :
1Ca
8

orPuT
ooD



CARRIER SUPPLY FILTERS

ES/CMS 30038

APPARATUS SCHEDULE FREQ
FI {ASS& 1) CMZ 40204/ GOxels
Fi_(AS5.2) _ CMZ 40204/3 96 kefs
Fi (AS5.3) CMZ 402042 84 kels
Fi (AS54) CMZ 40220/1 24 Keks
Fl (A55.5) CMZ 402211 80 ks
Fl {0\1\5527; CMZ 40221/3 180Kefs
iFi1 . &,
!}2 (Ass 3) CMZ 40204/4 108 kdfs
iF2 (ASS.2)  CMZ 40204]5 120kcjs
iF2 AS5.8). CcMZz40204[5 1120KK
Fi (AS5.8) CMZ40204]4 ==z
F2 (ASS4) CM240204/4 {108 KA,
F2 (ASSS5) ~ CMZ40221/3 | 180Ke/s|
F2_(AS5 10)__CMZ140204/2 84 Kis|
Fl (AS59)  CmZ40221/4 104K
{Fi (ASBI0)  CMZ40221/4 104 Keid
[Fi_ (AS5i11) _ cmz40032]i 20K«ls |
1 | 20 Kis FILTER
10 | 104 Kcjs8 OAKeps FILTER
9 | 104K¢s RLTER.
i 8 | 108Kkels&1Z0Ke/s FILTER
7 180 kefs FLTER
6 108 kefs FLTER
580Kk & 180Kels FILTER |
4 | 24Kcls & 108Kk FILTER
3 | 84is & 108kp FILTER
2 96kl & 120%)s FILYER
1 6Okcjs FLTER
ASSEM DESCRIPTION

ISSUE 6.
Fl
9 |4 ! 5
B E—— OO
mib‘%oi'(kfém) (
ouTPUT - (M5 40220 (AS5.4) { INPUT
CMS 40221 (AS5.517) {
8 3 540032 (A551) 2 |
—-———‘-‘——P
(EARTHY) L ) t Féarn-n’)
l 1
= L
- i
2 !
- ] X
] 4 i M8
P G . o—-————Fo—
B. P FILTER |
OUTPUT M5 40204(455234 ‘6) | INPUT
CMS40221 (ASSS5) P
: 13 3 3
(EARTHY) ! (EARTHY)
20
-—o————-ﬂp
NOTES:-

.. FILTER F2 15 NOT FITTED ON ASSEMBLY 1,607,981

2. DOTTED CONNECTIONS APPLY ON ASS 2&3

ONLY.



APPARATUS SCHEDULE

ES/CMS 30206 ISSUE 3.

APPARATUS SCHEDULE

K16 6801 £5% W HS
| R2 3300 5% Ww. ___HS]
23 1ok -*5% VaW. H.5 1
R5 2.8k 25% W, H S
|26 22K 1% aw. H.S
57““5911 1% AW M5
@8 Ik *i%vaw. H.S |
212!22047& 11% V4w, H.S
214,12 r.na GBK * 1% AW H.5
216 33K 2 1% Vaw. H.S.
R2Z GBa * 1% VAW, H.5,
223025 - 2500 3 5% 4 5W PAINTON 30IA WW.
 CICI0 \nF 229% 150V - MP.
€9 100uF 1 720%Gv Tcc 1A
[ CHTI9 50uF 120% 12v DUB TA.

VT4 oc44 (MuLLARD)

\ms VT2i 0c72 {MULLARD)
 MEZI5, MZI7 0495 {MuLLAZD)

RZA, BB TC 99429

C77 754F Y26% (2v Tcec TA

C28 O 1uF1257% 150V M.P.

ALL RAIINGS QUOTED ARE JOINT SERVICES
TYPE APPROVED




RINGING GENERATOR
ES/CMS 30206 ISSUE 3

R26 |,
W - r2v
2A
22 )
VTI3{
OC72
s i
c" ™~ l
 TmizeER
N ™M
INPUT N . , &
243 Q8 Sy
3 L B S ) T e Y
=0 —— — F O SriceR START
{  s—————AAS— s f - Ot
e ' - 2
P . RINGING
MAING 4 . © T SuPPLY
(=N bl - - ‘
FRES. =V - 3 oUTPUT
tNEUT, 2725 o8
L m_7, Nﬁhu - T ’
224 o

(cMS30206 |




[ Appamatus scugpLE

| R4Sy d *s:;%j,a 43,
BGAmIEY) 2700 15% lw HS.
28(8IK3) 152 % Yaw L
[ SOA T3 oW WS
mopst o4
212 L7y
+, ?l!,ﬂlé 6-9a
L s m.u.
{mie,a7 _®za
TR “ofoa I59% Yw LS.

m@.uzo 438 3% Wn ms
T

e 5c985267

Twez | w258
_L7(Amns) rezeicue

B 1{ASSIRE) CMIS0800]2 ]

T Ealesnt)emzoooell |

w3 igsi-aeid

{ F2t fesasd) RLAOEYY
T (AsA230) TUSS3ZZ7 __
T17 rmazeei e inicss

—————— v o

Al RATINGS QUOTED ARE JOMT
SERVICES TYPE APPROVED

GROUP MODULATOR/DEMODULATOR

Issue 5

ld

1]
e 1 2029 h._m7 zwz, aEié 213
(’:;:z'*)mw
755V Assaz
21

ES/CMS 30209

14.2.62,

SEY MOTES 162
1B
(2l o o
.‘.._.:: = 4
Py e
NOTES -
L lan?.ns TERMINAL STATIONS CAPIRER SUPPLY I8 CONNECTED T
[ TAES 1S $18 WITH 18 mw TAGI7. AT Fﬂo&sme wgwn
STATIONS CATRIER SUPPLY 16 CONNECTED TOTAGS 19 18 .
zoN

3

THE Sép PAD 1S FITTED, STRAP ACZDYS TASS 31 34 ALSO BN 7B NOT
e,

m’?;v mmmsns AND u nbmueme
c«m c.on& z il




APPARATUS SCHEDULE RINGDOWN RELAY CIRCUIT

ES/CMS 40903 Sh.1 ES/CMS 40903 Sh.1
Issue 6 8.11.61 Issue 6 8.11.61.
3 v@ i s s Dol mrtRariz 86 N
INPUT L (RR? b
APPARATUS SCHEDULE 2 P
o T " P L
244 ©25% 250 wMP
_. X 9525 . H (9 s
RELAY RT  JRJ 603 (8-2R
RELAY RR  JRJ iO!13 Al- 2R
*
3
3. | RING DOWN RELAYS (ZWCIRCUTT) . 8t s
2. ] RINGDOWN RELAYS (1 CIRCUIT)
1| RINGDOWN RELAYS(I¥&Z CIRCUITS)]
As5.] ~  DESCRIPTION 1060) o 2 s ‘:m ‘
R4 Yz 1 4
I (2) 2
VA6 2 (A6 2)-Rlb-RRD -1k J
E——sw—-——@
Ll 0§ “@1" } L o 247~
"R
e 2 O8N [ N2 | s :]1 2 ® D et
56600 —e D05 P
NOTES

L ALL WIRES BEARING A COLOUR TO BE 25 SW5. 1O SPEC. 53000
UNLESS OTHERWISE SPECIFIED. THESE WIRES TO BE MADE UP
INTO A CABLEFORM. .

LOCAL WIRING TO BE 255W6. BLACK TOSPEC. 53000
ADUACENT TAGS TO DE STRAPPED WITH 28SWG B.TC.

4. TWO CIRCUITS PER CARD. NUMBERS IN BRACKETS REFER
TO THE SECOND CIRCUIT. M‘

oo

ON ASSEM.2 TAGS 15-18 & 16-2] ARE TO BE STRAPPED.
ON ASSEM. 3 TAGS 0"'6"7‘32“ TO 8K STRAPPED.



2W/4W V.F. HYBRIDS

ES/CMS 40904 SH 1
ISSUE 5
ENGINEERS NOTE:-
WHEN A NOMINAL BALANCE |S USED,BAYS WILL BE
SHIPPSEE:IIHP"{ES 115110’?*! 2 TS} 9-TSI 10 STRABPPYESD 5 112)
WILL BE SHIPPED WITH Tsms Tsﬁw(Ts:/s ¥s1/6) f - = o
STRAPPED. -
8-BN 2(3)
A2 (€] Al
1T ;:1-4?‘2 4
(211 i
0@ e PLz C4p A3 AS 9 B¢ $AS A6y
18070 ¢ K1~ 05} '\
(;) (g) . ®
2 WIRE aq OO R of &
LINE 90(12) sKi zZl 2 I al @
8(i9) 0-BN o 205 e § J cen . 5){@
® ~—o (@) 18 . . . - -
APPARATUS SCHEDULE o-8N (TT:?)
RI 600 1%, /oW HS Fasior
Cl 0544054 3207, 350° M P MATCHED PAR ()
c2 Y T207, 350Y M P][ TC 685006 sta) s I - 6(A)
—— . b S
5K TC 94247 o-si&m 7 7’
pu 71/3)
TI.T2  1C 952601 (20FF 1€ 952600) o 5 ”;:Z’cc’g) (2c1 )
5] 4 -
vi22) ’-gg'ﬁ) i i 3o—ef| ;
{cz a} A3 rn ai
172 , ”r
(21'2)':"4,2.2 l
A2 ¢ AL .
8-5 3(14)
oW 4(%)
NOTES - )
| ALL WIRES BEARING A COLOUR TO BE 25 5WG YO SPEC. $3000
UNLESS C%rzssggga SPECIFIED THESE . wupss 10 BE MADE UP Rt
EARTH -~ TAG 20211/E - 2TYE a—2

2 LOCAL WIRING TO BE 235WG BLACK 1O SPEC 53000

3 ON ASS,182:- 2 CIRCUITS PER CARP DE SIGNATIONS
SEQOND CIRGUIT, ON ASS.3-1 CIR PER

IN_ BRACKETS REFER TO
ONLY,

4 ON ASS.| WIRNG SBONN THUS ——  —— APPLIES.
ONASS 243 WIQING SHOVWN THUS — 0 —— APPLIES.

m/e m2/e

TRANS
o00a

BALARCE

REC
600a

CMS 40904




APPARAT

ES/CMS 40907

US SCHEDULXE

SH.2.

Issue 6 16.8.62
[ 7 TAPPARATUS _SCHEDLLE ‘
68300+ 201200, 23_mcr
M M2 2R 2! {FERRANTI)
MRA TP 5L 22N
3 YC 950503
VT O0C29 (MALARD) |
VT 14 VTIS OC20  (MULLARD)

N y—
CA9  @OuF t707  25Y TCLTAL
5% UWw M8
Y BN H&
5% HW  HS
2057 3W({PNTON 206AN
{704 L5% an M.5_]
57 3w (MNION_306A) |
07 Y
ez som0ur | o
M 4107, an [
20’ N <
1107 W [
1% 1501 NP
120% 12 TCLTA
MR OAZ 204 [MULLARD) |
L7 Vo 0c72 (MULLARD)
R23 25741 &% 2104 117 3w !PANTON Fe%)
R34 28 4145 1564 17 In IPUNTON POST
WJ&G"W R3135394347 39 a 17 I IPANTON FRO6)|

TTETOMIE ek

1207 6! WLTA

A 1230 58N BAS
A5V B WIT 20¥

ASSEM DESCRIPTION




POWER SUPPLY UNIT.
ES/CMS 40907 SH2.

Issue 6 16.8.62.

R Jnewe SWGE BT 25 $WG ZPEC. S300C
. - ] mra R 72 B I05W S SPEC £330 ey JoSWESE 20 SWEEIC 23 Sk
. T CVEN SUPRLY VTIAC -MCIA-YTIIC-TAG S - TG G ~ThG T~ VTISEC [SITEY 5-E33ID-E557p - ESHO E85 Ao- M A2 ,F550, 8
Q;p O-5A !;;Aggcpogf‘w::%c? : l_ i 3 5 S50 o _ AT
s EXNPLANATC I VTi4 s - _—E_—_‘W
i soueame] FURPOSES —{m i S 3 s —- MG ——————e - . . — s
1 L ® 20! NF3 l(‘ ‘ -] ) | 2 ‘ FSH o v 1
s S | CN H 0y H . RITA . 3
! 4= . H : B gl T i i 2ot gome
I en Ll i R B | |
aie ic\_@( st . W oo & R ! ] A A -
g il | & i | ro—Ro—olps—
< N - — v
=10 [ I Ban? o1 l vw?’ Wl : i i
8 tay (o o HPDE s Y {, > 3 ! $2avy T |
£l Py ( - > i i ' ‘ > _,@)E i Zaz gmu R37 Sea €45 RSt Yo |
b=} 'E . i 4 R < . . ) i
gt : o PoUTR il e ame | ) | ezl fens | o] v l
(g::o ] “ , :4»;,1 { ,{ N ] 2 Bea %;:\' Z5 -5 28 -5 - O /9'; ' ; 50-6“; F554, ., i
-3 f : o i jmee ) ) : ! i l Y ! i Ro—ot o )
\ % ! S FEOUU | : { x
g : : ss2 § i 2 2 i ¥ $her é:,;“ H E I Ty | S2pne s = ;;;;’? PuTEST
\ leg vy | i ! Pt [ ! v X vau S
— T e | i | R Py e BT
N : . i P $ i T ot N 315 enrEST
—_— ' P 5 ! ﬁ: ? . ¥ =/ § ;0! & [ S | ., — [-533 15; 4/’ 2
P i Iy R < $ o1 Q247 . P re Sue7/i
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NOTES:«

SPEC. S3000 | - i Asasony
TG WRAe-MEA - Rebo” SKETO

L ALL WIRES BEARING A D% 1O B za,swa 10 SPEC_ S3000 7 ALL YELLOW WIRES TD € N 2C SWE SPEC.D3000
UNLESS OTHERWISE SPECIFIZD, THESE WIRES TO BE MADE P
,‘mmzwmuwasﬂm h.e]
© CARDS M1 8 MC2 ANO

ON  ECCESS

VRA B ¥7i3 FOR MANTENANCE
2 LOCAL WIRING TO BE 23 S.wG SLACY TO SPEC S3000.
3 ADJACINT TAGS O BE STRAFPED WITH 23SNG B.T.C.UMESS OTHEQWISE SPECIFIED.

4 WHEN STANDBY BATTERY WORVING I8 NOT USED STRAP TAGS 56,714,185 556 DN ASS.<. .
AND TAGS 56,7,14,15 516 AND TBGS 12572 ON ASS.3.

S. ALL PEDWIRES U SE 20 Swa $EC SH000.
©. MU, PGS L MIG AN AAOCIATED WIRING ARE FITTED ON A% § QoY
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