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The London—Birmingham Coaxial Cable System

Part. l.—Description of the System

Introduction.

HE recent advent of high definition television
I has presented communication engineering
organisations with the problem of providing
land lines capable of transmitting television pro-
grammes to different parts of the country. The
problem consists essentially in developing a trans-
mission system capable of handling a band of
frequencies ranging up to 2 megacycles per second or
more, with negligible attenuation and distortion.
Once the necessity for such a system arises it becomes
immediately apparent that, in view of recent achieve-
ments of communication engineering research, the
system might well be applied to multi-channel
carrier telephone working ; whether or not such an
application is desirable becomes a matter which must
be settled finally by various economic considerations.
The practicability of constructing such a system
had been studied by the Bell Telephone Laboratories
of the American Telephone and Telegraph Company
for some years when, in 1934, Espenschied and
Strieby? described their wideband system, in which the
“go’” and “return” lines each comprised a single
concentric or coaxial pair. Stated briefly, the system
utilised the range of frequencies from 60 kc.p.s. to
1,020 kc.p.s. for the transmission of 240 circuits,
channels being evenly spaced throughout this range
at intervals of 4 kc.p.s. The coaxial lines had an
internal diameter of approximately 1 inch, amplifica-
tion by means of repeaters of the negative feed-back
type being provided at intervals of 10 miles. The
influence of radio technique on the design is seen
particularly in the channel filters in which the piezo-
electric coupling between the electrical and mechanical
oscillations of quartz crystal plates was used to
provide the equivalent of inductive reactances with
much lower losses than could be obtained by the use
of inductance coils. The equivalent circuit of a
vibrating crystal plate involves capacitors as well as
inductors and the manner in which these are associated
made. it necessary to develop a special technique of
filter design. More recently a description of the
experimental system installed between New York and
Philadelphia has appeared.2
The mathematics of the transmission of alternating
currents over a concentric system of conductors was
fully worked out by Russell in 1909 but it is only in
the last few years that this arrangement of conductors
has come into prominence as a high frequency
transmission line, although concentric lines have been

1L.. Espenchied and M. E. Strieby: ‘ Systems for
Wide-band Transmission over Coaxial Lines.””  Electrical
Engineering, 1934. Vol. 53, p. 1371.

*M. E. Strieby : ‘“ A Million-Cycle Telephone System.”
Electrical Engineering, 1937. Vol. 56. p. 1.

in use for a number of years as feeders for short wave
radio aerial systems. For reasonable cost in transport
and installation as underground lines, it is necessary
that such cables shall be flexible enough to permit of
being wound on to drums like present type telephone
cables. Flexibility has been attained in certain
designs by forming the outer conductor of specially
shaped overlapping ribbons of copper laid up together
in a spiral to form a tube, the inner wire being
positioned with respect to the outer conductor
by means of a cotton rope.

A similar construction can be used for a shielded
pair line which can be regarded as having two conduc-
tors instead of a single central wire, the outer
tubular conductor of the coaxial line now performing
only the functions of an electrostatic and electro-
magnetic screen. The advantage of the shielded pair
line at low frequencies is unquestionable but larger
overall dimensions for an equal attenuation, as
compared with a co-axial line, are necessary.

The freedom of a coaxial line from crosstalk and
the effects of external disturbances at high frequencies
is due to the screening effect of the outer conductor
but at the lower frequencies, say below 100 kc.p.s.,
its efficiency as a screen falls off rapidly and at voice
frequencies the unbalanced nature of the circuit
renders it unsuitable for the transmission of telephone
currents. This is not of importance where a wideband
system is required for the transmission of a large
number of telephone conversations, but it renders
this type of line unsuitable for the transmission of
television signal currents unless these are first modu-
lated to bring them into an appropriate range of
frequencies.

At the present time the maximum gain for which it
is practicable to design a negative feedback repeater
is dependent upon the highest frequency to be trans-
mitted and upon the ratio of the highest to the lowest
frequency to be transmitted. Broadly an increase in
either of these factors involves a decrease in the other,
if the maximum gain for which it is practicable to
design is not to be reduced. Since this necessitates
the incoming signals being modulated to bring them
into an appropriate range of high frequencies, the
lower attenuation of the coaxial line becomes an
attractive proposition and hence this type of cable
has been adopted in this country for transmission
over relatively long distances.

It was realised about 1934 that the transmission of
television programmes over land lines for simultaneous
transmissions from television broadcasting stations
would be required in this country before many years
had elapsed. This alone might have been deemed
sufficient justification for proceeding but the inherent
possibilities of cheapening the cost of long distance
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spectrum.  Consideration of cable attenuation
obviously made it desirable to utilise the lowest
possible frequencies ; on the other hand the difficulty
-of designing suitable equipment increases rapidly as
the ratio of the upper frequency limit of the band to
the lower limit increases. Preliminary experiments
indicated that, initially, it would be inadvisable to use
afrequencyratiomuchinexcessof 4. The 1-6 Mc.p.s.
band was therefore located between the limits of
0-5 and 2-1 Mc.p.s.

Frequency Separation between Channels.

It was decided to proceed with the design of
telephone terminal equipment on the basis of providing
«circuits spaced at 5 kc.p.s. intervals and to reduce the
the spacing to 4 kc.p.s. if this were found to be
-expedient when the performance of the first part of
the installation had been ascertained. The scheme
chosen enables the reduced spacing to be adopted with
-only minor changes in detail. Since the effective
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transmission band extends from 0.5 to 2.1 Mc.ps.
it is hoped that some 320 to 400 channels will be
provided on each coaxial pair.

The frequency band for each audio frequency
circuit over which transmission was to be substantially
uniform was fixed tentatively at 2,700 c.ps.,
although it was felt that at least 3,000 c.p.s. was
desirable in view of future developments. It is
anticipated that even with the closer spacing of
4 kc.p.s. uniform transmission up to some 3,200 c.p.s.
will be effected. See Fig. 4.

The Modulation Process.

Since it is impracticable to modulate directly up
to the frequencies actually to be transmitted over the
cable, the modulation process must be carried out in
several stages. In the present system three stages of
modulation have been adopted. Fig. 5 and Table I
illustrate the frequency spectra appropriate to the
modulation process when 5 ke.p.s. spacing is employed
together with the changes involved in an alteration
of the spacing to 4 kc.p.s. The adoption of the
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reduced frequency spacing of 4 kc.p.s. would increase
the number of channels in each group from 8 to 10,
the band occupied by a group and the arrangement of
groups and super-groups remaining unchanged.

The first stage of modulation, using 5 kc.p.s.
spacing locates the speech bands between 60 and 100
kc.p.s., eight channels completely filling the band.
The groups of eight channels so formed are used to
modulate carrier frequencies in group modulators
which locate these groups between 300 and 500 kc.p.s.
Five groups completely fill the band and form a
“ super-group ”’ comprising 40 channels.  These
super-groups are translated to the appropriate
portions of the frequency band which the amplifiers
have been designed to handle, by means of a final
stage of modulation, eight super-groups occupying
the whole of the band.

An inverse process is followed in demodulation.
Fig. 6, which is seli-explanatory, shows diagram-
matically the method by which any desired
channel is selected from a multitude of incoming
¢ .annels.
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TABLE 1

FREQUENCY ALLOCATIONS

Frequency
spacing of 5 kc.p.s. 4 kc.p.s.
channels
Channel Chanpel Channgzls Channel ghar}nel Channe_als
Channel No. Frequency Frizr;‘;fcy ?f;&lﬁgigg Frequency Fr:(;l:ricy ?rcecélt?e};llgg
Band ke.p.s. ke.p.s. band kc.p.s. Band ke.pss. ke.p.s. band kc.p.s.
1 60-65 65 60-64 64
2 65-70 70 60-100 64-68 68 60-100
3 70-75 75 68-72 72
4 75-80 80 72-76 76
5 80-85 85 76-80 80
6 85-90 90 80-84 84
7 90-95 95 84-88 88
8 95-100 100 88-92 92
9 —_ — — 92-96 96
10 — _ —_ 96-100 100
Chanpel
carmner 5 kc.p.s. 4 ke.p.s.
frequency ©p-s P
multiple of
Group Frequency Group Carrier Groups occupying
Group No. Band kc.p.s. i Frequency kc.p.s. frequency band ke.p.s.
1 300-340 400 300-500
2 340-380 440
3 380-420 480
4 420-460 520
5 460-500 560
Group carrier frequency
multiple of 40 ke.p.s.
Super-Group Super-Group Super-Group
Super-Group No. Frequency Band Carrier frequency occupying frequency
ke.p.s. ke.p.s. band kc.p.s.
1 500-700 1,000 500-2,100
2 700-900 1,200
3 900-1,100 1,400
4 1,100-1,300 1,600
5 1,300-1,500 1,800
6 1,500-1,700 2,000
7 1,700-1,900 2,200
8 1,900-2,100 2,400
Super Group carrier
frequency multiple of 200 kc.p.s.
No. of telephone
channels avail- 320 400
able |
Brief
description of 8/5/8 (5 ke.p.s.)

system

‘ 10/5/8 (4 ke.p.s.)




The discrimination ceanecs
required for the
selection of a single
sideband from the
products  resulting
from any modulation
step is far higher in
the lower frequency
thanhigher frequency
stages. Thus crystal
filters have Dbeen
adopted in the initial |l
modulation and final a5
demodulation stage FREGUENGIILocTeLes
in order that the
high selectivity and
uniformity of re-
sponse in the pass
band characteristic
of this type of filter,
may be utilised.
Subsequent stages use
filters of the more
normal type employ-
ing inductors and
capacitors only. cannens

Fig. 7 is a block o e
SChema’tiC to luuS' FREQUENCY-KILOCYCLES #LR SEC
trate the assembly of Fic. 5 —FREQUENCY ALLOCATION
channels, groups and OF SYSTEM.
supergroups at a ter-
mililalg;rtat?on. For simplicity, only one super-group is
shown in complete detail, the additional equipment
for further super-groups being indicated to a limited
extent.

;ARRI ERS

20 40 60
FREQUENCY~KILOCYCLES PER SEC

CHA&NELS

1

i
id
I

CITTTTIITI]

CARRIERS
'

i
Lii5id
[11

1 1

'
\
|

80

PER SEC

4

-}

100

GROUPS

CARRIE/RS
P T T T T 1
400 500

o 60 0O 300
FREQUENCY-—KILOCYCLES PER SEC

SUPER GROUPS

i
Stability of Carrier Supply.

The application of carrier telephony to such high
frequencies as those involved in the system being
described, demands an extremely high degree of
frequency stability and accuracy of synchronisation
of the carrier suppliers at each end of the system.
The frequency of the carrier reintroduced in the
receiving demodulator may be permitted to differ
from that suppressed at the transmitting end of the
circuit by as much as 20 c.p.s. without reducing the
intelligibility of the demodulated speech materially
although not without some loss of naturalness. On
the other hand, the requirements for voice frequency
telegraphs and for music, which might well be trans-
mitted by merging two or more adjacent channels to
provide a sufficiently wide frequency band, are very
much more stringent, and make it necessary to reduce
the frequency difference to the order of one c.p.s.
This implies a difference of less than one part in two
million between the corresponding carrier frequencies
generated at each end of the system.

In view of these stringent requirements the carrier
generating equipment has been designed in such a
way that all frequencies required at the two ends
of the system are derived from a common source by
processes of frequency division and multiplication.
The master control consists of a crystal controlled
oscillator of high frequency stability which is located
at one of the terminal stations, the necessary link
to the other terminal being provided by means of a
pilot frequency transmitted over the line. The
frequency of the master oscillator and the pilot have
a common value of 400 kc.p.s., a multiple of both 4 and
5 kc.p.s. so that the carrier supplies for 4 or 5 kc.p.s.
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F1c. 6.—DEMODULATION PROCESS.
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spacing may be derived from the master oscillator
without alteration in frequency.

The production equipment at each terminal
employs three synchronised multi-vibrators, operating
on the fundamental frequencies of 200, 40 and 5
kc.p.s. respectively, from which the three harmonic
series corresponding to the super-group, group and
channel carriers may be formed. See Table 1.

Spacing of Repeater Stations.

The shielding afforded by the outer conductor of
the coaxial pair at frequencies above 500 kc.p.s.,
the lowest frequency used for telephone transmission,
is of such a high order that crosstalk and interference
from outside sources or between coaxial pairs is
negligible. Thus, in this system crosstalk and external
disturbance do not limit the level to which the
speech currents may be allowed to drop as they do in
the normal trunk cable system. Since crosstalk and
interference are negligible in the present system
thermal agitation noise developed in the cable and
valve noise become the factors limiting the drop in
speech level that can be tolerated. The thermal
agitation noise is strictly amenable to calculation and
is a fundamental limitation constituting a constant
irreducible noise level at the input of each repeater.
In considering the overall noise level for a complete
system it must be remembered that the noise intro-
duced in the various repeater sections is additive ;

8

the signal-to-noise ratio at the end of a long circuit
will therefore be less than it is at the end of the first
repeater section.

It is obviously desirable to ensure in the design of
the repeater that the intermodulation interference
caused by the output signal level—the minimum
value of which is fixed by the fundamental limitation
detailed above—is appreciably lower than the total
resistance and valve noise. It was estimated that the
minimum level to which the signals could be permitted
to fall, while giving the normal grade of service on
circuits up to 400 miles in length, was 60 db. below
the corresponding level at entry to the circuit. Making
due allowance for future developments of television
technique which might require the transmission of a
wider band than 1.6 Mc.p.s., and such increased
requirements are already being actively discussed,
it was decided to limit the attenuation of repeater
sections at 2.1 Mc.p.s. to 50 db.

The design of cable adopted has resulted in a per-
missible maximum repeater spacing of 7.9 miles,
the actual lengths varying from 6 to 7.9 miles.
The route layout is shown in Fig. 8.

Power Supply to Repeater Stations.

The coaxial tube forms a useful means of trans-
mitting a 50 c.p.s. power supply, and in the present
scheme power is fed over the coaxial conductors
from selected repeater stations. In general, these
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main stations feed one repeater station on either
side, the main power feeding points and the inter-
mediate stations which receive power along the
coaxial tubes being shown in Fig. 8. It has been
possible by this means to reduce the number of supply
sources to seven with a consequent reduction in the
possible number of power supply failures due to
external causes, the reliability of the power
supply to the repeater stations being of fundamental
importance. Automatic standby power equipment
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available for immediate operation is being tried
at the main repeater station at Northampton. If
found necessary similar standby equipment will be
provided at the other main stations. The transmitting
voltage on this scheme has been reduced to as low a
value as is consistent with maintaining the regulation
within reasonable limits. A voltage of 350 has been
adopted, and with this the factor of safety against
breakdown of the cable, which was tested to 2,000
volts in the factory, should be adequate. The power
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Fic. 9.—SCHEMATIC DIAGRAM ILLUSTRATING SIMULTANEOUS POWER AND INTELLIGENCE TRANSMISSION OVER THE COAXIAL PAIRS.
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supply at every main repeater station is stepped up to
350 volts, and all power equipment is designed to
operate from 280-350 volts.

For the purpose of power transmission the four
coaxial tubes are connected, electrically in parallel,
at power supply frequencies by means of low-pass
filters teed together. The high frequency signals are
bypassed by means of high-pass filters. The arrange-
ments necessary at a typical main and intermediate
repeater station are shown in the block schematic
Fig. 9. The high-pass filter has to attenuate the 350
volt 50 cycle voltage so that the power frequency
voltage on the grid of the first valve in the repeater
produces negligible intermodulation with the H.F.
signal channels. The half section, low-pass filter is
necessary to prevent crosstalk at high frequencies
via any impedance in the power supply and the
connections between two coaxial tubes carrying signals
at a level difference of up to 60 db., i.e., a crosstalk
attenuation of at least 130 db. is required. In addition
the low-pass filter has to carry a power current of 2
amperes without undue heating.

Unnecessary transmission of power for lighting,
inspection, etc., over the coaxial cables is avoided
by having a local power supply brought in to all the
intermediate stations.

The High Frequency Repeater.

The possibility of transmitting hundreds of channels
through a single output valve operated at a com-
paratively low anode voltage is perhaps one of the
most surprising developments connected with the
advent of wide-band systems of telephony. The
effective amplitude of speech currents of a single
conversation varies widely from moment to moment,
and if a few conversations only are handled together
in an amplifier it is necessary to provide for instan-
taneous peak values in an appreciable proportion
of conversations coinciding at frequent intervals.
When, however, the number of conversations is
greatly increased the proportion of these in which
simultaneous peak values will occur sufficiently
frequently to have a practical bearing on design will
be very greatly reduced. In an amplifier handling
hundreds of conversations the power will not be
greatly in excess of the average power handled by the
repeater when all circuits are busy.

The use of negative feed-back repeaters theoretically
permits harmonic production to be reduced to any
desired value, provided there is sufficient inherent
gain to allow of the consequent reduction in gain by
feed-back. The realisation of a constant high stage
gain over the frequency band concerned requires a
valve having a very high value of the parameter
(mutual conductance)/(input - output capacitance).
It might be stated here that the application of negative
feed-back to a high gain amplifier working at these
frequencies presents a very definite problem as in
order to obtain even a relatively low stage gain the
phase shift through the couplings is considerable.
Small interwiring capacitances and lead inductance,
which can be neglected at lower frequencies, are of
paramount importance. The gain of the repeater at
2.2 Mc.p.s. must be 53 db. to provide for the longest
repeater section. This does not allow for any additional

10

losses such as that due to internal cabling, or basic
loss of the equaliser.

Provision of Spare Repeater Equipment.

For each direction of transmission between London
and Birmingham nineteen 4-stage repeaters have to
be traversed. For the complete system, therefore, a
total of 152 valves are employed on the cable, the
failure of any one of which would affect all the circuits.
As most of the repeaters are installed in unattended
repeater stations, steps have been taken to secure
immediate continuity of service in the event of the
failure of a valve or other component in the repeater.
A spare repeater is provided for each main repeater,
the spare being automatically switched in if the main
repeater fails.

Equalisation of Attenuation-frequency Characteristic
of the Cable.

As mentioned in an earlier section, the level to
which the high frequency signals can be allowed
to fall is set by resistance and valve noise. If the
frequencies corresponding to all the channels are
transmitted to line at the same level, only the
channel highest in frequency could fall to the prescribed
limit since the attenuation of the line would be
progressively less for other channels. If the output
level of each channel is such that after traversing a
repeater section the levels of all channels have fallen
to the same point, that is by pre-equalisation, the
average power handled by the repeater can be
materially reduced without passing the restriction
set by noise. For this reason, pre-equalisation has
been adopted in the present system.

Compensation of Variation of Cable Attenuation due to
Temperature Changes.

Although the cable is laid in buried ducts through-
out the route, an appreciable annual temperature
cycle is present. Measurements made on cables along
the same route indicated that this cycle would be
somewhat as shown in Fig. 10 ; recorded temperature
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measurements made on a typical repeater section
during the past few months are superimposed on the
diagram. The possible maximum temperature
variation limits assumed for design purposes are :—
Daily 1°C, Weekly 4°C, Monthly 8°C and Yearly 20°C.
The total attenuation of the cable between London
and Birmingham at 2.1 Mc.p.s. is approximately
800 db., a value which will be subject to an annual
variation of about 30 db. due to these temperature
changes. At 0.4 Mc.p.s. the corresponding loss is
approximately 340 db, subject to a variation of about
12 db. The difference between the values of loss at
the two edges of the band amounts therefore to some
460 db., and in this figure also the annual variations
are considerable.

The extremely high cable losses necessitate corres-
pondingly high values of repeater gain and equalisa-
tion. The latter quantities have to be balanced
against the cable loss with the utmost precision since,
for satisfactory operation, it is desirable that the overall

transmission loss of cable, repeaters and equalisers,
shall be maintained within 42 db. of zero.

Maintenance Control.

Certain of the stations have been termed main
repeater stations,and at such stations it is anticipated
that staff will always be available to give attention
to the cable and equipment under fault conditions.
The remaining stations have been termed intermediate
repeater stations and their control and maintenance
is effected from the main stations. The main control
of the system is vested in London and Birmingham
and by giving appropriate signals these stations can
get in touch, over separate L.F. speaker circuits,
with the staff at the main stations and give main-
tenance instructions for that station and its particular
satellites.

The occurrence and location of various failures at
both main and intermediate repeater stations is
immediately made known at the terminal stations
by means of a fault indicating system.
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Part ll.—Description of the Repeaters and Terminal Equipment

TERMINAL STATION MODULATING EQUIPMENT
HE modulating equipment includes all the
I apparatus connected directly in thé paths
between the 2-wire audio frequency circuits
and the repeaters terminating the coaxial pairs,
together with certain other apparatus it has been
found convenient to associate therewith. The functions
of the modulating equipment having been outlined
already in the general discussion of the system, it is

possible to proceed directly to a technical description
of the equipment itself.

R.T.P. ! the scatter being such that less than 1 per
cent. exceeds zero level. The modulating equipment
has, therefore, been designed to handle input levels
on the 2-wire side up to R.T.P. without introducing
appreciable distortion and crosstalk and, unless the
contrary is stated, levels at various points in the
system will be given in terms of the level due to a
single circuit experiencing an input on the 2-wire
side of R.T.P. The level at various points in the
circuit, and the transmission equivalent of the various
units are given in the block schematic shown in

TOOTHER | TOOTHER | TOOTHER |
CHANNELS. GROUPS SUPER GROUPS
CHANN. FILT. GROUP FILT. SUPER GROUP
& MOD. & MOD. FILT. & MOD.
LOSS ]s31db 29db | LOSS 29db TO TRANSMIT
BELOW BELOW BELOW REPEATER
3.5db BELOW RT.P.» RT.P. R.T.P.
R.T.P.
2WIREAF. _RTP. Bsgnliyvprip  CARRIER CARRIER CARRIER
CIRCUIT L0SS SUPPLY SUPPLY SUPPLY
-5dbABOVE
3 5Rd$ p‘_?'o CHANN.REC.99.5 4}, CHANNFILT. g.54p, GROUPFILT. ;.54 SUPER GROUP (|.54p
AMPLIFIER BElow & DEMOD. ggiow & DEMOD. ggrow FILT & DEMOD. peiow
26db R.T.P. i3db R.T.P. R.T.P. ZERO R.T.P.
—1 GAIN LOSS 2dbGAIN LOSS TO RECEIVE
REPEATER
. TO OTHER TO OTHER TO OTHER
* Reference Telephonic Power CHANNELS _ GROUPS SUPER GROUPS

| I
' i

Fic. 11.—Brock DiaGraM oF TERMINAL EQUIPMENT.

The transmission equivalents of the various parts
of the circuit are governed by the following factors :—

The coaxial pairs, their repeaters and equalisers
together provide transmission paths having 6 db.
loss at all frequencies from 500 to 2,100 kc.p.s. The
combined gain of the modulating equipment at the
two ends must therefore be 5 db. for every circuit in
order that the 2-wire to 2-wire loss of the overall
circuits provided by the system shall be substantially
zero. In practice this is realised by designing the
various units in the modulating equipment so that
the transmission equivalent for each circuit shall be
approximately the same initially, and providing for
an individual adjustment of gain in the receive leg
of each circuit so that the zero loss condition may be
satisfied as closely as possible.

The incoming levels of speech from various
subscribers at the terminals of a trunk circuit are
distributed about a mean value of 14 db. below
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Fig. 11, which indicates the apparatus used at one
terminal station in setting up a single circuit.

It will be appreciated that the majority of the
equipment involved in the provision of the coaxial
carrier telephone system is common to groups of
8, 40 or 320 circuits depending upon the part of the
system in which it is located. There is, however, a
considerable portion of the modulating equipment
which has to be multipled directly in proportion to
the number of circuits provided.  The 2-wire
terminations, channel receive amplifiers, channel
modulators and demodulators and channel filters
comprise the latter class. Economic factors, therefore,
weigh much more heavily in the design of these
particular units than they do for the rest of the
equipment.

The various parts of the modulating equipment
will now be described in greater detail.

1Reference Telephonic Power

































faulty multi-vibrators and associated selectors are
replaced. The frequency variation which may be
permitted without operation of the relay is adjustable
within limits.

REPEATER STATION EQUIPMENT.

The repeater station equipment includes all the
apparatus connected directly in the path between the
modulating equipment at the two terminal stations.
In all, there are 19 repeater stations, two being
positioned in the respective terminal stations. Each
station contains equipment similar to that at any
other, apart from minor differences associated with the
provision of a power supply over the coaxial pairs and
the supervisory facilities at the terminal repeater
stations.

A photograph of a cable termination at a typical
repeater station is shown in Fig. 34. The four coaxial
pairs from each of the London and Birmingham sides
of the main cable and the power supply connections
to the repeating equipment are led into a termination
box. In the lower half of this box, protected by a
sliding partition, are located the various filter networks
associated with the transmission of power over the
cable ; details of the networks have been given in an
earlier section. Access to the cable terminations,
on which relatively high power supply voltages may
be present, can only be obtained by raising the
sliding partition. Mechanical interlocks prevent this
partition being raised before the power supply
connections have been removed and an earth applied
to the coaxial pair. The various factors involved in
the design of the repeater station equipment having
been outlined earlier, the more important parts of
this apparatus will now be described in some detail.

The High Frequency Repeater and Equaliser.

The repeater designed for use on the London-
Birmingham route comprises an input transformer
followed by four stages of amplification with an
output transformer (Iiig. 35). The first stage is
provided with a small degree of feedback from the
bias resistor. The coupling between the first and
second stages consists of a equaliser network providing
the equalisation required for a 6-mile length of cable.

The last three stages have feedback from output to
input and also individual feedback on each stage.

The valves employed are high slope indirectly
heated pentodes with a maximum anode dissipation
of 10 watts at 250 volts. The heaters require 2 amps
at 4 volts. The input capacitance is 16 uuF, the
output capacitance 16 ppF and the residual grid to
anode capacitance 0.6 puF, which can be reduced to
0.2 upF by means of a screening cap. The working
mutual conductance is 10 milliamps per volt 4 10
per cent. Much of the success of the amplifier is due
to the excellence of the valve characteristics; a
development which has been accelerated by broad-
casting requirements. The voltage stability is such
that a 5 per cent. change in H.T. or L.T. causes a
change not exceeding 0.1 db. The overall maximum
gain of the repeater at 2.1 Mc.p.s. is 55 db., sufficient
for a repeater section of 8 miles including the loss
in the subsidiary equaliser, connected before the
amplifier proper, which compensates for the length
in excess of 6 miles.

A photograph of the repeater is shown in Fig. 36,
which illustrates the type of screen assembly adopted.
The components and wiring of the repeater are
attached to aluminium screens in such a manner that
after unsoldering the input and output coaxial cables,
the high and low tension leads and removing a few
screws, the whole repeater can be removed from the
panel. This method of construction simplifies the
wiring and permits of a ready interchange of units.
It will be appreciated that the design has been arranged
so as to minimise to the utmost interstage wiring.
An aluminium cover is fitted over the compartments
in addition to the standard dust cover.

The Spare Repeaters.

A spare repeater is automatically switched in if
the main repeater fails, This is effected as follows:
a control tone having a frequency of 2.2 Mc.p.s. is
transmitted on each pair and selected from the
output of each main repeater. After amplification
and rectification it operates a relay circuit which
switches in the spare repeater if the tone ceases to
appear at the output of the main repeater. The
changeover time is less than 30 milliseconds. A
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Fic. 35.—Hica FREQUENCY REPEATER AND EQUALISER.
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Part lll.—Layout of Equipment and Test Results

Building, London, and Telephone House,
Birmingham. Where no building existed that
could suitably be converted into a repeater station,
sufficient ground was purchased to enable small
brick built buildings of the U.A.X. type, 14 ft. by
10 ft. by 8 ft. 6 ins. high, to be erected. Twelve such
buildings have been provided along the route.
Accommodation for the other five stations has
been provided in telephone exchanges or normal
repeater stations.
The rack layout plan adopted in London and
Birmingham is shown in Figs. 38 and 39 respectively.

THE terminal stations are located in Faraday
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Fic. 38.—Rack Lavour, LoNDON TERMINAL STATION.

In view of the extension of the cable through to
Manchester and the definite allocation of certain
super-groups to the London-Manchester traffic it will
probably be unnecessary to bring the through circuits
down to audio frequency at Birmingham and the
corresponding super-groups will have to be deleted
from the floor plan ; the absence of a break-in facility
at Birmingham on these particular super-groups will
obviously very materially reduce the cost of the
London-Manchester circuits.

Modulating Equipment.

In associating various units the policy has been to
make groups and super-groups self contained as far
as possible, and to associate corresponding trans-
mitting and receiving equipment closely.
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Each of the five groups occupies both sides of a
10 ft. 6.in. bay, one side being devoted to transmitting
equipment and the other to receiving equipment. The
super-group modulators and various subsidiary
units involved in the combination of the five groups
to form a super-group are mounted on one side of a
sixth bay. The other side of the latter bay is occupied
by similar equipment for a second super-group
while the seventh to eleventh bays are used for the
groups constituting this second super-group. A
plan view showing the way in which the bays are
associated is given in Fig. 38 and elevations of the
group and super-group bays are given in Fig. 40. This
arrangement of apparatus possesses several advantages
from the point of view of circuit requirements in
addition to the following facilities which make the
equipment flexible :—

(@) The groups are entirely self contained and can
therefore be used for certain other purposes without
alteration, e.g. extension of the range of existing
12-channel equipment ; multiplexing an ultra short
wave transmitter.

(0) The layout of all super-groups is exactly the
same.

(¢) The bays carrying the super-group modulators
etc. are independent of the group bays and may
therefore be used with certain modifications for
translating super-groups from one frequency band
to another for the purpose of diverting blocks of
circuits.

It will be seen from Fig. 40 that blank panels have
been fitted where the additional modulator and
demodulator units will be required when the channel
spacing is reduced from 5 to 4 kc.p.s. corresponding
to an increase in channels per group from 8 to 10.

In the course of maintenance it will occasionally
be necessary to isolate various major units for test
purposes, or it may be desired to insert special equip-
ment for experimental work. Facilities have,
therefore, been provided for breaking into the circuit
at various points. The terminals of the various units
of audio frequency equipment are connected to sockets
mounted on one of several test tablets, the normal
circuits being completed by U links. In view of the
possibility of cross-talk this practice has not been
extended to radio frequency equipment but sockets and
U links are mounted on the various units underneath
the dust covers.

The equipment is designed to work directly from the
normal repeater power supplies of 24 and 130 volts.

Carrier Generating Equipment.

The working and standby sets are mounted on
opposite sides of six standard 10-ft. 6-in. bays, the
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one set being an approximate mirror image of the
other. Standard unit construction is employed, each
unit being protected by a 6-in. dust cover. The
arrangement is given in detail in Fig. 41, the blank

TAG  PANELS
FUSE  PANEL
—T) RESISTOR PANELS —
__ANODE __ CURRENT _ RELA PANELS —f——————
—~————1—RADIO _ FREQUENCY TS TRUNKS —
300KC_ PILOT [FREY SELECTORS] POWER 200E%
c 100Ke -
c 95KC
CRYSTAL e sske < sake
AL
DRIVE < Soke. < sSke
3 80kC.
[4 8skc. < Toke BLANK
200 ke < soke C TOKC
MULTI s BLANK (€ Gake
c 75k SC._ 2400kC
< Toke 5G__ 2200KC
a0 ke, SC 2000KC_| grOveRANS. POWER
c sske
MALTI SG__1800KC | G 520KC. EQUPMENT
sG. 2400KC SG_ 1800KC [ G 480Kkc.
SG__1400kC |G 440KC
:u_":;l SG  2200kC SG__ 200KC. | G 00KC
SG 2000k 0SS OF SYNCHRQ| G 1000KC BLANK,
| BLARK |
ANODE _CURRENT _ MONITORING __ PANELS —]
MEER gL |=——RF___ OUTPUT _ MONITORING _ PANELS —]
-— ] RF_ OUTPUT RELAY PANELS —]
FREQUENCY SELECTORS
SG__1800KC. 560 ke
BLANK <G 1600KC | & 520.KC. CHANNEL
SG  1aocke |6 4soke | orsTRIBUTION BLANK
SG  1200ke | 6 ss0ke.
BLANK.
SG  1000KC | G 400 KC. BLANK

Fic. 41.—CARRIER GENERATION EQUIPMENT.

panels occupying space reserved for additional
equipment when the channel spacing is modified.

Three standard types of valve are used and each
valve anode circuit is fed through a jack shunted by a
fixed resistor and through a relay coil. The valve
anode current is measured in terms of the volts drop
across the resistor and the relay contacts are connected
to a lamp and bell to give warning of a valve failure.
The input voltage to each amplifier stage may be
measured across a screened socket connected across
the grid input circuit and the outputs of the selectors
and power amplifiers are monitored in the rectifier
circuit associated with each of these units.

In addition to the normal repeater power station
supplies, 4 and 240 volt A.C. supplies are obtained from
a power bay similar in design to the repeater station
power equipment.

Repeater Station Equipment

Each repeater station is fitted with four 7-ft. 6-in.
double-sided bays arranged for single-sided panel
mounting. All panels are provided with 6-in. deep
dust covers and a standard grey paint finish has been
adopted throughout. Particular attention has been
devoted to earthing arrangements since the presence
of very small mutual impedances in the earth leads
can cause serious interference. All panels are directly
earthed to a %-in. diameter copper rod which is fixed
inside the channel verticals.

The “up” and “down’ coaxial cables are, in
general, brought through a floor chase or duct to
one end bay of the rack where the coaxial pairs and
the interstice pairs are separated out at a sleeve.
The coaxial pairs are brought up to two termination
filter boxes mounted near the top of the bay and the
telephone pairs looped in to trunk test tablets
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mounted near the bottom of the bay. The second
bay carries the power equipment on the back and
miscellaneous test, speaker and supervisory equipment
on the front. The third bay carries all the H.F.
equipment required for repeating the two coaxial
pairs carrying the multi-channel telephone circuits.
The fourth is to be used for the apparatus required
for television transmission.

The front and rear views of the bays in a typical
station are given in Figs. 42 and 43.
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MEASURED CHARACTERISTICS OF THE CABLE

The major problems encountered in the development
of the coaxial cable system for the provision of circuits
between London and Birmingham have been discussed
and many details of the equipment given. Obviously
there are many points of interest to which no reference
has been made ; for instance the provision of through
circuits to more distant points than Birmingham,
for the cable is already well beyond Birmingham,
without reducing the through signals to audio
frequency at Birmingham. As the experiment is not
completed,! detailed results are not yet available.
A brief outline of the results, obtained to date follows:
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FiG. 44.—ATTENUATION (%) AND WAVELENGTH (f3) CONSTANTS
PER MILE.

Fig. 44 shows the attenuation and phase constants
per mile. The phase constant is nearly proportional
to frequency, the phase velocity increasing slightly
with increasing frequency and approximating to
about 93 per cent. of the velocity of electro-magnetic
radiation in free space.

Characteristic Impedance.

Between 500 and 2,100 kc.p.s. the value is approxi-
mately 74.0 ohms, increasing slightly as the frequency
decreases. At 2,100 kc.p.s. the small negative
reactance component is 0.4 ohm increasing with
decrease of frequency until at 500 kc.p.s. it amounts
to 1.0 ohm.

Capacitance and Inductance.

The capacitance is constant apart from an apparent
gradual decrease from 0.0789 microfarads per mile
at 100 kc.p.s. to 0.0783 at 400 kc.p.s.

At 2,100 kc.p.s. the inductance is 0.425 millihenries
per mile, increasing with a decrease in frequency and
following closely the value derived from theoretical
considerations.

‘Resistance and Leakance.

The resistance of the cable is 86 ohms/mile at
2,100 kc.p.s. and varies directly as the square root
of the frequency over the band covered by the
transmissions.  This measured resistance is some
8 per cent. higher than the theoretical value—assuming
the interleaved copper tapes to be replaced by a
solid copper tube and neglecting the lead sheath—
and it would appear that this difference is due to the
manner in which the copper sheath is made up.

The measurements on leakance indicate a dielectric
power factor, practically independent of frequency,
equal to 0.0044.

TABLE 2.
ATTENUATION MEASUREMENTS ON THE VARIOUS REPEATER SECTIONS

Average attenuation of the four coaxial pairs for
each vepeater section expressed 1n db. per inile.
Repeatey
Section Frequency kc.p.s.
200 400 800 1,200 1 1,600 2,000 2,400
!
1. Faraday Bldg., London-Gladstone Exch. 1-70, 2-47, l 3654 4-61, | 5-40, | 6-17, 6-88,
2. Gladstone—Elstree 1-724 2:49, 3-69, 4:61, : 5-44, 6-25, 6-91,
3. Elstree-St. Albans . 1-70, 2-49, , 368, 4-59, 5-38, 6-20, 6-85,
4. St. Albans-The Kennels 1-70, 247, | 3-58 4-57, 5:34; 6-13; 6-80,
5. The Kennels—Streatley .. 1-70, 2-45; 362, ' 4:55 5-36, 6-13, 6-80,
6. Streatley—-Haynes West End 1-72, 2-47, 3-62, ' 4-58, 5-38, 6-17, 6-83,
7. Haynes West End—Bedford boo1e71, 2-45; 3-60, 4-56, 5-37, 6-15, 6-80,
8. Bedford-Turvey . .. oo b 1469, 245, 3:62, 4-53; 5-33; 6-13, 6-79,
9. Turvey—Yardley Hastmgs . .| 1-69 2-44, 3:60, 4-55, 5:32, 6-10, 6-80,
10. Yardley Hastmgs—Northampton I 1-68; 2:43, 3-70, 4-544 533, | 6-13, 6-82,
11. Northampton-Upper Heyford . ‘ 1-69, 2-48, 3-67, 4-62; 5424 ‘ 6-12, 6-884
12. Upper Heyford—-Daventry 1-75, 2-52, 3-66, 4:74, 5:50, l 6:20, 6:95,
13. Daventry—Willoughby ! 1-75, 2:53; 3-67; 4-69, 5:81; | 6-23, 7-004
14. Willoughby-Stretton-on- Dunsmore 1-76, 2-544 377, 4-77, 558, | 630, 7-054
15. Stretton-on-Dunsmore—Coventry ‘ 1-78; 2-54, 379 478, 56l ' 6-37; 7-11,
16. Coventry—Meriden .. bo1.76, 2-54, 375 4:72, 5:58, ' 6-36, 7-08,4
17. Meriden-Sheldon. . . . R S 2-58, 3-77, 4-75, 559, | 631, 7-094
18. Sheldon-Birmingham .. .. oo, 1-78, 2:574 3-80, 4-82, 5-644 6-36, 7-18,
|
Average attenuation db/mile for all sections ' 1-72, 2-49, 3-68, 4-64, 545, 6-21, ' 6:92
Extreme variations from the average values ' +40-05, +0-08, +0-12, 4 0-17; +0-19, | +0-154 4-0-25,
in db , —0-04, —0-06, i —0-09, —0-09, ~—0-12, | —0-11, —0-124
1
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view of the complexity of the system, it is essential
that standby equipment, as outlined earlier in this
paper, should always be available during commercial
operation and arrangements have been made for the
provision of this standby equipment so that the
circuits may be handed over to and tested on traffic
as early as possible. Certain preliminary overall
tests of limited scope were made in mid-January of
this year? pending the completion of the equipment.

In these tests one coaxial pair, complete with
repeaters and associated equalisers, was set up in
the direction London to Birmingham. For conveni-
ence, arrangements were made to transmit the
signals arriving at Birmingham from London back to
London at audio frequency over order wires, formed
from the interstice pairs available in the complete
cable ; the interstice pairs are unloaded. The *“ looping
back ” of the circuit is not, of course, a normal
arrangement and no attempt was made to preserve
the balance of the pairs and so avoid mutual inter-
ference between the pairs and/or the coaxial pairs.
Actually during the demonstration a slight amount
of hum was present due to pick-up on these interstice
pairs from the power supplies which are transmitted
over the coaxial pairs.

The first test consisted in making a two-way
conversation, both talkers being located in London,
over a 4-wire circuit, the go and return channels each
consisting of a coaxial channel up to Birmingham,
thereby including 19 high frequency feedback
repeaters, and an audio channel to bring the signals
back to London, the audio frequency channel
including 6 audio frequency (feedback) repeaters.
Thus the talkers were separated by 250 miles of circuit.
Sufficient time was not available to enable the circuit
tobeadjusted to have zero loss, the actual transmission
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equivalent being some 3 db. The demonstration was
successful in every respect, the good quality and
complete absence of echo being particularly noticeable.

The next test was for crosstalk between the two
channels. For this test tone was applied to one channel
at a level 6 db. above the level that is equivalent to
the volume of the loudest speech that is ever likely
to be transmitted, and this will only happen, according
to present evidence, in one case out of a hundred.

The level of crosstalk under these conditions was
only just discernible to an experienced observer.
It is probable that the crosstalk that was audible
arose on the audio frequency portions of the circuit,
i.e. the interstice pairs, since these are not balanced
for crosstalk.

The final test consisted in connecting in tandem the
go and return channels used in the two way test,
so as to provide a single channel 500 miles long,
having a loss of some 6 db. This set-up included
approximately 250 miles of coaxial cable and corres-
ponding repeater equipment and is equivalent to
transmitting signals from London to Leeds. During
this test 38 high frequency repeaters and 12 audio
frequency repeaters were operating in series. A
slight degradation of quality was observed due no
doubt to the extra audio frequency pairs and terminal
equipment, which would not normally be used. For
instance, signals from London to Leeds over the
coaxial cable will not normally be reduced to audio
frequency at any intermediate point on the
system.

Since these early tests both coaxial pairs, complete
with repeaters and associated equalisers, have been
set up and all the carrier generating and frequency
translating equipment for 40 circuits installed
and adjusted. Details of the further test results
obtained will be given in a subsequent article.
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Part IV.—Test Results and Commercial Operation

Introduction.

AVING completed the installation of the
Happaratus panels that were essential for the

transmission of a complete super-group, it was
decided to make an immediate test of the simultaneous
operation of 40 circuits. Thus the gains of the various
modulators and amplifiers were adjusted approxi-
mately to their correct values and no attempt was
made to equalise the characteristics of individual
circuits, the overall loss of each circuit being left at
about 3 db. This article describes this first test of a
complete super-groyp and the work that was carried
out before staging a demonstration some weeks later
when the initial troubles, which are inevitable in a
new system, had been remedied and the individual
circuits equalised.

The First Test of a Super-Group.

This test was held on March 11th! and was arranged
in the following manner. Thirty-five of the circuits
were connected at each end to telephones adjacent
to the terminal equipment, the five remaining circuits
being connected to telephones located in situations
relatively free from room noise. Separate tests showed
that for the normal talker the telephones delivered
on the average an output of approximately 8 db.
below R.T.P. Since the telephones were connected
directly to the 2-wire sides of the hybrid transformers
terminating the coaxial circuits, it is to be expected
that the power delivered by these telephones during
the test was approximately 6 db. above the average
value that would be encountered under traffic condi-
tions. The thirty-five circuits first mentioned were
loaded by conversations between female switchboard
operators and the remaining five were reserved for
the use of persons especially concerned with the test.

Briefly, the results of the test were as follows:

(a) The articulation on the circuits was considered
to be good and there was a complete absence of echo
as such ; it is certain that an appreciable echo must
have been present, but owing to the high velocity
circuits employed it appeared merely as side tone
and could not be detected.

(6) A slight amount of crosstalk was observed
which, it was suspected, would have been intelligible
if its level had been higher. There was, however, no
trace of babble when the operators were conversing
normally or when all the operators at one end were
talking very loudly.

{¢) A certain amount of noise was present having
the characteristics of A.C. power interference and D.C.
generator noise combined.

(d) The operators, except one at London and
another at Birmingham, expressed the opinion that
the circuits were better than the trunk circuits on
which they were normally employed.
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Modifications Made as a Result of this Test.

Subsequent to the preliminary test the work of
preparing the coaxial equipment for traffic was
resumed. At the same time an investigation into the
sources of noise and crosstalk observed during the
demonstration was made with the following results.

The crosstalk was found to be occurring in the andio-
frequency bay wiring and was overcome by earthing
one side of each of the pairs concerned.

Further, it was found that the noise was introduced
into the system at the two terminal stations. Part
of the noise was due to direct magnetic induction
into the channel receive amplifiers from the power
equipment on the carrier supply and repeater bays,
and this was overcome by substituting sheet-metal
covers for the expanded metal guards protecting the
power transformers and chokes mounted on these
bays.

The remainder of the noise observed during the test
was due to the fact that at London, and to a minor
extent at Birmingham, there is a considerable ripple
voltage between the ““rack” and ““silent ” earths,
affecting both the modulating and carrier-generating
equipment. The trouble was overcome by using
appropriate earths at various key points in the
equipment. Thus it was necessary to insulate the
cases of transformers from the panel in certain parts
of the equipment; it was subsequently discovered
that this practice is normally followed at Faraday
Building, London, but not at Telephone House,
Birmingham, presumably due to the ripple
voltages prevalent at Faraday Building being
greater.

The coaxial channels were then equalised with the
result that the overall transmission lay, with a few
exceptions, between the limits of 4 1 db. of the
value at 1,500 c.p.s., for frequencies ranging from
250 to 3,100 c.p.s. ; the characteristics of the channels
which came outside these limits will be improved at
a later date.

Interference.

A day or two previous to the main demonstration
it was found that a 1,000 c.p.s. tone of comparatively
low level, more than 50 db. below reference level,
was present on one of the circuits during the trans-
missions of the London National broadcasting
station, working frequency 1,149kc.p.s. A preliminary
investigation indicates that the high frequency
carrier wave of this station is probably being picked
up at one or more of the intermediate repeater
stations and demodulated at the terminal stations
along with the wanted signals. While the point is
being thoroughly investigated, narrow band elimina-
tion filters will be used to remove the unwanted
signal from this particular circuit.



Characteristics of the Equipment and System.

Channel Filters—The channel filters incorporated
in the terminal equipment include quartz crystal
resonators in addition to inductors and capacitors.
The characteristics of the network are such that it is
necessary to manufacture the individual elements to
relatively close limits, and the adjustment of a
complete filter is a process calling for considerable
precision although it has not been found difficult to
train junior staff to carry out the adjustment. As
variations in temperature must alter the values of
the filter elements to some extent it was considered
possible that the performance of the filters in service
might prove to be affected materially by changes in
ambient temperature. In an investigation of the
point, the insertion loss characteristic of certain
channel filters was measured, while the temperature
of the filter was varied over a range of 18°C., an
adequate time interval being allowed during the test
to allow the complete filter to attain the extreme
limits of temperature. The results showed that, at
least over the range of temperature over which
measurements were made, temperature had little
effect on the performance of these filters. There was
no appreciable change in the frequencies at which
peak attenuation occurs, but in the pass band there
was a slight increase in the average attenuation with
increase’ of temperature and a tendency for small
irregularities of attenuation to increase. The increase
in attenuation is probably due to a small rise in the
power factor of the inductors and the increase in
magnitude of the small irregularities is no doubt due
to very small changes in the effective reactance of the
elements comprising the filter. It was satisfactory to
observe that the behaviour of the filters was substan-
tially cyclic. A temperature range of 18°C. is
considerably in excess of that likely to be encountered
in practice and it is confidently anticipated that the
variations of temperature occurring under working
conditions will have a negligible effect on the perform-
ance of the channel filters.

In view of the fact that the crystal plates are
supported in their holders solely by two pairs of
contacts pressing on opposite sides along the nodal
plane of the plate, it was thought possible that the
performance of the filters might be adversely affected
by vibration. The effect of vibration was checked to
some extent by transporting a number of filters,
fairly carefully packed in strong wooden cases, over
a distance of, 230 miles in a commercial 2-ton van,
the characteristics of the filters being measured
before and after the journey. The modifications
which occurred in the characteristics were so small
as to be of negligible importance ; they were in fact
of the same order of magnitude as the variations in
performance among a number of filters of the same
type immediately after they have been adjusted ;
thus vibration should have a negligible effect if the
filters are handled with reasonable care.

It is preferable to give the limits, within which lie
the characteristics of all the units comprised in a
certain part of any system, rather than the charac-
teristics of a few selected isolated samples, the latter
method merely showing the degree of perfection
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attained in any particular characteristic without
giving any indication as to how closely the remainder
of the units approach this sample. The former method
has been adopted here and the limits presented in the
form of an envelope, within which the actual
characteristic of any particular unit is contained, the
reference point being clearly specified. For instance,
Fig. 46 shows the envelope of the frequency/loss
characteristics of two sets of 22 channel filters, 20
working and two spare in each set, used in connection
with the 60-65 and 95-100 kc.p.s. channels in either
the first modulation or the final demodulation
process ; the losses being measured with respect to
the loss at the frequency 1,000 c.p.s. below the carrier
frequency.
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Fig. 47 is the envelope of the frequency/loss
characteristics of all the channel filters made for this
first super-group, irrespective of the carrier frequency,
the frequency/loss curves of each individual filter
being made to coincide at a point 1,000 c.p.s. below
the actual carrier frequency of that particular channel.
It demonstrates the closeness to which the various
sets of channel filters, used in the group combination,
have been designed, as well as the constancy of
reproduction of characteristics during manufacture
and adjustment. It will also be seen that the spread
of the envelope does not exceed 2-2 db. at any
frequency between 400 and 3,000 c.p.s. below the
actual carrier frequencies.
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The Equalised Line—The overall characteristics of
the coaxial lines, repeaters and associated equalisers
between London and Birmingham are shown in
Fig. 48, although it must not be inferred that this
represents the ultimate characteristic since, as
explained earlier, the experimental work is still
continuing. It will be seen that the overall charac-
teristic over the frequency band 0-5 to 2-1 Mc.p.s.
lies within 4+ 3 db. of the value at the midband
frequency ; the variation over the band occupied by
the first super-group imposed on the system being
1-5 db. Some variation of the characteristic must
be expected due to the effect of temperature changes
and a possible lack of perfect compensation by the
temperature compensation equalisers; the present
data is far too meagre to discuss the point further.

Overall Gain|Frequency Characteristics of the
Audio Channels.—Envelopes of the transmission
characteristics, 2-wire—2-wire, of the London to
Birmingham channels separated into the five groups
forming the super-group are shown in Fig. 49 ; the
envelopes of the return channels are very similar to
those illustrated. It will be seen that a high degree
of uniformity in design and adjustment of the various
parts of the systems has already been achieved, and
yet an improvement, both in the degree of uniformity
and width of frequency response for a reduced
channel separation, is already envisaged.

Fig. 50 shows the characteristic of the complete
super-group of London-Birmingham channels, 2-
wire—2-wire, previously considered in Fig. 49 on a
group basis, measured with respect to (a) 800, (b)
1,000, (¢) 1,500 c.p.s. The specified limits were
expressed relative to the gain at 800 c.p.s. and an
inspection of Fig. 50 (4) will show that the channels
comply with the specification. As a matter of some
interest, the anticipated transmission characteristic,
first disclosed over a year ago, has been super-
imposed on the envelope. For the 800 c.p.s. reference
point, the anticipated curve has proved to be the
mean of the envelope.
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limiting, modulation and demodulation occurred, the
majority of which would not normally be present in
a commercial circuit of that length.

Commercial Operation.

In accordance with a previous agreement the
circuits were handed over for part-time traffic (week-
days, 9.30 a.m.—4.30 p.m.) on the day following the
main demonstration, ie. April 12th, 1938. The
circuits are at present? working traffic very successfully
on this basis without the supervisory and repeater
standby equipment which is now being installed and
adjusted ; thus an appreciable risk of breakdown
must be faced by the Traffic Group utilising the
circuits. The commercial operation is, however,
most valuable, since it enables data to be accumu-
lated under the actual conditions of operation at an
early stage of the installation, forming an indispen-
sable check upon the previous calculations. It is
anticipated that the adjustment of the outstanding
equipment will be completed within the next few
months.

Figs. 51 and 52 show portions of the completed
equipment installed in the London Terminal Repeater
Station.
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