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accordance with modern standards.
' Mechanical ventilation and heating is in-
\ stalled throughout the ship. The officers’
saloon will accommodate forty; inaddition
a small mess is provided for engineers
coming off shift. Petty Officers are berthed
two in a cabin and in no room are there
more than four men. A crew’s recreation
room, writing room, library and canteen
are provided. The Captain’s suite com-
prises a large day room, bedroom and
private bathroom and on the same deck
house are suites for the cable representative
and cable engineer.
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Monarch is well equipped with boats.
First of all there are six 30 ft. lifeboats
in accordance with statutory requirements,
one of which is fitted with a motor, pro-
viding accommodation for the whole crew
in the three boats on either side of the
ship. In addition there are five boats for
cable work consisting of two 30 ft. general
service launches fitted with V 8-cylinder
engines, two 26 ft. cutters and one 16 ft.
dinghy fitted with outboard engine. The
launches and cutters are carried on gravity
davits.

At the forward end of the shelter deck
are the cable engine controls, the forward
drum room, dynamo-meters, bow sheaves
and working spaces. Aft of the accom-
modation on the shelter deck is the after
drum room, the after paying-out machine,
stern sheave and taut wire gear.

On the boat deck, which is connected
aft to the docking bridge, are cabins for
the senior navigating and engineer officers,
the purser and surgeon, together with a
smoking room. The captain’s suite and
two suites for the chief cable engineer and
cable representative are above the boat
deck and immediately below the bridge,
chart room and wireless room. The bridge
extends over the whole width of the ship
and is totally enclosed. Four clear view
windows are provided. The engine room
and cable telegraphs are of Siemens’
electric type and the engine revolution
l telegraphs are of Chadburn’s Navy type.

Siemens’ electric helm indicators and
. Record electric engine revolution in-
dicators are fitted. An electrical device
for giving periodic whistle signals during

fog is provided.
For measurement of the ship’s speed
/ and distance travelled relative to the water,
a Pitometer equipment is fitted together
3 with repeater dials in the engine room and
\5 3 / after drum room, The system depends
N/ for its operation on the difference in
~ pressure produced by the ship’s motion
between two orifices in a fitting projecting
some distance below the bottom of the
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The Heat Pump

U.D.C. 6973 : 621.52

E. E. CHARLES, AM.EE.

It has heen known for nearly a century that a refrigerator could he used in reverse as a heat pump for space or water
heating. Recently increases in fuel and lahour costs have caused increasing attention to be given to this method of heating.
The author descrihes the principle of the heat pump and a typical installation.

Introduction.

T was in 1852 that Lord Kelvin first pointed
Iout that a refrigerator worked on the reversed

cycle would serve as a heat pump. This sugges-
tion was not followed up practically at the time,
possibly because the existing plentiful supply of
low cost fuel and labour did not justify the adoption
of plant of this nature, but the rising cost of fuel and
labour difficulties have caused increasing interest
to be taken in the possibilities of space heating by
the heat pump. Within recent years a number of
heat pump systems has been installed mainly in
America and Switzerland, but the only extensive
trial in this country is that now being made by the
City of Norwich Electrical Engineer, test results
of which are not yet available.

The refrigerator, as is well known, extracts heat
from the body to be cooled and gives this extracted
heat up either to the cooling system, or to the sur-
rounding atmosphere. = The heat pump, on the
other hand, extracts heat from the atmosphere or
other warm body and gives up this heat to the
cool body, or space to be heated.

Description of Elementary Plant.
Fig. 1 shows a simplified schematic diagram of a

CONDENSER<_ ¥ '!
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Fic. 1.—SIMPLIFIED ScHEMATIC DIAGRAM OF DIRECT
ExpansioN Heatr Puwmp.

direct expansion heat pump where the atmosphere
is used as the primary source of heat and in which
the refrigerant is a substance possessing the following
main qualities ; low boiling and condensing tempera-
ture, high latent heat to reduce the quantity circu-
lated to a minimum, non-inflammable, and non-
explosive even when mixed with air; it must also
be non-toxic and free from obnoxious odour.

A refrigerant now much used is Freon 12, which
has a boiling point of —21-5°F and a latent heat of
evaporation of 69:5 B.Th.U. per Ib. and has the other
desirable qualities mentioned above.

Air from outside the building is drawn by the
auxiliary evaporator fan over the surface of the
evaporator coils, where it gives up some of its heat

to the refrigerant, and is then returned at a lower
temperature to the general body of the atmosphere.
Prior to this, the refrigerant had passed through
the regulating expansion valve, where its pressure
had fallen to that of the compressor inlet with a
corresponding reduction in temperature. The heat
extracted from the atmosphere is absorbed in sup-
plying latent heat required to produce a change of
state in the refrigerant and then in raising its tem-
perature ; a further increase in its pressure and
temperature is produced in its passage through the
compressor, which is assumed to be electrically
driven. Some of the heat thus gained from the two
sources (viz., the outside air and the compressor)
is given up to the air required for space heating
which is drawn by the second auxiliary fan over the
condenser coils through which the refrigerant next
flows. The temperature of the refrigerant falls
rapidly in the condenser where the refrigerant
vapour condenses. It then passes through the ex-
pansion valve where the further fall of temperature
mentioned earlier, takes place.

Theoretical Efficiency.

In general the efficiency of a piece of apparatus
is given by the ratio between the output and input
and has a value less than unity. If the heat pump
is considered on this basis, it will be found that this
ratio may be considerably greater than unity.
With a simple heat pump, ignoring auxiliaries such
as the two air fans shown in Fig. 1, the only direct
input is the power required to drive the compressor,
while the heat output, ie., the heat added to the
space to be heated, is the sum of the heat extracted
from the primary source (the atmosphere in Fig. 1),
and that resulting from compression of the re-
frigerant ; this sum may be many times the equiva-
lent of the direct input and from this fact the mis-
leading idea of efficiencies greater than unity results.
For this reason the ratio is called by some writers

the “ Coefficient of Performance’; Dr. Faber in
his recent paper referred to it as the * Coefficient of
Advantage.”

The theoretical maximum value of the coefficient
of performance can be deduced from Carnot’s law
and is the ratio of
the heat given out
at the higher tem-
perature to the
energy absorbed in
operating the pump
and system. The
3 Carnot cycle is
shown in Fig. 2.

This cycle is an
ideal and theoretical
cycle consisting of four reversible operations, two of
them being adiabatic and two isothermal. An iso-
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thermal expansion is one in which the temperature of
the expanding substance remains the same, or more
strictly, an isothermal expansion is defined as an
ideal and reversible expansion which takes place at
constant temperature. An adiabatic expansion is
one in which heat is allowed neither to enter nor leave
the substance during expansion, or more strictly,
an adiabatic expansion may be defined as an ideal
and reversible expansion in which no heat is allowed
to enter or leave the substance.

The transference of heat and work done during
the four operations of the Carnot cycle are shown
in Table 1.

TaBLE 1.
Heat supplied | Heat rejected Work done Increase 1
Process to working from fluid to by internal energv
fluid by hot receiver at working of working
source at T, T, flmd flud
Isothermal ’
expansion Rm T, loger 0 [ Rm T, loger 0
1—2
Adiabatic 0 | 0 | Rm (T,~Ty) | _ R (T,—Ty)
expansion | i =
- | y—1 v-1
Isothermal '
compression 0 Rm T, loger |-Rm T, loger 0
3—41
Adiabatic — - _
compression 0 0 Rm (T, =Ts) | Rm (T, —T)
4—1 -1 y-1
T —T,
Totals . | Rm T, loger Rm T, loger Rniog(er 2) 0

Where R is the gas constant,
m is mass of one pound of gas,
v ratio of specific heats,
T, and T, absolute temperatures,
r is ratio of adiabatic or isothermal expan-
sion,
ie., KZ ; Y§

; (Fig. 2).
vV, V,

From this table it is seen that in the Carnot cycle
the total work done by the fluid is Rm (T,—T, log.r
from a supply of heat Rm T, log.r.

Hence the efficiency of the Carnot cycle is :—

work done
" heat supplied

1— T,

T,

The heat pump works on the reversed Carnot
cycle, the external work, Rm (T,—T,) log.r, being
supplied to do work on the fluid in order to pump
an amount of heat Rm T, log.r.

The coefficient of performance therefore is given
by —

17

CP. — heat supplied
work done
__T
T T,—T,

Another view of the coefficient of performance is
that it indicates the ratio of the heat made available
for heating purposes by the heat pump to the heat
equivalent of the power used in driving the pump.
It will be evident from consideration of the coefficient
of performance ratio that the more nearly the tem-
perature of the source of heat approaches that
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required for space heating, the higher the coefficient
and conversely the greater the temperature difference
the lower the coefficient. For this reason, atmospheric
air, although it can be used as a source of heat,
even when its temperature is below 32°F if suitable
arrangements for defrosting the evaporator coils are
made, is far from ideal, and a warmer source is
preferable. Such a source can be found in well or
river water, in waste process heat or in engine
cooling water. Another point is that at low values
of coefficient of performance, the input power to the
compressor also falls because of the decrease in the
circulation of the refrigerant at low suction densities
as the evaporator temperature and pressure falls.
This compensating feature is, however, of insufficient
magnitude materially to alter the economics of the
system.

Description of Installation.

As stated earlier, there is very little first hand
practical experience of the heat pump available in
this country, but it is understood that in America
a number of private houses and office buildings have
systems working as refrigerators during the summer

and as heating systems during the winter. Fig. 3
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(a) and (b) shows typical curves for such an installa-
tion as a heating system, assuming heating require-
ments of 85000 B.Th.U./hr., a 7} H.P. compressor
motor being used and the evaporator unit using
outdoor air.

The capital cost of such an installation is under-
stood to be about £550, that of a standard hot water
heating coke fired boiler system would be about
£175 for the same B.Th.U. output. It will be
appreciated that in a country like ours, where until
recent years coal supplies have been plentiful and
cheap, the incentive to seek an alternative to coal or
coke as the normal heating fuel has been slight, but
in a country like Switzerland where these conditions
do not apply, the urge has been greater. The climatic
conditions in many parts of America are such as to



make summer air cooling necessary, and particulars
of several heat pump installations working as re-
frigerators during the summer have been published.

One such installation is that at the Ohio Company’s
office building at Coshocton, Ohio, and it has been
described by P. Sporn and E. R. Ambrosel.

This building stands on a reinforced concrete
foundation, and consists of two storeys and a base-
ment, having a total capacity of approximately
150,000 cu. ft. The exterior walls are made up of
clay blocks faced with brick and are 1 ft. thick.
All windows are fixed and have double glazing.
The floors are constructed of reinforced concrete on
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A—Cold air plenum, J—Filters.
B—Warm air plenum, K-—Fan motor,
D—Cooling coil. L~—Damper,
E—Pre-cooling coil. M-—Damper,

N-—Elminator plates

F-—Heating coil.
O--Humidifying spravs,

H—Fan.
F1G. 4.—CoNDITIONING UNIT AT COSHOCTON,

open web joists and the space between the floor and
ceiling is utilised as an air return for the conditioning
system, which is housed in the basement, distribution
of the air being carried out by galvanised iron ducts.

This installation differs from the one previously
mentioned in that well water at a
temperature of 55°F is available and
is used as the heat source during
the winter months, and also serves
as the sink into which heat is rejected
during the summer months.

The design and capacity of the
plant is based on a minimum out-
door temperature, occurring during
the heating season of 50°F and a
summer maximum temperature of
95°F, the indoor room temperature
to be maintained at 72°, 30 per cent.
relative humidity during the winter
and 78°, 50 per cent. relative
humidity during the summer. These
data fixed the heat loss at 409,700
B.Th.U./hr. and the heat gain 404,700
B.Th.U./hr. The demand on the

1¢¢ Description and Performance of Two
Heat Pump Air Conditioning Systems *’;

plant during winter and summer being approximately
equal enables the refrigerant compressors to operate
at approximately the same suction pressure during
both the heating and cooling cycle.

The general arrangement of the conditioning unit
is shown in Fig. 4.

This unit consists of an electrically driven fan
encased in a housing, together with the auxiliary
units necessary for filtering, cooling, heating and
humidifying the air. The fan circulates 11,000 cu. ft.
of air per minute of which 8,500 cu. ft./minute is
recirculated air, and 2,500 cu. ft./minute is air
from outdoors. The whole of the intake first passes
through the filter bank J and then according to
the setting of the dampers, passes either over the
heater coil F, the humidifying sprays O, and then
to the warm air plenum, via the eliminator plates N,
or into the cold air plenum A via the pre-cooling coil
E and the cooling coil D. By suitably arranging the
dampers, portions of the flow can be directed to
A and B chambers as desired. The dampers L and
M are thermostatically controlled and the required
amount of air flowing from each of the chambers
to the main supply duct is thereby ensured. The
heater coil F, the pre-cool coil E, and the cooling
coil D are in the refrigerant circuit, water being
used to transfer the heat from the conditioning unit
to the heat pump.

Fig. 5 shows the water circuit for the combined
heat pump and air conditioning system.

All the water reversing valves, shut-off valves,
and thermostats are pneumatically operated and
interlocked with the various electric starting switches
controlling the motors, the operation of which will
be dealt with later. During the heating cycle water
from the deep well, which is the source of heat, is
circulated by the pump A via the valve V4,
position 1-2 to the evaporators 1 and 2. After
passing through the evaporator the main distribu-
tion is then via the cooling coil D (see Figs. 4 and 5),
valves V3 and V7, position 1-2 to the discharge
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well ; the subsidiary portion being taken via V2 to
an additional cooling coil G to serve the auditorium,
where special conditions are required. This flow is
then similarly rejected to the discharge well via V7
position 1-2. Pump B circulates water through
the circuit formed by V6 position 1-2, condensers
1 and 2, heating coil F, valves V1 and V5 position
1-2. Cooling is carried out by setting valve V4 to
position 1-3, the circulation being via the pre-cool
coil E to the condensers 1 and 2, heating coil F,
valves V1 and V5 position 1-3 to the discharge well.
Under this condition pump B circulates water
through the loop formed by V6 position 1-3, water
coolers 1 and 2 coils D and G, valves V3 and V7
position 1-3 back to the pump.

It will be seen that the pumps A and B serve
purposes similar to the evaporator and condenser
fans in the simple air system shown earlier in Fig. 1,
i.e., they cause the medium containing heat, in this
case water, to circulate over the evaporator, and
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COSHOCTON INSTALLATION.
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the medium to be heated to circulate over the
condenser.

The changeover from the heating cycle to the
cooling cycle is effected automatically by an outdoor
thermometer set to operate a thermostat whenever
the temperature drops below or rises above pre-
determined settings. Fig. 6 shows the electric and
pneumatic control diagrams for the operation of
the system.

When the fan push button is closed, starting the
fans, the operation of the system is entirely automatic,
the room temperatures being maintained by thermo-
stats T1, which set the automatic dampers (Fig. 4)
in the air supply duct to the required position. To
operate the plant economically, the temperature at
night is lowered during the heating cycle, the electric
clock switching the control from the room thermostats
T1 to the return duct thermostat T8.

Operation of the outdoor thermostat T11 by a
fall in temperature causes valves V4, V5, V6, V7
and all controls to change over to their heating
positions. The relay controlling the 10 H.P. motor
driving one compressor unit is energised via the
pressure switch S2, the double throw switch SI,
and the electrical immersion thermostats TS on the
inlet and outlet of both coolers. The relay con-
trolling the 15 H.P. motor driving the other com-
pressor unit is energised by operation of the pressure-
stat P4, through the immersion thermostat T14
located in the condenser discharge. The temperature
of the plenum B is controlled by thermostat T13
controlling the valve V1, on a falling temperature.
V1 is readjusted by thermostat T9 to a higher setting.
The pneumatic safety control thermostat T15 and
the electrical immersion thermostats T3 stop the
compressor should the water temperature fall below
their setting ; when the compressor cannot maintain
the required temperature in plenum B the pneumatic
electric switch P1 switches in a 15 kW auxiliary
heater. Operation of the outdoor thermostat T11
by a rise in temperature changes the valves V4, V5,
V6, V7 and all controls to their cooling position.
The 10 H.P. compressor motor is controlled by the
switch S1 switching to the suction pressure switch S3.
Water valve V3 readjusted to lower settings as the
outdoor temperature rises by the thermostat T12 in
the return air, thus controlling the temperature in
plenum A. Humidity is controlled by valve V2,
which is opened by the humidistat H1 on a rise in
humidity.

Table 2 show the results of test data obtained
on the system.

The test data shown in Table 2 is not representative
of all operating conditions, but indicates the per-
formance of the equipment under three different
operating conditions when the outside temperature
is roughly the same. Under conditions where the
heat requirements of the building balance the
maximum output of the system, slightly higher co-
efficients of performance of the order of 3-6 average
would have been obtained. The fall in the C.P.
figure at the higher output is due to the 15 H.P.
compressor condensers being the same size as the
10 H.P. condensers, thereby causing the 15 H.P.



TABLE 2.
AcCTUAL PERFORMANCE DATA.

1 TESTS
No. 1 No. 2 No. 3
Supply arr to conditioned space, cubic
feet per mmute 11,000 11,000 11,000
Temperature, degrees Fahrenheit 786 80~ 94-8
Outside arr, cubic feet per minute . 2,500 2,500 2,500
Temperature, degrees Fahrenheit 37 35 35
Conditioner Heating Coul (Coil F, Fig. 5) 88 928 11385
Entering Water Temperature, degrees
Fahrenheit . 33 87 103
Gallons per minute 70 7 70
Water Cooler (F1g. 5)—
Entermng Water Temperature, degrees
Fahrenhert . . 55 55 55
Leaving Water Temperature, degrees
Fahrenhert . .. 47 465 73
Gallons per minute 37 38 75
Electric Consumption—
Compressors, Kilowatts 10-2 15-5 27-5
Auxiharies, Kilowatts 5-2 5-2 52
Total Kilowatts (a} 15-4 20-7 32-7
Capacity—
Refrigeration, B.Th.U,/br, 148,000 161,500 | 288,600
Heat Output, B, Th.U.fhr, 175,000 203,800 | 366,600
Coefficient of Performance—
Using Kilowatt input to Compressors 5 385 3-9
Using Total Kilowatt input (&) 35 3-0 3-8

Test No.—
1—10 H.P, Compressor, 120 1bs/in.? head pressure—40} Ibs/in%. Suction
2—15 H.P. Compressor, 140 Ibs/in.? head pressure—35 Ibs/in.? Suction

3 10 H.P, Compressor, 150 lbs{in.? head pressure-—423% 1bs/in.2 Suction
{ 15 H.P, Compressor, 175 Ibs/in.? head pressure-—38% Ibs/in.? Suction
Note : (@) kW to conditioner supply fan not included,

(b) 60 per cent. of auxiliaries kW mput considered useful heat,

possibilities of the heat pump as a standard method
of heating buildings, but at the present time the
writer’s opinion is that a coke fired hot water system
will be more economical considered solely as a heating
system. The heat pump may justify itself in climates
in which, as in many parts of America, summer time
air conditioning, including refrigeration, is standard,
as the initial cost of the installation, which is com-
paratively heavy, will be spread over the whole
year’s use. The direct use of high grade electrical
energy for heating is wasteful in that approximately
4 tons of coal are used in providing electric power of
heating value equivalent to one ton of coal. Where
it is the intention to carry out space heating elec-
trically by directly dissipating the energy in resist-
ances the use of the heat pump can effect economy
both in the cost and in the conservation of the
network and supply capacity for operations where
the use of high grade electrical energy is essential.
The heat pump would deserve serious consideration
also where considerable amounts of waste high grade
heat are available and where its supply is steady.
Apart from economic grounds, however, the position
as regards both the getting of coal and the need for
conservation may make it necessary to reconsider
the subject from that angle in years to come.

The author desires to acknowledge advice given
in the preparation of this article by Mr. H. R. Marr,
of the Engineer-in-Chief’s Office, Power Branch.

70,000

compressors to operate at a slightly
higher head pressure, causing an
increase in its power input, and
hence a reduction in the C.P. 60000
The auxiliary equipment causes
the C.P. to be reduced by from 15
to 30 per cent. 50,000
Fig. 7 shows a comparison of the N CURVE A~ HEAT PUMP
D ot Lot wat hietny o saooo—\TS} EURVE 2TieTiares veatne ovey
of a coke fired hot water heating & ™ \ CURVE D - HEAT PUMP
system, and a heat pump installa- it L \
tion at varying cost of fuel (coke 35 _ ‘~\\ S~
and electricity) charges. A CP.of &7 &\‘
4 and an efficiency of 70 per cent. o N ‘*---______ \\
have been chosen as favourably 200001 " N I _.F‘ g
representative of the present day S~ \\ TTe——-c
performance of both systems. Curves s S ~——_
C and D show the curves when 10900 S
allowance for the annual charges [ e S R § A
due to capital costs have been added e |
to the fuel costs. -2 ) -6 8 ) 12 Ta 16 ) 20
COST PER KWhr PENCE
Conclusion. a5 13 5 5 56 55 ) 85 55 75

The Norwich experiment will
give valuable data on which it may
be possible to estimate the future

COKE COST SHILLINGS PER TON

FiG. 7.—CURVES SHOWING RELATIVE CosT oF HEAT UNITS BASED ON BOILER
EFFICIENCY 70% AND HEAT PuMP COEFFICIENT OF PERFORMANCE OF 4.
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A Lightweight Moledrainer

U.D.C. 621.315.233

D. B. AFFLECK, AM..EE.

The author describes a lightweight type of moledrainer used for laying subscribers’ cables up to 7pr/20 Ib. The
moledrainer can be towed by a 2-ton Albion or a small tractor.

Introduction.

HE Peterborough Area, which is mainly rural

I in character, has been faced with the problem

of providing telephone service to a large
number of farmers. As a general rule their houses
are remote from any existing overhead routes and
provision of service by normal methods of con-
struction would entail the erection of numerous poles.
In two cases as many as 90 poles for each applicant
would have been wanted. A selection of 171 cases on
the waiting list would have required 3,675 poles. The
employment of the small amount of labour available
on works of such magnitude would seriously impede
progress on other works, and with the shortage of
poles growing more acute a search had to be made for
some means of providing service which would show
an appreciable saving in labour and poles.

A solution has been found in the use of a light mole-
drainer which will lay small sizes of cable direct in the
ground. It has been used along grass verges of
public roads as well as along the margins of private
roads leading to farms. The soft fen soil which pre-
ponderates in the most intensely farmed parts of the
Area seemed admirably suited to this method of con-
struction, and results achieved have amply justified
expectations.

Description of the Moledrainer.

A moledrainer adapted for cable laying direct in
the ground has been described in this Journall, but
that implement was fitted with a 2}-in. mole and
required a 45-60 H.P. tractor to pull it. A much
lighter device which could be pulled by one of the
Post Office vehicles or by a small tractor has been
found. The machine is a Howard’s *“ Wholroot R ”’
Beet Lifter, manufactured by Messrs. Ransomes,
Sims & Jefferies, Ltd., Ipswich, bought locally for
£7 10s. (The price has since been increased to £8 8s.)
By removing the beet lifting attachment from the
bottom of the coulter and fitting in its place a piece
of hardened steel shafting 1} in. in diameter and
19 in. long, cut at an angle of about 30° at the front,
the machine was converted into a moledrainer with
an exceptionally small diameter mole. For feeding
the cable behind the mole a piece of 3 in. diameter
W.I. pipe was welded to the back of the coulter, the
bottom of this pipe being bent to a radius of about
6in. and terminated just above the centre of the
back of the mole. A conical shaped cup to hold
petroleum jelly for lubricating the cable as it passes
through the pipe and to provide some protection
against corrosion was welded to the top of the pipe.
In addition to the foregoing modifications some
strengthening of the machine was found to be
desirable and the whole of the strengthening and
modification was carried out by the vendors for the
sum of £3 15s.

1 P.O.E.E.]., Vol. 35, p. 4l.
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The depth at which the mole moves through the
ground is adjustable to a maximum of 14 in. by
altering the height of two wheels at the front. These
wheels are independently adjustable, permitting the
use of the machine on a sloping grass verge. The
distance between them can also be varied.

Method of Operation.

The moledrainer can be pulled by any of the
vehicles which can be used for drawing in cable, but
the heavier vehicles with their lower gearing are more
suitable. The 2-ton S.C. Albion has been found
convenient and has been used also to transport the
machine. The best results, however, are achieved with
a small tractor of about 25 H.P., and most farmers for
whom service was being provided have been very
willing to provide a tractor to pull the moledrainer.
This saves the transport of officially owned tractors.
A length of 7/14 steel suspension strand has been
used for towing, and between this and the machine,
when using the Albion, is inserted a tension fuse
consisting of two pieces of 400 1b. G.I. wire in parallel
made off with clamps and thimbles. This breaks with
a pull exceeding about 2,4001b., and has been
effective in protecting the machine and the wvehicle
against damage from obstructions such as tree roots
and large stones.

Experience shows that there are few situations in
which the machine cannot be used to lay cable at a
depth of from 6 to 14 in. as an alternative to erecting
an overhead route. It can be operated along any
road where there is a grass verge more than about
18 in. wide even if it slopes at an angle not exceeding
about 45°. In sloping ground the machine is kept
vertical by the independent adjustment of the front
wheels. Large stones up to about 6 in. in length are
usually deflected without breaking the fuse in all but
the heaviest soil and the coulter will generally cut
through tree and hedge roots which are not larger
than about 1in. in diameter. The greatest difficulty
is experienced in operating within a few feet from
tree trunks as large roots near the surface frequently
cause the fuse to break. When working in long grass
a disc-coulter is attached to the machine as shown
in Fig. 1. This assists in preventing the accumulation
of grass in front of the knife coulter, which impedes
progress.

The machine can successfully be operated by a
party of five men who are employed as follows :—
The first drives the towing vehicle, the second walks
or rides with him keeping a watch on the moledrainer
party for start and stop signals, the third takes the
two handles of the moledrainer, the fourth feeds the
cable into the conical cup, and the fifth walksalongside
with a spade ready to cut away any grass which
collects round the front edge of the coulter. Before
operations begin, the cable is run off the drum and
laid out alongside the track which is to be followed.
Alternatively, if a tractor is available, the cable can






Some Features of Deep

U.D.C. 624.19 : 621.315.233

Level
Tunnelling in London

W. F. BORYER, A.R.CSc.. M.LEE.

Part. l.—Driving Bore Tubes and Tunnels

The first part of this article deals with the civil engineering work involved in the construction of deep level tunnels, a number
of which were provided in London by the Post Office during the war to safeguard its equipment and cables. The second
part will describe the equipping of the tunnels with the necessary services for this purpose.

Introduction.

N a recent article on “Safeguarding Telecom-
I munications in Wartime '’! reference was made to
a system of deep level tunnels constructed during
the war in the centre of London, with the object of
providing the greatest practicable measure of pro-
tection to equipment and cables carrying vital tele-
communication circuits. The rapid progress to com-
pletion which was achieved in the construction and
equipment of these tunnels enabled the requirements
of the Fighting Services to be met, and in the smaller
tunnels, up to 8 ft. in diameter designed specifically
for the accommodation of cables, it was possible to
divert from congested surface routes many important
trunk, toll and junction cables well in advance of the
cessation of intensive enemy action in the London area.
In Part 1 it is intended to deal primarily with the
civil engineering work involved in the construction of
the tunnel system ; Part 2 will include a description of
the various services with which the tunnels were
equipped for telecommunications requirements and
for the welfare of the staff employed in them.

General.

Before proceeding to describe the tunnelling opera-
tions, it is proposed to give a brief account of the
history and character of the London clay through
which the tunnels were driven, and of the operations
involved in sinking bore tubes, a number of which
provide cable routes from the Service Departments
to the tunnel laterals. Although not related to the
tunnel system, it is thought it may be of interest to
refer also to the artesian well in the Faraday Citadel
installed by the Ministry of Works.

The London clay provides a stratum well suited
for tunnelling operations; it is an impervious bed,
roughly 100 ft. in thickness outcropping along a
triangular boundary roughly formed by joining Great
Yarmouth, Hungerford and Thanet. The area com-
prised within this boundary is known as the London
Basin, but although the general shape of the clay
stratum is in the form implied by the description, it
is by no means smoothly graduated, and the high
points give rise to the clay as subsoil in various
localities ; moreover, in tunnelling operations at deep
level in the London clay, there is always the risk of
encountering the older Woolwich and Reading water-
bearing gravel stratum.

Clay is a sedimentary rock and the London Basin
was deposited when the area was submerged by, a

1P.0.E.E.]., Vol. 38, p. 127.
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large estuary and under tropical conditions ; this is
evident from the character of the plant and marine
fossils found in the clay, the latter being similar to
the molluscs now living in the Indian Ocean.

The bluish grey colour of the clay is due to finely
disseminated sulphide of iron, but when found at or
near ground level oxidation has resulted in the clay
being stained brown by ferric hydrate. The SO; which
was set free, however, by this chemical change com-
bined with the calcareous matter of such fossils as
were present to form selenite (CaSO,, 2H,0). It is
well known that these crystals which are often found
in brown clay in certain areas of London have a dele-
terious effect on Portland cement?, and it is the general
practice in areas which are so suspect to employ
aluminous cement for the construction of manholes
or octagonal duct routes.

The valleys in the London clay surface constitute
a bed for the various rivers or streams which flow into
the Thames through the gravel, sand and made-up
ground forming the overlying sub-soils. Of particular
interest is the large water-bearing sand and gravel
sub-soil in the St. Paul’s area. As the Cathedral
foundations do not rest on the London clay, it is
essential for the safety of the building that no under-
ground operations be carried out which would be
liable to disturb the equilibrium of the water levels in
the vicinity. It is for this reason that the St. Paul’s
Preservation Act of 1935 confers certain powers on
the Cathedral Authorities to restrict the removal of
sand and gravel and the pumping of water in what is
called the “ prescribed area.”

Ordnance Datum.

Ground levels as shown on Ordnance maps, stratum
levels and water levels are related to the Ordnance
Datum which is the mean open sea level at Newlyn,
in Cornwall, as computed from hourly observations
taken over a period of six years from 1915 to 1921.
The Datum level shown on old Ordnance maps refers
to the Liverpool Datum which is 1-13 ft. below the
Newlyn Datum, and was abandoned owing to the
influence of the river.

Artesian Wells and Bore Tubes.

Shallow well water in the London clay area is taken
from wells sunk to a depth above the top of the clay,
but for deep well water, which is far less liable to
contamination and more abundant, it is necessary to
sink a bore through the clay into the pervious strata
below. The Citadel Building, Faraday N.E. Block,

2P.0.E.E,]., Vol. 31, p. 265.















Standards of Transmission and
Local Line Limits

U.D.C. 621.395.1 621.395.8

E. J. BARNES, A.cG.., AMLEE.
A. E. WOOD, Bsc. (Eng.), A.C.G.L, D.I.C.
D. L. RICHARDS, B.sc. (Eng.), AM.LE.E.

Part I. Factors Affecting the Transmission of Speech over a Telephone Circuit

This is the first of two articles dealing with the transmission of speech over a telephone circuit and the various methods

of assessing standards of transmission. Part 1 reviews international commitments and methods of assessing earlier standards

and describes the factors affecting the transmission of speech and those parts of the circuit concerned. Part 2 will deal

with the effect of the overall frequency response and d(}scribe the * effective transmission’ method of calculating the ratings
of local circuits.

General.

N any telephone system, comprising a network of
Itelephone exchanges (interconnected by junction

and trunk circuits) to which are joined a number of
subscribers’ stations, it is obviously essential to main-
tain a close control over efficiency of transmission.
Such control is required to operate nationally and
internationally. There is in force at present an inter-
national agreement relating to standards of
transmission in Europe, and Great Britain is bound
by this agreement which specifies the worst overall
transmission condition which is tolerable. Clearly the
factors which control transmission over an inter-
national connection will be the performances of the
subscribers’ sets and lines used for the connection and
will therefore be split up between the plant of the
administrations of the various countries concerned in
the connection. The international agreement takes
account of this fact and breaks down the overall
limit (end to end) into limits which relate to single
administrations.

The various administrations are at liberty to design
their own telephone networks (so as not to exceed the
agreed tolerable limit) in any manner which suits
them ; that is to say, they are free to adjust the
absolute electro-acoustic efficiency of their subscribers’
sets, their subscribers’ line losses, their junction losses
and their trunk losses in any one of an almost infinite
variety of possible permutations.!

Present-day designs have evolved over a period of
time from an initial design which was largely dictated
by the maximum subscriber’s set efficiencies available
at that time. In this country, the available economic
and stable sets were those using the “ solid-back ”
(C.B. No. 1) transmitter and the Bell receiver. They
were used for many years and a large line network was
installed, with reasonably economic distribution of
total allowable attenuation between trunk lines,
junction lines and local lines, to a design which was
based on what were for many years the unalterable
characteristics of these sets. Changes in sets have
of course, occurred since these early days of initial
design and considerable alterations in methods of
usage of line plant have become available. However,
a line network for a telephone system, once installed,
can be changed only at a very slow rate and many of
the present-day controls on line layout are thus
inevitably still linked back to the early design.

Standards of transmission have been for many years
(and, indeed, still are) expressed on a * volume basis.”

1 1.P O.E.E. Printed Paper No. 88.

Two telephone connections are said to have equal
“ volume efficiency " if they sound equally loud to an
average observer when each is spoken into in precisely
the same manner. An international standard of
volume efficiency is maintained in a laboratory in
Paris in the shape of a carefully maintained, and verv
stable, transmission system known as the S F.E.R.T.
Practical systems are ‘‘ rated,” in terms of this
standard, as being X db. more or less efficient than the
reference system. The figure X db. is known as the
“ reference equivalent ”’ of the practical system. The
internationally agreed lower limits of transmission
efficiency are expressed in terms of reference equiva-
lent and each administration must necessarily know
the reference equivalents of its worst combination of
subscriber’s set and subscriber’s line, its worst
junctions and its worst trunks to be able to keep its
part of the international agreement.

It is an experimentally proved fact that the
reference equivalent of any junction or trunk line is
sufficiently well defined by its attenuation measured
at 800 c/s, but the reference equivalent of a combina-
tion of subscriber’s set, subscriber’s line and exchange
equipment must essentially be measured by direct
voice-ear comparison with the reference system.

Standards of transmission for this country were
originally formulated in 1905; the lower limit
tolerable for the efficiency of the combination of
subscriber’s set, subscriber’s line and exchange
equipment being included in these standards. It was
then agreed that no such local circuit should give
transmission inferior to that obtained with a standard
subscriber’s set (Transmitter C.B. No. 1, Bell receiver,
174-26 ohms induction coil, 2uF condenser and 1,000
ohms bell) operating over a 300 ohms non-reactive
local line to a 22V C.B. No. 1 exchange (No. 25C
repeating coil and 30470 ohms shunt relay). A close
approximation to this limit for local transmission has
been preserved, on a volume basis, ever since 1905.
New transmitters, receivers, induction coils, exchange
circuits, etc., have all been assessed in terms of their
effects on the volume efficiency of the circuit, and new
limits of line length have been calculated to take
advantage of better equipment, but always within the
limits set by the originally agreed lowest tolerable
volume efficiency (measured as a reference equivalent).
Thus, for example, an average Tele. 162 with Bell Set
No. 25, operating over 450 ohms of 10 lb. cable to
a 50-volt, 2004200 ohms, Stone circuit exchange gives
transmission just equal to the lowest tolerable limit.

A number of difficulties have been encountered
in the maintenance of even such a very simple
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standard. Limits must obviously be set for both
sending and receiving and the choice of the relative
sending and receiving sensitivities of a subscriber’s set
is not automatically imposed by a choice of trans-
mitter and receiver. Within limits it is possible
economically to vary the relationship between the
two sensitivities by choice of design of induction coil.
Any single choice of design may suit the average of a
large number of conditions of line impedance (from
the point of view of matching load and generator
impedances) but will obviously not be optimum for
each individual condition. This fact has resulted in
some difficulty when transmission limits are expressed
(as they essentially must be for design purposes) in
terms of the maximum permissible line length
tolerable with a given combination of set and
exchange. It is common to find that limiting trans-
mission in, for example, the ““ send ” direction to the
exchange is reached with a shorter length of line than
would be tolerable in the “ receive ” direction from
the exchange. In such instances engineering practice
in this country has evolved the common-sense
procedure of accepting the smaller of the two limiting
line lengths so calculated for application to problems
of network design.

For some years now it has been fully realised that
the volume standard, valuable though it is as a
standard, does not take account of all the effects which
react upon the true transmission efficiency of a
circuit. The demand for sheer volume, without any
specific standard of quality, is bound to be open to
this criticism. An assessment of the quality of the
transmitted speech can be made by some form of
articulation test in which the number of sentences,
words, syllables or sounds correctly received over one
circuit is compared with that received over a standard
or the reference circuit?. Another method used in this
country is known as “ immediate appreciation ”’ and
in this, the percentages of simple sentences, the
meanings of which are immediately perceived without
conscious effort, are compared.® 4

It can be shown theoretically and by test that the
results obtained by all of these methods are closely
related. The choice of method for any particular test
depends therefore on which is the most suitable for
the conditions under which the test must be made.
The method most generally used is that in which the
percentages of meaningless syllables, known as
logatoms, correctly received is recorded.

The effect of the introduction or removal of any
factor which causes a degradation or improvement in
transmission may be measured by the alteration in
articulation which ensues. In practice, a more con-
venient method is to measure by articulation tests or
any other convenient method, the change in non-
reactive attenuation which will restore the original
overall grade of transmission. The -equivalent
attenuation at all frequencies introduced or removed
by the change can then be estimated in decibels.
An illustration of the results obtained is shown in
Fig. 1 for three different test conditions?. Curve A
relates to the initial condition. Curve B illustrates

2 P.O.E.E.]., Vol. 31, p. 286.
3B.S.T.]J., Vol 8, Oct., 1929.
¢ Siemens Engineering Supplement, No. 140,
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that the effect of making a certain change results in
improved articulation when the circuit attenuation
is low but worse articulation when the circuit attenua-
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F1G6. 1.-—RELATION BETWEEN ARTICULATION AND CIRCUIT
ATTENUATION.

tion is high, whereas the change illustrated by Curve C
results in a general improvement in articulation over
a wide range of received speech levels.

The Post Office has, for many years, taken consider-
able account of quality of reproduction when
purchasing new transmitters and receivers and when
installing new junction and trunk circuits, but such
account has been qualitative rather than quantitative.
It has not been reflected in line network design and
cannot be taken into account in the strict application
of internationally agreed transmission standards.
Other controlling factors, such as sidetone and room
noise, are also neglected and the accurate assessment
of the relative efficiencies of equal lengths of different
gauge subscribers’ cable circuits has, in consequence,
not been possible.

A method of taking more realistic account of all
the factors controlling local transmission has now
been developed and will be applied to Post Office
design work. It is known as the Effective Trans-
mission method ; the main purpose of this article is
to describe the method and its proposed application
to Post Office engineering practice. Before this is
done, however, it is essential that the reader should
be reminded that the application of the method is a
purely national concern related to the design of the
British network. The British Post Office is still bound
by the international volume limits and must continue
to honour its agreement in this respect. The applica-
tion of Effective Transmission is therefore limited to
its use as a more realistic and informed design
procedure for the national network within the limits set
by the international volume standards.

Factors affecting Overall E fficiency.

The various items of apparatus associated with a
typical junction call together with their effect on the
transmission of speech, are enumerated in Table 1
and considered separately afterwards.



TABLE 1.
CALL FROM SUBSCRIBER A (SPEAKING) TO SUBSCRIBER B
(LISTENING) VIA A JUNCTION.

|

Factors affecting

Item Apparatus the Transmission of
l Speech
Subscriber’s | Subscriber’s Set Sending Efficiency,
Station A (Transmitter,Receiver| including non-linear
and Induction Coil) distortion
Sidetone
Subscriber’s | Cable or Aerial Line | Transmission Loss
Line A Line Noise
Exchange A | Transmission Bridge | Transmission Loss
Battery Feeding Current
Exchange Noise
Junction Cable or Aerial Line Transmission Loss
Any intermediate Line Noise
apparatus
Exchange B | Transmission Bridge | Transmission Loss
Battery Feeding Current

Exchange Noise

Subscriber’s | Cable or Aerial Line Transmission Loss

Line B Line Noise
Subscriber’s | Subscriber’s Set Receiving Efficiency
Station B (Transmitter, Receiver| Sidetone

and Induction Coil) Room Noise

Subscriber’s Station.

The parts concerned with the transmission of speech
are the transmitter, receiver, induction coil and
condenser. Items provided for signalling purposes
such as switch-hook contacts, bell and dial, have no
appreciable effect on transmission unless faulty.

Both the transmitter and receiver are energy
converters in that they effect an interchange between
speech sound pressures and electrical signals. In
practice, no attempt is normally made to determine
their absolute efficiencies, and instead, the power
output of the subscriber’s set is measured relative to
that of a standard under specified conditions, thereby

enabling the sending rating and the receiving rating
to be deduced. Both the sending and receiving ratings
are normally expressed in decibels (db.) and are
considered to be positive if the test item is better than
the standard.

It is obvious that, generally, the more efficient a
transmitter or receiver is, the better result it will give
in service. The transmitters at present in use (Insets
No. 10 and 13), although possessing a high efficiency,
suffer from the disadvantage of carbon microphones
of this type that the electrical output is not directly
proportional to the sound input level. The practical
effect of this non-linear distortion is to produce
harmonics of the lower speech frequencies and these
harmonics tend to mask higher frequencies normally
present in the speech, resulting in a loss of clarity or
articulation.

In the telephone receiver the sound output at any
frequency varies almost directly with the electrical
input, but owing to its being an electro-magnetic
device, its impedance and efficiency vary considerably
with frequency. The direct result of this is that the
efficiency of the subscriber’s set varies with frequency,
both for sending and receiving. Consequently, the
subscriber’s set contributes largely to the overall
frequency response of the system, the effect of which
is dealt with in Part 2.

Exchange switching difficulties and line plant
economics at present preclude the use of 4-wire
circuits from subscriber to subscriber, and conse-
quently a compromise has to be made by the use of
an induction coil interconnecting the transmitter and
receiver to the 2-wire network. The primary purpose
of the induction coil is to afford a degree of impedance
matching between the transmitter, line and receiver
to enable the optimum transfer of energy to be
obtained between the transmitter and line for sending
and between the line and receiver for receiving.
Secondary functions are (a) to provide a means of
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increasing the sending efficiency at the expense of the
receiving efficiency or vice versa and (b) to enable
sidetone to be reduced with advantages to trans-
mission which are dealt with later.

In the same way as a hybrid transformer acting as a
4-wire termination at the end of a trunk circuit
introduces a loss in both directions, the subscriber’s
set using an induction coil is less efficient than if
designed for 4-wire working. Part of the incoming
energy from the line is now dissipated in the trans-
mitter circuit and part of the outgoing energy from
the transmitter is wasted in the receiver (as sidetone)
or in the sidetone balance circuit where the induction
coil is of an anti-sidetone type (A.S.T.1.C.).

An important incidental phenomenon associated
with the use of an induction coil in the subscriber’s
equipment is known as sidetone and results from the
introduction of a leakage path between the transmitter
and receiver. This appreciably affects the transmission
path from one subscriber to the other by virtue of
their psychological reactions, which are depicted in
Fig. 2.

The voice level in ordinary room conversation is
normally controlled by the talker hearing his own
voice and adjusting the level to an accustomed loud-
ness. When a telephone receiver is placed on the
ear, the natural sidetone path through the air is
interfered with and the talker reacts unconsciously to
‘the sidetone level that is heard in the receiver via the
electrical path. Increase in sidetone level will cause
the speaker to lower his voice and will consequently
be equivalent to a loss in sending efficiency, as
illustrated by curve S of Fig. 3.

curve R of Fig. 3. This curve (and curve S to some
extent also) will be modified by the level and
character of the room noise present.
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The level and frequency spectrum of the sidetone
will depend upon the sensitivities of the transmitter
and receiver, upon the design of the
induction coil and sidetone balance

/

circuit (if any), and upon the imped-
ance of the line to which the telephone

/
/

is connected. The line is normally
capacitative (although it varies in
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impedance and angle from call to call),
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consequently impedance variations in
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opposite directions occur with changes
in frequency.
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varies for Teles. No. 162 and 332 are
shown in Fig. 4. As the subscriber’s
set may contain any one of several
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different types of transmitter insets,
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specified by a code which completely
describes the set. Thus in Fig. 4,
13—11—18-35A means any set having
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Fig. 3.—RELATION BETWEEN RooM No1SE,SIDETONE AND TRANSMISSION Loss.

Sidetone also has an effect on the subscriber who is
listening. Room noise will agitate the transmitter and
being heard in the receiver via the sidetone path of
the telephone, will tend to mask the received speech.
Increase in sidetone level will therefore be equivalent
to a loss in receiving efficiency. The amount by which
the received level must be altered to give equality of
reception as the sidetone level is varied is shown by
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a Transmitter Inset No. 13, a Receiver
No. 1L, Coil Induction No. 18 with
Transformer No. 35A, together with a
2 uF capacitor and 1000 ohms bell, i.e.
a Tele. No. 162 C.B. or Auto and Bell Set No. 25.
A Telephone No. 332 is similarly designated 13—1L
—27, if containing a Coil Induction No. 27.

The speech voltage sent to line (and also the sidetone
level) will depend upon the magnitude of the direct
current feeding the transmitter and the ‘‘ feeding
current effect '’ is defined as the ratio of transmitter
output P.D. with a given magnitude of feeding



current to that with a standard value of feeding
current. The result is expressed for any given
subscriber’s set using a specified value of line im-
pedance. The effect includes those due to the change
in transmitter EJM.F. and also the simultaneous
change of transmitter resistance.

The ““sidetone level ” is equal to the sidetone
rating plus an allowance for the feeding current effect
and any increase in sidetone is considered as a
positive change in rating or level. The ‘ sidetone
effect ” is defined as the amount of non-reactive
attenuation which must be inserted in or removed
from a telephone circuit to have the same effect on
overall articulation as a change from the standard
sidetone level to that under consideration. The com-
parison is made under specified room noise conditions.

The effect of changes in line current on output, in
the Tele. No. 162 circuit (in which the inset is shunted
by the 175-ohms winding of the Transformer No. 35A)
is illustrated in Fig. 5. The current in the subscriber’s
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line is usually between 30 and 190 mA and will be
determined by the exchange battery voltage and the
total resistance of the circuit, i.e. exchange feeding
bridge (including ballast resistor if present), line,
induction coil line winding and the parallel resistance
of transmitter and shunt (if any). The resistance of
the transmitter will also vary with current. An
average curve for a Tele. No. 162 C.B. or Auto, in
which the transmitter is shunted and the transmitter
current is less than the line current, is also shown in
Fig. 5.

The speech voltage sent to line will also depend
upon two factors over which there is no appreciable
control, namely, the subscriber’s normal voice and
the distance from the mouthpiece at which the
subscriber speaks. In actual practice, further losses
may be caused by series apparatus or bridging effects

where P.B.X.s are installed or certain extension
arrangements are employed.

Subscriber’s Line.

The subscriber’s line usually contains a length of
cable, though much overhead line is still in existence.
The attenuation of either type of line becomes greater
as the frequency increases with the result that the
received speech level falls off more at the higher
frequencies as the length of the line increases. The
relative importance of these higher frequencies in the
transmission of speech is dealt with in Part 2.

The effect of line noise is partially to mask the
received speech. The magnitude of line noise in
practice is such that the degrading of transmission is
generally small compared with that caused by the
other factors present. With the extension of the
upper frequency response of new types of receiver,
this may no longer hold and the importance of line
noise will need to be reconsidered.

The * subscriber’s line rating ” is defined as the
difference (in decibels) between the transmission loss
of a given subscriber’s line and that of a standard
subscriber’s line. The test is made under specified
conditions of subscriber’s set, exchange and junction.

Exchange Equipment.

The only item of exchange equipment which affects
transmission on the vast majority of calls is the
transmission bridge. The function of this is to supply
direct current to the subscriber’s line for the purpose
of signalling and (except in L.B. cases) to provide
feeding current to the carbon transmitter of the
subscriber’s set.

The transmission bridge causes an A.C. insertion
loss in the speech circuit of about 0-5 to 1 db. This
loss varies with frequency and therefore affects the
response of the overall circuit.

The ‘“ transmission bridge rating *’ is defined as the
difference (in db.) between the transmission loss of a
given bridge and that of a standard transmission
bridge. The ““relative circuit rating ” is defined as
the send (or receive) rating of a subscriber’s set plus
the rating of a given exchange transmission bridge.

Junction.

As with a subscriber’s line, a transmission loss which
varies with frequency is introduced by an unloaded
junction. Where the junction is of loaded cable, the
loss will be practically constant up to the cut-off
frequency. The junction therefore affects the overall
attenuation of the circuit and also, in the majority of
circuits, its frequency response.

Line noise on the junction will degrade reception
in the same way as noise on the subscriber’s line.

A trunk call can be regarded as equivalent to
a junction call by including the loss between the
terminals of the trunk network with that caused by
the junction. The trunk network is designed for an
overall A.C. loss of zero db. but, in practice, degrading
of speech transmission may be caused by echo, echo-
suppressors, repeater noise, line noise, variation in
gain of repeaters and limitation of frequency response
due to loading and other causes.
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The Inland Transmission Testing Room
at the London Repeater Station

U.D.C. 621.395.724 : 621.317.34

L. P. MEABY and
R. E. WATERS

This article gives a brief descn-'iption of the eqpipment recently installed in the Inland Transmission Testing Room at the
London Repeater Station, Faraday Building, South, and outlines the considerations which made it necessary.

History.
HE installation of telephone repeaters in
I London during 1926 saw the commencement
of the growth of the public trunk telephone
network which was to increase in ever-lengthening
strides. The original installation was in Faraday
Building, North, known at that time as G.P.Q. South.

The inauguration of the trunk demand service in
1932 brought about a further increase in new trunk
lines to all parts of the British Isles. This increase had
been partly provided for by the installation of
repeaters on the ground floor of the Wood Street
building in 1930. Later, in 1935, a new and larger
repeater station was installed in Faraday Building,
South.  During -1937 the first 12-channel carrier
systems to be installed in London were brought into
service. From a few groups these grew to over a
hundred working groups by 1939.

The introduction of the standard cheap
night rate also brought about a rapid
increase in the number of trunk lines.

was augmented and a Control was set up to deal with
all circuit advices. These include :—

Forms A 886 Repeatered circuit advice,
., A 887 Non-repeatered circuit advice,
»»  E.-in-C. 608 Telegraph circuit advice,
., A 674 Alterations in traffic sequence
of circuit.

In 1941 the number of circuit advices to be dealt
with was so great that a separate group was set up to
deal with circuit provision and rearrangement work.
This group was known as the ‘“Works Planning
Group” (no confusion arose as normal ‘‘ Works
Planning ” with reference to construction work was
not operating in the area) with a Chief Inspector as
Regional Liaison Officer having direct access to the
Engineer-in-Chief’s, Regional and Area Controls.
(Fig. 1.)

LIAISON OFFICER
(CHIEF INSPECTOR)

To provide this popular service, which
became the heaviest peak load of the l

24-hour period, and to maintain even a INSPECTOR INSPECTOR

semblance of a demand service, many new
lines had to be provided; even to the
extent that renters’ private wires, which
were known to be in use only during
normal business hours, were pressed into

gﬂ.___l
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REARRANGEMENTS E-IN-C 608's

(TRAFFIC) INLAND LINING-UP DEFENCE
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service at night on a part-time basis to
provide additional outlets to provincial
towns. All the work involved in the above
had to be dealt with by the repeater station
maintenance staff, which was expanded to
meet this work. This meant that more than 50 per
cent. of the available testing equipment was in
constant use for lining-up new and rearranged
circuits.

Up to 1938 the repeater station was controlled by
one Inspector responsible for both maintenance and
the provision of new lines (generally referred to in a
repeater station as ‘“ Works Orders ”’). The work was
then divided between two groups, one the “ Main-
tenance ”’ group and the other the * Works Order ”
group. Both these groups made use of the measuring
equipment mounted on the test racks and this resulted
in congestion.

The political situation in Europe towards the end of
1938 provided much work in the provision of emergency
arrangements, etc., and the outbreak of war in 1939
caused a considerable increase in defence circuits and
the replacement of traffic circuits taken for defence
purposes. This resulted in an enormous amount of
additional work, and to cover this increase the staff
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Meanwhile in 1940 when France was occupied by
the Germans the opportunity was taken of using the
Continental test room exclusively for the ““ Works
Order " staff. The transmission measuring sets in
this room are all calibrated in népers for Continental
working and all measurements had to be converted to
the decibel notation before being recorded on the
appropriate forms and cards. The use of this room was
found to be a very satisfactory arrangement, in that
the majority of the staff worked together free from
interruptions and this had the effect of improving
output. It wasrealised that although this arrangement
satisfied the requirements for the time being it could
not continue indefinitely.

The military situation towards the end of 1944
indicated that the resumption of Continental com-
munications could not be far distant. It would then be
necessary to make suitable arrangements to re-accom-
modate the staff engaged in ‘“ Inland ” lining-up.
Sketches were prepared, and with the aid of sugges-
tions from the staff, a provisional scheme was evolved.



It was decided to retain the existing arrangement of
the group whereby it functioned purely as a trans-
mission control for setting-up and rearranging
repeatered circuits. The various stations in Faraday
Buildings (detailed below) are treated as through
stations, all setting-up and adjustments being carried
out by the respective station staffs; circuits being
extended over test junctions from the line break-jacks
of the trunk test racks.

In January, 1945, the final scheme was agreed and
the work putin hand. In August, 1945, the new equip-
ment described below was brought into use and all
““ lining-up " work is now carried out from the Inland
Transmission Testing Room.

Design Problems.

Before dealing with the considerations leading up to
the layout of the equipment it should be noted that at
present an average of nearly 650 circuit advices are
dealt with by the Long Distance Area each month ; of
these approximately 98 per cent. are circuits which
are controlled, for transmission purposes, by London.
It may be of interest to give briefly the layout of
the apparatus and manner in which the work is dealt
with in the area (i.e., within Faraday Buildings).

The apparatus is accommodated in a block of four
buildings known as Faraday Building North, South,
North-East and South-East (codes respectively are
L/N, L/S, L/)NE and L/SE). The equipment to line,
viewed from the break-jack is situated as follows :—

LoNDON NORTH.
London North Trunk Test and transformer
racks for L/S Repeater Station M.U. cables.
LoNDON SouTH.
3rd Floor—Repeater Station which includes
Audio, Carrier Systems Nos. 2 and 4, and
London-Birmingham (Tubes 1 and 2) co-
axial equipment.
4th  Floor.—Voice
Terminal.
5th Floor.—Carrier Terminal (Systems Nos. 5,
6 and 7).

LoxpoN NorTH-EAsT.
London North-East Trunk Test, London
North-East Repeater Station, which includes
Audio, Carrier Systems No. 2 and 7, also
London-Birmingham (Tubes 3 and 4) and
London-Salisbury coaxial equipment.

LoxpoN Soutn-EAasT,
Toll Test racks and M.U. cables.

Cables carrying repeatered circuits terminate in all
the above places.

From this it can be seen that the make-up and
routing of a circuit within this Area can be very
complex. To assist in maintaining some uniformity it
has been ruled that for London controlled trunk
circuits the location of the 2-wire ends will be
determined by the location of the repeater apparatus.
Thus, if the repeater apparatus is situated in L/S
(including the Carrier Terminal), the 2-wire end
terminates on L/S test racks, and if in L/NE, then the
2-wire end terminates on the L. NE test racks. The
only exceptions to this rule are defence circuits and
Renters’ lines, which all terminate on the L/N test

Frequency  Telegraph

racks. On toll circuits (excluding those in the trunk
exchange multiple) the 2-wire ends terminate on the
L/SE test racks (excepting certain Toll “ B "’ circuits
into the trunk and toll director automatic equipment,
which appear in L/N test racks) irrespective of the
location of the repeater apparatus.

To co-ordinate and supervise the work efficiently it
is desirable for it to be under the control of one group
and the lining-up to be carried out from a central
point, the repeater stations at Faraday Buildings
being treated as intermediate stations. As already
mentioned, from 1941 to 1945 all 4-wire lining-up
measurements were carried out from the Continental
test room over test extensions to the repeater station
and carrier terminal in L/S. Occasionally, owing to the
extreme pressure of work, one or more of the trans-
mission measuring sets in the repeater station (L/S)
had also to be utilised. In L/NE repeater station the
lining-up was carried out from the 2-wire end via test
extensions from the L/NE trunk test. The final overall
frequency response, signalling and speaking tests, in
all cases, being completed from the break-jack on the
test racks extended over a test extension.

Experience gained in the Continental test room has
shown that full D.C. testing equipment is essential,
not only for testing and locating faults on D.C.
signalling paths (of which considerably more use is
now being made) but also for general testing. By the
use of patching a definite test can be obtained. This
has been found to be more satisfactory than the use of
a tone when testing to intermediate testing points
where A.C. testing facilities are not available (i.e. other
than repeater or amplifier stations).

From the above it will be appreciated that the
experience of the past few years has indicated that in
order that one officer may control the complete work
from start to finish of any group of circuits his test
rack must have :(—

Full A.C. testing facilities

Full D.C. testing facilities

Access via test extensions to all testing points
within Faraday Buildings.

Speaking facilities to repeater speaker network,
local public network, trunk and toll network,
area sub-works order groups via direct speakers.

The following features were included in the equip-
ment and final layout, viz. :(—

(a) Ease of operation.

(b) Easy access to all associated apparatus.

(¢) Clear uninterrupted view of all meters {ree
from shadows cast by projecting equipment
and cords.

(d) Robustness of equipment, clean appearance,
easy to maintain and free from unnecessary
detail.

(¢) “ Unit Bay’’ construction.

During the consideration of the layout of the
equipment it was decided that it should conform as
nearly as possible to the normal layout of standard
apparatus racks, bearing in mind the special features
of the equipment to be used.

It was not possible to adhere absolutely to standard
layouts as, owing to the urgency with which the equip-
ment was required, it was decided that itemsobtainable
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Open Type Strip.

The open type strip (illus-
trated in Fig. 1) is moulded
from black bakelite B.S. 771-
GX in 10+ 10 pair units 5% in.
long, which may subsequently
be assembled together vertically
to form a unit of the necessary
capacity. The dimensions of
the 10410 pair strip are the
outcome of a compromise in
which as many circuits as
possible have been accommo-
dated in the minimum space
consistent with the use and
spacing of terminals of suffici-
ently robust construction and
the eventual assembly of strips
in vertical formation to give a
convenient numbering arrange-
ment. For cabinets of the
dimensions already quoted the
arrangement chosen provides
5050 circuits per vertical with
obvious advantages in the
identification and wiring of
circuits. The restriction of the
size of the unit strip avoids the
high cost and increased risk of
failures of moulding a strip
2-3 ft. long, and permits the
uniting of various numbers of
constituent strips as required
for a particular purpose. In-
dividual strips are first assembled together on a 1 in.
square mild steel rod which allows the terminal tags to
be conveniently accessible for wiring, after which the
assembly is mounted on a sheet steel box to give a
satisfactory mechanical support for the whole. The
box is also used to retain insulating compound with
which the soldered terminations are finally sealed.
The terminals are spaced at 3§ in. centres ver-
tically, main and local terminations being positioned
directly opposite each other throughout as shown.
A celastoid numbering strip is carried in a small recess
running the length of the strip. Slots of a re-entrant
section are provided at the edge of the strip at 35° toits
face. Jumper wires may be led out from terminals
through these slots and are thus prevented from
coming into contact with the terminals of other cir-
cuits and giving rise to poor insulation. The particular
shape of the slot section permits the jumper wire to
be pressed into the slot and retained in position by a
slight twist of the wire. 1 pair 12} Ib. jumper wire
with polyvinyl chloride covering is used which is
mechanically strong, easy to strip and non-hygro-
scopic.

Considerable attention was given to the selection
of the most suitable type of terminal, both for utility
and ease of manufacture. So that straight bare bridge
connections could be made most readily and with the
least possibility of causing contact with adjacent
terminals, a pillar type terminal in which the wire
passes through a hole in the terminal was preferred to
the ordinary screw-down connection head where no
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automatic alignment of the wire is provided. The
ordinary type of pillar terminal was rejected on
account of its small contact area and its tendency to
loosen with vibration. The type finally adopted was
one in which the connecting wire passes through a
drilling in the stem and is secured by a hexagonal
locking nut. The stem is increased in section where
drilled to avoid weakness at this point. The hole in
the terminal is correctly aligned in the strip by a flat
on its shank. For tightening the terminal head a
special box spanner shown in Fig. 1 has been devised
in which the wooden handle is large enough to be
convenient for use with the fingers but not so large as
can be grasped in the hand and undue leverage ob-
tained with the risk of overturning and damaging
terminals.

Enclosed Type Strip.

It was realised in the early stages of design that a
more compact form of terminal strip than the open
type described above would be particularly valuable
and allow cabinets of smaller dimensions to be em-
ployed with obvious advantages, particularly from
wayleave considerations. The open type strip was
already, consistent with satisfactory service, as com-
pact as the construction permitted, and the quest for
improvement beyond this standard necessarily in-
volved some new form of connection. The strip was
required, if possible, to permit the accommodation
of exactly twice the number of circuits of the open
type, since a smaller increase than this would have





















Insertion Loss and Insertion Phase
Shift of Multi-Section Zobel Filters

with Equal Image Impedances

U.D.C. 621.318.7

W. SARAGA, ph.
(Telephone Mfg. Co. Ltd.)

The author shows how a previously published method of calculating the insertion loss and phase shift of lattlce type
filters may be applied to similar computations regarding Zobel multi-section ladder type filters with equal image
impedances.

Introduction.

N a previous articlel H. Stanesby, E. R. Broad
Iand R. L. Corke described a method of computing

the insertion loss and insertion phase shift of
lattice type filters which are inserted between resis-
tances. The loss and the phase shift are obtained
in terms of the reactance values of the series and
lattice arms of the lattice networks at various fre-
quencies. The present article deals with the appli-
cation of the same method of computation to multi-
section ladder type filters, designed according to
Zobel's theory, provided these filters possess equal
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given network and computing the loss and the
phase shift of the equivalent network which are
equal to those of the original network. It is known
that any network which is structurally symmetrical
possesses a lattice equivalent which can be derived
without much difficulty by Bartlett’s bisection
theorem.2  However, structural symmetry, though
a sufficient, is not a necessary condition for the
existence of a lattice equivalent. If a network possesses
electrical symmetry, i.e., if its two image impedances
are equal, a lattice equivalent always exists whether
or not the network has a symmetrical structure.
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image impedances at their input and output terminals
(structural symmetry is not required).

Messrs. Stanesby, Broad and Corke use for their
computations two charts (or a special slide rule
based on these charts) which are calibrated in values
of X,/R, and X /R, where X, and X, are the
reactances of the series and lattice arms, respectively,
and R, is the resistance of the source and the load.
The charts give directly the loss and the phase shift
as functions of X,/R, and X,/R,.

This method can, at least in principle, be applied
to any given filter network which possesses a lattice
equivalent, by deriving this equivalent from the
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INDICATING CODING SYSTEM.

The latter case, electrical without structural sym-
metry, occurs frequently in multi-section filters but,
since Bartlett’s theorem cannot be applied, the
derivation of the lattice equivalents is usually
rather tedious. This may act as a deterrent in every-
day engineering practice to the application of the
Stanesby, Broad and Corke method to networks to
which it could be applied in principle. To encourage
and simplify this application as far as multi-section
Zobel filters with equal image impedances are con-
cerned, the writer of this article has derived the
reactance/frequency functions of a great number of
such filters, and the results are given in an easily
usable, tabulated form.

' P.O.E.F.J., Vol. 35 pp. 88 and 111.

2 Philosophical DMagas«tme. Vol. 4, p. 902 November, 1927.
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Types of Filter Considered.

In ordinary filter practice, which is usually based
on Zobel’s work, composite filter networks consist
of a number of full and half sections which at their
junctions have equal image impedances. The types
of sections which are used most frequently are
constant-K or prototype sections, and m-derived
sections. To obtain equal image impedances at the
input and output terminals of a composite filter—
the condition necessary for the existence of an
equivalent lattice structure—half-sections can be
used in pairs only, either connected to one full-
section or as two end half-sections, with equal m-
values.

It is well known that high-pass, band-pass and
band-stop filters can be obtained from low-pass
filters by certain simple network transformations
as shown in Table 1, and the performance charac-

TABLE 1.

The Low-Pass Filter Types shown in Fig. 1 can be trans-
formed into corresponding High-Pass, Band-Pass and Band-
Stop Filter Types by transforming the Network Elements as
shown below.

LOW-PASS LOW=-PASS
00 T
HIGH-PASS BAND-STOP HIGH- PASS BAND-STOP
_l|_ BAND- PASS
BAND -PASS
~ T

teristics of the resulting filters can also be obtained
from those of the original low-pass filters by certain
corresponding frequency transformations which are
given in the top part of Table 23 In view of these
relations it seems sufficient to discuss the lattice
equivalents of low-pass filters.

The filter types discussed in this article are shown
in Fig. 1. There are four one-section filters, four
two-section filters and four three-section filters. The
dotted lines indicate the full and half-sections of
which the multi-section filters are composed. To
designate these filters a coding system has been
used which deviates in some respects from Zobel’s
nomenciature but which, it is hoped, is more con-
venient from the point of view of practical applica-
tion. In this coding system one number and two
letters are used. The number indicates the number
of full sections, including pairs of half-sections.
The first letter is either a “T” or a “#” and
indicates whether the filter ends in two series arms,
like a T-section, or in two shunt arms, like a 7-
section. The second letter is a “p” or an “m”
and indicates whether the image impedances at the

3 The performance curves, as functions of frequency, of
the band-pass and band-stop filters thus obtained are svm-
metrical about their mid-band frequency when a logarithmic
frequency scale is employed. There are also band-pass sections
in practical use which do not possess this kind of frequency
symmetry ; however, filters containing such sections are
beyond the scope of the present article.
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input and output terminals of the network have the
character of prototype (or constant-K) image im-
pedances, or of m-derived image impedances.%

The Stanesby, Broad and Corke method is not
restricted to filters whose nominal impedance R,
is equal to the load and source resistance R,. There-
fore, no such restriction applies to the filters discussed
in this article.

The Reactance Functions of the Lattice Equivalents.

Each of the filters given in Fig. 1 is characterised,
apart from its structure, which is given by the circuit
diagram or the code designation, by the following
values : its nominal or zero frequency image im-
pedance R,, its cut-off frequency f,, and by a number
of m-values which refer to the individual sections.
In multi-section filters in the designations of which

the second letter is an “m” the symbol “m,
always refers to the two end half-sections.

As already mentioned, the equivalent lattice net-
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works consist of two arms with reactances X, and
two arms with reactances X, (see Fig. 2). For the
application of the Stanesby, Broad and Corke method
it is not necessary to know the structure and the
element values of these arms. It is sufficient to know
the reactances as functions of the frequency f. These
functions are given in Table 2 for each of the 12
filter types shown in Fig. 1.5 They contain as para-
meters the values of R,, R,, f, and the various
m-values (or the corresponding a-values).  Since,
however, R, and R, always appear in the combina-
tion R,R, and f, always together with f in the
combination f/f,, it is convenient to introduce the
new symbols
r = R,/R,
and x = f/f,.

and to give the reqlired expressions for X,/R, and
X,/R, as functions of x with the value of r and the
various m’s as parameters. In this way the number
of parameters is decreased by two for all practical
purposes.

If in Table 2 the expression for X,/R, referring
to any filter type is multiplied with the expression

4 It is shown in classical filter theory that an m-derived
half-section has two different image impedances, a prototype
image impedance at one side and a modified impedance,
depending on the value of m, at the other side.

8 The derivation of these formule is given later.



TABLE 2
Filter Design Pavameters

R¢= Resistance of source and load.
Ro= nominal image impedance.
r = Re

Ry
fo, f;, f; = cut-off frequencies.
m, m;, m, mg = m-values of sections (see Fig. 1).

a*=1/(1 — m?), a,* = 1/(1 — m,?)

Independent Variable

x =f—f for low-pass filter.
0
X = f—f"— for high-pass filter.
£ £, £ where f = frequency.
X =-——=-%"  for band-pass filter.
f2 - fl
x=_2—h for band-stop filter
£ 1, Lt 3 .
Type of Filter Xx/R¢ Xy/Re
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x (x2 — b?) 1 (x2—1) (x2~— c?
3Tp + rH X2 - ¢c2 + T x {x2 — b?)
x (x*— b2 1 x*—c?
37p Rl |y ey | T TH <G b
e x (x? — b? et (x2—cf) (1)
3Tm ra,”H x — a%) (x® — c?) i H x(x? — a;?) (x* — b?
 tH x (x?—a) (x2—DbY Cap L ) (e
3 7m Ta? (x_-) (21 afH  x (x* —D?

m; 4+ m, + my + m; My My - b?

v

m, + mp 4 m,

H = ;
1 4+ m; my; 4+ m, mg - my m;

;
my + m, - My + m;mpMy

1

z1—{~rn1 m, + m,; mg + Mgm,

for X,/R, referring to that filter type which can be
obtained from the first type by replacing in its code
designation “ T " by ““#,” or vice versa, the product

is always —(R

O/Rt)z'

A Practical Example.

As an example of the practical application of
Table 2, a low-pass filter consisting of three prototype

1

T 1

-0

O—

F1G6. 3.—Low-PAss FILTER CONSISTING OF 3-PROTOTYPE
SECTIONS.
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sections, as shown in Fig. 3, will be discussed. By
comparing this filter with the networks in Fig. 1
it is found that the designation for the filter to be
investigated is 3Tp with the m-values m; =m, =
mg = 1. It will be assumed that the resistances R,
of the source and the load, between which the filter
is to be inserted, are equal to the nominal image
impedance R, of the filter, so that r = 1. Then the
formule for X, /R, and X,/R, become

X, o231 X (-1}

e Tl -l £ g TR U

These functions are plotted as functions of x in

x /T ]
&/l

Rg ! T
T ° %
-1
RV xi’f
0 ! = i—x.—_% 3
()
L 70

40 /
30

20

(b)

(a) REACTANCE CURVES FOR LATTICE EQUIVALENT OF
FiLrer 1N Fic. 3.
(b) INsErTION Loss (DB.) oF FILTER IN FiG. 3.
Fic. 4

Fig. 4(a). The resulting insertion loss L is plotted in
Fig. 4(b). The values for this curve were obtained
with the special slide rule for insertion loss com-
putations mentioned above, with the exception of
the highest L-values for which it was necessary to
use the formula given in the article by Stanesby,
Broad and Corke,

L =20loggcosec (b ~0).....ccvvvrnn... 2)
where
X X, .
tan(?__ﬁt andtanqS_R: ................ (3)
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For comparison purposes Fig. 4(b) also shows the
insertion loss of a single prototype section which is
given by the well-known expression
L =10 log,, (1 + x5).

It can be seen that the insertion loss curve of the
three-section filter is not simply a magnification of
the loss curve of the single-section filter, but has a
different shape.®

For numerical computation of a loss curve the
method described above is quite convenient. For a
general discussion of the shape of a loss curve,
however, it is better to derive its analytic expression
instead of stopping the analytic work when the
expressions for X /R, and X,/R, are obtained.
An analytic expression for the loss of the three-
section filter can easily be obtained by means of
the relation

1407 S\ 2
L = 10 logy, 1+(YR—tX5> @)
< Y

R. R
which can be derived from (2) and (3) by writing
cosec? (¢ ~ 6) in the form

1 1 + tan ¢ tan 62
1 e e
+tan2(¢~0) o <tan¢—-tan0>

Combining equations (1) and (4)

L=10 logyy [1+256 x® (x2—1)2 (x*—$)?] ..(5)
It can be seen that

L=0 for x=} and for x=14/%.
By differentiation it can be shown that L has two
maxima, at x = 0-374 and at x = 0-758, and that
the respective L-values are 0-014 db. and 0-635 db.
A further numerical investigation confirms that (5)
agrees with the curve plotted in Fig. 4(b).

A general investigation and discussion of analytic

expressions for the loss and phase shift curves of the

filter networks discussed here is being carried out
at present.

Derivation of the Formule for X, and X, in Table 2.

For a lattice network consisting of two series
arms with impedance Z, and two lattice arms with
impedance Z;, the following relations hold :

6 Z,

Z, = Z, tanh 5 and Z, = tanhg ........ (6)
where 6 is the image transfer constant of the net-
work and Z, is its image impedance (see Starr,
“Electric Circuits and Wave Filters,”” 2nd ed.,
p. 368). Since the impedances Z, and Z, are purely
reactive,

Z.=jXsand Z, =3X, ...l (7)

where X, and X are the reactances of the network
arms. Combining equations {6) and equations (7)

X, = — jZ, tanh g and X, = —-jZO/tanhg --(8)

8 1t should be emphasised that in neither of these curves
is the effect of dissipation taken into account.



Thus, to find X, and X, it is necessary to

and tanh /2.
Z, depends on the type of termination but

the number of sections. In the above-mentioned book

find Z, If the expressions given above for Z, and tanh §/2
are substituted in equations (8), the expressions for
X, /R, and X /R, given in Table 2 are obtained by
multiplication or division, respectively. The signs of

X, /R, and X,/R, have to be chosen so that the

not on

by Starr, on p. 243, the formule for Z, are given, A ° : ¢ Shvsical ‘
from which the following expressions can be derived : Séxpi(essmns given represent physical reactance net-
orks.
TType ?f | .
femmmaten oo™ Multi-Section Filters.
JoRt Py ey 18 (leny rarlimyhoro atont Table 2 gives expressions of Xx/R, and Xy/R, for
3 At Aty 1y one-, two- and three-section filters. It is easy to

In the same book the expression for the image
transfer constant of one full section is given on

p. 243 as

sinh (6/2) = jmx/4/(1 — x%/a?)
This may be rewritten in the form
tanh (6/2) = mx/4/(x® — 1)

Equation (10) has the advantage that the parameter
m occurs only once and not, as in equation (9) twice
as m itself and in the form of a%). Thus for one section:

tanh (6/2) = mx/4/(x® —
for two sections :

derive expressions of a similar form also for four- and
five-section filters. The derivation follows closely
that described above for one-, two- and three-sections.
The expressions shown in Table 3 are obtained.

. (9) It can easily be seen that the general form of Xx/R.
and X;/R,—excepting the meaning of F(x)—for the
... (10) four-section filter remains the same for any filter

consisting of an even number of sections, and simi-
larly the general form of Xx/R, and Xy/R, given for
the five-section filter is valid for any filter consisting
of an odd number of sections. However, the expres-
sions for F(x) increase in complexity with the number
of sections.

It is convenient to have F(x) in a form in which its
m,; -+m x/ (x3— . .
tanh |} (6,--6,)] = 1+, Vi zeros and poles are clearly recognisable since the
1-4+mm —1/(1-+m; my) P Y & . y
d for three sections : 12 172 become resonant and anti-resonant frequencies of Xx,
an cetions - X (x2 — b¥) or anti-resonant and resonant frequencies of Xy. For

more than five sections it is not possible to derive

tanh [1 (6, + 0+ 6)] =

my + My “ My -+ My My My

TVeE—TD) oo

simple algebraic expressions for these zeros and poles,
but a general formula (for n-section filters) for F(x)

where H = . . X
1 4 m, m, + m, m; + my m, can be given in the following form (based on the fact
my; + m m +} 0
b — M1 Mg + M, that F(x) = (x2 — 1) tanh ).
m,; -+ my -+ my -+ my m, m, 2
2 1 # even : F(x) = Hx (x2—x,2) (x2—%43). ... (x3—x, .7
1 +mymy 4 mym; + m,; my (x—x,%) (x*—xg%). ... (X=X, 12)
TABLE 3
: Xx/Ry X, 'Ry
‘ r i 2—Db?
X2
4Tp '~ r(x2- 1) F(x) | - Fx=Hy -2
Iy (x ) F(x) F(x) X X (x,—d?) (x*—g?)
T S o d2 1418, 1448 2 1
1 1 F(x) SR SU O 1S, J( ??)“
TP 2(( 1) P | (x* 1) F(x) S,—S, g  1+8,+S, © 1-5, -s, 118, +s,
. ra,?(x%— x) ra,? -+ .
Amy — X q,? o (x2ﬁalé) F(x) :1+152+3S4 =tanh (y,+y,+¢s+¢y) where y,=tanh'm,... . ¢,—tanh™'m,
dqm | + r(x*—a,% F(x) ’\ o rx?—a?) S,=m, ~m,+mz+m,, S;=m;m,+m;m,;--m m,+m,m,-m,m,—M;m,
a,? i a,%(x%—1) F(x) | S;=m;mymz+mm,m,-+m;mym,+m,m,m,, S,=m,m,mgm,
i o) (x2b¥) (x2—c?) -
5Tp | - 1 F(x) N T =Hx =) (=g
Sup r F(x) T ! b3= 3 *153 \/ bl+253 S, o dr_ 1438,
X2 1 Fx c? S 1S, ¢> B N
| «/(*Ltb— L
ra,;? F(x) | ra,?(x2—1) S, +S;+8S 1+82*S4) 19,
5Tm | - L [ - He= 21028759 Ay Lty — iy — - = -1
5 X K (a3 F(x) 1+5,55, tanh (Y, +y,+¢s ¥s) where ¢, =tanh™'m, .‘/;..r-‘ténh"‘m.
| i S, =m;—m,+my—m,-my, SZ:m,m2Tmlma—#mlmd—kmlma*mzm:—m2m4 ’
B R | + My 4 My~ MgM ;MM ;
Sm ‘Lw r(x2—a? Sy= m;m,my,~m; My~ My M,M 5+ MMM 4 M, MM+ My NN 5+ MMy,
a,2(x2-—-1) a,? F(x) ' - I, MM 5 — M, M, ;- MM M
S,= m;m,mym,+ m,;m,Mymn ; — M, M,IN N ; -+ M, M4, 5+ N, M M |,
5= M M,MyM N
i
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(XB—x,9) (X®B—x%2). ... (XB—X,_ >
(x2—x,2) (x2—X?)....(x2—X,_,2)
where H = tanh (y;+vp+ys+. ... +¥0) ;
y;=tanh-Im,,.. . y,=tanh-lm,.
X <Xp<l.www <Xy y <1;
Xy, Xg Xgyo oot . are the values of x at which the

image phase shift coefﬁment of the filter has the
values =, 3w, 57,.....;

Xy, Xg- Xgyo v ovnnn are the values of x at which the
image phase shift coefficient has the wvalues
27, 4, 67, . .. .. The numerical values of x;, x,,
Xg . . . can be found by plotting the image phase

nodd: F(x)=

shift coefficient as a function of x?. A convenient
method of plotting it for multi-section filters has
recently been published.®
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8 ** An Introduction to the Theory and Design of Electric
Wave Filters.” F. Scowen. Chapter 14.

Moscow Telecommunications Conference

USS.R.,, UK. US.A. France and China

was held in Moscow, from the 28th September
to 21st October, convened to consider questions of
telecommunications. The British delegation were
headed by Sir A. Stanley Angwin, K.B.E.

The conference decided that the question of the
improvement of the organisation of radio com-
munications and the reallocation of radio frequencies
to maritime, aeronautical, long distance land services,
broadcastmg and other purposes were partlcularly
urgent problems. Particular attention was paid to
the consideration of proposals for a new frequency
allocation for various services. A common aspect of
all the proposals was the attempt to reach technical
conclusions which would satisfy all forms of radio
communication and improve the present position.

The Conference adopted a recommendation to
convene the next World Radiocommunications Con-
ference on the 15th May, 1947, at which these prob-
lems would be decided. One of the most important
recommendations emerging from the Moscow Con-
ference is the proposal for the establishment of an
International Board for the registration of frequencies,
comprising representatives of different countries
having the necessary technical qualifications and
extensive practical experience. The operation of this
Board will, it is hoped, reduce mutual interferences
between the radio stations of the world.

Questions relating to the organisation of inter-
national telephone and telegraph communications
were considered, and at the same time the direction in
which a revision of the telegraph and telephone regu-
lations should be carried out, with a view to their

3 CONFERENCE of representatives of the

improvement, was indicated. The Moscow Conference
recommends that the World Conference on telephone
and telegraph communications should bz called in
1948. Consideration of a draft of a new Tele-
communications Convention and of the general
regulations put forward by the delegation of the
U.S.S.R. resulted in a preliminary draft for a new
convention.

The Conference recommended that the existing
International Telecommunications Union should be
reorganised and enter into relationship with U.N.O.
An Administrative Council for the International
Telecommunications Union would be formed to
include a Bureau to control the administrative and
technical work of the Union. The Conference recom-
mended that the Plenipotentiary Conference for the
acceptance of the new Convention of telecommunica-
tions and for the reorganisation of the I.T.U. be
convened on the 1st July, 1947. In formulating
their suggestions for the World Conference the
participants of the Moscow Conference will take into
account the recommendations and discussions as
recorded in the minutes of the conference.

In order that the work of this Conference can be
made of value to all countries of the world in their
preparation for the next international conferences,
the Moscow Conference decided to distribute these
documents to all members of the Union. The work
of the Conference was characterised throughout by the
utmost degree of collaboration and mutual under-
standing which augurs well for the successful solution
of any problems of telecommunication confronting
the next international conference.
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Comité Consultatif International Téléphonique,

U.D.C. 06.049 : 621.395 654.15

Montreux, 1946

A full Plenary Assembly of the C.C.LF. met in Montreux from 28th-31st October, 1946, preceded by meetings of all the
C.R.s in the week 21st-26th October. The work of the various commissions is summarised in the following paragraphs.

1st C.R.—Protection.

HE first part of Tome II Bis of the White

| Book agreed at Copenhagen in 1936 was

reviewed by the 1st C.R. in the light of the

“Directives” (prepared in Rome in 1937 and revised

at Oslo in 1938) with the result that the great majority

of the avis (Nos. 1 to 14 inclusive and No. 18) were
considered to be no longer required.

Since the weighting curve for the psophometer was
specified in 1934 considerable progress has been
made in the design of subscribers’ equipment resulting
in a smoother response frequency curve. Although the
new type receivers are not available in Europe at
present in any great numbers it was decided that, as
a matter of urgency, a new weighting curve should be
adopted for the psophometer. Experiments have
shown that the characteristics of the new European
designs and the latest American receivers are similar
and to avoid the delay which would inevitably arise
if tests were to be made in Europe to determine a
new weighting curve, it was agreed to adopt the line
weighting curve given in Engineering Report No. 45
of the Joint Sub-Committee on development and
research of the Edison Electric Institute and the Bell
telephone system. This curve is based on judgment
tests made over a period of four years with American
telephone sets of very recent design. In the absence
of any indication from the U.S.A. of the admissible
tolerances for the weighting curve, provisional figures
based on those for the existing psophometer were
adopted, but these are subject to review when experi-
ence of realising the weighting network has been
obtained. The revision and completion of other items
in the specification of the psophometer was made a
question for further study.

It was also agreed to delete the existing definitions
and text relating to the unbalance of circuits to earth
in Tome IIT and Tome IV of the White Book and to
replace them in Tome III by the corresponding
sections of the Directive.

On the question of the value of the fault current
to be used in the calculation of the maximum induced
voltage (see P.O.E.E.]., Vol. 39, p. 118) it was agreed
that the 0-7 factor was illogical, but so far as the
admissible limit of induced voltage is concerned it
was decided that it should be determined after
further study of the risks to which the personnel
would be exposed in such cases.

2nd C.R.—Corrosion.

The 2nd C.R. under the chairmanship of M. Popov
(U.S.S.R.) reviewed the 2nd, 3rd and 4th parts of
Tome II Bis of the White Book and outstanding
questions. It was decided to appoint two small
sub-committees to revise the ‘“Recommendations’ for
the protection against (4) chemical corrosion, and
() electrolytic corrosion. Representatives of outside

bodies representing power, traction and gas interests
would be invited to serve on the sub-committees.

It was also proposed to arrange a demonstration,
in the suburbs of Paris in the autumn of 1947, of the
methods and apparatus used for the investigation of
electrolytic corrosion.

3rd C.R.—Transmission.

The 3rd C.R. is preoccupied, as are several other
commissions, with three main matters. One is the
new volume which will contain all the directives and
specifications relative to the European Switching
Plan, and the second the modifications to the existing
editions of Tome I. The third item is the considera-
tion of questions for study.

After the Paris Conferencel, the sub-commission
appointed to study urgent questions met again in
London in September, together with some delegates
from the 8th C.R. to formulate answers to some
questions which it had been found impossible to deal
with in Paris. As a result of this meeting several
matters were cleared. Amongst these were the
frequency allocation for Super Group No. 1 on coaxial
systems and the allowable signalling power for various
frequencies in the speech spectrum. As a result, the
British proposal for Super Group 1 (60-300 kc/s) has
been adopted. The whole super group allocation thus
remains as recommended by the sub-commission of
1938 and as adopted by the British Post Office.
Consideration was also given to a number of main-
tenance matters relative to wide band systems. A
matter which was not settled was the number and
frequency allocation of all pilot tones for coaxial
systems, although a very useful exchange of views
took place. Lower pilot tones of 60 kc/s or 300 kcfs
for line regulation and oscillator frequency control
were agreed, with an upper pilot at 4,092 kc/s for
future use with an interim agreement of 2,604 kc/s
for line regulation. It is interesting to note that this
envisages an extension of the band beyond that used
at the moment in Great Britain, possibly to the 16th
Super Group.

The first duty of the 3rd C.R. which met under
Mr. R. M. Chamney (Great Britain) was to consider
the answers given in Paris and London and recom-
mend to the Plenary Assembly new avis. In general,
all the answers were agreed and as a result extensive
alterations to Tome I Ter and Tome I Bis will occur.
The main items included were given in the Journal?
in October. An additional item is the target specifica-
tion for a high quality music circuit which will have
a band width of 15 kc/s and improved noise and non-
linearity limits.

In addition, a report was made to the Mixed

1 P.O.EE.J. Vol 39, pp. 117.
2 jbid.
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Commission comprising all the directives of trans-
mission relevant to the new European Switching Plan
on high velocity cables.

A formidable list of new questions for study was
next examined for submission to the Plenary
Assembly.

The Plenary Assembly on this subject was presided
over by Mr. A. J. Gill (Great Britain) and here the past
work was formally ratified and the programme of new
work agreed. This consists of 28 new questionsinaddition
to a few old ones, together with work which is bound to
devolve as a result of rewriting the various books.

4th C.R.—Quality of Transmission.

The proposals made by the sub-commission for
the specification of quality of transmission, at the
meeting in Paris, for the immediate steps to be
taken with a view to replacing the present volume
standard were confirmed. A detailed programme of
articulation testing to be carried out at the SF.E.R.T.
laboratory was drawn up, and arrangements were
made for the sub-committee to receive the results
by post and for the members to discuss them initially
by correspondence.

As it was agreed that the term “Effective Trans-
mission’” should not be applied to transmission ratings
which are not based ultimately on repetition rate
tests, some of the terminology, in English, for new
techniques of rating will need to be reviewed. Mean-
while the ideas underlying the proposed new form of
rating, based on articulation tests, are being carried
by the terminology in French.

The existing test (in White Book Tome 1 Ter)
dealing with permissible limits of reference equiva-
lents (volume efficiency) of subscribers’ and operators’
telephones was revised and simplified. A new list of
questions to be studied was drawn up.

5th C.R.—Transmission Questions concerning Radio
Circuits.

The 5th C.R. met under the presidency of Mr. A. J.
Gill (Great Britain). The previous meeting had been
at Oslo in 1938, and the questions outstanding at
that date were reviewed, and evoked general dis-
cussion of considerable interest.

In considering the question of privacy or secrecy
equipments used on radio-telephone circuits, atten-
tion was drawn to the fact that the commercial
equipments referred to are privacy equipments
designed to minimise reception by amateurs and not
to give protection against professional interceptors.
The inverter and band splitting equipments with
synchronous switching were scheduled as being in
use by various organisations.

It was decided that the question of false operation
of echo-suppressors by the noise from radio circuits
was not a source of trouble on present-day circuits.
Singing suppressors are not normally fitted on land-
lines and therefore the original question need not be
pursued.

The question dealing with singing suppressors of
voice-operated carrier switching devices was left for
further consideration but it was recommended that
the two parts of the question should be dealt with
separately as new questions. A further new question
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which was the subject of an interesting discussion
was initiated. Work is proceeding in several coun-
tries with a view to providing telephone facilities to
mobile units such as cars in urban areas and ships
moving in harbours. Although the extent to which
the mobile units will be enabled to communicate as
they move from an area in which they are normally
registered to other areas is not at present defined.
such facilities will be of considerable value to the
users and the question deserves international study
as soon as is convenient.

6th and Tth C.R.s.—Operating and Tariffs.

The 6th and 7th C.R.s met together under the
chairmanship of Mr. Moeckli (Switzerland) for the
operating questions and Mr. Santing (Holland) for
the tariff questions.

These C.R.s examined the Operating and Taritf
avis in the Green Book (Cairo, 1938) and the Pink
Book (London, 1945) with a view to the issue of a
new edition to be known as the Yellow Book (Mon-
treux, 1946). Certain of the avis were revised to comply
with the new requirements of Rapid International
Service, some were cancelled and certain other
rearrangements made.

The draft instruction for operators for the Inter-
national Rapid Telephone Service prepared in Paris
in June was accepted, as also was the list of addi-
tional operating phrases. The néw edition of the
operating phrases will be published in eight languages.

It was agreed that a list should be prepared of the
categories of calls admitted by countries in the
various European International Telephone services.
On the other hand, it was considered premature at
present to issue a list of normal, auxiliary and emer-
gency routes and it was decided that full particulars
of circuits projected as existing at 1st January, 1948,
should be supplied so that a complete list may be
prepared by the C.C.LLF. during 1948.

The proposal by the Swedish Administrations to
use the name “erlang” for the unit of intensity of
traffic was adopted.

8th C.R.—Signalling.

The 8th C.R., under the chairmanship of Mr.
Holmbladt, gave detailed attention to the matters
dealt with at the Paris® meeting, and presented their
report to the Plenary Assembly for inclusion in the
new directives concerning the European Switching

lan.
P The data to be examined to determine the choice of
frequency for international signalling is expected to
be available early in 1947, and it is proposed to hold
a meeting in Paris during the summer of 1947 to
decide the point.

At the Montreux meeting a complete review was
made of outstanding matters relating to international
signalling and as a result 16 questions were scheduled
for attention and discussion before the next Plenary
Assembly.

The questions cover all matters where, as far as
can be foreseen, international agreement will be
necessary.
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Mixed Comumission for the European Switching
Programme.

Probably the most urgent of the many post-war
tasks of the C.C.I.F. is to try to reach agreement
between countries on the guiding principles for the
reorganisation of the European cable network to
meet the needs of post-war international telephone
services. To facilitate a thorough study of the prob-
lem a Mixed Commission was specially constituted
at the London meeting in 1945 under the chairman-
ship of M. Gastebois (France). Much progress had
already been made in collecting necessary informa-
tion as to existing and proposed cables and also the
individual requirements of the various countries by
1952. Its own directives on the new switching plan,
as well as those prepared by the other commissions,
were studied at Montreux with a view to preparing a
single comprehensive directive on the subject covering
(a) operating, (b) transmission, (c) signalling, (4) main-
tenance, and (e) routing.

The basis of the new European Switching Plan is
a high velocity network either coaxial or 12-channel,
and the plans of most countries are now taking shape.
Great Britain, for example, which already has high
speed cables to France and Holland, is planning to
augment these and lay a new concentric cable to
Belgium.

Permanent Maintenance Sub-Commission.

This sub-commission met under the chairmanship
of M. Visser (Netherlands Administration) and the
following items were discussed :—

(1) Maintenance  of  International  12-channel
Groups : Procedure for the maintenance of such
groups had been proposed by Great Britain at the
June meeting in Paris. In the meantime, this had
been edited for insertion into the White Book,
and the proposed drafts were agreed by the
3rd C.R. and the Plenary Assembly. The
proposals now have international standing.

(2) Hypsograms for International Circusts: Modifi-
cations to the pre-war hypsograms were dis-
cussed and agreed to bring them into line with
modern practice. The type of loading and type
of cable has been omitted and in its place the
transmission time and effective band width of
the circuit has been substituted. The method of
indicating a carrier circuit in a 12-channel
group on the hypsogram was also agreed.

(3) Consideration was given to the production of a
hypsogram for an international 12-channel
group. Since the principal levels of an inter-
national 12-channel group have been standard-
ised by the 3rd C.R. it is considered that a
simpler form of record could be used. Great
Britain had submitted a suitable draft which,
with minor modifications, was agreed inter-
nationally, and will be known as ‘“Achemine-
ment du Groupe a douze voies.”” This also was
agreed by the 3rd C.R. and the Plenary Assembly
and will become the international record for
such groups.

(4) The international numbering series for 12-
channel groups was also discussed and agreed.

All international 12-channel groups will in
future be numbered in the 900 series, commen-
cing at 901. This is very similar to the method
adopted in Great Britain.

(3) The maintenance programme of all existing and
projected international circuits which transit
more than one country, was drawn up and
agreed. This programme indicates the dates
and periodicity of tests of all such international
circuits.

Symbols Commission.

The Symbols Commission considered several pro-
posals concerning letter and graphical symbols.

Probably the most important letter symbols under
consideration were those for the propagation, attenua-
tion, and phase-change coefficients. In many Euro-
pean countries 8 = attenuation coefficient, and o« =
phase-change coefficient, while in others oc = attenua-
tion coeffictent and B = phase-change coefficient.
In all countries there has been the drift towards using
Roman letters instead of Greek letters, mainly for
the practical reason that Roman letters are provided
on typewriters.

After discussion with the 3rd C.R. it was agreed
that for C.C.I.F. documents in the future the following
letter symbols would be used :—

Propagation coefficient per unit length

Attenuation , " "

Phase-change . " "
and hence p = a +- jb.

For a total length /

P=pl=A +jB.

It was agreed that all countries would examine the
possibility of changing to the above symbols for their
own national usage.

It was agreed that a series of letter suffixes pre-
pared by the Symbols Commission should be studied
by the several C.R.s of the C.C.L.F., C.C.I.T. and
C.CIR. For instance, although Z was generally
accepted as the symbol for impedance there were
many variations in the suffixes used to denote, say,
closed circuit impedance, open-circuit impedance and
characteristic impedance. The suffixes used were
generally abbreviations of the words of the language
of the author. The Symbols Commission proposed a
standard list of letters for universal usage.

As regards graphical symbols the most important
were :—

(a) those for coaxial cable and for equipment used

with it, and

(b) svmbols for use in frequency spectrum diagrams.

These graphical symbols were approved by the
C.C.LLF. and will be recommended to the Inter-
national Electro-technical Commission (C.E.I.) for
international adoption.

As may be surmised, the work was carried on in
very congenial surroundings. Every effort was made
by the Swiss Administration to make the stay as
pleasant as possible by arranging excursions for the
ladies during the week, and excursions for all on
off-days. Particularly enjoyable were the visits to
the old castle of Chillon and to the mountain resort of
Gstaad.

i

p
a
b
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The Telecommunications Development
Scheme of India

UD.C. 621.39 (54)

MAIJOR L. J. REECE
(Attached Indian P. & T.)

A brief outline of the extension of Indian telecommunication facilities during the period 1942-1946.

Introduction.
DURING the early part of 1942 it had become

obvious that the telecommunications facilities

of India were wholly inadequate to meet the
needs of a country which had to be developed as a
base from which an attack could be launched against
Japan, and which had in the meantime to be defended
against attack. The fighting services needed adminis-
trative and operational telecommunications; the
civil administration and commercial interests needed
improved communications to enable them to support
the fighting services and maintain their supplies.

Telecommunications Development Scheme.

A Defence Services Line Communications Board
(D.S.L.C.B.) was formed to co-relate the requirements
of the Defence Services for line communications, and
to decide upon the relative priority with which such
communications should be provided. This Board
was formed by the Signals Directgrate of India G.H.Q.
and had a military officer as Pf%mdent and a repre-
sentative of the Indian Posts and Telegraphs as a
member. In addition the Government of India
formed a Board, known as the Telecommunications
Development Board (T.D.B.), which was instructed
to prepare a rough project and project estimate of
a scheme for the development of India’s telegraph
and telephone communications to meet both civil
and defence requirements during the war.

A scheme was produced and sanctioned in June,
1942, but was revised and enlarged in January, 1943,

AUGUST, 1942
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to include the “ regional ”’ works of the War Depart-
ment, and certain additions to the ““ main network.”
The main provisions of the revised scheme were
roughly :—

Wire .. .. .. .. 273,000 miles
Posts 648,000
Telephone circuits (Carrler

channels) . .. 402

Telegraph circuits (V01ce frequency) 354
Auto Exchange Plant .. 18,000 lines
Subs. telephone instruments .. 20,000
Buildings . . costing £375,000

This scheme was approved, and has now to a
large extent been completed (see Figs. 1 and 2).
There was a broad division of the scheme into *“ Main
Network ” and ** Regional Works,” the former com-
prising the joint requirements of the War Department
and the P. & T. Department for long distance tele-
phone and telegraph circuits, and the latter being the
War Department local circuit requirements.

The amount of work to be done rendered it im-
possible for alt detailed planning to be carried out
at the headquarters, and decentralisation was
therefore effected by dividing the country into four
““areas,” each area having a controlling Installation
Engineer, who was responsible for planning and
installations at all stations in his own area. This
system worked very well, its only disadvantage
being that there was a lack of uniformity in installa-
tion methods, and some effort will now have to be
made to standardise the network.
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Installation Difficulties.

Difficulties of all kinds were, of course, experienced
and their treatment required individual attention.
For instance, a large number of wide rivers had to
be crossed, and this was usually done by fixtures on
bridges. Each bridge had to be treated specially,
since no two bridges were alike. Where bridges did
not exist, special masonry piles had to be constructed
in the river bed to carry the route. A new type of
line construction for carrier circuits was evolved,
which was efficient in all respects. No existing routes
were suitable and construction officers had to be
given special training before the work could com-
mence. The supply of stores was a constant source
of anxiety, due to shortages of raw materials, etc.,
and the position became more strained when large
parts of stocks had to be handed over to South-East
Asia Command, for the execution of the war in
Burma. Despite these difficulties, however, the
scheme gradually went forward, until to-day it is
all but complete.

Maintenance Problems.

Maintenance of systems when once they were put
into service proved to be a big problem, because of
the lack of fully trained maintenance staff. This
applied only to carrier equipments, since with V.F.
telegraph systems the equipment was installed and
afterwards maintained by D.T.N. sections of the
Royal Signals. The inexperienced maintenance per-
sonnel were helped to a great degree on the mainten-
ance of carrier equipments by the installation parties,
but the problem soon became of such dimensions as to
render this practice unworkable, and a special
Maintenance Section was formed, made up of tech-
nicians drawn from the installation side. This section
is now working smoothly, and has grown into four
maintenance groups, one in each area headquarters.

THAEE CHANNEL
CARRIER SYSTEM =

SINGLE CHANNEL
CARRIER SYSTEM

MARCH, 1946
Fi16. 2.—DEVELOPMENT OF CARRIER TELEPHONE SYSTEM.

. V.F. telegraph installations are still being main-

tained by Army personnel, but P. & T. staff is being
trained, and they will in time take over all such
equipment in India.

Acknowledgments.

Speed was, at all times, of the first importance,
and to this end very valuable assistance was ren-
dered by the following administrations :—

1. Burma Posts and Telegraphs. The Chief
Engineer and a number of his officers did much
valuable planning and surveying work from
August, 1942, to July, 1943, and again from
March to September, 1944, as well as con-
struction work on the Trichinopoly-Bangalore-
Madras alignments.

2. Royal Signals. Most of the work of installing
carrier telephone and voice frequency telegraph
systems and the installation and design of trunk
exchanges was carried out under the direction
of Royal Signals officers, and their standards
of workmanship were excellent.

3. Telephone Manufacturers. The British Telephone
Manufacturers lent highly qualified transmission
and switching engineers, who acted as technical
advisers and supervised installation works,
including the installation of three of the largest
trunk exchanges forming part of the scheme.
All this help was of immense value.

4. Indian P. & T. Department. Much credit is
due to all ranks of the Indian Posts and Tele-
graphs, who have worked unremittingly for
over three years on the Telecommunications
Development Scheme. Special mention must be
made of the staff who worked in East Bengal
and Assam during the crucial vears of 1943
and 1944.
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Notes and Comments

Roll of Honour

The Board of Editors deeply regrets to have to record the deaths of the following members of the Engineering

Department :—

While serving with the Armed Forces.
Canterbury Telephone Area Freeborn, A. R...

Engineering Department

Glasgow Telephone Area

Leicester Telephone Area ..
Liverpool Telephone Area ..

London Telecoms. Region ..

London Telecoms. Region ..
London Telecoms. Region ..

Middlesbrough Telephone

Area

Newcastle-on-Tyne

Telephone Area

Sheffield Telephone Area
W. and B.C. Region

Recent Awards

Willcocks, E-W. H.

O’Donnell, H. P.
Jackson, D. S.
Green, L. D.

Ffrench-Kahoe,

C. J.
Fowler, A. J. ..
Talbot, A. J. ..
Birkett, W. N. ..

Patton, G.

Chatterley, J.S...
Moore, J. K. ..

Skilled Workman, Class IT
Skilled Workman, Class IT ..
(Unestablished)
Unestablished Skilled Workman
Unestablished Skilled Workman
Unestablished Skilled Workman

Signalman, Royal Signals
Flight Sergeant, R.AF.

Signalman, Royal Signals
Corporal, Green Howards
Sub.-Lieut., Fleet Air Arm,

Unestablished Skilled Workman

Unestablished Skilled Workman
Unestablished Skilled Workman
Unestablished Skilled Workman

Labourer. .

Labourer. .

Draughtsman, Cia;ss II

Flying  Officer,

R.N.
RAF.

Ldg. Telegraphist, R.N.
Signalman, Royal Signals
Flight

Sergeant, R.AF

Corporal, CM.P.

L/Cpl., Manchester Regt.
Major, Royal Signals

The Board of Editors has learnt with great pleasure of the honours recently conferred upon the following
members of the Engineering Department :—

Birmingham Telephone Area Berresford, B. H.

Birmingham Telephone Area Eccleston, L. D.

Birmingham Telephone Area Ganderton, W. G.

Bournemouth Telephone Area Quilty, M. J. T.

Bradford Telephone Area ..
Bradford Telephone Area ..

Bristol Telephone Area

Edinburgh Telephone Area

Engineering Department
Engineering Department
Engineering Department
Engineering Department
Engineering Department
Engineering Department
Leeds Telephone Area

Leicester Telephone Area ..

Liverpool Telephone Area ..
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Broadbent, F. ..

Hargreaves, T. R.

Symonds, S. G.
Anderson, G. O.
Cole, A. C.
Hutchinson, E.
Millson, H. W...
Pitman, L. W. J.
Wood, T. E.
Wright, H. C. ..
Ward, H. B.
Rumbellow, V. G.

Rogers, J.

Inspector

Skilled Workman,
Class II

Inspector

Skilled Workman,
Class I1

Skilled Workman,
Class I

Unestablished
Skilled Workman

Skilled Workman,
Class I

Skilled Workman,
Class I

Clerical Officer ..

Motor Mechanic. .
Inspector

Unestablished
Draughtsman
H.C.O. .. ..

Inspector

Skilled Workman,
Class II
Inspector

Skilled Workman,
Class 11

Major, Royal Signals

R.SM., R.A.

Twice Mentioned
in Despatches
Belgian Croix de

Guerre, 1940,
with Palm
Sergeant, Royal Mentioned in
Signals Despatches
Corporal, Royal Mentioned in
Signals Despatches
Wt. Offr. Class II, Mentioned in
Royal Signals Despatches
B.Q.M.S,, RA. Belgian Croix de
Guerre, 1940,
with Palmr
Elect. Artificer, British Empire
1st Class, R.N. Medal
C.S.M., Royal Mentioned in
Signals Despatches
L/Corporal, Royal Mentioned in
Signals Despatches
Wt. Offr., Class I, Mentioned in
R.EM.E. Despatches
Fl. Officer, R.AF. Mentioned in
Despatches
Corporal, Royal Mentioned in
Signals Despatches
Captain, R.E. (P.S.) Mentioned in
Despatches
Major, Royal Signals Mentioned in
Despatches
Corporal, Royal Mentioned in
Signals Despatches
Captain, REM.E.  Mentioned in
Despatches
FL. Officer, R.AF. Distinguished
Flying Cross






to embrace all sides of line plant matters, and there is
no doubt that his active personality will enable him
to take an effective part in all sides of the Test
Branch’s activities. Finally, his sympathetic approach
to staff matters should ensure his success with the
large staff which now comes under his control.
H. J. D.

Sir Frank Gill

Everyone in the telecommunications industry will
be most gratified to hear that at the Plenary Assembly
of the C.C.I.F. at Montreux, Sir Frank Gill, K.C.M.G.,
was elected to be an honorary delegate to all future
meetings. This honour, which was also conferred on
M. Muri, has only once before been conferred, to
M. Fossion of the Belgian Administration.

Sir Frank Gill has taken a leading part in the
industry for more than 40 years, and there is perhaps
no one who could rival his knowledge, and indeed his
energy, still so evident, in spite of his long service.

The Royal Statistical Society

In 1945 the Royal Statistical Society formed an
Industrial Applications Section concerned with the
application of statistical techniques to all aspects of
industry with local groups in Birmingham, London
and Sheffield.

The Society now reports that a North-Eastern
Group has been formed, centred on the Tyne and
Wear areas, and including a Tees-side sub-group. The
honorary secretary of the new group is Mr. J. Elliott,
Lemington Glass Works, Lemington-on-Tyne, North-
umberland; and of the sub-group Mr. J. T.
Richardson, Research Department, Imperial Chemical
Industries, Ltd., Billingham, Co. Durham.

Mr. W. J. Bailey, Mm..eE.

It is with regret that we record the death, in
November, 1946, of Mr. W. J. Bailey. He joined the
Central Telegraph Office as a telegraphist in August,

1885, passed the Civil Service examination for Second
Class Engineer in April, 1908, and joined the Designs
Section of the Engineer-in-Chief’s office, G.P.O., in
April, 1909. Here he took a very active part in the
introduction of the first automatic exchanges and
wrote comprehensive technical descriptions of the
Strowger and Lorimer systems which were published
in this JOURNAL, Volumes V and VI.

In March, 1927, he was appointed Staff Engineer
in charge of the Equipment Section controlling the

design and provision of automatic exchanges.

Mr. Bailey initiated the Equipment Section
Swimming Club, and was one of its keenest members.
Every week, summer and winter, until he retired in
June, 1931, at the age of 60, he swam at the baths.
The “Bailey Cup” which he presented for annual
competition will remain as a memento of a kindly and
considerate personality who will be remembered with
affection by many of the staff of the Telephone
Exchange Contractors and the G.P.O. Engineering
Department.

' JR.

Cable and Wireless Ltd.

As reported elsewhere in this issue Sir Stanley
Angwin, K.B.E., D.S.0. is relinquishing his post as
Engineer-in-Chief of the Post Office to become
Chairman of the new board of directors appointed
for Cable and Wireless Ltd. upon their transfer to
national ownership. He will be joined there by
Mr. J. Innes, C.B., who, becomes Managing Director
of the company.

Mr. Innes has, since 1942, been Deputy Secretary
at the Ministry of Fuel and Power. Prior to that date
he was in the Post Office reaching the rank of Assistant
Engineer-in-Chief ~ before  transferring to  the
administrative side, where he became Director of
Telecommunications. Mr. Innes was for many years
Managing Editor of this JOURNAL.

Book Review

‘“Photoelectric Cells.” A.Sommer, D.Phil. 104 pp., 27 ill.
Methuen & Co., Ltd. 5s.

This addition to the Methuen’s Monographs on
Physical Subjects describes photoemission and photo-
emissive cells. Itis welcomed. During the last ten years
text-books have tended to ignore photoelectricity, a
subject whose outstanding problems none the less
deserve attention. Photoemission from clean metals,
though well understood, is of little use to the telecom-
munications engineer whose most easily controlled
radiations—the visible and the infra red—here produce
little or no useful effects. But photoemission from a few
particular composite surfaces, though of much use to
the engineer in sound reproduction, television, etc.,
presents problems, to both the physicist and the engi-
neer, whose solutions are still only qualitative.

Thus, when in two of the opening chapters the author
describes the theory of photoemission and the properties
of commercial photoelectric cathodes, his explanations

of the physical processes are largely qualitative. Chapters
on the matching of light sources and photocathodes and
on the mechanism of gas amplification follow and will
appeal to the engineer. Multiplier cells are then given a
fair share of attention ; the author makes it clear that
they are not always superior to the simpler cells. The
last chapter, devoted to the applications of photocells,

" will assist the choice of cells for use in photometry and

telecommunications ; the description given of television
“‘pick-up” tubes is brief, but any defect is alleviated by a
good bibliography. Throughout, the author does a good
service in pointing out the limitations of each cell
described.

The book fulfils the aims of the publishers and it is,
in general, very readable. Occasionally the clarity suffers
when explanations of experimental data are given ; and
careful editing, by removing many pointless phrases,
mostly introductory, would shorten the book by several
pages. J.R.T.
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Institution of Post Office Electrical Engineers

Stoke Sub-Centre

The present session was initiated with a most success-
ful visit to the English Electric Co’s works at Stafford
on 24th October, when 30 members availed themselves
of the opportunity of seeing heavy current electrical
engineering equipment in production.

It was possible to see all stages of construction of
turbo-alternators, including the make up of stators from
laminations, the milling of rotors and the insertion of
windings. The dynamic balancing of rotors was a feature
of interest to all.

The production of high voltage switching gear was
also examined, including a new design of breaker
employing compressed air to blow out the electric arc.
The production of very large power transformers was
also seen, and the associated switching gear for main-
taming steady voltages at the distant end of trans-
mission lines was of particular interest.

The destinations of the items being produced surprised
some, and the quantity of equipment going to the
U.S.S.R. was noticeable. Other machines were destined
for South Africa, New Zealand and for home use.

The Research Laboratories of the firm were also
virited, and an examination was made of very high
voltage testing equipment, together with X-ray equip-
ment used for testing of the crystalline structure of
metals and examination of apparatus manufactured by
the firm.

Experiments were also being conducted on air-tight
seals for the anodes and grids of steel tank rectifiers.

The factory management dealt with the visit most
efficiently, sufficient guides being provided from Univer-
sity Graduate Trainees to enable small parties of three
or four members being given excellent individual
attention.

After partaking of an ample tea as the guests of the
Company, the members returned to Stoke well satisfied
with a most interesting visit.

E. A M.

Institution Library
Recent additions to the Library include the following

1707 Theory of Gaseous Conduction and Electronics.
Maxfield and Benedict (American 1941).

A textbook covering the fundamentals of con-
duction in gases and suitable for undergraduate
students in electrical engineering and applied
physics. This book discusses not only high vacuum
conduction as found in radio tubes, cathode-ray
tubes and phototubes, but also the theory and
application of corona, sparking, glows and arcs.

1708 Heaviside’s Electrvic Civcuit Theory. H. J. Josephs
(British 1946).

Covers foundations of electric circuit theory and
the use of Heaviside’s theorem in the analysis of
electric circuit problems.

1709 Ultra High-Frequency Radio Engineering. Emery
(Américan 1944).

A book for senior electrical engineering students,
and assumes a general background in elementary
communication and electronics. Emphasis of
treatment is onthediscussion of the component parts
of ultra high-frequency systems. Scope covers
voltage-regulated  power  supplies—electronic
switching and synchronisation—cathode-ray tubes
and sweep circuits—amplifiers—square wave test-
ing and transient response—ultra H.F. circuit
elements—oscillators—modulation and detection
—radiation and waveguides.

1710

1711

1712

1713

1714

1715

Electronics. Millman and Seely (American 1941).

A textbook of broad scope with emphasis on
fundamental theory and the physics of electronic
devices. Useful also where the principal objective
is the study of the technical and engineering appli-
cations of these devices. Theoretical and practical
aspects of electronics are included side by side,
presenting a unified treatment of interest to
students of either physics or engineering.

Waveform Analysis. Manley (British 1945).

This book gives practical information on the
interpretation of recorded waveforms and allied
subjects, and is in the nature of a guide to the
interpretation of periodic waves including vibra-
tion records. The special object has been to
present in detail the envelope method of analysis
which enables recorded waveforms to be analysed
mto their principal constituents without having
recourse to mechanical contrivances or to the
more exact but cumbersome methods usually
known as “Fourier analysis” or ‘Harmonic
analysis.”

Transmission Lines, Antennas and Wave Guides.
King, Mimno and Wing (American 1945.)

Treatment is concise and largely non-mathe-
matical. The chapter on transmission lines is
devoted mostly to the dissipationless line and
impedance matching devices, whilst the subjects
of antennas and ultra H.F. circuits have been so
treated to develop a real understanding for the
electromagnetic point of view. The section on wave
propagation, however, is brief and is intended
primarily for students with a general knowledge of
physics who have had no previous opportunity to
study the basic principles of radio transmission.

Science since 1500. Pledge (British 1940).

Covering in a general way science and pre-science
from ancient Greece to the second Renaissance—
biology before the microscope—astronomy before
the telescope—mathematics before the calculus—
mechanics, astronomy, optics (especially in the
17th century), mathematics (1600-1800)—micro-
scopy, classification, geology—experimental science
—mathematical physics—evolution and the micro-
scope—19th century mathematics—organic chem-
istry—surfaces and ions-—cytology and genetics—
growth and unity of the individual—ecology—
modern experimental physics—quantum theory—
relativity and cosmology—real materials.

General Principles of the Quantum Theory. Temple
(British, 1946).

An introductory account. This theory is con-
sidered here as a branch of physics and not as a
branch of mathematics.

Advanced Mathematics for Technical Students
(Part 1). Geary, Lowry and Hayden (British 1945).

Suitable for students of science or engineering
who have reached the standard of a University
Intermediate examination or an Ordinary National
Certificate in engineering. The work includes a
chapter on approximate methods and fundamental
principles of mechanics in which vectors and
calculus are used from the outset. Although some
knowledge of the calculus is assumed, the chapters
on differentiation and integration start from the
beginning.
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Junior Section Notes

Bristol Centre

The season opened with a summer visit to the Pirelli
General Cable works at Eastleigh, Southampton. A
keen interest was displayed by the members who watched
with fascination copper ingots being rolled into wire,
insulated with paper and finally formed into cables.

Our thanks are extended to the Department for their
collaboration and to the staff of Pirelli, Ltd., for the
outstanding success of the visit,

A paper on “‘Centimetre Radar’’ was read by Mr. R. E.
Griffin at the October meeting. This was extremely
interesting, well read, and showed that the speaker had a
firm grasp of his subject. Exhibits ranging from acorn
valves to magnetrons and cavity resonators were
keenly inspected by the members.

Attendances at the monthly meetings leave much to
be desired, due to many members attending evening
classes, which are held each night of the week. For those
who can attend, a full and comprehensive programme,
which includes outside visits, has been arranged.

A welcome is extended to visitors and to students at
the Regional Training School, Shirehampton.

Chiltern Area Centre

The Chiltern Area Centre, which covers the Aylesbury,
HighWycombe and Amersham areas, is now functioning.
The centre was formed in 1939, but due to its being a
widespread area, was not able to carry out any pro-
gramme during the war years.

The elections of officers for the 1946/7 session are as
follows : Chairman, F. Sherriff; Vice-Chairman, E. V.
Shepherd; Secretary and Treasurer, L. B. Slatter.
Committee : A. H. Gwilliam, D. H. Noble, A. C. F.
Leadbitter, W. J. Osborne, R. R. Raynor, and A. J.
Pearce.

Our first meeting was held at Aylesbury on 14th
October, 1946, when a most interesting lecture was given
by our Area Engineer, Mr. A. G. Robins, AM.I.LE.E., on
“The Development of our Trunk Cable Network.”

Other papers promised for the session are as follows :
“Decibels,” J. Williams; ‘“Model Engineering” and

practical demonstrations, F. R. Forest; ‘‘Amplifiers,”
A. C. F. Leadbitter ; ““Projectors,” H. J. Trotman.
L.B.S.

Edinburgh Centre
The first meeting of the 1946/7 session was held on
the 21st October, in the Blenheim Rooms, Mr. J.
Atkinson, Area Engineer (Mtce.), giving an interesting
lecture, the subject being “The A.B.C. of Impulsing.”
The remainder of our programme is as follows :—
January 20th.—* The New Development Scheme.”
A. E. Jemmeson,

February 17th.—“ Any Questions.”
March 17th.—'“ Radio Communication.” J. R.
Hall and W. S. Ross.
April 21st.—"“Annual general meeting.”
The committee would like to take this opportunity
to extend to all engineering staff in the Edinburgh Area
a hearty welcome to the above meetings.

Membership and attendance are unsatisfactory, owing,
it is believed, to the eligible staff not fully appreciating
the benefits to be derived. Will the end of rehabilitation
see our troubles over ?

G.J.F.

.Middlesbrough Centre

An interesting programme for the 1946/47 session has
been arranged which includes two special items of
interest to all, namely, a visit to the Dorman Long
Britannia steel works and one to the North Teespower
station.

At present the membership numbers 50, but it is hoped
to increase that considerably in the near future. We
appeal to all our staff to do all they can to bring in new
members, particularly the younger ones, who we feel
sure will derive great benefit from the different subjects
discussed at the meetings. G.R. M.

North-Eastern Region Centres

The North-Eastern Region is following with great
interest the activities of its junior centres, and the
officers and committees are to be commended on getting
together attractive programmes with the support of the
North-Eastern and Northern Committees of the Senior
Section. Some idea of the activities can be gained from
the following brief notes.

Harrogate.—The centre has recently commenced acti-
vities for the winter session with 15 members. Meetings
commenced on 28th November, and it is proposed to
have two meetings per month. Members of the E-in-C’s
staff at Harrogate are giving co-operation.

Lincoln.—This is an active centre with 110 members,
and a good winter programme has been arranged.
Consideration is being given to constituting a separately
financed Radio Sub Section. So far, during this session,
28 books have been borrowed from the Central Library
by 18 different members.

Hull—This section consists of 17 members. A small
but varied programme has.-been worked out, and meet-
ings are held jointly with Hull Corporation Telephone
Society. Meetings are held once per month.

Leeds.—This centre has 84 members, of whom 10 are
making use of the Central Library facilities, and has a
full winter programme.

Doncaster.—There are 50 members and the programme
for the winter session is being maintained.

Scarborough.—This centre commenced in 1938, with a
membership of 30, and continued throughout the war
with an average membership of 20. The present member-
ship is 38, and active use is made of the Central Library.
The Head Postmaster has placed a room in the H.P.O.
at the disposal of the centre. An interesting visit was
recently made to H.M.S. Birmingham while on a courtesy
visit to the resort.

Grumsby —This centre has opened its winter session
with 19 members. The meetings have been arranged so
as not to clash with evening classes, and it is hoped to
maintain one meeting per month from November to
March.

Halifax.—Interest in this junior section is being
maintained. The centre has 43 members.
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Regional Notes

North-Eastern Region

EXTENSION OF A PRE-2,000 TYPE SATELLITE
EXCHANGE WITH THE 800-LINE SEMI-
AUTO 2,000 TYPE EQUIPMENT

The use of the 800-line semi-auto 2,000 type equip-
ment for extending a pre-2,000 type satellite exchange
would in the majority of cases be straightforward, but
the particular case at Roundhay (Leeds) presents
problems which it is thought are of interest.

Roundhay exchange, with a numbering range of
61,000-64,999, had for some time catered for a “hypo-
thetical” exchange for Moortown, with a numbering
range of 65,000-66,999. This arrangement had been
made possible by the teeing of
second selector levels,as shown
in Fig. 1. -

The 66 and 65 numbers -
were allocated in the 63 and [fam
64 final selector multiples, E;__S.? g Froed
where the particular numbers ™%
were ‘‘spare,” e.g. 65,111 was obtained via 64,111 final
selector multiple, the number 64,111 thereby being
deleted from the Roundhay ‘‘spare” numbers. The
teeing was carried out on the D.S.R.’s at Roundhay and
on second selectors at Leeds (main auto). Manual board
outgoing jacks and 2 V.F. selector levels were similarly
teed.

A contractor’s extension of 1,600 multiple (65,000-
66,599) having been scheduled for later installation, the
Departmental ‘‘temporary’’ extension was required to
keep within this numbering range. This extension was
necessary to cater for the “waiting” subscribers and
development forecasts up to the completion of the
contract extension.

Some cutting of the second selector teed levels was

therefore necessary. The most straightforward way
would have been to provide the additional 800 lines in
the 65 series by providing third selectors on the 65
group and using levels 0-7 with the 8-9 levels teed with
existing 648-9 third selector levels to cater for the
mixed 648/658, etc. numbers.
_ An examination of the numbers already allocated in
the 64/650-7 hundreds revealed that the spare numbers
in the 64 (Roundhay proper) and the 65 (Moortown
hypothetical) groups were in proportion 6 : 2. Further
examination of the levels in the 63/66 range revealed a
reverse proportion. The *‘waiting list”” of potential
subscribers provided a 50/50 ratio which set the problem
which prompts this article.

After various combinations had been considered the
nearest scheme to an equal ratio was to take three levels
from 65 and five levels from 66. The major items,
racks, discriminating selectors, etc., had by this time
arrived and work on the portions other than this third
selector problem was progressing. Only one group
selector rack having been provided, the shelves were
split to provide two shelves of 10 selectors each in the
65 group, and three shelves of 10 selectors in the 66
group. Two shelves in the old exchange portion were
rearranged to give an additional 20 selectors in the
65 group and 10 in the 66 group. Third selector levels
655-6-7 and 660-1-2-3-4, from both sets of third selectors,
were graded to the 200 line final selectors which were
arranged as 655/6, 657/660, 661/2 and 663/4. It was
necessary to tee the remaining 12 third selector levels
(7 on 65 and 5 on 66) with the corresponding 64 and 63
third selector levels in order to deal with the mixed

[6] 210 SELR. (RS SR ETC)

numbers which had not been segregated, with a resulting
trunking diagram as in Fig. 2.
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Under this arrangement approximately 380 working
lines were switched over to the new equipment at the
moment of opening up the teed levels.

At another of the satellites (Chapeltown) a similar
extension by the 800 line equipment is in progress, but
in this case no problems of a like nature have been
encountered.

South Western Region
LIGHTNING DAMAGE IN CORNWALL

During the morning of the 29th September, 1946,
severe thunderstorms occurred over almost the whole
of Cornwall, but caused little damage except at one
exchange, St. Day, a U.A.X. 12, near the north coast.
A lineman was working in the exchange at the time when
a terrific explosion occurred, and all the power company’s
equipment was blown from the wall. All the fuses, both
line and alarm, were blown in the exchange, and also
many of the protectors at subs’ premises in addition to
the junction fuses at the parent exchange. Temporary
service was given the same day on the junction route by
utilising odd wires in the junction cable, and a few
subscribers’ services were also restored by temporary
means. Service to the remaining subscribers had to
await the renewal of many lengths of underground and
aerial cable, and also block terminals on eight of the
nine D.P.s. Although thunderstorms are very prevalent
in Cornwall, it is unusual to have such severe damage
localised in such a small area. C.P. L

A NON-STANDARD MANHOLE

It does not often happen that a practical demonstra-
tion of how to build a manhole is given immediately
outside a Telephone Manager’s office, but this has
happened recently in Gloucester. Due to this, it is
perhaps safe to say that considerably more interest has
been taken in manhole building by those not directly
concerned than is usually the case ; in fact, one or two
of the staff seemed to have appropriated the hole all to
themselves. The manhole is of a non-standard type,
built to relieve one which is congested, a few yards
away. Placed in the centre of the road, very little was
found by way of obstruction, although there were some
signs of previous excavation having taken place, and
the rumour did get round that a skeleton had been found.

Discussions on the various phases of the work were
frequent. The relative merits of local sand and gravel
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ABERDEEN RELIEF EXCHANGES

In common with other towns, Aberdeen has its waiting
list, and although buildings were ready for an auto.
conversion with the major part of the auto. equipment
available, it became obvious that some relief measures
would have to be adopted until such time as the auto.
equipment could be brought into service.

The existing local C.B.1 suite served the whole of
Aberdeen except the suburb of Woodside, which was
served by a separate magneto exchange. The auto.
scheme, however, provides for satellite exchanges in the
North and West areas working into a central auto-manual
exchange, and the fact that these buildings were already
available has been of great assistance in meeting demands
for service.

The provision of additional ducts and cable was neces-
sary if the prospective new subscribers in the West and
North areas were to be connected to the central manual
board, and since this plant would be redundant on con-
version to auto. it was decided to set up relief manual
exchanges.

The first exchange provided is installed in the building
designed for West satellite at Thorngrove Avenue. It
consists of 4 C.B. No. 10 positions, a multiple of 1,120
lines, and a similar amount of calling equipments. The
24 V. power supply is derived from a 50 V. parallel
battery float scheme, reduced by the insertion of suit-
able counter E.M.F. cells. Order wire working is used to
the main exchange, and signal junctions in the reverse
direction. As the ““A” positions at the main exchange
were fully loaded, it was necessary first to transfer 400
subscribers’ circuits to West relief to free a position for
conversion to ifc order wire working. To identify lines
connected to West, the 400 transferred circuits and all
new subscribers’ connected have been given numbers
within the proposed numbering range of West satellite.
Actually.only 20 numbers from each 100 group have been
chosen to allow an equitable distribution over the final
selector groups under auto. conditions.

The provision of a North manual relief exchange
cannot be catered for in the auto. building, and a pre-
fabricated building is to be erected for this purpose. In
the meantime, the Woodside exchange which is proper
to the North auto. satellite has had to be transferred to
the central relief switchboard owing to termination of the
lease for the Woodside premises.

The second central relief switchboard is located in
Telephone House. Accommodation for this exchange
was made available by the transfer of staff to rented
premises, and it consists of 19 C.B. No. 10 positions
arranged as follows :—

Positions 1 and 2 i/c order wire positions
» 3 J.E.B. position
” 4and 5 Woodside
, 6 to 18 ‘A’ positions
,, 19 T. and P.U. position

Position No. 1 has not yet been brought into service.
It is being held in reserve for working as an i/c order
wire position from the sleeve control auto-manual
switchboard which is being provided in advance of the
main automatic installation to relieve the load on the
existing trunk switchboard. The build-up of the relief
exchange was done in stages. Initially traffic from the
main suite was handled over signal junctions, and in the
reverse direction by order wires teed temporarily to
those i/c from West relief and handled by the same
operator. The next stage involved clearing an ““A”’ posi-
tion in the main suite to provide i/c order wires from the
central relief. This was accomplished by leaving the
subscribers’ multiple appearance on the main suite but

transferring their ‘““home” positions to the relief. Actu-
ally three positions have been cleared in this manner
and converted to handle the i/c traffic from the relief
exchange,

The relief exchange equipment comprises :—

(1) 280 calling equipments for Woodside, not multi-
pled.

(2) 940 home appearances (jacks and lamps only) for
transferred circuits with multiple appearance
remaining on main suite.

(3) 1,900 calling equipments for new subscribers.
(4) 2,000 subscribers’ multiple.

(6) 200 ofg junction multiples.

The apparatus room for the relief is self-contained and
includes an I.D.F. of 21 verticals. Chargeable time
clocks on the basis of 4 per position and meters for the
relief exchange subscribers have been provided.

The arrangements and layout necessarily adopted will
complicate the auto. transfer arrangements, but such
difficulties are made 10 be overcome.

The time-table arranged for the work has been well
maintained and credit to the installation staff is due for
ironing out the many snags encountered on a not so
straightforward job.

W. C. McD.

Welsh and Border Counties Region

NEVIN-HOWTH CARRIER SYSTEM
CONVERSION TO 24-CHANNEL WORKING

On Sunday, 22nd September, 1946, the Nevin-Howth
12-channel carrier system, which carries the telephone
traffic from this country to Dublin, was converted to
24-channel operation.

The original equipment consisted of one 12-channel
group using a G.E.C. No. 6 carrier terminal controlled
locally by 1 kc/s fork type master oscillators. By the loss
of channel 1 in the 12-channel group a 1 + 4 carrier
system was added and by this means 16 circuits were
provided, one channel being used for a London-Dublin
18-channel V.F. telegraph circuit.

The initial and additional 12-channel groups are
combined by high and low pass filters and are worked
4-wire over two concentric submarine cables. Arrange-
ments for the emergency operation of half the circuits
over either of the cables is provided.

The new system consists of two G.E.C. No. 7 12-
channel groups, combined into a 24-channel group,
controlled by the existing master oscillator. Owing to
cable attenuation over the frequency range 12-108 kc/s
the group has been pre-equalised and transmission is via
a 10-watt power amplifier. On the receive side, two
equalisers and two No. 7 type line amplifiers are worked
in tandem to provide the required input to the group and
channel equipment.

Below the 24-channel group the audio circuit and
bottom two channels of the 1 + 4 carrier system have
been added, and the result of the conversion is that 27
circuits are now available. Two of the channels carry
18-channel V.F. telegraph circuits. A switching panel
allows the 1 + 4 system to be operated on one cable to
enable a music circuit to be worked on the second cable.

The work was planned, tested and lined up by the
Engineer-in-Chief’s Office, Lines Branch. A considerable
amount of preparatory work on circuit rearrangements
was carried out by local staff in the Chester Telephone
Manager’s area, and this assisted materially in reducing
lost traffic time to a minimum during the conversion.

N. G.
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DAMAGE TO NEATH POWER STATION,
22nd SEPTEMBER, 1946

Gales of 60 m.p.h., floods and magnetic storms are
not unusual in this country, but when they all occur
simultaneously with the destruction by fire of a muni-
cipal power station, the events are perhaps worth
recording.

One indirect result of the bursting of the banks of the
River Neath at Neath, Glam., during the height of the
storms of 20th to 23rd September, 1946, when 15
exchanges were isolated, and about 1,000 subscribers’
lines were put out of order in the Swansea Telephone
Area, was a fire which seriously damaged Neath power
station.

The fire occurred at about 8 p.m. on Sunday, 22nd
September, when the station, with an output of 20,000
kW, serving a population of 60,000 in Neath, Briton
Ferry and Skewen, failed, due to the burn-out of a large
transformer following the non-operation of an overload
trip coil. The blazing oil from the transformer spread
very quickly, and the attendant, who was located in a
gallery cabin, was extremely lucky to escape with his life.

Unfortunately, the telephone was located in the
attendant’s cabin, and he, in his excitement, had failed
to notify the Fire Brigade. It was impossible for him to
return through the burning oil, and although he incurred
minor injuries, he pluckily ran over half a mile to the
nearest telephone to warn the brigade. By the time they
arrived serious damage had been caused, and it was
obvious to the local Post Office Inspector, who was soon
on the scene, that arrangements would have to be made
to bring emergency battery charging equipment into
operation without delay.

Three exchanges, Neath manual with 800 subscribers,
Skewen manual with 200 and Briton Ferry U.A.X. with
200 subscribers, depend on Neath power station for their
power supplies, and it was imperative, particularly so
at Neath, that the batteries should be on charge by
mid-afternoon on Monday, 23rd September.

The emergency organisation was put into operation,
and by mid-day Skewen manual exchange batteries were
on charge, Neath following at 2.15 p.m. As soon as
possible after the charging commenced, the 600 non-
essential subscribers’ lines, which since Sunday midnight
had been subject to emergency control procedure, were

restored to normal working. Briton Ferry U.A.X. bat-
teries were on charge by 4.30 p.m., but Neath Post
Office, which is located at some distance from the
exchange, was still without light and power, because the
charging set which had been towed from Carmarthen,
40 miles away, was giving engine trouble. However, by
10.30 p.m. the engine was running well enough to supply
light and power, and Neath Post Office was soon
functioning normally.

The emergency sets were in use until 7 p.m. on
Wednesday, 25th September, when temporary repairs
enabled the station to take the load.

N.C.de].

AN EXPERIMENTAL U.A.X. COMMON
EQUIPMENT TESTER

The reconditioning of U.A.X. time-pulse, tone and
ringing relay-sets at overhaul centres has emphasised
the need for a tester for this type of equipment. It is
essential that apparatus which has been overhauled
should be despatched with the certainty that it will
function correctly when brought into use at the U.A.X.

A complete overhaul may include the changing of a
uniselector bank, with the consequent danger of wiring
reversals. This may affect one or other of the various
functions of the apparatus, which, without a suitable
tester, can be checked only when restored to service in
the U.AX.

A circuit for a tester was developed in the Regional
Engineering Branch and was constructed from recovered
apparatus. Wiring was carried out at Newport (Mon.)
automatic exchange and several useful circuit modifica-
tions suggested by the local staff were incorporated.

Ringing and meter pulse and tone and time pulse sets
for U.A.X. 12 and 13 are tested to prove all functions
and arecent addition to the circuit allows for the testing
of equipment to which retrospective changes have not
been applied.

The operation of keys enables each facility to be tested
separately. Repeat tests can be made quickly and con-
veniently at the bench and the tester has proved to be
a very satisfactory aid to the overhaul staff.

S.E.N.
H.L.
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Staff Changes

Promotions
Name Region Date Name Region Date
A.S.E. to Staff Engr. Chief Insp. to Asst. Engr.—contmued
Hanford, S. .. .. E.-in-C.O. 1.11.46 Pemberton, W. J. E.-in-C.0. to S.W. Reg. 22.9.46
Cleary, C. L. .. N.W.Reg.to S.W. Reg 22.9.46
Exec. Engr. to 4.S.E. Beniston, S.* Scot Reg. .. .. 3.9.46
Barker, P. L. W. & B.C. Reg. to 13.10.46 Walters, J. R. E -in-C.O. 3.9.46
N. Ire. Reg. Walker, A. H. LTR... 1.10.46
Dunford, L. G. Test Section, London  1.11.46 Ibbett, R. E.* H.C. Reg. 30.9.46
Longmore, F. W. E.-in-C.O. to W. & 15.9.46 Marshman, R. C. E.-in-C.O. 3.9 46
B.C. Reg. Loughlin, J. J. Scot. Reg. 30.9.46
Carter, R. O... E .-in-C.O. .. 13.9.46 Allan, A. F. G. E.-in-C.O. 1.10.46
Jones, R.E. .. LT.R. to E. -m—C O... 16.10.46 Blott, F. i LTR... 7.10.46
Asst. Engr. to Exec. Engr. Deighton, C.' F. N.E. Reg. 6.11.46
Whittaker, A. W. LTR... 19.9.46 Inspr. to Chief Inspr.
Young, J.S. .. E.-in-C.O. 20.9.46 Carter, G. W. H.C. Reg. 18.8.46
Edwards, W. K.* Scot. Reg. 19.9.46 Barron, D. J. F. L.P. Reg. 1.7.46
Thomas, G. E. T. L.T.R... 19.9.46 Jones, G. A. H. H.C. Reg. 26.7.46
Gill, W. E.* .. Scot. Reg. .. .. 19.9.46 Moffatt, J. J. E.-in-C.O. 22.9.46
Neate, A. D... H.C. Reg. to LT.R... 19.9.46 Anthistle, A. W. Mid. Reg. 26.5.46
Hunt, A. M.* N.E. Reg. .. .. 19.9.46 Southwell, C. E. N.E. Reg. 18.1.46
Atherton, W. S. E.-in-C.O. 19.9.46 Whitting, W. G. S.W. Reg. 26.8.46
Weaver, E. W.* .. SW. Reg. 19.9.46 Henson, F. B. Mid. Reg. 22.9.46
Beaumont, E. B. M.* LT.R... 19.9.46 Mainwaring, G. Mid. Reg. 25.8.46
Dunn, W. K.* LTR... -~ 19.9.46 Smith, L. .. Mid. Reg. 24.3.46
Prescott, J.* .. E.-in-C.O. 19.9.46 Richards, P. W. Mid. Reg. 25.7.46
Lillicrap, H. G. E.-in-C.O. 19.9.46 Hawarth, J. .. N.W. Reg 9.5.46
Hibbs, N. L. LT.R... 19.9.46 Harris, R. V. LT.R. .. 11.3.46
Hanman, B. L. G. E.-in-C.O. 19.9.46 Arthur, J. C. C. LT.R... . 27.12.45
. Kent, 5. T. E.* LTR... 23.9.46
Chief Insp. to Asst. Engr. Alexander, G. E LT.R.. .. 23.9.46
Jones, C. E. .. Mid. Reg. 22.9.46 Milton, A. G. LTR... . 11.10.46
Stevens, F. W. S.W. Reg. 3.9.46 Baxter, E. C. LTR... .. 17.3.46
Slater, G. H... E.-in-C.O. 3.9.46 Smith, J. R. G. LT.R... . 12.10.46
Smith, C. A. .. LTR... 22.9.46 Fuller, W. .. LT.R... .. 29.7.46
Jones, E. T. .. LTR... 22.9.46 Smith, F. J.* LTR... .. 13.10.46
Ellis, W, N.E. Reg. 3.9.46 Wooding, W. J. LTR... . 13.10.46
* In absentia,
Retirements
Name Region Date Name Region Date
Staff Engr. Chief Insp.
Barralet, F. O. E.-in-C.O. . 31.10.46 Burt, J. E. G. S.W. Reg. .. 31.10.46
Ellis, F. G. L.P. Reg. .. 29.10.46
Asst. Staff Engr. , Soons, A, T. .. E.-in-C.O. - 31.8.46
Plymen, H. S. E -in-C.O. 30.9.46 Town, A. LTR... . 28.10.46
Exec. Engr. Inspr.
McGregor, J. E. M. .. E.-in-C.O. 31.8.46 Doughty, E. M. LTR... 1.11.46
Wood, G. E. .. .. LTR... 31.8.46 Maggs, C. W. LTR... .. 30.9.46
McCullough, ]J. Scot. Reg. .. 26.11.46
Asst. Engr. Crofts, A. A. E-in-C.O. . 17.11.46
Bryant, G. H. H.C. Reg. .. . 18.11.46 Beech, W. H. LTR .. .. 81146
Hogbin, A. .. E.-in-C.O. (Resigned) 6.10.46 Wonson, J. F. E.-in-C.O. (Resigned) 16.9.46
Haigh, H. L... N.E. Reg .. 31.8.46 Morley, G. . LTR... .. .. 31.10.46
Varrall, J. E. E.-in-C. (Re51gned) 31.10.46 Whyte, D. B. Scot. Reg. .. .. 25.9.46
Boys, E. C. L.T.R.. 30.9.46 Ridler, G. H. E.-in-C.O. (Resigned) 30.9.46
: Deaths
Name Region Date i Name Region Date
Exec. Engy. Inspr.
Wilson, F. - E.-in-C.O. (Criggion) .. 3.10.46 Mason, H. . Mid. Reg. . 1.11.46
Chief Inspr. Clevely, S. E. E.-in-C.O. . 20.11.46
Davies, H. S. W. & B.C. Reg. 16 9.46
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Transfers

Name Region Date Name Region Date
Regl. Engr. Chief Inspr.
Hines, R. J. .. Mid. Reg. (Mobilised) 9.9.46 Hicks, C. J. .. N. Ire. Reg. to L.P. 1.11.46
to N.E. Reg. Reg.
Exec. Engr. . Wilson, L. P. E.-in-C.O. to Overseer, 25.11.46
Parsons, R. A. E. E.-in-C.O. (Mobilised) 7.10.46 Factories Dept.
to L.T.R. Bolus, E. H. .. N. Ire. Reg. to LT.R. 17.11.46
Gleadle-Richards, E. E.-in-C.O.to L T.R... 1.9.46 Tnspr.
Brlt\:{c;c s 1 LP. Reg. to EAnC.O. 1046 | Ingram. C.S. R.E). éLeaﬁeld) toEin- 1.11.46
Mead, F. C. .. N.W. Reg.toE-in-CO. 11146 | geears A D, s. RS. (Edinburgh) to 16.11.46
(mtl)l £100  allow- ! Scot. Reg.
ance ; : .
Leckenby, A. J. E-inC.O._(Mobilised) 28.10.46 | Duserots. ] . ;"({{,%eeggtt%%ﬁ%% P
to L.T.R. | Hamer, R. W. & B.C. Reg. to 23.9.46
Asst. Engr. | E.-in-C.O.
Arman, L. T. E.-in-C.O. (Mobilised) 11.11.46 | Elkins, N. A. N.E. Reg.to E.-in-C.O. 16.9.46
to L.T.R. Knight, L. C. LTR. to E-in-C.O... 11.9.46
Roy,D. W. .. E.-in-C.O. to L.P.Reg. 1.9.46 Roberts, G. H. Test Section to E.-in- 2.9.46
Trussler, H. .. L TR toS'W. Reg... 1.946 C.0.
Edwards, A. G. E.-in-C.0. to H.C.Reg. 24.11.46 Braddick, H. A. LTR. to E-n-C.O... 3.10.46
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