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A Switchboard for a Blind and

Handless Operator

U.D.C. 621.395.655.1

. H. COMBRIDGE, AM.LEE.

A description of a special keyboard and translating equipment conaected to a cordless P.A.B.X., which makes possible the
employment of a blind and handless man as a P.A.B.X. attendant.

Introduction.

N 1943, Sir Ian Fraser, C.B.E., M.P., the Chairman
Iof St. Dunstan’s (for men and women blinded on

war service), sought the aid of the Post Office in
solving the intractable problem of finding a useful
occupation for a man who had lost his sight and hands
during Army service. There was at that date only
one man so handicapped in the care of St. Dunstan’s,
but the total rose by the end of the war to nearly a
score. Sir Ian suggested that it might be possible to
find means whereby, with the help of automatic
switching equipment, a man so severely handicapped
would nevertheless be able to serve usefully as the
operator of a Private Branch Exchange switchboard.
In such employment he would be able to make use of
his unimpaired faculties of voice, hearing, intelligence,
and memory, while being relieved as far as possible
of the need for doing physical work. .

Critical analysis of the work performed by an
operator reveals a need for the exercise, to a marked
degree, of the power of discriminating () between
individual members of a large assembly of ‘‘signals”’,
to obtain information on which to base a judgment as
to the action next to be taken, and () between indi-
vidual members of a very large assembly of possible
“actions”’.

The required power of discrimination is secured, in
an operator with normal faculties, almost entirely by
the use of the sense of sight, aided of course, by the
sense of hearing. A person deprived of sight, only,
can in favourable cases compensate for the loss by
making increased use of the senses of hearing, touch,
and ‘“ muscle-sense "’ (by which one judges forces, and
the positions of one’s limbs).

A blind person with hands amputated between the
wrist and elbow is, however, for practical purposes,
almost entirely deprived of the sense of touch. He has
lost the possibility of using muscle-sense in the sensi-
tive and impertant regions of the fingers, hands, and
wrists, and is left only with the inscnsitive and crude
muscle-sense of the elbows and shoulders. Further, his
movements are confined to those which can be con-
trolled by the muscles of these joints, and are
necessarily somewhat clumsy.

Most of the selections made by an operator are of
one ‘“ article ”’ out of a set of ten, for example, to

select the correct finger-hole out of ten on a dial.
Some of the selections are, however, of one ‘‘ article ”’
out of two, for example, to discriminate between the
“ ringing ”’ or ‘‘ speaking ’’ operations of a key. From
the point of view of minimising the effort required, it
would appear that it would have been advantageous
to have restricted the selections to be made by the
disabled operator to those of the latter type. A pre-
liminary study showed, however, that the number of
consecutive selections it would then be necessary to
make in performing any desired series of operations
would be-such that the speed of operating would be
impossibly low, and that a compromise should
therefore be made.

A visit was paid to St. Dunstan’s, where it was
found that the blind and handless man had success-
fully been taught the use of an ordinary typewriter.
This had been achieved by fitting above the type-
writer keyboard a ‘‘ flight of steps '’ fabricated from
sheet brass, with one *‘ step *’ above each row of keys
on the keyboard. The steps were provided with a
shallow slot above each of the corresponding keys,
and in the middle of each slot was a hole vertically
over the centre of the key. For typewriting, the
disabled man wore an L-shaped rod at his right
“ wrist ’. He located the required row by *‘stepping "
up or down the steps with this---or later by mere
judgment of their position—then counted a required
number of slots to the right or left from either end
while sliding the rod along the step, and finally
depressed the key by lowering the vertical end of the
rod through the hole. A speed of one letter in three
seconds or so was attained at an early stage of
training. It was decided to use the design of this
device, which had been originated by Mr. P. B. Nye,
Research Engineer of St. Dunstan’s, as the basis
for the design of a cordless telephone switchboard.

Chotce (f Switching Equipment.

To provide the disabled man with a useful operating
load, it was evidently desirable that he should handle
the traffic from an installation larger than could be
accommodated on a conventional cordless P.M.B.X.
switchboard.  However, to extend the switching
principles of such switchboards to larger capacities
would have produced undesirable complications of
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equipment and operating. A fortunate solution was
found in the utilisation of a novel design of P.A.B.X.
equipment, under development at the time, in which
the normal cord-type manual board is replaced by a
cordless attendant’s cabinet.

As the P.A.B.X. equipment will no doubt be des-
cribed in a later issue of this Journal, reference
to it here will be confined to those features essential
to an understanding of the functioning of the blind
and handless operator’s equipment. For this purpose,
it suffices to say that the equipment of the attendant’s
cabinet normally comprises two horizontal rows of up
to ten switchboard lamps, the upper row serving as
calling signals for miscellaneous circuits, and the
lower as calling and supervisory signals for exchange
lines. Between the rows of lamps is a row of double-
throw lever keys, one of which is operated towards
either of the associated lamps for the purpose of
speaking on any desired circuit. The remaining items
comprise a dial for outgoing exchange calls, strip of
digit-keys for selecting a desired extension for
incoming exchange calls, receiver-rest, alarm lamps,
and miscellaneous keys for such purposes as alarm
cut-off, trunk offering, and testing for a free line.

Design «f First Model.

The first model keyboard designed for use, in con-
junction with the P.A.B.X. equipment, by the blind
and handless operator, was ‘‘ stepped ” like the
typewriter keyboard, except that to permit the use of
a straight operating rod the digit keys which replaced
the typewriter keys were arranged to move hori-
zontally instead of vertically.

To allow audible signals to be used in place of lamps,
the vertical faces of the ** steps * in front of the keys
were divided by insulating gaps into sections each
containing the guide slot and hole of one key. These
sections are subsequently referred to as “‘key-plates”’.
To avoid the need for a flexible connection to the
operator’s rod, the circuit from the key-plates
to the audible alarm was arranged to be
completed through a horizontal metal bar
along which the operator slid his rod when
searching the key-plates to identify a calling
line. This bar was formed by the raised
front edge of the next ‘“‘step’ below the
one in use.

The equipment behind the key-plates con-
sisted of four rows of ten digit-keys, to serve
as follows :—

Top row. Speak keys for miscellaneous

circuits.

Second row. Digit keys connected to an
electrical keysender replacing
the normal dial.

Third row. Speak keys for exchange
lines.

Bottom row. Digit keys for selecting ex-
tensions.

The design included ten pedals, arranged
in a ‘' console” below the keyboard, for
performing various ‘' common ” functions,
Eight of these pedals were of non-locking
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type, and two of locking type operating in ‘‘ see-
saw ’’ fashion. .

For convenience, the external connections were
made via P.O.-type connection strips and six 24-way
cords with glugs and jacks, there being one cord for
each strip of digit keys, one for the pedal console and
one for the key-plates and tone bars.

As it was desired to confirm the practicability of
the proposals before proceeding with the design of the
equipment for coupling the special keyboard to the
P.A.B.X. equipment, the first model was associated
with a recovered house-telephone switchboard,
referred to as the ‘“teacher’s switchboard’’, so that
operation of a key on the teacher’s switchboard put
a signal on to any desired key-plate on the handless
man’s keyboard, and the depression of any key on the
latter operated an associated indicator on the teacher’s
switchboard. By the use of this equipment, the blind
and handless man was taught the operating procedure
which had been worked out for the P.A.B.X., and his
ability to handle a reasonable amount of traffic was
confirmed.

Construction f Final Model.

Experience with the first model keyboard during
the training period showed certain mechanical weak-
nesses, due principally to the stepped arrangement of
the keys. There was also some difficulty in obtaining
access to the components for maintenance. The
stepped arrangement was therefore abandoned in
favour of a vertical face layout for the final model,
with free-standing horizontal tone bars in place of the
raised edges of the steps previously used for this
purpose, so that there would be no place for dust to
lodge upon. The arrangement adopted is shown dia-
grammatically in Fig. 1.

The method of construction followed for the key-
plates may be of interest. Each row of plates was made
from a continuous strip of brasg sheet, indented as

KEY PLATES OF
MISC.CCTS: OR
EXCH. LINES

OIRECTION OF
MOVEMENTS
2

KEY PLATES OF
KEYSENOER OR
EXTN. MARKER

INSULATION TORE BAR

METAL

Fi1G. 1.—MERCHANICAL ARRANGEMENT OF KEYBOARD.






(not shown in Fig. 3) to silence the buzzer, places his
rod on the tone bar of the third row, as shown in
Fig. 1, and slides it along the keyplates until he comes
to the one where the high-toned buzzer sounds at
“ flashing ”’ periodicity, under the control of the
L relay of the calling line. When he presses the
“ Speak "’ key behind this keyplate with the tip of
his rod, the associated relay S operates, and locks via
S1, R1, and H2. S2 sends a signal to the P.A.B.X.
auto. equipment which causes it to connect the
operator’s instrument to the calling line. After ascer-
taining the extension wanted, the operator keys the
required two digits on the bottom row, counting
“slots " from the left for digits 1-5, and in reverse
from the right for digits 0-6, and the P.A.B.X.
equipment completes the connection. Supervisory
indications which give continuous high-toned buzzer
during ringing, interrupted for * busy,” and silence for
*“call answered,” are given on the digit keyplates from
the PA.B.X. via contacts L1 and S3, so long as relay
S remains locked. When the call has been dealt with,
relay S is released at R1 by pressing the ‘ Release "’
pedal momentarily. Subsequently, the audible super-
visory indications are still available on the exchange-
line key-plate concemned, via L1 contact, and the call
can be re-entered at any time by re-operating the
“ Speak '’ key. Clearing is effected automatically by
the P.A.B.X. equipment when the extension receiver
is replaced.

Outgoing exchange calls are normally dialled
directly by the extensions, but if the assistance of
the operator is required dialling of an appropriate
code causes the low-toned buzzer to sound inter-
ruptedly via P1 contact. The operator in this case
searches along the top row of key-plates, and answers
as before. On learning that an exchange call is
required, he presses the “ Test ** pedal (not shown in
Fig. 3) temporarily. This sends a signal to the
P.A.B.X. which operates the L relays of all engaged
exchange lines, and hence causes the high-toned
buzzer to sound when the key-plate of any engaged
line is connected to the tone bar by the operator’s rod,

so that a free exchange line may be selected and i’
‘“ Speak "’ key pressed. After dialling tone has bee
received the ‘ Keysender'' pedal is tilted to t}
“On " position and the required digits are keyed ¢
the digit keys in the second row. Incorrect keyir
may be cancelled by depressing a ‘“ Cancel ** peda
After keying has been completed the ‘‘ Keysender
pedal is tilted ' Off "’ and the connection supervise
telephonically. If progressing satisfactorily, the cot
nection is left by depressing the “ Release '’ peda
clearing being effected automatically as before.

Practical Experience.

A P.AB.X. installation equipped with six exchany
lines and 48 extensions was installed at the hez
office of St. Dunstan’s during 1945, and was succes
fully operated by the blind and handless man. Ti
installation is, however, a busy one for its size, :
far as exchange traffic is concerned, and proved :
practice to be somewhat beyond his capabilities fi
any prolouged period. The experiment neverthele
fully confirmed the practicability of switchboai
operating by a blind and handless person. It is beir
continued with a different operator under mo:
favourable conditions, at a smaller installation in o1
of St. Dunstan’s branch establishments. For th
purpose, the keyboard and auxiliary equipment ha
been associated with a smaller size of P.A.B.
equipment, with capacity for five exchange lines ar
24 extensions.

Conclusion.

The success of the experimental installatio
demonstrates once more the flexibility of telephon
type apparatus for meeting unusual requirements.

The author’s thanks for ready co-operation throug
out the work are due to his colleagues in the P.
Engineering and Factories Departments, and to N
P, B. Nye, of St. Dunstan’s, who constructed bo
models of the keyboard and pedal console, and kind
supplied the photograph reproduced in Fig. 2,

TELEGRAPH AND TELEPHONE STATISTICS—SINGLE WIRE MILEAGES AS AT MARCH, 1948.
POST OFFICE MAINTENANCE—EXCLUDING SUBMARINE CABLE

OVERHEAD UNDERGROUND
REGION ﬁ_jr'r:mks aod Trunks and

Telegraphs Junctions Subscribers® Telegraphst Junctionst - Subscribersy
Northern Ireland .. 10,188 ‘ 12,439 36,174 108,222 43,704 147,642
Scotland . .. 19,291 34,355 203,795 804,306 276,284 887,488
Home Countics 9,844 33,161 375,088 1,918,152 513,736 1,502,294
Midland 4,388 26,256 227,559 1,089,388 332,522 1,083,111
North Eastern 7,728 15,507 192,788 882,374 274,371 1,038,665
North Western 1,608 8,498 118,638 668,962 396,248 1,291,913
South Western .. .. 3,594 34,844 279,380 1,030,974 199,695 824,083
Welsh and Border Counties . , 6,361 31,172 156,241 536,294 92,312 343,334
Provinces 7 ‘ 63,002 196,232 1,589,663 7,038,672 2,128,872 7.118,520
London .. .. .. ~ 325 1,009 52,449 967,362 1,835,087 3,902,616
United Kingdom 63,327 197,241 1,672,112 8,006,034 3,963,959 11,021,136

¢ Includes all spare wires.

1 All wires (including spares) in M.U. Cables.

$ All wires (including spares) in whelly Junction Cables.

- J Al wires (including spares) in Subscribers’ and mixed Junction and Subscribers' Cables.
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The Efficiency of Gradings

H. A. LONGLEY

(Telecommunications Department)

Part 2.—Grades of Service for Straight Gradings
Comparative Efficiencies of Various Arrangements

U.D.C. 621.395.341.8

Methods of calculating the maximum and minimam values of the characteristic grading factors are described, and these
values are used fo estimate the grades of service given by ‘i:;_dividual gradings and {o compare the efficiencies of certain families
gradi

Moaximum and Minimum Values ¢f Characteristic
Factors.

F it were practicable to determine the appropriate
Iformulae for the K factors of particular grading

arrangements, the grades of service could be
determined and the efficiencies compared for various
levels of traffic offered, to ascertain the most efficient
arrangement. The K factors for any particular
arrangement form an algebraic series of a very special
kind, and the complexity and variability in type of
the formule would appear to put their determination
out of the question even for one grading of the size
used in practice. There are, however, some short
cuts available from which interesting conclusions may
be drawn.

The general character of a K factor series can
be observed from consideration of the series obtained
for formations, such as that of Fig. 10, element (f),
consisting of parallel ungraded groups. The K factors
for such formations are constant, as they do not
vary with the traffic offcred. They can be determined
from the appropriate Erlang loss formula for one of
the component groups, the traffic offered to each com-
ponent group being A/d where d is the number of
component groups. For example, in the four-channel
arrangement of Fig. 10 (f) thc probability of all four
channels being simultaneously engaged is given by

G\

2!
Pa = BTV
A\3
1+%+(’2‘>
21
3 1 At
_ 4 2 41
o A2 3 A3 3 1 A
I+A+gTaniTas o
Hence Ka=gand Ka.=%

In more general terms, if p, represents the proba-
bility of r channels being engaged simultaneously out
of the total of four channels, and if p, represents the
probability of r being engaged in each component

group, then
Po = Po° P = 2 pot, P2 = 2902 -+ £1°
Ps = 2p b, Ps = P
A\2
K, —2- é.@ 33
1 2 I A3 4

.

and K; K = ( (gr 2

21
whence K3 = 1/2
For a group of 20 channels comprising two ungraded
groups of 10 channels each, the K factor series, derived
as described above, is shown below in both fractional
and decimal form :

KIU Kll K12 K13 Kld. K15 K18 K17 KIS K19
1023 185 182 351 101 181 153 7 19 1

1024 186 185 364 108 202 181 9 28 2
= -999 -995 -984 -964 -935 -896 845 -777 - 679 -500

If Ka/, be used to represent the product of K
factors from K. to K, inclusive, the successive pro-
ducts as used in the grade of service formula are as
follows : —

Ko Kiwn Kione Kios Kiona
-999 -994 -978 943 -882

41 _3
At T 8

K10115 K10/16 KmI‘n K10/18 Klollo
790 -668 -519 -352 -176

While typical of any K factor series in numerical
form, that 1is, for a particular value of A, the above
are, of course, of only theoretical interest, as for
this particular type of formation the grade of service
is readily available from Erlang’s loss formula applied
to one of the parallel groups.

In Fig. 8 were given the maximum and minimum
values of the K factors of grading elements, obtained
by assuming A—>0 and A— o in the appropriate
formula. Itis much easier to determine the maximum
and minimum values of the K factors directly than
to calculate the full formule, and the relative effi-
ciencies of two arrangements can often be determined
from consideration of these values. It is particularly
easy to determine the maximum value of the highest
K factor (K.) and the minimum value of the lowest
K factor (K,_,), and since these values represent the
limits within which all possible values must Le for
any particular grading arrangement, they provide a
ready means of comparing grading efficiencies in
certain circumstances. It happens that the upper and
lower limits of the K factor for the simple grading
arrangement of Fig. 7 (three channels, availability
two) are also the values of Ki (A—0) and K,
(A—- o) respectively. It will be convenient to
demonstrate the calculation of the two limits in this
simple example, first by methods that give general
formule for K. (A—0) and K,_, (A— <o) appro-
priate to all straight gradings, and secondly by
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methods which enable the maximum and minimum
of all the K factors of any straight grading to be
calculated.

In Part 1 it was shown that the probability that a
group is in a given condition is determined by four
causes : namely, the arrival of traffic during the pre-
- ceding condition, the arrival and cessation of traffic
during the condition itself, and cessation of traffic
during the subsequent condition. When the traffic
offered is indefinitely small, however, the probability
of any given condition is determined only by the
arrival of traffic during the preceding condition and
by the cessation of traffic during the condition itself ;
in other words, as A approaches zero the magnitude
of p,,. to p, becomes negligibly small relative to that
of p,. Under this assumption the probability of there
being a disengaged channel between any engaged
channel and the first channel in the division of the
grading is negligible. Applying this idea to the
equations given in Fig. 7, as A-»0, then p,—0, and
from equations (6) and (7)

A
5 P1= 2Pgno OT P = 2 Pyrc
But K, =1 —4Pme _ ) 33

H

If d is used for the number of divisions and a for
the availability, and if other examples of gradings are
considered, it is found that, for straight gradings

K — (1 —al-‘) when A->0

Thus the maximum value of the highest K factor of
a straight grading is found to be dependent only on
the number of divisions of the grading and the
availability ; it is independent of the number of
channels and their arrangement. The result can also
be obtained by calculating the full formula in terms
of d, a and x.

Under the assumption that the traffic offered is
indefinitely small, the K factors may be calculated by
a method similar to that given above for parallel
ungraded groups. Thus, for the simple three-channel
example under consideration,

Po = po° P = 2po2,

Ps =21 g
Substituting for p, and p, the appropriate ex-
pressions from Erlang’s loss formula for a group of two

channels offered A/2 traffic units (but omitting the
denominator for convenience) :—

Pa = 2poPe + P1°

A (é)z 3 A3 3
Ps :2‘5‘ 22' :—_;-3—!andKz=Z

This method can be adopted to obtain the maximum
values of the K factors for any straight grading.
Furthermore, where there is more than one K factor
the calculation gives the products of the factors as
used in the grade of service formula. Where the num-
ber of divisions is more than three it is convenient
to perform the calculation in successive stages. Thus,
for a four-division grading, two adjacent divisions
are first considered and then the two sets of two
divisions each.
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When the traffic offered is infinitely great, the
probability of any given condition is determined only
by the arrival of traffic during the condition itself and
by the cessation of traffic during the subsequent
condition ; in other words, as A approaches infinity
the magnitude of conditions py to p,_; becomes
negligibly small relative to that of p,. Applying this
idea to the equations of Fig. 7, when A->0

equation (5) becomes p; = Ap,,

» (6) " P: = §P2b or 2p; = Apg

w0 P3= PgeOr 2py = Apy
- J. 5p; = Ap,
But AKgp, = 3p,
. 3
K, = 5

If d is used for the number of divisions and x for
the number of channel§

K., ,— E when A — o

From consideration of the equation; governing
Px-1 for any straight grading it can be deduced that
the minimum value of K, , can be determined by
taking ’
number of vertical rows of individuals x d?

» " . ., Pairs x (df2)?

,, threes x (d/3)3

X
2

” ”n ’”

and so on to
number of commons X 1

and dividing the sum of these products into the
numbers of channels.

DIRECTION OF TESTING ————»-

T oot

()

:[EEEEEEEE CCCCCCCCCC
_CCccctc CCCCCCCCCC
«© )

F1G. 11.—STRAIGHT GRADINGS OF 20 CHANNELS
AVAILABILITY 10,

This calculation applied to the grading of Fig. 11 (a),
for example, gives

3 x 16 = 48
11X 4= 4
6x 1= 8
58

20

Hence the minimum value of Ka = B = 345

It may here be mentioned that, as gradings are
conventionally identified by denoting the number of
vertical rows of individuals, pairs, threes, etc., and
commons, the above calculations can be performed
with only the grading symbols as data.

The general method of calculating the minimum



values of the K factors of a straight grading depends
on the following :—

AK.p, A K,p,

Ap, AK.p, + A(l"‘Kr)pr

_ T+ Uperr
(t + Dpear + A(1—K,)p:
r+1 v
r+1 4 A (I—Kr) P:
pl‘n‘l

Now it can be demonstrated fairly readily from

component diagrams and their equations that under
the assumption that A--- o< the value of the expression

A(l_ - c) pr X

pr—c+l

(where c is the number of commons in the grading)
is independent of the number of commons. This result
derives from the fact that under the assumed condi-
tions there is a fixed relation between the traffic lost
during p, and during p, which is not affected by the
number of commons. Hence, if K,_, and p._, relate
to a grading arrangement without commons, and
correspond to K, and p, for the same grading with
¢ commons added, then

K, =

A(-KJ)p. _ A(l__ﬁ' Pe-s = l:T('_° (r—+-1)
p’f] pr—o;l r—¢
Hence K, = r+ l
r+1 + 1=K, (r—c+1)

.,

K,

-c

<+ 1,
ru+(1 rc) r+l

The minimum values of the factors for a grading
can therefore be determined if the values for the
grading arrangement without commons are known.
For example, in the simple arrangement of Fig. 7, the
value of Kl for the first two channels is 1/2; hence,
substituting this for K, , and ¢ = 1, in the above
formula, K, for the whole grading = 3/3. This pro-
cedure may be applied to any size of straight grading;
for convenience, forrhule giving the products of the
factors ‘may be used in place of the above, but these
require more space for their expression than can be
afforded here. For the grading of Fig. 11 (b), for
example, the calculation would be performed in four
stages : (1) the values of K, and K, ; for the four
individuals at the beginning of the top two divisions
are calculated as described earlier ; (2) these values
are modified, as described above, to include the four
partial commons, the resultant factors being Kg and
Kg7; (3) the two sets of eight channels are then
considered together, to obtain—by a method similar
to that referred to in (1)—K; to Kg/y5 for the first
16 channels ; (4) these values are modified to include
the four full commons to obtain Ko to K, g49 for the
complete grading.

Estimate «f Grade cf Service given ty Gradings.

If the maximum and minimum values of the K
factors of a grading are known, and these values are

substituted in the grade of service formul, then for
any given value of traffic offered, two answers for the
grade of service given by the grading will be obtained,
neither of which will be correct, but between which
the true grade of service will lie. Thus, if the grade
of service given by the simple example of Fig. 7 is
calculated first withK, = 3/4 and then, with K, = 3/5,
for A = 2 the two limits for grade of service obtained
are -275 and +250, the correct value (calculated by the
exact method) being -267. These upper and lower
limits are themselves of value in enabling the relative
efficiencies of various arrangements to be compared,
but a close estimate of the grade of service may be -
obtained by using the approximate formula
KA+ K,
A+ 1

to obtain an estimate of the value of each factor for
given values of A. This approximate formula when
applied to the grading elements considered in Part 1,
gives results which differ to a negligible degree from
the exact values. It would appear that there is no
loss, and much convenience, in applying the same idea
to the products of the factors, in which case an esti-
mate of the grade of service can be obtained from

]), (AZ Ku/r
Z mKalré;

r=a+1l

1
+ 3 k) o

re=a

+Z I\tlrr,> __]Ti

r=a+t+1

K, =

14+A+....

B—1-

The limits of grades of service and the estimate
made as described above, of the grade of service, given
by the gradings of Fig. 11 (d), for three values of traffic
offered, have been calculated.

As an example, the calculated results obtained for
6-86 T.U. offered—at which density the ungraded
arrangement gives a grade of service of -002—are
given below :—

Grading  Lower limit  Upper limit  Estimate
 g.s. cfgs. fgs.
(a) 316 -00009 -00111 -00098
() 244 00017 -00100 -00089
(¢) Y72 00063 -00127 00118

Relative Efficiencies cf Straight Gradings.

In Fig. 12 the efficiencies of the four arrangements
of Fig. 11 are compared on the same basis as that
used to compare those ofgrading elements in Figs. 9and
10, the curves being based on the estimates of grades of
service calculated as described. It will be seen that
grading 244 is shown to be more efficient than the
others over most of the range covered. At an average
loading of more than about 0-75 T.U. per channel,
grading 17 2 is the most efficient arrangement ; con-
sideration of the factors suggests that at a very high
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loading, well beyond the range of practice, however,
the ungraded arrangement might be found the most
efficient. There is no doubt that, with very light
traffic, grading 3 1 6 would be the most efficient. It is

%0 ,///
> |@3 18 /
2|t 2 4 A
o t 72
LI) () 2] /

w d 0 10 0
w
w .

3 /

[

2 80
3 7
a
g ,

@ - 2

2

75

5 N 10 15 20
TRAFFIC OFFERED (TU) —»

F16. 12.—RELATIVE EFFICIENCIES OF STRAIGHT GRADINGS.

interesting to note that grading 244 is the one that
would be selected as the best by applying the
‘““ smooth progression ** theory, as the number of sets
of individuals, partial commons and commons are
most nearly equal in this arrangement.

The foregoing conclusions could have been inferred
in part by consideration of the values of K, (A-> )
and K,_, (A—-0) .the general formula for which were
given above. From the essential nature of the K
factor as the proportion of traffic effective during a
given condition, it follows that the more efficient the
grading the higher its factors.

In a family of gradings for which the maximum
value of K. is the same for all the arrangements (that
is, a family having a similar number of channels,
divisions and availability) the relative efficiencies
will be reflected in a comparison of the minimum
values of K;_;. As has been shown, however, the
relative efficiencies of gradings may vary with the
density of traffic offered, and when comparing grading
efficiencies it is necessary to specify the loading levels
at which the comparison is made. Since factors K, _,
are, for straight gradings, at a minimum when the
traffic density is infinite, the reldtive efficiency given
by comparison of the K, _, values is that which applies
when the groups are fully loaded, though it may also
be an index of the rclative efficiencies at lighter loading
levels.

The maximum values of the highest K factors (Ka)
are equal for the gradings in Fig. 11, being 1-(})%.
The efficiencies of the gradings at full loading may
therefore be compared by consideration of the
minimum values of the lowest K factors (K,_,)} which
are as follows: ,

(@) Grading 316 = -345
) . 244 = -385
(c) ., 172 = 435
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Thus this calculation shows that grading 17 2 is the
most efficient of the three when the traffic is heavy,
From consideration on the same basis of other com-
binations of channels, availability and number of
divisions, it is found that the most efficient straight
grading when fully loaded is that which most nearly
approaches the nearest equivalent arrangement of
parallel ungraded groups.

To compare the relative efficiencies of these gradings
when the traffic density is low, consider first the
gradings of Fig. 11 (a) and () with the first two sets
of individuals removed : the relative efficiencies of
the remainders will not be affected by this removal,
and the maxima of Ka for the remainders are 1~ (})2
and 1—(3)!° respectively. Therefore, 31 6 is more
efficient than 244 when the traffic is very light,
and similarly it is seen that 2 4 4 is more efficient than
17 2 under the specified conditions. From considera-
tion of other combinations it is apparent that the
most efficient arrangement when traffic is very light
is that with the largest number of individuals and
consequently of full commons. Hence the relative
efficiencies of the three arrangements are (a) to (‘2
when traffic is light and (c) to (2) when it is heavy an
it will be noted that this result is consistent with that
already obtained by consideration of the grades of
service.

If any family of gradings appropriate to.a given
number of channels is arranged in order on the fore-
going basis it will be found that the order of efficiency
under heavy loading is exactly the reverse of the order
of efficiency under light loading. This statement maj
be amplified by saying that when the traffic offerec
is less than a certain value one of the gradings (the
first in order) is the most efficient arrangement, anc
when the traffic offered is greater than some othe;
value, one other grading (the last in order) is the mosi
efficient ; and when the traffic offered is intermediate
between these two values one or another of the
gradings intermediate on the list is the most efficient
It is a reasonable inference that over the full range o.
grades of service the possible gradings take turns ir
being the most efficient.

Effect of Introducing *‘ Slipped” and * Cyclic’

Connections.

Whereas it appears to have been considered hithertc
that the main merit of slipped and cyclic connection:
was their ability to cater for overloads that may occu:
in practice on particular divisions of gradings, it ha:
been shown in Part 1 that these arrangements are
intrinsically more efficient than the straight arrange
ment of partial commons, with pure chance traffic o
constant underlying density. It seems certain tha
slipped and cyclic connections can, in fact, have :
greater influence on efficiency than that due to mino:
differences. between straight gradings of the samu
family. When slipped or cyclic arrangements ar
introduced, therefore, the balance may be heavils
weighted in favour of those gradings in respect o
which the introduction of these types of arrangemen
happens to be practicable. In general the introductio:
of slipped and cyclic arrangements favours thos
gradings with the largest proportion of partial com
mons, and it happens that these are also, in thei






in which the gradings were placed by the machine
agreed broadly with the order shown above for heavy
loading. More significantly, however, this is also
the order according to the proportion of partial
commons, and, therefore, of slipped connections.
The grading with symbol 2233 would be con-
sidered the best on the basis of the smooth pro-
gression theory, and the investigators concluded that
this theory had been shown, by the tests made with
the machine, to be incorrect. It should be said, how-
ever, that, in the light of the foregoing discussion,
this conclusion does not necessarily follow. Firstly,
the smooth progression theory was intended originally
to apply at the standard British Post Office grade of
service of 1 in 600,whereas the tests with the machine
were made at grades of service between 1 in 40 and
1in 80 ; as has been shown, the most efficient arrange-
ment at a grade of service of 1 in 80 is not necessarily
the most efficient at 1 in 500. Secondly, the smooth
progression theory was devised for use with straight
gradings, whereas, in the gradings tested with the
machine, slipped (and in a few cases cyclic) connec-
tions were introduced wherever possible ; it has been
demonstrated above that the introduction of such
connections most favours the grading with the largest
numbers of partial commons, which is, in this par-
ticular case, grading 07 30. The smooth progression
theory cannot, therefore, be regarded as disproved by
the published results of tests made with the artificial
trafhc machine ; it is rather that the theory is not so
general as has been supposed, and does not apply at
all grades of service or when slipped and cyclic
connections are introduced.

Conclusions.

It has been shown that the relative efficiencies of
gradings vary with the density of traffic offered ; that
cyclic, and, to a lesser extent, slipped connections
increase the efficiency of gradings appreciably ; that
these types of connections can be introduced most
freely into gradings which, in their straight form, have
the most partial commons ; and that these are also
the most efficient grading arrangements under condi-
tions of heavy loading. The question arises, in view of
the above, whether gradings should be arranged with
regard more to conditions of full loading than to
conditions when the standard grade of service is
given; and, in general, if cyclic connections are
employed, whether the function of grading, in the
conventional sense, is merely to enable groups with a
number of channels which is not an exact multiple of
the availability to be accommodated in a convenient
manner. When the number of channels is an exact
multiple of the availability, parallel groups, ungraded
in the conventional sense, but with cyclic connections
introduced, may well be the most satisfactory arrange-
ment, when all considerations are taken into account.

Finally, it should be mentioned that although some
of the examples quoted in the above discussion are
comparatively simple in order to keep the article
within a reasonable compass, the results have been
tested and confirmed in an appreciable number of
more complicated examples. The study is clearly at
an early stage and several lines for further investi-
gation suggest themselves.

Book Review

‘" The Technique of Microwave Measurements.”” Edited
by Carol G. Montgomery. Vol. 11 of the Radiation
Laboratory Series. (Massachusetts Institute of
Technology, U.S.A.). 939 pp. 627 ill. McGraw-Hill
Publishing Co., Ltd. 60s.

It is axiomatic that progress in a new field of science
or engineering depends to a large extent on the success
attained in the development of precise measuring
techniques. The wartime development of radar showed
that this axiom was as true in the new field as in other
fields of science and engineering in the past. As a result
a very considerable effort was applied during the war
years to the development of precise and convenient
measuring techniques for use in the microwave range
(1,000-30,000 Mc/s) . by workers in Services, University,
Industrial and Government Laboratories in America,
Great Britain and the Dominions.

The ** Technique of Microwave Measurements *’ is a
survey of the most accurate and useful methods of
measurement which have so far been developed, em-
phasis being placed primarily on laboratory equipment
and methods likely to be of value to future workers in
the microwave field.

The techniques described fall under four main
headings :—-

I. Power Generation and Measurement.
II. Wavelength and Frequency Measurement.
III. The Measurement of Impedance and Standing
Waves.
IV. Attenuation and Radiation Measurements.
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Each section has been prepared by experts in the
particular phase of measuring technique under dis-
cussion, reference being made to many wartime
laboratory reports hitherto unpublished.

Section I describes microwave power sources such as
the reflex klystron oscillator, methods of frequency
stabilisation of the power source and methods of power
measurement using bolometers, thermistors and water-
load wattmeters. Signal generators and noise sources
for use in testing receivers are discussed.

Section II deals with the measurement of wavelength
by means of resonant cavities, and frequency by
frequency-multiplier techniques.

Section III is devoted to the principles of impedance
measurement by the standing-wave ratio method and
by impedance bridges using waveguides. The measure-
ment of dielectric constant is discussed in detail.

Section IV deals with the design of waveguide and
coaxial attenuators using modes below the nominal
cut-off frequency, and resistive attenuators. The
application of directional couplers to the measurement
of forward and reverse power is explained. The finai
chapter is concerned with measurements of aerial gain
directivity and phase.frent patterns.

This volume of some 925 pages contains a wealth of
information of a practical as well as a theoretical kind
and is likely to be a classic reference book for all con
cerned in the microwave art, for many years to come,

W. J.B.









to the draw-bar of the machine. If there is any slack
in the wire this is wound up by lifting the pawls and
using the drum handle provided. The pulley is secured
to the anchor and the latter held in position by steel
pins fitted with webs to facilitate removal. (In Fig. 3
the pins are without webs.)

If the line of the track slopes transversely, the next
operation is'to adjust the two main wheels so that the
machinc remains vertical. The spoil conveyor is then
adjusted so that the scraper plates just touch the
ground. This is done by raising or lowering the two
front steering wheels, which are mounted on a steel
king post with vertical adjustment so that, as they are
adjusted, the front of the machine, including the spoil
conveyor, is raised or lowered accordingly. The spoil
conveyor, having been disposed to its correct side, a
check is then made to cnsure that the digger chain is
not fouling the frame or frame parts. If it is, the
boom must be lowered by means of the capstan wheel
until clear.

The rear wheel scrapers are adjusted so that they
bear lightly on the wheels but sufficiently heavily to
prevent soil building up on the rims and thereby
affecting the depth of the trench.

After a final check that the machine is correctly
serviced, it is ready for use, but before starting it 1s
necessary to make sure that no one is near the digging
and banking chains, for, as already stated, these
commence to rotate when the éngine starts.

To commence excavation the boom is lowered by
means of the capstan wheel (Fig. 1) and the forward
speed set to one half-tooth setting on the ratchet, i.e.
the slowest speed. If soil conditions permit this can
be increased in half-tooth stages. From experience
gained so far, it is seldom possible to exceed a speed
of three full teeth although facilities are provided to
give four full teeth adjustment.

If stones larger than 6 in. are encountered the
boom will shake excessively and tend to rise ; it must
then be raised clear until the obstruction is passed,
and the trench cleared later by hand. It has been
found in hard compact subsoils that the positioning
of the digging tines is such that as they follow closely
behind each other they tend to create a smooth
surfacerather thancut into it. This can be obviated to
some degree by removing three or four tines, and thus
allowing the remaining ones to break up the surface
better. This action is not recommended for general
application but only when the soil is hard and com-
pact. The single (11 in.-wide) digging chain does not

seem as capable as the double chain (18 in. wide) of
dealing with difficult subsoils—probably due to the
overhang of its outer digging tines. There may be
cases, therefore, where the double chain would give a
greater rate of progress than the single chain. Which-
ever type is used, the operator should be ready to
switch off the engine should any large obstruction
foul the banking chain.

In common with most other types of trenching
machine, difficulty is experienced in coping with wet
clay. Self-cleaning spade plates are fitted but although
they are partially successful they do not appear to be
entirely satisfactory and clay is carried back to the
trench.

To move the machine from site to site the spoil
conveyor is adjusted as previously mentioned and the
machine can then be accommodated in a 4-ton lorry.
To effect the removal it is necessary to use a ramp
under each wheel, having first adjusted the main
wheels to give maximum ground clearance. The lorry
winch is used to pull up the machine, the draw-wire
being attached to the draw-bar of the machine. When
the distance involved in a removal is less than about
} mile, it is usually more economical to tow the
machine and in this event a safe maximum speed of
4 m.p.h. may be achieved.

Organisation f Work,

The best organisation seems to be to use a six-man
gang where the foreman is in sole charge, the machine
operator is a man with experience of mechanical aids,
the ductlayer is usually the leading hand, one man
operates the trench-filling machine, one a mechanical
rammer and the sixth is on labouring duties, mostly
assisting the ductlayer.

Conclusion,

The first of the machines to be supplied to the Post
Office has been in use for a few months in the Lincoln
Telephone Area. Althoughcomprehensivecomparative
costs are not yet available, it is already clear that the
saving, as compared with contract rates, is consider-
able. As an example may be quoted the trenching
costs for approximately three miles of single-way duct
(laid in subsoils varying from wet clay to hard lime-
stone), the costs in this instance being less than one-
half of the estimated contract price. Given good
maintenance, the machine should prove a valuable
acquisition especially now that contract labour
available to the Post Office has been greatly reduced.

Book Review:

‘“ Industrial Electric Motors,”” 104 pp. 35 ill. Higgs
Motors Ltd. 1s.

This is the second edition of a useful little book

(43 in. x 3} in.) giving hints on the installation and
maintenance of electric motors and generators. The
notes are based on the firm's experience in the manu-
facture and supply of motors for varions purposes and
deal with ordinary industrial applications. Sections are
devoted to short descriptions of motors, generators and
starters and extracts from B.S.S. 168—1936 and I.E.E.

Regulations for the Electrical EQuipment of Buildings.
The remainder of the book deals with the installation
and maintenance of motors with particular reference to
the firm’s own products. Included in the installation
details are such operations as handling, fixing in unusual
positions, fitting pulley and belt drives and location of
faults on installation. The book is illustrated by many
wiring diagrams and tables giving necessary information
on horse power, current consumption, fusing require-
ments, etc. A useful book for the practical man,

W.T.G.
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Overseas Exchange (Radio Services)

U.D.C. 621.396.65 : 621.396.7

R. C. DEVEREUX

To handle exclusively the large volume of traffic now routed over radio channels, Overseas exchange was opened in
November, 1947. This article describes the main features of the installation and its interconnection with the two Radio
Telephony Terminals now in operation.

Introduction.

HE 7th January, 1927, marked an historical

I event in the sphere of telecommunications,

as on that day the peoples of two great
cities were brought within speaking distance by the
opening of the first transatlantic radio telephony
circuit between London and New York.!

On the 24th November, 1947, almost 21 years after
the inauguration of the service, a new Overseas
exchange was opened in the Monarch telephone
exchange building in London to handle exclusively
the large volume of traffic from England
and the Continent to all parts of the
world now routed daily over radio cir-

The Exchange Equipmens.

The exchange was installed by the Automatic
Telephone and Electric Co., Ltd., and has an initial
equipment comprising 84 positions in the main
operating suite, 21 record, enquiry and observation
positions, a main ticket control position, minor ticket
control tables, directory racks, supervising officers’
desks and tables, together with the associated
apparatus and test racks. The layout of the switch-
room and apparatus rooms is shown in Fig. 2.

An M.D.F. has not been provided. Main cables

cuits. Prior to the opening of this new
exchange the radio traffic was handled at
the International exchange in Faraday
Building.?

The radio network as at March, 1948,
is shown in Fig. 1.

Services to Madrid, Lisbon, Athens and

\

m
NEW 2RALAND -
/ -i -

\

SYOMEY

e I

Moscow, although proper to the Contin-
ental exchange, are temporarily maintained
by radio circuits owing to present diffi-

OIRECT RADIO SERVICE S WORKING AT MARCH (948 )
TEMPCRARY RADIO SERVICES

e= . ==.— INDIRECT RADIC SERVICES

~ 11w ADDITIONAL SERVICES SONTEMPLATED

culties in providing satisfactory land-line
connections.

Direct radio-to-radio through connec-
tions can be obtained via London over all
circuits. Indirect radio services are avail-
able via the Belgian and Dutch radio
stations to Leopoldsville in the Belgian
Congo and Curacao in the Dutch West
Indies. Connections are obtained by the
Overseas operator via the Continental
switchboard to Brussels or Amsterdam
exchanges respectively.

Before proceeding to a description of
the new exchange a brief reference will be
made to the Radio Telephony Terminal,3
a vital link in the radio telephone service.
The Overseas operating positions work in
conjunction with the R.T.T, i.e. the en-
gineering control equipment and Technical
Operators’ positions, at which the
land  lines to and from the transmitting
and receiving radio stations are brought
together before being extended to the
switchboard. The R.T.T. equipment is at
present divided between two terminals,
one being just under three-quarters of a
mile away in Faraday Building and the
other about 84 miles away in Brent Build-
ing at Hendon.
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aiting, the channel operator takes over the calling
1bscriber by overplugging with a cord on her own
asition the next multiple appearance of the circuit
a which the subscriber was called by the advance
iling operator, inserts the other plug of the cord
ito the channel jack and, after verifying that both
1bscribers are in circuit, advises them to go ahead.
Coupled stop watches, one of which is used to record
rtal duration of the call and the other chargeable
me, are then started. The operator proceeds to
onitor the call in order that she may observe the
nality of the transmission and stop the chargeable-
me watch whenever necessary. A running summary
f all-difficulties which arnise is made on the ticket, and
etails of the total duration and chargeable time are
rtered on completion of the call.

At either end of a radio circuit there may be many
iilles of land line or, as in a few cases such as Sydney,
ustralia, to Wellington, New Zealand, or New York
> Alaska, another radio link, to the calling and
illed subscribers. It will be appreciated that,
epending on the prevailing atmospheric conditions,
1e radio circuits may under favourable cjrcumstances
e suitable for all calls, whatever their place of
rigination and their destination, whilst at other
mes routing restrictions may have to be applied and
xtension of calls beyond the terminal limited. A
ircuit may perhaps be suitable only as an *‘ order
rire ' between the terminal operators or even
ompletely unusable. The suitability of the channels
or traffic is determined by the technical operator and
s signalled to the traffic operator by means of the
tate-of-channel lamps.

lrrangement (f Switchboard Multiple.

The interposition, outgoing, radio channel - and
nswering multiples are arranged in four groups as
relow, and are cabled separately to the I.D.F., where
imilar multiples terminate on adjacent rows of tags
in the connection strips and are commoned with bare
vire.

1st Group. R. & E.Q. suite.

2nd Group. Main suite.

3rd Group. Main suite. Positions 201-222

4th Group. Main suite. ¢ Positions 301-312

This arrangement permits easy splitting of the
nultiples if required at some later date.

Positions 1- 21
Positions 101-150

Jircust Provision.

The following groups of circuits are provided in the
natgoing multiple (with F.L.S.) for the purpose of
ecalling originating subscribers, setting up incoming
:alls received over the radio circuits, enquiries, etc.

14 to Trunk exchange Inland positions.
5 to Trunk exchange Continental positions.
2 to Trunk exchange Channel Is. positions.
2 to Trunk exchange Eire positions.

10 to Toll A automatic exchange.

50 to Toll B automatic exchange.

The non-F.L.S. multiple gives access to miscel-
aneous circuits such as lines to the Time Assignment
Clerk, Ticket Control, R.T.T., Test Desk, Divisional
ind Section Supervisors. All positions in the main
suite are connected by an interposition multiple.

The main groups of circuits appearing in the
answering multiple are :—
10 from Trunk exchange Inland positions.
7 from Trunk exchange Continental positions.
5 from a Central exchange F.S. number.
10 from a City exchange F.S. number.

The final selector numbers are used by certain con-
trolling operators who can reach them by dialling.
Routing via the Trunk exchange manual positions is
thus avoided.

As these circuits are for booking purposes the
primary appearances are on the record suite, but to
avoid unmecessary staffing of this suite, calls are
answered on the main suite during slack booking
periods.

Miscellaneous circuits from the Exchange Superin-
tendent, Divisional Supervisor, Ticket Control,
Enquiry positions, R.T.T's, etc., also terminate in the
answering multiple.

In the radio channel multiple provision has been
made for 60 link circuits to the R.T.T.s. These
circuits, which are known as Radio Channels, are each
equipped with five liacks and three lamps, and are
connected to the R.T.T. via radio channel relay sets,
the circuit of which is shown in Fig. 6. The jacks and
lamps for each channel are mounted vertically above
one another in the order in which they appear in the
diagram. Twenty radio channels appear in each
alternate panel, thus giving a 6-panel repetition of the
60 circuits. They are also multipled along the first
nine positions of the record suite for observation
purposes, but the monitor “ A" jack and control
circuit jack and lamp are omitted on this suite.

For channels to Brent, 8-wire junctions, which
provide 4-wire transmission paths (amplified at Brent),
monitoring and control pairs, connect each working
relay set to the R.T.T. equipment, and superposed on
these wires are the various signals which are required
on circuits of this special character. '

As the distance to Faraday Building is compara- .
tively short, the arrangement is slightly different, the
4-wire circuit being unamplified and physical pairs
used instead of the phantom of the 4-wire for the
““red” and “ green ' state-of-channe] signals. Ten
wires are therefore required. The 4-wire circuit
terminates direct on the terminating unit, the line
transformer being by-passed.

The new exchange opened with 13 links to Faraday
R.T.T., at which there were 12 working terminal
positions, thus providing one spare link, and with
12 links to Brent at which there were six working
terminal positions with six more in course of
installation. .

SicNAaLs ovER THE Link CIRCUITS

The following signals are transmitted over the
different wires.

Wire. Signal.
AM .. .. Gain switching.
BM .. .. BfW calling for Radio Channel.
AC .. .. S.0.C. “ Yellow.”
BC .. .. B/W calling for Control Circuit.
REC (Ph.) .. S.0.C. " Red.”

TRANS(Ph.) S.O.C. ““ Green.”
The signals will now be discussed in more detail.
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FIG. 6.—SCHEMATIC DIAGRAM OF CIRCUIT FROM OFERATING POSITIONS TO RADIO TELEPHONY TERMINAL.

Calling Over the Radio Channels.

On most routes calling is by verbal announcement,
and continuous monitoring by the operator, while a
channel is in service, is necessary in order that she
may know when the distant operator desires to pass
an incoming call. On routes which are suitably
equipped, however, the exchange equipment provides
for calling signals in both directions, thus obviating
the need for continuous monitoring. This facility is
at present provided on the New York route only, but
will be extended to other routes as opportunity arises.
Calling in the outward direction is effected by
inserting a plug into the channel jack and operating
the speak and ringing keys. Relay RR operates and
at RR1 connects a battery to the BM wire to operate
relay RG at the RTT, thus causing the channel
ringing equipment to be operated at RGl. In the
reverse direction, .ringing over the radio channel
causes RR relay at the terminal to operate and
connect battery to the BM wire at RRI1. This
operates RG in the relay set at Overseas exchange.
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RG1 operates relay RH which disconnects LW relay
at RH2, to release the F.L.S. lamp relay, and operate:
the calling lamp relay. If another call is receivec
whilst the plug is still in the channel jack, recal
facilities are provided by operation of relays RG anc
RH. A flicker earth is connected by RH4 from SS¢
(which is operated with the plug in the jack) to relay
LF which, at LF1, causes the cord circuit supervisory
relay to flash.

Signalling over the Control Circuit.

This circuit provides direct connection between the
traffic and technical operators. Automatic signalling
in both directions is effected over the BC wire. Ths
circuit operation is self-explanatory. A plug anc
jack arrangement is used at the Faraday R.T.T
instead of a key as shown.

Gain Switching Signal.
The radio transmitter must, for most efficient
working, be kept fully loaded and the volume o






S.0.C. lamps on a maximum of 120 radio channels,
and all panels are fed from an A.C. lamp rack which
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Fi16. 8.—POWER DISTRIBUTION TO DIsPray PANELSs.

serves a maximum of four.complete displays, i.e. the
rack will feed 1,920 lamps. The F.L.S. lamps glow

continuously on all circuits which are available for
traffic but not actually in use, but the S.0.C. lamps
can be switched on and off by a key en each display
panel. As the ultimate load with 360 lamps glowing
would be approximately 14:-4 ampeéres, the key is
arranged to control a relay switch with two mercury
tubes, one of which controls the *“ odd *’ lamps and
the other the “even ”’ lamps. The power distnbution
and fusing arrangements for these display panels are
shown in Fig. 8.

These complete displays are quite independent of
the single-ended cords on the positions and will
function, when the display keys are thrown, whether
these cords are in the S.0.C. jacks or not.
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Book Reviews

*‘ Introduction to Electrical Engineering.”’ G. V. Mueller.
691 pp., 481 ill. McGraw Hill Publishing Co., Ltd.
30s.

This second edition has been so extensively rewritten,
and so considerably enlarged, that it may almost be
considered to be a new book.

Although it is, as stated in the title, an introduction
to electrical engineering, it is not a book for element:
students. The -ground covered is limited, but is dealt
with thoroughly, e.g. 171 pages are devoted to Ohm’s
and Kirchoff’s Jaws, and a knowledge of higher mathe-
matics is essential. Other chapters deal with conductors,
insulators, non-linear resistors, electro-chemistry, mag-
netic circuits, induced and generated E.M.F.s, and
dielectrics.

The book is almost wholly theoretical and practical
examples are not extensively quoted ; such as are
included are sometimes poor, e.g. the descriptions of
measuring instruments and secondary cells. Extensive
lists of questions for the student to work out are included
but answers are not given for him to check his results.
American terms and spelling do not often cause con-
fusion, but these, together with the use of M.K.S. units,
produce ‘' chm-meter " as. the unit of resistivity and
such unfamiliar terms as ‘‘ webers per square meter "
and ' mega-darafs”’.

A very useful book for the university undergraduate.

* Radar Beacoms.” (Volyme 3 of the Radiation
Laboratory Series) ; edited by A. Roberts. 489 pp.,

246 ill. McGraw-Hill Publishing Co., Ltd. 386s.
Because radar was developed for warlike purposes one
of its earlicst problems was that of distinguishing
friendly targets from hostile targets. This was solved
by installing in friendly targets, i.e. friendly aircraft, etc.,
small transmitters which emitted characteristic trains
of pulses in a particular frequency band when radar
pulses were received in certain other bands. These
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characteristic trains were used, in effect, as passwords
in response to the radar challenge. This technique was
soon extended to fixed targets in order that they might
be identified with certainty and used for navigation in
somewhat the same way as lights are used by the
mariner. But these radar beacons can be much more
useful than lights, because the responses from a single
beacon can be used to determine range aswell as bearing,
and a fix can be obtained on a single beacon. The
measurement of range can be made with such precision
that developmen#s of the beacon principle which depend
entirely on range measurement resulted in some of the
most successful and precise position-finding systems
evolved during the war.

* Radar Beacons,”” the third of 28 volumes devoted
to various aspects of radar and allied subjects, describes
various types of beacon and aspects of beacon design
and considers the different position-finding systems that
have been based on the beacon technique. The degrees
of detail with which various parté of the subject are
treated vary markedly. Indeed, I.F.F. is introduced
only to dismiss it because details may not yet be
released.

The first 120 pages are devoted to * Basic Con-
siderations’’, and form the part most likely to be of
general interest. They include outline descriptions of
the various applications of beacons and discuss the
factors governing their performance. The remainder of
the volume is concerned with detailed treatments of
various aspects of beacons and beacon system design,
much of which has not, as far as is known, been pub-
lished elsewhere. It is disappointing that no mention is
made of C.W. beacons for use in association with radar,
for such beacons, although they yield information on
bearing only, have the advantage of great simplicity.

The book will be extremely useful to anyone concerned
with beacons and allied subjects, but it is not the type
of book that one would add to ane’s library more or less
as a matter of course. H.S.



A Tester for Measuring the Speed
and Ratio of Loop Impulses

U.D.C. 621.395.341.3

R. C. KYME, Gradi.EE.,
and C. W. GRASBY

A brief account is given of an impulse speed and ratio tester designed for use iIn acceptance testing of automatic
exchange equipment. To ensure simplicity in operation contrals have been kept to a minimum consistent with an
adequate order of accuracy in measurement.

Introduction.

URING acceptance testing of automatic ex-
Dchange equipment, a need arises for an
instrument te measure the speed and ratio
of impulses generated by machines and impulse
regenerators. It is essential that any such tester

should be compact and robust since it is frequently-

required to be transported by road and rail. At the
same time the number of controls should: be a
minimum to ensure accuracy and quickness when
setting up the tester on site. Existing circuits for
measuring speed and ratio were examined but proved
to be unsuitable for the required purpose.

The circuit of the tester developed to meet this
need is based on well-known principles, but the
design is thought to be sufficiently novel to be of
interest. The tester was constructed with components
from stock and it is realised that these may not in
all cases represent the optimum values for the
circuit. In practice, however, the results have proved
very satisfactory.

CIRCUIT PRINCIPLES

The elements of the circuit are best explained
separately, although in the practical case-they are
inter-related.

Speed Element.

The principles of the speed measuring element are
shown in Fig. 1. When the impulsing contacts make,
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Fi16. 1.—SPEED MEASURING ELEMENT,

the current builds up quickly in the primary of the
transformer and remains at a steady value during the
make period of the impulse. The build-up of current
in the primary gives rise to a pulse of current in the
secondary of the transformer which dies away when
the steady state primary current is reached. At the
end of the make period the impulsing contacts break
and the primary current falls to zero, giving rise to
another puise in the secondary but in the opposite
direction. The bridge circuit is used to rectify the

pulses, and the mean current which they represent is
measured by the milliammeter. Provided the pulses
do not overlap, the mean current is proportional to
the rate at which the impulses are generated, ie. to
the impulse speed, and the speed so measured is
independent of the impulse ratio. A suitable current
meter with a linear scale may thus be calibrated to
read speed direct.

Ratio Element.

The ratio measuring element is based on the well-
known principle that a milliasnmeter with a suitable
movement, connected in series with the impulsing
contacts, will give a reading directly proportional to
the make period of the impulses. It is thus possible
to calibrate the meter with a linear scale to read
‘ 9% make.”

THE CoMPLETE IMPULSE TESTER

The circuit finally developed is shown in Fig. 2.
Use is made of a milliammeter M, already introduced

ﬂm’* 1800 10

FiG. Z.rCmcU‘n" ARRANGEMENT OF TESTER.

as ‘ Impulse Meter No. 1", which has a full-scale
deflection of 1 mA and has two scales, ' 0-100%
make " and " 0-15 impulses per second.” The meter
is connected into the ratio circuit with the speed key
normal and is switched into the speed circuit when
the key is operated. By using a suitable shunt the
instrument is calibrated for both speed and ratio by
adjusting VRB to give full-scale deflection of the
meter with the impulsing contacts closed and all keys
normal. This adjustment, which compensates for
variations in battery voltage, is the only calibration
necessary on site.

An additional adjustment provided by VRA is
used when setting up the tester initially, but the
rheostat is mounted below the panel, and once set is
sealed. VRAIs necessary to compensate for differences
in the characteristics of individual components.

Since the tester is required to measure the speed and
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ratio of dials and regenerators which give a maximum
train of only 10 impulses at a time, a preset control
has been included by means of which the needle may
be positioned to the approximate reading before the
train is sent into the tester. Operation of the “‘preset’’
key causes relay PS to eperate and lock over its own
contact to the impulsing loop. PS contacts apply a
P.D. to the meter which may be adjusted by VRC.
The pre-setting P.D. is removed upon the release of
PS during the first break pulse. An electrolytic
condenser C is connected across the meter to obtain a
steadier reading. This necessitates a slow-release PS
relay to obviate the flick of the needle which results
if a fast relay is used, due to the condenser discharging
through the meter before the first make pulse arrives.

Two stages of differentiation and subsequent
rectification are introduced into the final circuit as it
is found that by this means increased accuracy results

when measuring speeds with widely differing ratios.
Transformers No. 48A, together with Rectifiers
No. 1/6G, are used, the latter being found to be the
most suitable rectifier for the purpose, provided that
the clements forming each bridge are -carefully
matched.

Linuts of Accuracy.

When compared with the laboratory standard, no
measurable error occurs between the following
limits :—

7% to 879, break ratio.at 8 i.p.s.
109, to 879, break ratio at 10 i.p.s.
129, to 88%, break ratio at 12 i.p.s.
4 i.ps. to 15 i.p.s. at 509, break ratio.

The limits are well in excess of any values of speed
“or ratio which it will be necessary to measure in
practice.

Book Review

‘ Electric Contacts.” Ragnar Holm, Ph.D. Almgrist
& Wiksells, Stockholm. 398 pp.

The selection of material to be included in a book on
contact phenomena presents the intending author with
a more than usually difficult problem. The difficulty
arises from the extent of the field which can be covered.
There are twn portions of this field which are of par-
ticular interest to the electrical engineer; the first in-
cludes the properties and use of contacts for the switching
of electric circuits; the second, the behaviour and
application of metal rectifiers and crystal detectors.

Switching contacts may be continuously sliding (as in
the brush-slipring contact in a rotating machine) ;
intermittently sliding (as in uniselectors and two-motion
switches); normally closing and separating (as in
relays) ; or, finally, they may be static, in circumstances
such that sliding has taken place once (as in a plug and
socket), or where normal closing and opening has taken
place once (as in a relay left with its contacts closed for a
long time). A study of these systems leads immediately,
in the '* light current” field, to considerations of the
behaviour of tarnish films and adsorbed surface layers ;
and in the ' heavy current  field, to investigations of
the processes involved in a variety of gaseous discharge
phenomena, and the properties of metals at temperatures
in the vicinity of their.melting and boiling points.

In the metal rectifier and crystal detector, the contact
is between a metal and a semiconductor. The study of
such a structure opens up a host of problems, in addition
to the obvious ones of the mechanisms of rectification
and of photoelectric effects.

The scope of the contact field is not, however, limited
by the interests of the electrical engineer. The mechanical
engineer would include most of the effects encountered
in the bearing, together with extensive excursions into
the properties and behaviour of lubricants. The chemist
would, no doubt, wish to include certain aspects of the
corrosion problem. Others with, perhaps, less practical
aims, would wish to incorporate discussions of certain
thermoelectric phenomena and of frictional electricity.
The wide range of the subject also makes it difficult for
the prospective investigator to orient himself appro-
priately and to decide at what point the most useful
contribution can be made. Because of this, the ap-
pearance of a book giving an account of many of the
significant phenomena is of importance.
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To those interested in contact research, the work of
Ragnar Holm and his associates in the Siemens-
Schuckert laboratories has long been familiar, and it is
with pleasure that we welcome an English translation of
a revised edition of his '* Die technische Physik der
Elektrischen Kontakte " first published in Germany in
1941. It is safe to say that the English version, like
its German predecessor, is likely to become, and to
remain for some years, the standard work on the subject.
This does not mean that the book is free from faults, or
that revision is not, or is not likely to be, desirable. The
book does, however, give a good survey of much of that
part of the contact field which may now fairly be regarded
as ‘‘ classical,’”” and shows, mainly, perhaps, by implica-
tion, which portions of the field have received, perhaps,
too much attention and which have received far too
little. Workers in this field, like those in other subjects
on the hazy borderline between ‘' pure " physics and
engineering, have ceme to realise that significant im-
provementsare likely to result only from major advances
in our knowledge of the physics of the solid state. It
is, perhaps, well to emphasise this, as the wealth of calcu-
lation contained in the book might suggest to the un-
waiy that most of the important contact problems have
been solved, an impression which is, of course, very far
from the truth.

Opportunities to digress a little from the main theme,
in order to draw attention to related items, of interest
for their own sake, are not neglected and add to the
interest of the book. For instance, the note on Koppel-
man’s '‘ Contact Converter '’ may help to stimulate
interest in a device which is not so well-known as it
deserves to be. But, in other places, the author gives the
impression of being somewhat unduly preoccupied with
the results of his own work and with endeavouring to
establish claims to priority. Partly as a consequence of
this, some of the material included in the book is of a
rather controversial character. Not everyone, for in-
stance, would find the treatment of bridge erosion
acceptable. The translation has been prepared and
produced in Sweden : this probably accounts for certain
misprints and peculiarities of expression. These are not,
however, sufficiently significant either to mislead the
reader, or to make the text difficult to read. The book
can be read with profit and pleasure : it is attractively
produced with a pleasant absence of '‘austerity
methods. A F.



The Construction of
Zenithal-Equidistant Maps

U.D.C. 526.841

H. T. MITCHELL, M.kE.
T. KILVINGTON, g.5c.(Eng.), A.M.LEE.
W. E. THOMSON, M.A.

The Post Office has, during the last few years, constructed a large pumber of zenithal-equidistant maps each giving great

circle bearing, distance and path, from its centre to any other point on the earth. The data for these maps have been

obtained, in the earlier cases, from an oblique stereographic graticule for the centre in question ; later, bearing and distance
have been obtained by means of the Navicard, a grapbico-mechanical device.

Introduction.

ROM time to time radio engineers have to
Fsolve great circle problems. Very often one

particular poimt is of imterest, and what is
needed is the great circle path, distance and bearing
from this centre of a large number of other points in
various parts of the world. In such cases it may be
worth while to make a special world map which will
give the required information directly.

Two such maps are shown in Figs. 1 and 2. For
Fig. 1 the centre of the map is at Cairo, and the map
will give the great circle path, distance and bearing

- from Cairo of any other point on the surface of the
Earth. Once any given pointislocated on the map the
straight line joming it to Cairo is the great circle path
to Cairo and its length, as measured on the scale,
gives the distance; if the straight line is produced
from Cairo, through the given point, to cut the
circular scale, the value indicated is the great circle
bearing from Cairo, measured in degrees East of North.
The special properties of such a map hold good only
for great circle paths through its centre.

The projection used for this map is known to
cartographers as the zenithal-equidistant. Many radio
engineers will probably know it as zenithal-azimuthal,
since this title is used for a well-known map with
London as centre.! This in tumn derives its title from
an important article on the subject of this and similar
types of map,?® which uses this name.* The properties
of this projection, outlined in the previous paragraph,
may be specified by saying that bearing and distance
from the chosen centre, distance being multiplied by
a suitable scale factor, are used as polar co-ordinates
to locate any point on the Earth'’s surface with respect
to the centre; for measurement of angle the carto-
graphical rather than the mathematical convention is,
of course, used, i.e. bearings are measured clockwise
from North. Although radial distances are correct,
the scale in other directions varies; the circum-
ference of the map represents a single point, the
antipodes of the centre, and near the circumference
distortion is severe.

One of the maps reproduced here (Fig. 2) shows
bad distortion ; the antipodes of Tokio lying near
South America, the latter continent lies close to the
border of the map and is very much distorted. On
the other hand, in the case of Fig. 1, the map centred
on Cairo, the distortion is not so troublesome since
go. important land masses lie near the antipodes of

airo.

1 For references see Bibliography at end of article.

* A recent Admiralty Chart? has added a third variation—
‘* azimuthal-equidistant.””

Several such maps for various centres have been
published.!-8 During recent years the Radio Branch
of the Engineer-in-Chief's Office has had to prepare
a number of such maps for centres in different parts
of the world. The authors had the task of finding the
best way to prepare these. Since the projection is not
geometrical and cannot be constructed directly, it is
a question of finding, by some means or other, the
bearings and distances of a sufficiently large number
of pomts to be able to draw in meridians and parallels,
coastlines and so on.

The maps prepared by the Post Office have, as their
framework, meridians and parallels for every ten
degrees ; the intersections of these give 614 points,
for each of which bearing and distance have to be
obtained, although there exists a simple relation
which enables the data for half of these points to be
obtained from the results for the other half. Near the
circumference of the map a great many more points
are required to enable meridians and parallels to be
drawn with sufficient accuracy, and it may also be
desirable to have the bearing and distance for towns
and points on coastlines. The number of points
required certainly runs into several hundreds and
may approach a thousand.

Radio text-books which deal with such maps
usually quote formulz which may be used to calculate
the required bearings and distances.? The formule
are not simple, and the labour involved in calculation
would be considerable. The authors felt that some
simpler method, of a graphical nature, would probably
suffice. The accuracy required from these maps is
relatively small, say to the nearest degree both for
bearing and distance in degrees of arc; for distance
in miles this is to the nearest 70 statute imiles.

The investigation of this problem, and also of the
problem of obtaining bearings alone, has led to the
discovery of a number of useful methods, which are
probably not known to radio engineers in general. The
information lies scattered about in various works and
articles, mostly on cartography, surveying, and
navigation. This article includes a bibliography
which gives a useful selection of papers, books,
diagrams, etc., dealing with great circle problems:
Some of these have been found by deliberate search ;
others have been come across almost by accident.
Apart from calculation, the methods may be grouped
under three headings :

{1) Nomograrns.
(2) Special projections.
(3) Mechanical and graphical methods.

Nomogramns have not been found suitable for the
particular problem of finding both bearing - and
distance of one point from another, but it may be
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useful to refer to a general article,® and to the Weir
Nomogram,?-12 although the latter is really a special
projection. '

Two methods have actually been used for obtaining
the data for drawing the zenithal-equidistant maps
prepared in the Post Office. The first method uses
the stereographic projection, only a brief account of
which will be given, as it has been superseded by the
second, a graphico-mechanical method.

The Stereographic Projection.
The stereographic projection® 10 13- 14. 18 hag Jong
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been used for the solution of great circle problems.
It was devised by Hipparchus, a Greek astronomer,
in 160 B.C. and was used for the medizval navigational
instrument, the astrolabe.l® The projection may be
defined as the geometrical projection of the Earth
(assumed to be a sphere), from the antipodes of a
given point on a plane perpendicular to the diameter
of the Earth which passes through the given point.
This given point is the centre of the resultant map
and it may be shown that any other point on the map
is located in such a way that the angle subtended at
the centre by the North Pole and this point is equal
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to the great circle bearing of the point from the
centre, and its distance from the centre is proportional
to tan {4d, where 4 is the great circle distance in
degrees of arc.

Once a stereographic projection has been drawn
for a given centre, bearings and distances from the
centre may be read off with the aid of a protractor
and a scale graduated in terms of tan 44. The big
advantage of the stereographic projection is that it
may be drawn comparatively quickly and easily,
since all meridians and parallels are circles.

The Principle of Rotation.

If on a globe, assumed to be spherical, are drawn
two families of curves, one representing lines of
constant bearing from a given centre, and the other
lines of constant distance, in degrees of arc, from this
centre, the network so produced will be exactly the
same as the network of meridians and parallels. This
fact may be made use of in the following way.
Suppose the meridians and parallels for a globe are
drawn on a transparent shell ; if the latitude and
longitude of two points A and B are known they may
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to find bearings or distance on the Earth, much
mental effort is saved by having additional scales and
re-labelling existing scales.

To find the bearing and distance of one point from
another, it is most convenient to use the arms. We
shall call the two arms 2 and b ; a can rotate about
the centre and has a mark at the end which is read
against the peripheral scale ; b, as well as rotating,
can also slide radially through the centre so that the
small dot in the centre of the circle at its end can be
placed anywhere in the body of the graticule except
at and near the centre. If the bearing and distance
of a point B from a point A is required, we must know
the latitude of A, the latitude of B, the longitude
difference between them, and also whether B is east
or west of A.

The graticule is first considered to represent a
hemisphere ; the hemisphere east of A, if B is east of
A; or the hemisphere west of A, if B is west of A.
The North Pole is at the top, Equator across the
middle and South Pole at the bottom in the usual
way. The meridians representlongitude withreference,
not to Greenwich, but to A. Arm a is set so that the
mark on it corresponds to the position of A, which
lies on the extreme left-hand, or the extreme right-
hand meridian according as B is cast or west
respectively of A. The dot in the centre of the ring
at the end of b is now placed to correspond to the
position of B, according to its latitude and longitude
difference. In Fig. 4, the position of the armns
corresponds to : A, latitude 53-8°N.;. B, latitude
32-5°N., longitude 138-4°E. of A. This is also illu-
strated in Fig. § (a). Once the arms have been
correctly positioned, they are locked together by a
knurled nut at the centre. They can still rotate as
one and they are rotated to bring a to the North
Pole, as in Fig. § (b). The new position of b gives the

Fi16. 5.—F(NDING BEARING AND DiSTANCE BY MEANS OF THE
NAVICARD.

bearing and distance of B from A ; they are read off
the appropriate scales. In the case illustrated in
Fig. §, the bearing is 34-0°, and distance 86-4°.*
The tracing paper can be used instead of the arms.
Two points are marked on the paper, corresponding
to A and B according to the same rules as above.
The tracing paper is then rotated to bring A’s mark
to the North Pole, and the bearing and distance read

* The solution of a spherical triangle by this means is
closely related to the Ageton. method!® 20. which may be
regarded as the analytic counterpart. The two auxiliary
functions p and K ~! of this method are equal, respectively,
to the distance of the B point from the circumference of the
Navicard, and to the angle between the arms.

- differences of the table ;

off as before. If the bearing and distance of one
point from one other point is all that is required, the
tracing paper is not so convenient as the arms. The
tracing paper has two additional facilities however,
which make it preferable in certain cases ; these are:

(1) In the second position, the meridian joining
the points marked on the paper may be
sketched in ; if the paper is returned to its
original position this line represents the great
circle path between A and B.

(2) In the first position, any number of B’s may
be marked and after rotation the bearings
and distances of all these points from A may
be read off.

Construction cf a Zenithal-Equidistant Map.

The main framework of the map consists of
meridians and parallels for every 10°, and to draw
these their intersections are first plotted. The
necessary bearings and distances are obtained from
the Navicard, using the tracing paper. There is one
simplification which will best be made clear by an
illustration. Taking the same centre as is used
in Fig. 1, latitude 30°N., longitude 31°E. approxi-
mately, and a 30° instead of a 10° interval, the
longitude differences concerned are shown in Table 1 :

TABLE I

Meridian | 60E. | 90E. ilzoE. 150E.| 180 |150W.

[ !
Long.Diff.| 29E. | S9E. 89E. |119E. 149E. (179E.

120W.1 90W. | 60W. 30W.| 0 | 30E.
[ S
Long.Dift.| 151W. 121w 91w

Meridian

————

6IW. | 31W. | 1W.

The points of intersection for the eastern hemi-
sphere are now marked on the tracing paper of the
Navicard, each with its appropriate latitude and one
of the eastern longitude differences of the table above ;
the point for the centre, 30°N., is also marked on the
left as in Fig. 6 (2). If these points are now read off
against the ‘‘ Long. Diff. W.” scale it will be seen
that the values are those for the western lungitude
29°E. corresponds to
151°W. and so on. Thus one set of points will do for
both hemispheres, if for the western hemisphere a
point at 30°N. on the right is added. For the eastern
hemisphere bearings and distances can be read off
if the tracing paper is turned to the right ; for the
western hemisphere the paper must be turned to the
left, as is shown in Fig. 6 (b) and (c).

It has been found most convenient to have two
people at this stage. One manipulates the Navicard
and reads off bearing and distance, in that order, for
each point, while the other plots the points on the
zenithal-equidistant map as the data are given. When
all the points have been plotted, those meridians and
parallels which are sufficiently well defined by 10°
intersections can be sketched in. The curves towards
the perimeter of the chart will inevitably need more
points located before they can be drawn in. For
this purpose the required meridians and parallels, or
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F1G. 6.—USE oF NAVICARD IN CONSTRUCTION OF ZENITHAL-EQUIDISTANT MAP.

such parts as may be needed, are drawn in full on the
tracing paper, and after rotation the bearing and
distance of as many points as are necessary can be
read off the Navicard and the points plotted on the
map.

The coastlines now require to be drawn in and
selected towns located. Near the centre, where the
distortion is small, the graticule just drawn can be
used, as the map will have much the same appearance
as the map from which it is copied. Towards the
petimeter of the map, more trouble must be taken.
The necessary coastlines and towns are drawn against
the meridians and parallels which have already been
put on the tracing paper for this area. In fact, a map
is drawn on the stereographic projection. The
distortion is never great, so that this can be done
fairly easily. After rotation, as many bearings and
distances as are necessary are read off so that the
zenithal-equidistant map can be completed.

Accuracy f Zenithal-Equidistant Maps.

A dctailed study of the sources and magnitudces of
possible errors in these maps would be long and
difficult. This section merely touches on the principles
with a view to giving users of zenithal-equidistant
maps a few wamnings.

In the first place, there are possible errors in
bearing and distance which are due to uncertainties
of the positions of specified points. Pointson the Earth
are usually specified in terins of latitude and longitude
to a certain degree of accuracy. The resulting
tolerance in latitude and longitude locates the point
within a certain area. Owing to the spherical nature
of the Earth the effect of this on bearing and distance
depends on the absolute and relative positions of the
two points in question. Its effect on distance is never
serious : the error is always less than the sum of the
four tolerances, two for latitude, two for longitude.
For bearing the error depends, among other things,
on the distance between the points, and, as should be
fairly obvious, becomes worse as the two points
become closer together. It is also true, though not
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perhaps quite so obvious, that the error increases as
the two points become nearly antipodal.

These difficulties will arise in obtaining bearings
and distances by any method. In the case of the
Navicard, points close together or nearly antipodal
involve reading off bearings from the portions of the
network near the Poles, where the meridians (which
are also the bearing scale) crowd close together and
the discrimination is obviously poor. On a zenithal-
equidistant map, for points close together, it will be
clear that discrimination in bearing is poor; but
near the circumference of the map the bearing
discrimination, although good, is not accompanied by
a corresponding accuracy. Another reason for being
careful with points near the edge of the map is that
the assumption of a spherical earth made in the maps
described here and, as far as the authors are aware,
in other similar maps, is not accurate, and, generally
speaking, the errors due to this cause increase as the
points become nearly antipodal.?l. 22

Bearings and distances obtained from the Navicard
will be subject to error from three further causes :

(1) Errors inherent in the Navicard method.
(2) Errors in the construction of the Navicard.
(3) Lack of care and skill on the part of the user.

A large number of checks against calculated values
shows that, apart from errors due to points being
near, or nearly antipodal, readings from the Navicarc
are generally correct to the nearest }°.

The construction and reproduction of the zenithal:
equidistant maps described here will lead to furthe:
errors, but, generally speaking, these maps should b
correct to the nearest degree in bearing and distance
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Calling Line Identification
U.D.C. 621.395.364

N. H. ROBINSON

(Automatic Telephone & Electric Co. Ltd.)

The author describes a system, developed by the Automatic Telephone & Electric Co. Ltd., which enables the calling

line to be identified when a subscriber on an automatic exchange originates a trunk call. In this system the calling

subscriber’s line is marked, via non-linear resistors, by a sequence of V.F. signais which are passed forward to the trunk

exchange, decoded and then displayed on a cathode-ray tube. Reference is made to a trial installation worked on an
800-line P.A.X. and to the application of the system to automatic toll ticketing.

I'ntroduction.

HEN a subscriber “ on an automatic

\;s/ exchange wishes to originate a trunk or

long-distance call, access to the manual
board is obtained by dialling the appropriate digits or
code. As the selectors and answering equipment are
accessible to perhaps several thousand subscribers on
the same or other exchanges, the operator receives no
indication of the identity of the calling subscriber. In
consequence it is necessary for the subseriber to
announce his own identity, as well as that of the
required party, so that the call may be recorded and
charged to the calling subscriber.

Few subscribers have a perfect telephone voice and
a small number of subscribers imadvertently, or for
other reasons, announce their identity incorrectly.
There is therefore always a risk that some calls may
be incorrectly recorded. If traffic is being handled on
a delay basis the error is, of course, apparent when an
attempt is made to complete the call, but if traffic is
being dealt with on a demand basis the call may be
charged to the wrong subscriber. For this reason most
administrations verify the identity of calling sub-
scribers on all or a proportion of the calls that are
dealt with on a demand basis. The extra operations
which verification involves off-set, to a certain extent,
the advantages of demand working.

In automatic working the general tendency is to
extend the subscribers’ dialling range to such an
extent that the ordinary subscriber’s meter no longer
provides a wholly satisfactory means of registering
all the calls dialled by subscribers.

To overcome these gifficulties it is necessary to
provide a method of signalling the identity of the
calling subscriber’s line either to the operator, when
the call is being dealt with on the manual basis, or to
suitable recording equipment when the call is
subscriber-dialled and is not to be recorded on the
subscriber’s meter.

Several methods of signalling the subscriber’s
number have been developed or suggested,! but as
none of them is ideal, efforts were made to devise a
scheme that would meet the following requirements :—

(@) low fault liability,
(b) -no increase in time to set up calls,

{c) suitable for use in existing automatic and trunk
exchanges with a minimum of modifications and
additional equipment.

! British patents 189823 and 516348. A.I.E.E. Electyical
Engineering, Vol. 63, p. 83.
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PRINCIPLES OF THE SYSTEM

The elements of the scheme as applied to an auto-
manual call are shown in Fig. 1. The marking
equipment, upon receipt of a signal from the selector
level relay set, applies a sequence of V.F. signals to
the calling subscriber’s line circuit. From that point
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CIRCUIT El .
ANS,
e i
To'Fs. = JUNCTION| o MC | JAck
LEVEL RELAY |-
MuLT, = IRCU SET
DECODE.
ne 4 EQUIPT. [ {P1SPLAY]
MARKING|
EQUIPT

F16. 1.—ScHEMATIC ARRANGEMENT OF C.L.]. EQUIPMENT.

the signals are passed forward, over the speech
circuit, to the incoming relay set and thence to the
decoding and display equipment. When a complete
sequence of signals has been sent, the line circuit is
disconnected from the marking equipment and the
normal speech circuit is restored.? Rather less than
one second is required for each identification, which
can be repeated as often as may be desired. This
article will not attempt to give detailed circuits, but
rather to describe the general principles of the system
and to show how many of the interdependent
problems have been solved.

Signalling Code.

A signalling code consisting of pulses of 750 c/s,
alternating with pulses of 600 c/s for synchronising
purposes, was adopted in preference to a code com-
prising a combination of various frequencies, as the
former reduces the number of V.F. generators that are
required and avoids the use of complex or numerous
receivers. [t also permits advantage to be taken of
the experience gained with the 2 V.F. system of trunk
signalling.

Each signal cycle consists of a “ prepare receive ”’
signal followed by four equal intervals allocated to the
thousands, hundreds, tens and units digits respectively.
Each of these four intervals is sub-divided into four
equal parts, which may, for convenience, be designated
the W, X, Y and Z periods.

! I.LE.E. Journal, Vol. 84, Part 3, No. 28,



The integers 1 to O are signalled by onc or two
wnlses of 750 c/s applied as indicated below :—

Integers Pulses during period
w

X
Y
Z
W and X
Wand Y
W and Z
X andY
Y and Z
X and Z
Pulses of 600 c/s are transmltted as a prepare
ignal and to synchronise the receiving equipment
vith the sending equipment.

COWTIDAN W~

Line Marking.

It is essential that the medium used for switching
‘he- markings to the line circuit should give the
ollowing facilities :—

(a) high signalling speed,

(b) permit signals from a common marking equip-
ment to be applied to as many lines as may
require them simultaneously, without providing
any other linkage between the lines,

(c) allow markings to pass only upon receipt of the
appropriate signal.

Previous experience indicated and investigations
;onfirmed that non-linear resistors of the carborundum
:eramic type would provide a solution to the problem.
As the electrical characteristics of these non-linear
:esistors have been dealt with in detail elsewhere3, it
~ill suffice to mention that they are suitable for this
Jarticular application because when subject to a small
P.D. they offer a resistance of the order of megohms to
sothdirect and alternating currents, but when subject
to an increased P.D. they offer a lower resistance to
D.C. and a still lower resistance to V.F. currents.
Chese non-linear resistors can therefore be used as
sontact units which open and close when the appro-
priate P.D. conditions are applied to them.

The circuit arrangement adopted is shown in the
apper half of Fig. 2. Two non-linear marking resistors,
XM and XD, are associated with each subscriber’s
ine. This arrangement takes advantage of the fact
that in the range of numbers between 0000 and 9999,
:ach combination of any pair of digits occurs in a
aundred numbers. That is to say, the combinations
1x3x, 1 x4x, etc,or x1x3, x1x4, etc, are
ach common to one hundred subscribers’ numbers.

An MA relay change-over contact unit is provided
for each combination of thousands/tens digits and a
similar CA relay contact unit for each combination of
aundreds/units digits. Each of the non-linear resistors
s commoned to 99 others.

The MA and CA relays enable one resistor to
sonnect the thousands and tens markings and the

second - resistor to carry the hundreds and units®

narkings. Relay MA is operated as soon as the
‘housand marking has been transmitted, and relay

3G.E.C. Reuzew, Vol. 37, pp. 176 and 218, and Strowger
[ournal, Vol. 5, p. 17.

CA is operated as soon as the hundred marking has
been transmitted, to prepare the circuits for the tens
and units marking signals respectively. It will be seen
that one set of marking terminals serves the thousands
and tens, and a second set of terminals serves the
hundreds and units.

With this arrangement the time intervals allocated
to the sending of signals representing the hundreds
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and tens digits are available for operating relay MA
and CA respectively, which may therefore be of
standard 3000-type instead of the high-speed type.
As a 10,000-line exchange requires 100 MA and 100 CA
contact units, this is a matter of considerable
importance.

Marking Trans formers.

The 750 c/s marking pulses are distributed via two
sets of transformers, one set for the thousands/tens
signals and the other for the hundreds/units signals.

The circuit arrangement is shown in the lower half
of Fig. 2. Relays MW, MX, MY and MZ are operated
in the periods allocated to the W, X, Y and Z pulses
respectively of the thousands and tens digits to
distribute the associated signal pulses. Relays CW,
CX, CY and CZ (in the hundred/units marking equip-
ment) are operated during the appropriate periods to
distribute the signal pulses for the hundreds and units
digits. The transformers are each provided with a
primary and four secondary windings. They are
effective only during those periods in which the short
circuit is removed from the primary winding. The
design is such that there is a minimum of coupling
impedance between the four secondary windings under
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short-circuit conditions ; this permits signals applied
to a particular marking lead to pass through the
secondaries of any short-circuited transformer which
may be connected to the same marking lead, without
inducing signals in the other secondary windings of the
short-circuited transformers. Any danger of the trans-
formers becoming saturated by direct current is
overcome by connecting the secondary windings in
opposite directions.

Speed ¢f Stgnalling,

As the identification signals are transmitted over
the speech circuit it is essential that they should
occupy the circuit for a minimum time so that any
appreciable delay in the setting up of the call will be
avoided. A signalling speed of 30 i.p.s., which allows
a four-digit number to be transmitted in approxi-
mately one second, has been adopted as most suitable
for general requirements. On a trial installation,
however, it has been found that the equipment will
function satisfactorily, but with a reduced margin of
safety, when the signalling speed is increased to
50 i.p.s.

Generation f Pulses and Stgnals.

The generation of the 750 c/s and the 600 cfs
currents presents no difficulty. The energy required
for each identification signal to be transmitted is of
the order of 4 to 5 milliwatts, and the demand on the
oscillator, even on a 10,000-line exchange, when signals
are not being transmitted is so small that it can be
ignored. Oscillators with an output of 250 milliwatts
are therefore suitable sources of supply for these
currents unless an exceptional number of identity
signals are to be transmitted simultaneously.

A number of difficulties were encountered in the
development of the equipment that is required to
control the high-speed impulse signals. Various types
of impulse machines were found to be unsatisfactory
because of contact bounce, and these were abandoned
and replaced by an all-relay pulse generation circuit
which gives very reliable service. This consists of a
15 i.p.s. vibrator relay which operates at both its back
and front contacts an impulse doubler relay of the
polarised telegraph type, and therefore provides
30 i.p.s. This doubler relay is the only item that is
required to impulse at 30 i.p.s., and special provision
is made so that it can be adjusted to give equal “ on "’
and ““ oft ”’ pulses. This relay is provided with a single
change-over contact unit which is used to connect the
signalling equipments to the 730 c/s and 600 c/s
supplies in the make and break periods respectively.

Another contact unit on the vibrator relay is used
to drive a series of pulse-halving circuits which
provide the various pulses required for marking and
control purposes.

Switching f Marking Signals to Line Circuits.

The manner in which the marking signals are
switched to the subscribers’ lines is shown in Fig. 3.

One half of the line circuits have their non-linear
marking resistors connected to the negative line and
the remainder have their resistors connected to the
positive line. Point A is therefore at approximately
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25 volts negative potential and the non-linear resistors
XA, XB, XC and XD are, under the normal conditio:
when the subscriber is not on the line, each subject t
a P.D. of the order of 25 volts; at this P.D. th
Tesistors are approximately 1 megohm.
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Under speaking conditions the voltage across th
resistors is reduced and their resistance increases t
several megohms.

When an identification signal is required the S
contact units in the selector level circuit are closec
This adds a biasing battery of 75 volts to th
circuit of the resistors which are to pass the identif
cation signals. Under this condition the resisto
offer approximately 15,000 ohms to the passage ¢
D.C. and a much lower resistance, approximate]
3,600 ohms, to the V.F. signals. The signals are ther
fore switched to the line circuit and from there the
travel over the speech circuit to the selector levi
circuit where they are accepted by the transforme
TRS and sent forward to the receiving equipment.

Transmission f a Typical Identification Signal.

Assume that an operator answers a call on
demand circuit. By the momentary operation of a
identification key fitted on the position, commo
receiving equipment is connected to the position an
reversed battery conditions returned from the I/

"relay set operate relay D in the selector level circu

(Fig. 4).

Contacts of D then prepare a circuit so that £
operates on the next ST pulse that is received. Whe
SS operates it prepares a circuit so that the subsequer
operation of SZ will cause SS to be held for ti






storage relay. Similar switching operations take
place at the end of the X and Y periods, the MS
contact being connected to the Y and Z leads in turn.
At the end of the Z period the MS contact is re-
connected to the W lead, and a condition is extended
to the digit distributor to cause it to switch the W,
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X, Y and Z leads to the hundreds group of storage
relays. Similar switching operations occur in the
remainder of the signal cycle so that subsequent
marking signals are extended to the appropriate
storage relays. At the end of the signal cycle the
600 c/s impulses cease and the position is disconnected
from the common equipment. The appropriate
storage relays are now in the operated condition to
cause a display to be given. The duration of the
display may be under the control of the operator or
it may be maintained for a predetermined period.
The W, X, Y and Z distributor and the digit
distributor consist, like the pulse generation equip-
ment, of combinations of pulse-halving circuits.

Display Egquipment.

The display is given on a cathode-ray tube and is
obtained by applying suitable potential variations to
the X and Y deflector plates.* A multi-plate motor-
driven variable capacitor in conjunction with a 500
kc/s oscillator and rectifiers, provides the various X
and Y potentials that are required to cause the
“spot "’ to trace any of the numerals 1 to 0. An X
and a Y capacitor, each with specially shaped vanes
are provided for each of the numerals 2 to 9, a further
capacitor providing both the X and Y potentials for

$ I.E.E. journal, Vol. 94, Part 3, No. 32.
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0 and the Y potential that controls 1. A furthe
potential applied to a second X plate directs th
thousands, hundreds, tens and units digits to thei:
proper position on the screen of the tube. Fig. (
illustrates the general principles. When a display i
required, a start condition is applied to the umi
selector. Wipers DD 2 and 3 therefore pick up, it
turn, the marking for the thousands, hundreds, ten
and units digits that are to be displayed ; the potentia
obtained by wiper 1 positions the various digits. 2
steady display is obtained by using the natural‘‘ after
glow "’ of the tube and making the stepping speed o
the uniselector such that the ‘“ trace '’ will be repeated
before there is any appreciable fading of the display
The spot is suppressed as it moves from digit to digit

TRIAL INSTALLATION

During the course of its development the systen
was the subject of a number of circuit laboraton
tests but it was appreciated that a trial under actua
working conditions might reveal difficulties that wer
not apparent under laboratory conditions.

Marking equipment was therefore added to ths
800-line P.A.X. serving the Strowger Works of th
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Automatic Telephone and Electric Co. Ltd. Thi
P.A.X. was also provided with access to a standar
sleeve control position via selector level circuits
standard Post Office line finder circuits are used o
this P.A.X. The equipment has now been in servic
for several months and during that time it has give
very reliable service.

Fig. 7 shows the equipment installed to apply th
appropriate markings to the 800 lines. Each con
nection strip at the top of the figure accommodate
the marking connections for 200 lines. Immediatel
below these connection strips are 1,600 non-linea
resistors, each mounting accommodating 200 resistor
—40 on each of the five spindles. The plate below th
resistors carries the MA and CA relays. The othe
items which are shown include marking transformer:
pulse generator and control equipment which provid
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from the teleprinter tongue and a third a biasing
current. The three currents are so adjusted that the
relay tongue is able to repeat signals received
from the operator’s or the calling teleprinter. The re-
peated signals control the operator’s teleprinter
electro-magnet at contact CRI1. The operator
announces the name of the switchboard and receives
the telex number of the required subscriber. The
calling subscriber is requested to wait whilst the
connection is set up.

Leaving the keys as before, the operator inserts
the call plug into the outgoing multiple jack of the
inter-switchboard line concerned. The spacing
condition on the R wire causes relay CD to release
after 300 mS, so lighting the call supervisory lamp.
When the distant switchboard answers, relay CD
re-operates and extinguishes the lamp. Thefirst posi-
tion key is now restored to normal, i.e. to the ‘‘call ”
position, so as to connect together the two operators’
teleprinters. The calling subscriber, meanwhile, is
isolated and held on a marking battery as relays PC
and PD operate and PA and PB release.

The particulars of the call are now transmitted to
the distant switchboard, where the operator, after
plugging into the required subscriber’s line, with keys
KP and KA operated, signals back *“ DF,” and then
changes over the cord circuit key to ‘‘ Monitor "
(KM) and the first position key to ‘ Both-way
Monitor ”’ (KMM). Relays PA and PB release whilst
relay MM operates, thus completing the cord circuit
but providing the control relay (CR) with leak cur-
rents from either transmission path and also a biasing
current. In this condition the distant switchboard
operator receives a record of signals passing in either
direction.
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The code “ DF " is received only by the operat
of the originating switchboard and indicates that t
answer-back signals may now be taken from the ty
telex stations. The second position key (KAB)
moved to the ‘‘ answer-back ” position, which caus
relay PD to release. This has the effect of connecti:
the operator’s transmitter to the called station, t
transmitter of which is connected to the calli
station. In addition, the position control relay
connected in leak so that when the switchboa
operator transmits the *“ WRU " signal the answ:
back signal of the called station is printed at t
calling station, at both switchboards and, via t
local record circuit, at the called station.

The first position key (KA) is now moved
“ answer"”’, releasing relay PC and operating relay P
This reverses the connections so that by transmitti
the “ WRU " signal again the answer-back signal
the calling station is printed at the called static
at both switchboards, and, via the local record circu
at the calling station. All parties now have a print
record of the two subscribers concerned in the c:
The second position key (KAB) is now restored
normal, the code ‘““ G’ is signalled to the cali
station as an indication that teleprinting may co
mence, and the cord circuit key restored to compls
the connection by releasing SK. It is desirable tl
the circuit be monitored for a short period to confi
that transmission is satisfactory, after which 1
Clock No. #4 is started in order to record f{
chargeable time.

At the termination of the call a clear is originat
by one or both subscribers, with the result that bc
wires of the circuit take up spacing polarity. 1
tongues of relays CA and CC move to spacing, tt



disconnecting relays CB and CD which release after
300 mS. The supervisory lamps light, the audible
alarm functions and the operator withdraws the
plugs from the multiples.

It will be noted that the call is controlled through-
out by the originating switchboard, where a docket
is prepared for each call. Timing is cffected only at
this position and entered on the docket before the
clock is reset.

Calis Dialled Direct.—For a call to a subscriber
connected to an automatic switching network, and
where the calls are directly dialled by the London
operator, the calling plug of a cord circuit is inserted
in the outgoing multiple, with the cord circuit key
KP and position key KA still operated (the calling
subscriber will be ‘“ held " to the answering plug, as
previously described). The calling cord supervisory
lamp will remain darkened until the ‘‘ proceed-to-
dial "’ signal is returned, when the spacing battery
returned from the line equipment over the tip of the
jack causes relay CC to " space " and relay CD to
release, thus lighting the supervisory lamp at contact
CD1 normal. ’

The first position key is now returned to ‘‘ call
(restoring key contacts KA to normal) and.the second
key to ““ dial " (KD), thus operating relays DL and
DLA, the latter being slow to operate so as to main-
tain the marking polarity on the S wire. DLA2
provides a holding battery for the operator’s tele-
printer while dialling is in progress. The dial impulses
are repeated to line by relay DL at contact DL1 in
the form of marking and spacing reversals, a * break "
being translated into a space and a ‘“ make "’ into a
mark. The usual guard feature is provided to prevent
premature restoration of the dial key from clipping
the impulse train. When the call is switched, at the
distant automatic equipment to the required sub-
scriber’s line, marking battery is returned, thus dark-
ening the calling supervisory lamp as an indication
that the answer-back signals may be taken. The
ensuing operations, including clearing, are as pre-
viously described for calls over inter-switchboard
lines.

When, exceptionally, incoming calls are received
direct from an automatic network, e.g. from Switzer-
land, a calling lamp lights in thc normal
answering multiple but the appearances
concerned are distinctively labelled, as
such calls have to be controlled, timed and e
docketed, as for outgoing calls.

Cord Circust Timing Facilities.—For the
purpose of recording the elapsed time on
telex calls, the Clock No. 44,2 which is used
for similar purposes on telephone switch-
boards, has been adopted, and is provided uLSE
on the basis of one per cord circuit. The
equipment employed for the control of
these items is shown simplified in Fig. 10,
from which it will be noted that the
common equipment is provided in
duplicate, for use as a reserve against
breakdown, and to enable maintenance
attention to be given to either equipment

t P.O.E.E.J., Vol. 21, p. 273.

o bt

s

6
START KEY.
oy + Ly cLock No 44
3 ¥ KsT2 /
RCEB
E) R#
¥

without the possibility of interference with the working
equipment. The importance of maintaining reliable
and accurate timing facilities on international calls
cannot be too strongly stressed.

After a connection has been established, and the
answer-back signals verified, the controlling operator
commences the timing of the call by operating the
clock start key (KST) of the cord circuit concerned.
This extends an earth to the common start relay ST,
which at STI causes relay PA to pulse-operate to the
6-second pulse supply, and the clock mechanism to
count in synchronism via the associated PA contact,
and contacts CB3 and CD3 of the relative cord circuit
supervisory relays. (The reserve common equipment
is brought into service by key KR and relays RA and
RC, which connect relays STR and PAR to function
in place of relays ST and PA))

The elapsed time of the call is thus recorded on the
clock veeder mechanism in steps of 1/10th minute
until nine minutes is registered, at which stage the clock
cams extend an earth to operate relay SPA, which
disconnects the 6-second pulse from the clock and
causes the ‘‘ time check "’ alarm lamp to glow until
the operator resets the clock, when relay SPA releases
and the timing of the call recommences.

When a clearing condition is detected by either
cord circuit supervisory relay at the end of a call, the
timing pulse is immediately disconnected from the
clock at contact CB3 or CD3. Key KST is then
restored to normal by the operator before breaking
down the connection, the recorded time is docketed,
and the veeder mechanism reset in readiness for the
next call.

Miscellaneous Testing Facilities—The importance
of maintaining a high performance standard from the
switchboard equipment, by reason of the type of
traffic handled, has not been overlooked, and a
number of novel features have been provided to
enable performance checks to be carried out expedi-
tiously, as follows :—

(@) Functional Test f Supervisory Circuits. A test
jack is provided in the miscellaneous jack strip
into which the operator may insert a plug to
check the performance of a suspect supervisory
circuit. A spacing battery, connected to the tip
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of the jack, simulates a clearing signal and
should light the associated supervisory lamp.

(b) Functional Test cf ‘“ Engaged Test' Facility.
A second test jack is also provided, which in
conjunction with the supervisory test jack en-
ables the performance of the SA or SC relays of
a cord circuit, and the position relays P, PR
and PZ, to be checked. The plug of a cord
circuit under test is inserted in the second jack,
whilst the plug of any other cord circuit is in
the supervisory test jack. The sleeves of these
two jacks are strapped together, so that the
effect of overplugging is simulated, and the
appropriate alarm conditions should ensue,
i.e. the teleprinter should ‘ race”, and the
engaged lamps light.

(¢) Routine Test cf Clocks No. 44. If the start key
of an idle cord circuit be rotated the clock will
step at 6-second intervals and so its performance
may be checked. To speed up the process,
however, either plug may be inserted in the
routine test jack (Fig. 10) and the ‘‘ position
routine test” key (KRT) operated. Relay
FLA commences to pulse at flicker earth fre-
quency and its contacts repeat the pulses to
the clock so that the indication of nine minutes
is reached in under 37 seconds. Any number of
clocks may be tested simultaneously as indi-
vidual test jacks per cord circuit are provided
in the miscellaneous jack strip.

(@) Hold Jacks. In the event of a telex station
requiring to be placed out of service for a
period, e.g. to permit maintenance work to be
carried out, the switchboard is called and the
operator advised accordingly. The calling plug
of the cord circuit on which the call was
answered is then inserted into a hold jack, of
which three are provided in the miscellaneous
jack strip. The station is held by a marking
battery, and only the answering supervisory
lamp lights when the station equipment is
restored to normal.

Present and Future Developments.

The subscribers’ station signalling equipment
was designed with the knowledge that it would
require to be mounted in an existing form of
table unit of far from modern style if service were
to be given by an early date. The development
of a modern and asthetically pleasing form of
table unit was, therefore, carried out concur-
rently, for production in quantity, and has now
reached a forward stage. The associated signalling
equipment has been rearranged to provide for push-
button control of the calling and clearing signals,
which simplifies the operation of setting up a call
and eliminates the need for providing the “ forced
release ”’ key, as the clearing button is effective on
either originated or received calls.

A relatively large proportion of subscribers to the
Continental telex service require the provision of
automatic transmitters and/or reperforators in asso-
ciation with the standard teleprinter, to obtain
maximum utilisation of line time. For the initial
stages, adaptations of existing key switching equip-

ment have been provided, but again the concurrent
development of a modernised push-button controlled
equipment has reached a forward stage. The unit
will give full flexibility for the reperforation of sent
or received messages, automatic transmission, and
for the preparation of perforated tape, and will house
the signalling and power sockets feeding the automatic
equipment. The equipment will be automatically
restored to normal and the teleprinter connected to
line when a connection is cleared, either normally
or by fortuitous circumstances.

The probletns arising from ‘' follow-on ** calls on
through-signalling switchboards, well known in
telephony, are equally, if not more, serious in the
telegraph case. The arrangements on the switch-
boards described in this article to prevent such
occurrences are regarded as adequate, but the incor-
poration of automatic safeguards at a later stage in the
growth of the service has always been regarded as
essential. A cord circuit providing complete safe-
guards against the extension of follow-on calls to a
distant network, and also providing for the call to
appear at its normal appearance in the calling
multiple, has been designed, and will shortly be
available for laboratory tests.

It is interesting to note that, irrespective of the
introduction of C.C.I.T. signalling circuits in this
country, the problem of interworking between such
circuits and those employing D.T.N. signalling has
already been ‘encountered, viz. a private wire
terminated on the Continent requiring access to a
self-contained private manual network in this
country. The design of a signal conversion unit,
associated with the circuit termination at the D.TN.
switchboard has been developed and tested, and
should shortly be in service on a field trial basis.

The demand for the Continental telex service has
so far been almost exclusively confined to London
and its environs, but the possibility of extending the
service outside the London area is under active
consideration, as alsois the utilisation of an exclusively
telegraph network for the national telex service.

Conclusion.

The reintroduction of telex service to the Continent
on a basis conforming to the recommendations of the
C.C.I.T. has proved eminently successful, and leads tc
the conclusion that both the growth and the usefulnes:
of the service will increase steadily. In this connectior
it should be recorded that in addition to the opening
of the service to Holland, France, Belgium anc
Switzerland as described in Part 1, its extension tc
the Czecho-Slovakian telex network on a direct dial
ling basis was effected on 8th March, 1948, via tw(
circuits to Prague. The further extension of the
service to Denmark—and via the Copenhagen teles
switchboard, to Norway and Sweden-—should alst
have taken place before this article appears in print
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been electrically operated, and, once returned, the flap
mechanically holds relay A in its operated position
even after the coil is de-energised.
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When the flapis depressed by a packet the armature
of relay A is released. The closing of contact Al
energises relay C which in turn energises the meter.
The control relay B, although designated ‘ slow-to-
operate ”’ is also ‘‘ slow-to-release,”” and it is this
release lag which controls the interval between the
operation of the flap and the resetting of the interlock
by energisation of the A relay. If the flap is held
down for a prolonged period the A and B relays hunt.
To prevent this from operating the counter, relay C
has a large release lag and remains operated during any
hunting. The counter, which records only when its
coil is de-energised, thus indicates the passage of a
single packet whatever the time period is for which
the flap is depressed. This time is, of course, dependent
upon the size of the packet and the rate at which it is
travelling.

Totalisator Circuit.

In addition to the individual counting devices a
totalisator circuit has been provided. This gives
indication of the amount of traffic passing through all
the stations (up to 50 stations can be accommodated
in a full-scale installation). Signals are received at
random from the individual stations according to the
chance instant of packet disposal. The grand total is
shown on a four-figure meter, but the last figure repre-
sents ten packets. Thus a total capacity of nearly
100,000 packets is provided. This is about a week’s
packet trafhc at a large provincial sorting office. Seven-
figure counters would be provided in a permanent
installation. Various schemes for providing this total
were considered but as it is desired to obtain full data
on the performance of rotary switches when located in
sorting offices (although mounted in normal dust-proof
cabinets), it has been decided that the totalising is
to be carried out as follows. (Fig. 4 gives the circuit.)

When any meter on an individual station operates,
an earth is extended into the totalisator via the meter
auxiliary contact, relay UA operates quickly and relay
U operates slowly. Thus contact UAl makes before
U2 breaks, and this ensures that the stepping magnets
on the rotary switch are operated only for a short in-
terval (40 mS). This repeatsuntil nine steps have been
taken (nine packets dealt with) and the SAl/2 wiper is

on the ninth outlet. The tenth packet registers o
the meter and the main totalising meter must now b
stepped one unit. The stepping mechanism of th
station uniselector SA1/2 is operated, but the switc
does not move until the magnet is released. At th
same time an earth from the individual station :
extended through Ul, the ninth outlet and R1,andrela
T is energised. T locks over its own contact T1. T
starts the rotary switch C50, in the totalisator contr
circuit, hunting whilst T2 puts an earth on a pa
ticular contact (or series of commoned contacts) on th
C1/2 bank. This is, in effect, the station ‘' calling
the totalisator and several or indeed all the statior
can call simultaneously. The stations are dealt wit
in rotation, well within the time for any one of them t
have recorded a further ten packets. No calls ca
therefore be lost. As soon as the C1/2 wipers of tt
totalisator control uniselector (C) have stepped on 1
the marked (T2 earth) contact, relay H operates. Th
cuts the C uniselector drive circuit and operates tt
‘“grand total ”’ meter which registers one un
(indicating ten packets). The meter contact energis:
relays COA and COB. Contact COAl makes, an
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F16. 4. —ScHEMATIC DragrRaM OF TOTALISATOR CIRCUIT,

extends earth via C3/4 to operate relay R (calli
station circuit) and so releases the T relay. The relea
of T2 releases relay H; contact COB1 prevents t
restoration of the H1 earth to the common hunti
circuit of the C uniselector until the rest of t
totalisator control circuit is at normal. The relea
of relay COA releases the R relay of the station circu
When relay COB is released the totalisator conti
circuit is free to move off to record a call from ai
other station. Should other calls be waiting t
respective T3 contacts will have prepared the dri
circuit and the C uniselector will hunt for and seize t
first calling station it reaches and the cycle of recordi
another ten packets will proceed as before.
S.T.W.
J. P
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British Standard Codes of Practice

U.D.C. 621 (083.74)

Readers of this Journal will have noticed that many British Standard Codes of Practice bear an imprint to the effect that

they are issued by the British Standards Institution on behalf of ¢‘ The Codes of Practice Committee for Civil Engineering,

Pablic Works and Building formed under the mgis of the Ministry of Works,” and these notes are written to tell something
of the story relating to the formation and objects of that Committee and of the character and production of the codes.

Introduction.

HE study of post-war building problems has its
I origin in a desire expressed by professional and

other institutions connected with the building
and civil engineering industries to assist and support
the Ministry of Works in regard to post-war plans, and
during the latter part of 1941 Lord Reith, then
Minister of Works, taking advantage of these offers of
assistance, encouraged the establishment of a series of
committees to investigate and report on the major
problems which were likely to affect post-war building.
These committees were appointed by a Government
Department or convened by a professional institution,
a research association, or a trade federation, as seemed
most appropriate in each case, and were so constituted
as to ensure that their reports, known as Post-War
Building Studies, contained the considered views of
experts and others closely connected with the subject.

Twenty-two '‘ Post-War Building Studies ™’ were
published by the Stationery Office and those of
greatest interest to P.O. engineers are :—

No. 9—Mechanical Installations.
No. 11—Electrical Installations.
No. 12—The Lighting of Buildings.
No. 19—Heating and Ventilation.

Post-War Building Studies No. 11 was compiled by
a Committee convened in 1941 by the Council of the
Institution of Electrical Engineers, and its chapters
deal with electrical installations in houses and flats,
multi-occupier and similar buildings, schools, hospitals
and farm buildings. Telecommunications are treated
separately for each type of building and the publication
was reviewed in an earlier issuel.

The reports are not official publications in the sense
that the Government is responsible for or necessarily
accepts the views expressed, but their contents are
authoritative and must have been of great value to
those concerned with building since the war. The
suggestions and recommendations contained have been
developed in reports and manuals and have inspired
various authors in the compilation of Codes of
Practice.

Codes cf Practice Committee.

The idea of Codes of Practice is not new or revolu-
tionary ; such codes describe the methods by which
materials can be used to the best advantage to
perform certain required functions, and such codes
under other titles have been in use in industry for
many years, both in this country and overseas. In
Great Britain there have long been such guides as the
“ Minimum Specifications of the Institution of
Plumbers,” the *‘ Institution of Heating and Ventilat-
ing Engineers’ Guide to Current Practice,” the

\P.0.E.E.]., Vol. 37, p. 123.

“Wiring Rules of the Institution of Electrical
Engineers,” and the ‘“Code of Practice for Roof
Tiling,” but there was no co-ordination of the
various codes.

There was evident, even before the war, a growing
interest among the institutions concerned in the
production of codes, and it was realised that if the
quality of the work on or in a building was to be raised
to a high level and maintained there, and not to be
governed by commercial standards having low first
costs as their principal consideration, then something
in the nature of a series of authoritative codes of good
practice would be needed. The British Standards
Institution made efforts to secure co-operative action
by the various institutions interested and at least one
Code (No. B.S. 1043, *“ The Provision. of Engineering
and Utility Services in Buildings ') was published ; it
bears the names of 75 organisations co-operating in its
production. But these efforts were brought to an end
by the outbreak of the war.

There the matter rested until 1942 when the Codes
of Practice Committee was created by the Minister of
Works and Planning to link together the work of the
various institutions which had in the past contributed
to the making of codes. All these agreed to pool their
activities and to pursue them under the control of a
single policy to be agreed between them. The British
Standards Institution, The Building Industries
National Council, the Building Research Station and
the Ministry of Health and other Government
Departments are represented on the Committee as well
as the principal technical institutions; it is thus in
effect a main committee of independent interests set
up to decide policy, and its responsibility is to direct
the preparation of Codes of Practice for building and
constructional work, civil engineering and public
works.

Code Framework.

In considering the formulation of a comprehensive
scheme of Codes of Practice for building and civil
engineering, it soon became evident that civil
engineering and public works guides would require to
be treated differently from the building codes.

In building practice large numbers of buildings are
involved which, although varying in size and type, all
require the execution of many operations that are
similar and for which there is scope for uniformity of
advice as to good practice ; but in civil engineering the
works tend to be fewer and larger, and owing to the
greater diversity of function and to variations imposed
by local conditions there are fewer operations of
common application for a given volume of work or
expenditure. Also, on examination of Codes of Practice
for Building, it was evident that there are certain over-
riding requirements, common to all buildings, which
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are independent of the method of construction or the
type of equipment installed.

It was, therefore, considered desirable to split the
code framework into two main sections (1) The Civil
Engineering and Public Works Codes, and (2) The
Building and Constructional Codes, with a further
subdivision of the latter into two groups, one entitled
*“ Code of Functional Requirements of Buildings "’ to
cover the standard of performance required of the
building as determined by its situation and the use to
which it is to be put, and the other the ‘ General
Series Codes”, comprising the codes for elements of
the structure and the installation of equipment.

The Functional Code deals with the over-riding
functional requirements of a building which are
independent of the method of construction, the
materials used or the type of equipment installed, and
is divided into 11 chapters dealing respectively with
(I) Lighting & Ventilation, (II) Space & Circulation,
(IIT) Sound Insulation, (IV) Precautions against Fire,
(V) Loading, (VI) Weather Protection, (VII) Services,
including water supply, cooking, refrigeration,
laundry, telecommunications and sanitation, (VIII)
Heating & Heat Insulation, (IX) Durability, (X) Dirt
& Vermin, (XI) Acoustics.

The General Series Codes deal with individual
methods of construction, the use of specific materials
and the installation of particular equipment, and are
divided into four series :—The Carcase series, ranging
from No. 100 to 199; the Building Finishes series,
200 to 299 ; the Installation of Services series,
300 to 399 ; the Miscellaneous Independent Instal-
lations and Equipment series, 400 to 499.

Any code may comprise a number of sub-codes and
these are numbered in a three-figure decimal system.
All the Codes of Practice are drafted to conform as far
as practicable with a standard pattern and, for ease of
reference and generally to ensure that all aspects of
each subject are covered, each code or sub-code is
divided into eight sections, namely (1) General, (2)
Materials, appliances and components, (3) Design
considerations, (4) Work off site, (5) Work on site, (8)
Inspection and testing, (7) Maintenance and (8)
Appendices.

The Installation of Services series is subdivided
between :—Building drainage, sanitary services and
refuse disposal (300-309), Cold water supply (310-
319), Electricity (320-329), Gas (330-339), Central
heating and hot water (340-349), and Ventilation, air
heating and air conditioning (350-359).

The Electricity group of codes includes Electrical
installation (321), Supply arrangements (public
supply) (322), Private electric generating plant (323),
Installation of domestic electrical equipment and
apparatus (324), Farm and horticultural installations
(325), Electrical installations to meet special condi-
tions (326) and Telecommunications (327).

The Telecommunications Code comprises the
following sub-codes :(—

327-101 Telephones and Telegraphs—Public

services.

327:102 Telephones and Telegraphs—Private
services.

327-201 Broadcast reception—Sound and vision
by radio.
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327-300 Sound distribution systems for large
" buildings.
327-401 Bell and call systems.
327-402 Staff location systems.
327-403 Impulse clock and timing systems.
327-404 The installation of electrical fire alarms
The present position in regard to these Telecom
munications Codes is that 327-401, ‘“ Bell and Cal
Systems,”’ has been issued for comment and that thi
remainder (with the exception of 327:102 which i
still being drafted) will all shortly be on sale to the
public as drafts for comment, whilst the preparation o
a sub-code on the ** Broadcast Reception of Sound anc
Vision by Wire "’ has been indefinitely postponed.

Preparation f Codes.

With the exception of the Code of Functiona
Requirements which was drafted under the directior
of the Codes of Practice Committee itself, the duty o
preparing codes was placed in the hands of the pro
fessional institutions, who have appointed some 80 o
so committees, sub-committees or drafting panels
comprising over 400 experts, and these have give:
freely of their time and knowledge.

The general procedure followed in the preparatiot
and issue of a code is for the drafting to be done by :
sub-committee or drafting panel, and for its final draf
to be considered and approved by the Code Committe
of the relative professional institution. It is the
forwarded to the independent Codes of Practic
Committee and again reviewed by one of its sub
committees—for Electrical Installation Codes this i
the Engineering Services Committee—before bein
published by the B.S.I. for comment. Throughou
this process there may be discussions with technica
officers of the central organisation and with its editoria
group who are concerned with the clarity am
uniformity of presentation.

The comment stage is a most important step in th
production of a code. Some 3,000 copies are printe:
and well over 1,000 are distributed to intereste:
associations and individuals at home and overseas
Copies are placed on sale for the general public and ca:
be purchased by anyone interested who may forwar
his comments within the stated period and they wi
be considered. This general publication an
acceptance of comment is an interesting and unusua
procedure ; by no other means could the Committe
be fully assured that the subject matter of a code i
regarded as acceptable by all who will be affected by i
in one way or another. When the Committee is satis
fied that the comments have been fully considere
and dealt with, the code as amended is reproduce
and published by the B.S.I. after approval by th
main Codes of Practice Committee.

Arrangements have been made for the preparatio
of Engineering Codes outside the scope of th
independent Codes of Practice Committee through th
collaboration of the major engineering institutio:
most closely concerned in the particular subject wit.
the British Standards Institution, under the terms a
an agreement arrived at between the Councils of Th
Institution of Civil Engineers, The Institution ¢
Mechanical Engineers, The Institution of Electrica
Engineers and the British Standards Institution



Such codes are allocated numbers in the series com-
mencing 1001, according to their date of issue, and the
following have already been issued : —

1001 Abatement of Radio Interference caused by
Motor Vehicles and Internal Combustion
Engines.

1002 Abatement of Radio Interference from
Electromedical and Industrial Radio-
Frequency Equipment.

A further Code, entitled ‘‘ Installation and Main-
tenance of Flameproof and Intrinsically Safe Electrical
Equipment for Industries other than Ceal Mining,”
will be published shortly and others, dealing with
Overhead Electric Transmission Lines, Earthing,
Street Lighting and the Abatement of Radio Inter-
ference from Electric Discharge Lamps, are in the
course of preparation.

Status of Codes.

The status of a code is a matter of considerable
interest ; a code may be mandatory, that is it may be
drafted initially as a legal requirement such as the
London County Council by-laws or it may become
mandatory by adoption either wholly or in part, or it
may be adopted by consent as a permissible way of
carrying out a building regulation or be cited in a
contract or specification ; lastly it may be adopted
by consent as a desirable method of carrying out an
operation. The codes prepared and issued by the
Codes of Practice Committee all emerge at this last
level but they are capable of graduating with possible
modifications to amy of the other classes, but when
issued by the Committee they are purely recommen-
datory in nature and each code includes the following
clause :

* This Code of Practice represents a standard of good
practice and therefore takes the form of recommenda-
tions. Compliance with it does not confer immuaity
from relevant legal requirements including by-laws.”’

The relation between the Codes of Practice and the
Wiring Regulations of the Institution of Electrical
Engineers is important. The Wiring Regulations set
out the fundamental requirements to be observed for
safety whilst the Codes of Practice in their encourage-
ment of good practice may recommend the adoption
of methods which go beyond the minitnuin require-
ments of the regulations. It is important to realise
that the opposite situation cannot arise and that codes
will never recommend a practice inadmissible under
the regulations.

In regard to British Standard Specifications, the
arrangement is that those shall deal with the stan-
dardisation of materials, appliances and components
whilst the Codes of Practice are concerned with
methods of using them. Whenever practicable the
technical requirements of materials, appliances and
components mentioned in the codes are based on
British Standard Specifications, when these are
available.

Conclusions.

The motive forces behind the preparation of the
codes existing before the establishment of the
Committee were varied and diverse. There were codes

that aimed principally at public safety, codes prepared
by trade interests so that a high standard of perfor-
mance would be obtained, and others which had a
commercial implication outside the constructional
industries. Tnese codes were not directed in the first
place to the benefit of the occupier or user of the
building but rather to that of the owner and of those
engaged in the building industry, whereas thc codes
now being issued are prepared with the interests in
mind, as far as possible, of everyone associated with the
building, from the manufacturer of an elementary
component to the ultimate occupier. They are in-
tended to be descriptive of good practice and not
statements of permissible minima, and should bring
together the results of practical experience and
scientific knowledge with the object of obtaining
increased efficiency in constructional and ancillary
works and economy in labour and materials; they
should become the vehicle by which the designer can
convey to those engaged in the actual construction his
own intentions in clear and explicit form. Present-day
conditions, including the shortage of material and
components, may prevent the recommendations being
followed explicitly, but the code still remains descrip-
tive of a desirable method of construction or
performance.

It would be unreasonable to delay the drafting of a
code until complete and final knowledge were available
on the subject covered, because such a state can never
be reached, consequently it must never be assumed
that a code represents anything more advanced than
the state of the art at the time it was drafted. Taisis
an essential reservation as the practical value of a code
depends upon the possibility of its being followed. The
inclusion of factors which were in advance of the
materials and methods actually available would
vitiate the code, hence all codes are subject to
revision as the state of the art advances and the test
of time and experience warrants.

A comprehensive series of codes covering such a
wide field will provide a background against which
research and development can be carried out. The use
of the codes in the field will provide a test as to the
direction in which research and development should
proceed to be of maximum value to industry, and
conversely the results of research and development
can, through the medium of the codes and their
associated standard specifications, be publicised and
carried effectively into practice when otherwise they
might lie dormant until by some accident brought to
light.

The preparation of the codes has provided for the
first time a forum wherein the professional men of all
branches of building and allied industries meet
together and pool their technical experience for the
benefit of the public and industry.
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Sixth Plenary Meeting of the C.C.L.T., Brussels, May 1948

U.D.C. 654.1

HE fifth plenary meeting of the C.C.I.T.2 was
I held at Warsaw in October, 1936, and at the

close of that meeting it was agreed that the
next plenary assembly would be held concurrently
with a plenary assembly of the C.C.I.F. at Lisbon in
1940. However, events arranged otherwise, and
although advantage was taken of a C.C.I.LF. meeting
at Paris, in 1946, to hold a short special meeting of
the C.C.I.T. to elect principal reporters for the com-
mittees which were previously directed by the German
administration, and although preparations were then
in hand for the next plenary meeting to be held in
1947, various matters arose which required further
postponement of the plenary meeting until 1948.

Although the plenary meeting was postponed much
work had been done in the meantime to ensure col-
laboration between the wvarious administrations,
particularly with the drafting of regulations which
would apply to the working of the International
Telex system, a system still in its infancy but already
of such stature that it allows of a private subscriber in
London, for instance, communicating by means of
his teleprinter to other similarly equipped subscribers
in France, Holland, Belgium, Switzerland and
Czecho-Slovakia.? A meeting of the committee charged
with this task was held at The Hague in 1946, and a
meeting of a committee charged with the task of
remodelling the committees to suit the questions
facing the C.C.I.T. was held in 1946 at Paris.

The plenary meeting at Brussels had to deal with
all the questions left over for study by the meeting at
Warsaw and with all new questions which had arisen
in the period following that meeting and with the
telex regulations. The new questions included,
amongst others, the American proposal for the general
recognition of the Intermational Alphabet No. 2, with
certain suggested minor modifications to that
Alphabet, and the British proposal for the utilisation
of signal No. 32 of the No. 2 Alphabet, a signal which
at present is barred for international use.

The actual meetings were held at the Egmont
Palace, a large mansion in its own grounds, which at
one time was a private residence, but is now the
property of the town of Brussels. The arrangements
made for the meetings were most convenient, all the
rooms being situated on the first floor of the building.
Two of the largest rooms were equipped for simul-
taneous translation, and served for the main meetings
of the various committees ; the smaller rooms were
used for the meetings of the sub-committees and
here the successive method of translation was used.

The work of the plenary meeting was divided into
six committees : Technical, Operations, Organisation,
Subscribers Service (Telex), European Network and
Drafting. Because of the number of committees the
meetings were arranged so that there was a minimum
of overlapping. The arrangement was perhaps too

1P.0.E.E.J., Vol. 29, p. 293.
'PO.E.E.J., Vol. 41, p. 39.
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rigid in its conception and led in the final stages of the
meeting to very late and prolonged meetings of some
of the committees and in particular, the Technica.
Committee. There will not be, however, anothe
assembly of the C.C.I.T. organised in this mannes
since the arrangements provided for under the Atlantic
City Convention require that the separate committees
reach their conclusions in advance of any plenary
assembly and any lesson to be learnt from the experi
ence at Brussels cannot be applied to future meetings
of the C.C.I.T.

The Technical Committee had to deal with ques
tions arising out of six of the committees of the
C.C.I.T., these dealing with (1) quality of telegrapt
transmission, (2) standardisation of telegraph appar
atus, (3) relays, (4) co-existence in cables of telegrapt
and telephone circuits, (5) phototelegraphy, (6
protection, and all matters which could not be treatec
in the main committee were dealt with by sub
committees under the chairmanship of the principa
reporters of these C.C.I.T. committees.

It can be stated that the Technical Committet
worked most harmoniously and the British delegatior
has the satisfaction of knowing that in the main th
resulting opihions and new questions were in direc
line with their experience and opinions expressed it
the preliminary documents. Agreement was reaches
on definitions of telegraph distortion and margit
which will replace the definitions in the presen
opinions of the C.C.I.T. Agreement was reached o
the detail of circuit advices to be exchanged betwee
Administrations whenever new international telegrapl
circuits were set up and on the precise functions o
certain testing offices on the route of such circuits
this being based mainly on the practice which has bee
evolved 1n this country. Agreement was reached als
on the method to be adopted for bringing into opera
tion a reserve circuit when, for any cause, an inter
national telegraph circuit is found to be unworkable
again the procedure adopted was based on th
experience gained and practice adopted in this country

Much discussion centred in the proposition of th
United States that the Telegraph Regulations shoul:
contain a paragraph advocating the adoption, wit.
reservations, of the 5-unit code Alphabet No. 2, a
the code for general use in international telegraphy
and after some modifications to the wording of th
U.S. proposal, which were accepted by the U.f
representative, the proposal was accepted. Thi
proposal hadits origin in the deliberations of th
Bermuda Conference.

Another question which gave rise to much dis
cussion was the British proposal that the 32nd sign:
of the Alphabet No. 2, the all space signal, which is a
present not used internationally, should be reserve
for the possible use of a third case shift on teleprintes
and thus make available another series of signa
which would possibly be required in the future whe
teleprinter working is much more developed by con
mercial users. This question was originally raised b



the Creed Co. and supported by the British adminis-
tration who raised the matter in the form of a new
question to the C.C.L.T.

The question received general support and agree-
ment was reached that the original question should
be studied as a new question in a new general form
with the British proposition as a particular case.

The main purpose of the question was to bring to
the attention of Administrations the idea that there
were real possibilities in the usage of this signal for
the purpose of a third case, and that it would not be
wise to use this signal for special national purposes
which might stultify its wider use in the future.

Numerous other questions were dealt with, some
matters of detail, some of much wider significance,
but all were resolved or remitted for further study.
Such questions included the design and utilisation
of regenerative repeaters, involving the desirability
or otherwise of a stop signal longer than 1 unit, e.g.
1-5 units ; the blocking of the keyboard of a tele-
printer after the number of letters allocated to a line
has been operated ; the utilisation of the full band
available on coaxial cable telephone circuits for
phototelegraphy and the repercussion on the design
of the phototelegraphy apparatus; the use of sub-
carrier frequency modulation as the transmission

method for phototelegraphy over lines ; standardis-
ation of paper sizes and line spacing on page tele-
printers. In all some forty new technical questions
were passed for future study by the C.C.I.T., in many
cases in combination with C.C.I.LR. or C.C.I.F., and a
recommendation made that a permanent sub-com-
mittee should be set up to deal with all questions of
maintenance on the lines of a similar committee in
the C.C.LF.

The draft regulations for the operation of the
International Telex service were discussed in detail
and were finally agreed.

The matter of a European switched network for
the more expeditious handling of public telegrams
which could not be dealt with by direct circuits, which
originally had been raised by the Czechoslovak
Administration, was discussed, and it was agreed that
there was need for such a network and that further
study should be made of the problem on the basis of
an agreed memorandum which will be incorporated
in the recommendations of the Conference.

At the Plenary Conference Great Britain was
charged with the chairmanship of two technical
committees, one dealing with phototelegraphy and
the other with the technical questions of automatic
switching. F. E. N.

Institution of Post Office Electrical Engineers

Result cf Ballot on the Proposed Alterations to Rules.

The Scrutineers have reported to Council the result
of the ballot, on the proposals put to the membership
in April last.

It is as follows : —
For the Against the
Amendment Amendment
(1) Membership; Rule 6.
Associates .. .. 767 1,171

(2) Subscription: Rule 13 1,216 718
{Total membership eligible to vote was 5,017.)

In accordance with the provision of Rule 31, the
proposal under (1) will not be brought into effect.

The proposed rates of subscription will be operative
this session, and members will have seen the notices
which appeared in the Post Office Circulars of the
28th April and 2nd June, 1948, in regard thereto.

ESSAY COMPETITION, 1948-9

The Council offers Five Prizes of Three Guineas
each for the five most meritorious Essays submitted
by members of the Engineering Department of the
Post Office below the ranks of Inspector and Draughts-
men Class II, and, in addition, to award a limited
number of Certificates of Merit.

A prize-winner in any previous competition is not
eligible to enter, but this restriction does not apply
to a competitor who has been awarded a certificate
only. An essay submitted for consideration of an
award in the Essay Competition and also submitted
in connection with the Junior Section I.P.O.E.E.

prizes, will not be eligible to receive both awards.

In judging the merits of an essay, consideration
will be given to clearness of expression, correct use of
words, neatness and arrangement, and although tech-
nical accuracy is essential, a high technical standard
is not absolutely necessary to qualify for an award.
The Council hopes this assurance will encourage a
larger number to enter. Marks will be awarded for
originality of essays submitted. Competitors may
choose any subject relevant to current telegraph or
telephone practice.

The Essay must be written on foolscap or quarto
paper, and must not exceed 5000 words. A §-in.
margin to be left on each page. A certificate is
required to be furnished by each competitor, at the
end of the essay, in the following terms :

“In forwarding the foregoing essay cf
.............................. words, I certify that the work is
my own wunaided (ffort both as regards
composition and drawing.”

Signature ... ... ... . .. . ..
Address. ... ...l e
Date .. .
Rank ... ... ..

The Essays must reach The Secretary, The Institution

of Post Office Electrical Engineers, G.P.O. (Alder

House), London, E.C.1, by the 31st December, 1948.
J. READING, Secretary.
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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 Engineeri

Department :(—
London Telecomms. Region.. Purves, T.
Norwich Telephone Area Wagg, F. Q.

Recent Awards

Labourer. .

Skilled Workman, Class I

Sergeant, Argyle and

Sutherland Highlande

Signalman, Royal
Sign:

The Board of Editors has learnt with great pleasure of the honours recently conferred upon the followi

members of the Engineering Department :—

Birmingham Telephone Area  Wood, D. F. Technician C.QOM.S., Royal British Emp.
Signals Medal
Bournemouth Telephone Area Hardy, A. A. Technician Sergeant, Royal British Emp
Signals Medal
Cardiff Telephone Area Batchelor, J. H. Skilled Workman, Lance Corporal, Belgian Croix
Class I1 Royal Signals Guerre, 1940
with Palm
Engineering Department Long, F. S. Assistant Engineer Flying Officer, Mentioned in
R.AF.V.R. Despatch

D. G. Tucker, D.Sc.(Eng.), Ph.D., AM.I.E.E.

We would all wish to congratulate Dr. D. G. Tucker,
Executive Engineer, Research Branch, on his award
of the degree of Doctor of Science (Engineering) by
London University. This notable academic success
has been achieved by only one other member of the
Engineering Department—the late Dr. R. V.
Hansford, one time Assistant Staff Engineer, Radio
Branch.

Dr. Tacker entered the Post Office in 1932 as a
Probationary Inspector and after a short period in
the N.E. District was appointed to the Research
Branch in 1933. He was engaged on the develop-
ment of carrier telephone equipment and, after passing
the Limited Competition for Assistant Engineer in
1938, he worked on problems connected with the
synchronisation of carrier systems. In 1943 he
submitted to the University a thesis on closely-related
work and was awarded a Ph.D. His subsequent work
was connected with various aspects of frequency
selection and he published a number of valuable

articles in this field; this published work w
submitted to the University and has resulted in I
Tucker's latest academic award. R. J. H.

Supplement to the Journal

In the City and Guilds of London Instity
Examinations in Telecommunication Engineering
1948, additional papers were set in Telecommu
cations (Principles) IV and V, Radio 1V, and Lj
Transmission I and II. Allowing for certain otl
changes in the examinations, this makes a total of
papers to which it is proposed to publish mo
answers in the Supplement, commencing with 1
current issue.

To allow of publication of answers to four ad
tional papers within the present paper ration, it 1
been necessary to modify the Supplement format
a reduction in margins ; it is hoped that the advant:
of obtaining a comprehensive Supplement v
compensate students should they find reading
slightly less easy with the revised layout.

Book Review

“ Wiring a Continent.” The History of the Telegraph
Industry in the United States, 1832-1866. Robert
Luther Thompson. Princeton University Press.
(London, Geoffrey Cumberledge, Oxford University
Press). 544 pp. 683 ill. 42s, .

This book, fully documented and well illustrated with
topical plates, is a record of the development of tele-
graphy in the United States from the time of the early
work of Morse up to 1866, which date marks the
emergence of the Westerm Union Telegraphy Company
as the amalgam of the early pioneering companies
destined to carry the torch of development into the
years which followed.

The record is divided into four books of which the
first is of more direct appeal to the engineer since it
deals with the life and pioneer telegraph work of Morse
and his efforts first to get an appropriation from Congress
for the historic Baltimore-Washington telegraph line
and then his failure, or rather the failure of the then
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Postn aster-General, to secure governmental control
the new power then being made available.

The other three books deal in detail with the effo
of the companies which sprung up in various areas of 1
United States to make this new power of telegrap
available ; of their difficulties and rivalries and of th
eventual amalgamations into more coherent units, a
then, after the Civil War, the final amalgamation i
the Western Union. Two other systems, those of B
and House, were involved with that of Morse in th
pioneer efforts and their application is put into pro)
perspective.

The range of the story is vast, but the factual reco:

" have been presented in such a masterly way as to g

an air of sustained romance to the pages, and the bc
should prove of absorbing interest not only to th
who have any attachment to telecommunications but
all readers who love a good story well told for itself

F.E. N



Headquarters Notes

Radio Development

LoNDON-BIRMINGHAM TELEViISION RADIO-RELAY
SYSTEM.

The successful expansion of the television
service in this country is dependent on the
:xchange of programme material between London
ind the provincial centres, as in the case of
sound broadcasting. Unfortunately the provision of
he communication network suitable for relaying
:elevision signals is a much more difficult problem
than is the case for sound, calling as it does for the
transmission of a relatively wide frequency band with
z00d transmission characteristics. The attenuation/
frequency characteristic must be flat within close
limits, the phase/frequency characteristic must be
linear and the performance in terms of build-up time,
overshoot and decay of response to a suddenly applied
signal, gain stability, signal-to-noise ratio, non-
linearity and echo signals, must meet close specifica-
tions. The bandwidth required for the effective trans-
mission of the present standard 405-line signals is
some 3,000 kc/s and to achieve the transmission
characteristic required, the fall in response above this
frequency must be gradual.

Toere are two possible methods of relaying such
signals, the one using the coaxial cable system and
the other by radio link operating at very high fre-
quencies. Each has its particular merits and the most
effective will be found from the results of field trials
on fully operating systems. It may be eventually that
the trunk network will comprise an integration of
both cable and radio links capable of carrying both
television and multi-channel telephony signals.

TERMINAL STATION

RELAY STATIONS

When completed, the radio link will provide for
the simultaneous transmission in both directions
of 403-line signals from a radio terminal on the
roof of the Museum telephone exchange, London,
to the other terminal on the roof of Telephone
House, Birmingham. The connections between
Telephone House (Birmingham) and the B.B.C.
local transmitter and between the B.B.C. London
Studio, Broadcasting House, and Museum exchange
will be by coaxial tubes. The radio link will
comprise five sections with two terminal and four
relaying stations (see Fig. 1.) Theoverall link length is
some 115 miles, and the shortest and longest sections
are some 6 and 39 miles, respectively. The actual sites
are, of course, determined by the need to provide
optical paths between corresponding transmitting and
receiving aerials at the frequencies employed—some
900 Mc/s. Four different transmitter frequencies will
be employed, and one of the several possible alloca-
tions of these frequencies between the several stations
is shown in Fig. 1. The relatively high frequency of
960 Mc/s enables an aerial of high directivity to be
employed, that is, one in which the power in the
radiator elements in the case of the transmitter is
concentrated in a very narrow beam which is directed
towards a similar aerial at the corresponding receiver.
This high directivity has two important advantages ;
it provides the required field strength at the receiving
aerial with a minimum of radiated power, and it
minimises the effect of interfering signals and of
reflections or echoes from aircraft and buildings
unless they arrive within the relatively narrow angle
at which the aerial has a maximum response. To
assist in achieving the required optical line-of-sight
between corresponding aerials, these aerials will be
mounted on steel towers some 100 ft. high. The four

TERMINAL STATION

& [fTD t2 AT 41 RT 72 RT #1 R
-’-{ﬁ—»- J 2 (T2 [Tz T )2 [}

TELEVI
SIGNALS

TELEVISION
SIGNALS

LONDON 12

HARROW 19 ZOUCHES
MUSEUM MILES WEALD  MILES .FARM.DUNSTABLE
(430FT) (670FT)

(ISOFT)

Fl. f2.f3 F4. - TRANSMITTER FREQUENCY

39 BLACKDOWMN 39  TURNERS 68  BIRMINGHAM
MILES MILES HILL MILES TELEPHONE HOUSE
(720FT) (870FT) (SI9FT)

T - TRANSMITTER
T 25~ -~ RADIO LINK

R - RECEIVER
~e— - CABLE CONNECTION

Fi1c. 1.

As part of the programme to provide facilities for
relaying television signals between main centres of
population, and at the same time to give information
on the performance of both cable and radio system,
work is now in hand on the provision of a new six-tube
cable between London and Birmingham. The radio
system which is planned to cater for the transmission
in both directions of 405-line signals to and from
London is being developed and provided by the
General Electric Company Ltd., to the Department’s
performance specification. The contract for the
system was placed about mid-1947 and, since it is too
early to describe the link, the purpose of this note is
merely to indicate the general form the link will take.

aerials at a relaying station, each some 12 ft. in
diameter, will be mounted on the top of the tower and
the associated radio equipment will be housed in a
small cabin erected at the top of the tower. A small
building near the tower base will house the power
supply equipment, standby power equipment and all
equipment which can with advantage be remote from
the aerials. The photograph of Fig. 2 was taken
during field trials at Zouches Farm.

Reserve radio equipment will be switched into
service automatically in the event of a fault on the
working equipment and a supervisory system will
provide an indication of the fault at the control*
terminal. All stations with the exception of the con-
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In furtherance of their studies certain of these
officers have paid wvisits during the past year to
Sweden and America to investigate developments in
automatic switching practice, and comprehensive
technical reports have since been prepared in respect
of each visit. In both countries the parties were given
the fullest facilities to make technical investigations
and to inspect exchanges in operation. Following is
a brief description of the principal features of the
systems in use.

In Sweden, where the telephone system is State con-
trolled, there have been extensive developments in
cross-bar switching systems, especially for small
unattended exchanges. Taese exchanges make use of
the cross-bar switch in the manner of a step-by-step
selector, the switches being directly controlled by
impulses from the subscriber’s dial. The maintenance
records indicate that the cross-bar switch used in this
manner is very reliable.

The visit to the United States was made primarily to
study the telephone system controlled by the American
Telephone and Telegraph Company (Bell System) but
visits were also made to exchanges controlled by
independent companies.

In the large metropolitan areas of the United
States, such as New York, the switching system is a
mixture of the panel system and the No. 1 cross-bar
system. Allnew exchanges will, however, be cross-bar.
Unlike the Swedish cross-bar developments the Bell
System cross-bar exchanges operate on a common
control basis, using large markers to set up the
switching paths. The size of the markers is such that
with the very high speed of switching which can be
achieved, only ten markers are required to control a
20,000-line exchange, and an individual marker may
carry a load of several million calls a year. The
facilities afforded by this system are similar to thouse
provided by the British director system.

Outside the metropolitan areas the standard method
of switching is non-director step-by-step using
a switch which resembles closely the British pre-
2000 type selector. A certain amount of automatic
ticketing of subscriber-dialled calls has been introduced
in a large non-director network in southern California.
This development is of interest since the decision to
adopt automatic ticketing was made only after it had
been found to be cheaper than multi-metering on
subscribers’ meters. The fees concerned are from one
to five units and although tickets are available the
accounts to the subscribers are bulked.

National numbering schemes have been adopted in
both countries. In Sweden the numbering scheme is
designed for subscriber-~to-subscriber dialling over any
distance and some progress has already been made in
this direction. Charges are determined by multi-
metering.

In the United States the numbering scheme is not
intended for extended subscriber-dialling but merely
as an aid to the introduction of a rapid trunk operating
service. The subscribers are not in fact aware of the
existence of a national number.

The Swedish national number consists of a prefix
and eight figures whilst the American national number
consists of ten digits, some of which may be letters.

INTERNATIONAL LONG-DISTANCE DIALLING.

CoMiTE CONSULTATIF INTERNATIONAL
TELEPRONIQUE.

Considerable progress has been made by the 8th
C.R. towards the formulation of the requirements of
the signalling and switching system for semi-automatic
operation of international circuits.

It has not been found possible to make definite
recommendations regarding the signal code to be used
in the signalling system without more detailed informa-
tion. To obtain the required information it has been
decided to design and construct equipment based on
() a code using two signalling frequencies and (b)
a code using one signalling frequency only. The equip-
ment will be subjected to practical trials on a few
circuits between London, Paris, Zurich, Amsterdam
and Brussels.

Further consideration has also been given to the
performance requirements of a suitable voice-fre-
quency receiver and a specification whuch covers all
essential requirements has been drafted.

HIGH-SPEED FILMS,

Information of considerable value to both the
Department and contractors has resulted from a
further series of high-speed films produced by the
E-in-C. Circuit Laboratory in collaboration with the
Research Branch. These films show the performance
characteristics of the proposed new standard uni-
selectors, the Siemens high-speed motor-driven
uniselector, the Carpenter polarised relay, Siemens
twin contact high-speed relay, and Dials, Auto., Nos.
12 and 13.

ARTIFICIAL ‘I'RAFFIC MACHINE.

To assist in the study of gradings with slipped
comunon choices and of the smoothing of traffic with
various gradings, the development of an artificial
traffic machine has been commenced. The machine is
being constructed on electronic principles and will be
capable of testing gradings having availabilities of 10,
20 or 40. From the facilities thus afforded for simu-
lating various conditions it is hoped to show that
economies in plant can be effected without degradation
of service.

Construction
INDUCED VOLTAGES IN PosT OFFICE CIRCUITS.

On 28th March, 1948, tests were carried out to
measure the voltage induced in overhead telephone
circuits due to earth fault currents in power lines
between Tummel Bridge power station and Clunie
(near Pitlochry) and between Rannoch and Abernethy
power station. The North of Scotland Hydro-
Electric Board are developing the hydro-electric
resources of the North of Scotland and plan to provide
in that area a 132-kV grid which will be connected
directly to, and will be similar to, the grid provided in
England and Southern Scotland from 1928 onwards by
the Central Electricity Board. Because of the moun-
tainous nature of Northern Scotland some of the
power lines proposed will necessarily fellow a route
near to existing telephone routes for considerable dis-
tances. In such cases the voltages induced in Post
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Office lines under earth fault conditions of the power
line may be considerable. On the basis of a given earth
fault current, and assuming a uniform earth resistivity
of value appropriate to the geological condition of the
territory, it is possible to calculate precisely theinduced
voltage in a line paralleling the power line. The
complex nature of the surface layers of theearth, and
the presence of lochs which in some cases lie between
the power line and the telephone line, complicate
matters however, so that before money is spent on
special measures for the protection of the telephone
lines it is desirable that tests should be made to
measure the voltages actually induced in each case.

OfH TELEPHONE ROUTE' ~——mmmmm

POWER LINE — 0 — e — —_ MILES

ohm-cms to 194,000 ohm-cms, and since the measured
impedance corresponds to a uniform earth resistivity
of between 30,000 and 100,000 ohm-cms, the agree-
ment is regarded as satisfactory. The effect of the
loch between the two lines thus appears to be small.
During the period of application to the power line of
the maximum test current (value 178 amp.) fuses
and heat coils on the junction circuits operated. At
Tummel Bridge U.A.X.12 the exchange units seemed
to be animated, to the considerable embarrassment of
the local lineman responsible for their maintenance.
At Bridge of Gaur a barretter on the exchange side
of the junction relay set fused—the current passed
4 3 STRATH

TJUMMEL T0
EXCH. ATLOCHRY

TUMMEL EXCH.
/

TMMEL—* \ . e == =
POWER STATION\ S ~e . .~ ETR%?&&'% T
BRIDGE OF GAUR \ -
EXCH. T RANNOCH
Ve EXCH, \ OCH TUMMEL
132 KV. LINE
RANNOCH 70 ABERNETHY
POWER STN.
FiG.

The most interesting tests carried out in March were
on the sections of route shown in Fig. 1. An existing
132-kV power line erected by the Grampian Electricity
Supply Co. exists from Rannoch to Tummel and then
continues in a southerly direction to Abernethy. Up
to the present, neutral earthing resistors at Rannoch
and Abernethy have limited the earth fault current to
260 amp., which was the value specified bv the Post
Office when the line was erected in 1930. The Board
propose to connect this line to the new lines proposed,
and to connect the neutral points direct to earth, so
that the earth fault current will be considerably
increased. A new 132-kV line is proposed from
Errochty (very near Tummel Bridge) to Clunie ;
fortunately a 33-kV wood pole line exists over sub-
stantially the same route as the proposed 132-kV line
and was used for the tests.

Current was supplied by an 11-kV generator at
Rannoch using the three-phase wires of the power line
in parallel between Rannoch and Tummel. At Tummel
the circuit was specially connected to the 33-kV route
to Clunie where it was earthed. Earth return currents
of various values from 44 amp. to 178-8 amp. were
employed in the tests. On the telephone route high
impedance voltmeters were used at Tummel exchange
to measure the voltage to earth of four wires earthed at
Bridge of Gaur (U.A.X.12), Kinloch Rannoch (U.A.X.
13), Strathtummel (Magneto) and Pitlochry (C.B.S.2).
Thus the voltage induced in each section of the route
was determined. Between Bridge of Gaur and Tummel
the measured mutual impedance was 3-47 ohms (viz.
volts induced per 1 amp. earth fault current). This
compared with a figure of 2:06 ohms obtained in 1935 ;
the difference may be due to a change in condition of
the earth wire and this is being investigated. Between
Tummel and Pitlochry the measured mutual impe-
dance was 1-32 ohms as compared with 1-48 ohms
predicted on the basis of measurements of earth
resistivity at seven points along the route. Since these
measured values of earth resistivity varied from 20,000

presumably via the 2 xF condenser in the transmission
bridge.

Further tests are proposed on telephone lines
paralleling proposed 132-kV lines between Aberdeen
and Keith, Glasgow and Inveruglas (near Ardlui),
and Beauly and Fannich.

Training

TRAINING IN ORGANISATION AND SUPERVISION
FOR ENGINEERS.

The first of the three-week courses in Organisation
and Supervision for Assistant Engineers commenced
at the Central Training School, Stone, on Monday,
18th May, 1948. These courses are a completely new
departure for the Engineering Department and have
resulted from the recognition of the need not only for
training in the technical side of an engineer’s work but
for objective training in the human side of his work
also. The courses are to some extent an experiment,
but sufficient experience of this type of course in
industry and business as a whole has already been
obtained to indicate that this type of training is
extremely valuable and yields definite results in
terms of markedly improved efficiency and smoothness
of staff relationships.

The courses will include some lectures on the general
principles of supervision which are beginning to
emerge from a scientific study of the subject. The
course is, however, centred round case work taken
directly from actual problems which have arisen in the
practical experience of P.O. engineers. This ensures
that the material presented in the course is “ real "’
and of direct practical application to P.O. engineering
work in the field. These courses only mark the
beginning of courses in training for supervision which
it 1s hoped to extend as soon as possible to engineers
of all grades.

For the 12 months commencing Ist April, 1948,
there will be ten courses, each of three weeks’ duration,
for Assistant Engineers.
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.employed, the work proceeded smoothly and efficiently
in every aspect. Bricklaying, concreting, laying of drains,
laying of paths, carpentering, glazing, painting and the
erection of fences all proceeded by direct labour to a
satisfactory finish. A completed building is shown
in Fig. 1.

Orne variation of the specification was found necessary
and that was in connection with the oak curb to the cable
trench. The ocak supplied, being home-grown and green,
developed a really remarkable will of its own—it decided
in the matter of a week or so that it really wasn’t cut out
for a curb and developed a most weird and grotesque
shape. The idea of using recovered oak arms for the
purpose was explored, but eventually the job was
satisfactorily carried out in 1}-in. angle iron.

The staff was drawn from all grades from technician to
labourer, purely and simply on their skill and ability for
the respective building tasks. Several members of the
crew expressed a keen desire to remain working together
if this was at all possible and their wishes have been met
to our mutual advantage by setting up a small unit
complete with the necessary transport and aids as a
specialist manhole and box building gang. W. A. C.

London Telecommunications Region
BETCHWORTH UA.X. 14

The conversion of Betchwotth (Surrey) exchange area
to automatic working was completed at 1.30 p.m. on
Wednesday, 5th May, 1948, when a new U.A.X.14 was
opened to replace the C.B.S.2 manual exchange. An
initial multiple capacity for 600 subscribers was provided
and the exchange opened with 458 subscribers’ lines and
70 junctions. Standard parallel battery automatic type
charging plant was installed with two 120-Ah batteries
charged by three 5-amp. rectifiers. The parent traffic is
routed to Redhill C.B.1. exchange, where it was necessary
for the Department to install three additional positions.

This is the first U.A.X. to be provided with a direct
route from Toll ‘A’ Auto, and consequent upon the
introduction of 4th-fee metering, many subscribers in
the director area will before long be able to dial this
exchange without the assistance of an operator. The
equipment contractors for the U.A.X. were Ericssons,
Itd. J. H. E.

North-Western Region
BLACKPOOL CENTRAL EXCHANGE

The Blackpool Central non-director exchange was
brought into service at 1.0 p.m. on Wednesday, 28th
January, 1948, in the presence of the Mayor of Blackpool
and members of the Town Council. The Regional Director
and the Chief Regional Engineer were also present, along
with the Telephone Manager of the Preston Area and the
Head Postmaster of Blackpool.

The new equipment replaced the C.B. No. 10 exchange
which had been in service since 1912. A peculiar feature
about the transfer was that the auto-manual board had
been working for some considerable time serving the
satellite exchanges at North and South Shore, as well as
Fleetwood, which is the only public exchange in this
country working on the relay system. A number of unit
automatic exchanges are also parented on Blackpool.

An extension of the manual board to the extent of 37
positions was carried out in two stages by Siemens Bros.
in preparation for the transfer. The first stage of 18
positions was installed for the summer season of 1942,
the remaining 19 positions being stored on site. Prior to
the transfer the latter were completed and brought into
service. The main and intermediate distribution frames
were installed at the same time as the initial positions of
the manual board. The automatic equipment for 6,100
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multiple was provided and installed by the G.E.C. and is
of the 2,000 type. A suite of seven test desks exists in an
enclosed wing at one end of the apparatus room, which is
on the floor below the manual switch room. The power
plant comprises two 1,600-Ah batteries worked on the
divided battery float system. An idea of the size of the
exchange will be obtained from thes following details
of equipment installed :—

Uniselectors .. 5,600
Group Selectors .. 1,540
Final Selectors . 540
Relay Sets .. .. 1,664

The Department’s work in preparation for the transfer
involved the usual changes to subscribers’ apparatus, and
the provision of an external development scheme with
consequent overhead rearrangements. The development
scheme was divided into three sections known locally as
Schemes A, B and C. Scheme A followed the tapering
cable arrangement of pre-cabinet and pillar days.
Schemes B and C were designed to use cabinets and
pillars, but Scheme B proceeded to completion before the
items were available. Asa result mechanical joints have
been provided in lieu so that the cabinets and pillars can
be inserted at a later date. On Scheme C cabinets and
pillars were installed, this being the first large area in the
Region to utilise the new items.

The following figures give some indication of the extent
of the Department’s work which was efficiently carried
out and resulted in a smooth transfer :—

Exchange Lines .. .. .- 4,184
Stations .. .. .. .. 7,798
Call Ofhces .. .. .. .. 268
Cabinets .. .. .. .. 22
Pillars . .. 116
Underground Cable (mlles) . 35
Underground Wires ]omted 77,600
Poles recovered .. . 60
Break jacks for transfer .. .. 5,000

All the circuits concerned in the transfer were routed
via the new main frame and thence via break jacks and
tie cables to the old exchange which was within the same
curtilage as the new exchange. At the time of transfer
wedges were inserted into the break jacks to cut out the
old equipment and the wedges were withdrawn from the
protectors to cut in the automatic equipment. A two-way
bell signalling system was used between the control
switchboard, situated in the test room, and the main
frame. One ring was used to indicate ‘‘ cut out ”’ and two
rings for ‘‘ cut in.’

The officers scheduled for the transfer were assembled
for a rehearsal on the day before so that all concerned
would know their stations and duties. Some minor
potential errors were corrected at the practice with
beneficial results at the time of the actual event. The
equipment has now been in service three months and is
giving every satisfaction.

South-Western Region

LAYING THREE CABLES SIMULTANEOUSLY BY
MOLEDRAINER

A demand for additional circuits made it necessary to
replace, by 921 yd. of cable, an overhead route which
ran over open moorland and the fairway of a golf course—
an unappreciated hazard. 40 pairs of 40-1b. conductor
were required and it was decided to lay three 14/40
protected ex-army cables which were available. Pilot
holes indicated 16 to 18 in. of soil and it was decided to
try to moledrain the three cables at the same time.

The moledrainer was modified by fixing three tubes
vertically one behind the other between extended side












Junior Section Notes

Stoke-on-Trent Centre

For the Session 1947-48 a full programme of lectures and
visits was arranged. The programme of lectures was
carried out in full, but due to the incidence of the five-day
week it was not possible to make any visits as the
various industrial firms were unable to accommodate us
on Saturdays, the only days available to the Centre for
visits. However, opportunity was taken for a party to
visit the Atom Train and an associated film. Various
members have also attended, as guests, lectures given
locally by the Institution of Electrical Engineers and the
Power Engineers’ Association. These invitations have
been much appreciated.

Notice board publicity has been particularly well
executed and an energetic committee has done excellent
work in this, the first full session since the Centre was
restarted.

Chiltern Centre

The 1947-48 session was started on 17th September,
1947, with a visit to Creeds’ works at Croydon, which
proved to be most interesting ; Creeds’ staff are to be
congratulated on the way our visit was conducted.

The second meeting was held at Aylesbury on 14th
January, 1948, and a paper on ‘‘ Multi-Channel V.F.”
was read by Mr. Mayo, Area Engineer.

Our third meeting took the form of a Telephone Quiz
which took place on 25th February between members at
Aylesbury and High Wycombe and Chesham. This
meeting was a great success and another Quiz is being
arranged in the near future.

London Centre

Since our last notes, we have finished the second half
of our 194748 session and are busily arranging the
programme for 1948/49. We commenced the session
of 1948 with a lecture on ‘‘ Short Distance Line Tele-
vision Transmission,”” given by T. Kilvington, B.Sc.
(Eng.) of Dollis Hill Research Branch. His lecture was
of immense interest, being illustrated by practical
demonstrations of a new scheme of equalising cable
pairs by means of pulse transmission and a cathode ray
oscilloscope.

The following month of February brought a joint
lecture by G. H. Rouse and M. B. Moore, on ‘‘ The New
Standard Uniselector and the 2,000 Type Selector—
Some Mechanical Developments.’”’ This lecture set a
new high standard for talks by Junior Section members,
being most popular, interesting and extremely well
illustrated by slides and slow-motion films.

** Impulsing,”” by R. F. Howard, another Junior
Section member at that time, was complementary in
many ways to the previous months’ lecture. Problems
connected with impulsing and solutions for difficulties
experienced, were ably conveyed and once again well
illustrated by slides, working models and the large
demonstration C.R.O.

In April, we had a lecture entitled “ Frequency
Modulation,”” by D. O’'R. Macnamara, a Junior Section
member, This lecture, in common with the others,
was well attended, well illustrated and a high level of
discussion followed.

The lectures given by Junior Section members have
been forwarded to the Senior Section for consideration
for the annual award of prizes and certificates.

The annual general meeting in May brought to a close
one of the longest sessions in our Centre’s history, and
as our published report shows, it has been a very full
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session. Some 19 lectures and talks were held on a local
Area basis and more than 63 visits were paid by 859
members to industrial establishments, public works,
the B.B.C. and many others to whom we are indebted.

It is hoped that with the introduction of subscriptions
from pay on a weekly basis of ld. membership will
show a further increase beyond our present figure of
1,160. We note, with thanks, that the contribution by
the Department towards the cost of fares of members
attending meetings has been increased to two shillings
per meeting.

We would mention that Diaries for 1949 will be on
sale later in the year.

A report on A.G.M.,, Election of Officers and Pro-
gramme for 1948/49 session will be given later. J.G.

Brighton Centre

The annual general meeting of the above centre was
held on Wednesday, April 21st, at the conclusion of a
very successful session.

The following officers and committee were elected :—

Chairman : K. W. Chandler; Vice-Chairman :

F. G. Anderson; Secretary: R. F. J. Beddis;

Treasurer : G. ]J. Pearce; Committee : H. Barag-

wanath, A. G. Beckett, J. P. Bradley, W. R. Excell,

F. Hulse, W. A. T. Moore, C. B. Pitt, A_ A. Pope,

J. G. Rochell, R. Trist.

We hope that the success of the past session will lead
to even greater support for this Centre in the forth-
coming session. R.F.]J.B.

Carlisle Centre

The annual general meeting of the Carlisle Centre took
place in the Kings Head Hotel, on Tuesday, April 13th,
when Mr. W. D. Tweddle presided in the unavoidable
absence of the President, Mr. A. S, Carr.

The Secretary, in his annual report, gave a review of
the achievements of the centre during the previous
twelve months, and paid tribute to the high standard of
papers which had been presented. The programme for
the next session was a comprehensive one and its success
was dependent largely on the interest and enthusiasm
of the members. The financial statement showed a
credit balance which was satisfactory. Several visits
to places of interest are to be arranged and it is hoped
that the enthusiasm of the members will make their
success a foregone conclusion.

The new committee is as follows:—

Chairman : Mr. W, D. Tweddle; Vice-Chairman :

Mr. G. H. Wood ; Secretary and Treasurer : Mr. J.

Molloy ; Deputy Secretary: Mr. J. M. Gibsqn;

Librarian : Mr. H. Whiteside.

Committee : Messrs. E. Ashley, W. Barker, E.

Irving, J. J. McGuffie and ]. Robinson.

Hon. Auditors : Messrs. F. J. Griffiths and W. S,

Smith.

The proposed programme for Session 1948-49 is as
follows :—

Sept.—*' Maintenance of a Non-Director Exchange.”
E. Ashley.

Oct.—‘* Motor Transport Maintenance.’” W. Gardner
and E. Watson.

Nov.—'‘ Some Thoughts on the Atom.” C. S. Jex.

Dec.—Film Show.

Jan.—** Cable Maintenance.”
McGuffie. .

Feb.—" Carrier Telephony.”” J. M. Gibson.

March.—Overhead Construction (to be axrangedl)\.

J. Molloy and ]J.



Staff Changes

Promotions
Name Region Date Name Region Date
Exec. Engr. to Tel. Man. Tech. Asst. to A.RM.T.O.
Howard, J. L. Scot. to H. C. Reg. 1.3.48 Wiles, E. J. W. & B. C. Reg. to
Engineer to Exec. Ener N. W. Reg... 18.4.48
f Won - Engr. Tech. Asst. to M.T.0.111
Dolan, W. H. E.-in-C.O. 3.3.48 t in-
Cooper, A. B, .. L. T. Reg. 3348 Jenkinson, W. .. Mid. _Reg o E.-in-C.O. 1.4.48
Bailey, C. S. .. E.-in-C.O. .. 19.3.48
Walton, W. R. .. L. T. Reg. 3.3.48 M
Ellen, L. W. .. E.-in-C.0. 3.3.48 ech. TIC. to Tech. Asst.
Hayward, R. K. E.-in-C.O. 3.3.48 Clephane, H. .. Scot. to London 1.4.48
Morris, D. W. ., E.-in-C.0. 3.3.48 Copeman. S. W. H.C. Reg. . 11.2.48
Copping, G. P. E.-in-C.O. 3.3.48 Trimmer, G. J. P. N. E. Reg. to London 11.4.48
Laver, F. J. M. E.-in-C.O. 3.3.48 Smith, W. .. Mid. Reg. to E.-in-C.O. 6.4.48
Hickox, W. F. .. L. T. Reg. .. .. 23.4.48 D'man. Cl.I to Sen.D'man.
Lunn, G. R. W. & B. C. Reg. to Thorpe, W. R. 3 L. T. Reg. 1.4.48
Scot. .. AN .. 11.4.48
Engineer to S.5¢.0. D'man. Cl. II to D'man Cl I
Ivoch A C i Davenport, A. R. Mid. Reg. 29.2.48
Lyoch, A.C. .. E.-in-C.0. 13.4.48 Gibbins, F. J. .. H. C. Reg. 9.11.47
Roberts, F. F. ,, E.-in-C.O. 13.4.48 Scot
Holmes, M. F. .. .. E.in-C.O. 13448 | TaylorL. cot. 23.11.47
Thomson, W. E. E.-in-C.O. 13.4.48 Deeks, E. P. .. H. C. Reg. 20.2.48
’ : Holding, H. ]J. H. C. Reg. . . Tobe fixed later
Pyob. Engr.t0 Sc.0. Simpson, G. E N. E. Reg. 1.4.48
R ids, F. H. . E.-in-C.O. 13.4.48 Challis, A. L. .. H. C. Reg. 29.2.48
eynolds e 3 Hodges, R. R. .. S. W. Reg. 20.2.48
Asst. Engr. to Engr. Johnson, C. W, H. C. Reg. 6.3.48
Gray, W. E.-in-CO. .. 19.4.48 Carberry, T. N. L. Reg. 7.3.48
Pooley, A. B. E.-in-C.O. 19.4.48 Ross, J. G. Scot. 29.2.48
Dean, G. A. W.&B.C. Reg 19.4.48 Ebbage, kG. N. 1. Reg . .Tobefixed later
Nisbett, R. .. Scot 26.2.48
Technician to Asst. Eﬂg'- Chalmers, H. C. D. Scot 4.1.48
Ball, H. E.-in-C.O. 65.8.47 Laws, H. G .. Scot. 26.2.48
Anderson, G ] E.-in-C.O. 1.3.47 Rawlings, L. J. ] .. S. W. Reg. 20.2.48
Transfers
Name Region Date Name Region Date
Exec. Engy. Inspector
Lyddall, A. G. .. N.E.Reg.to L. T. Reg. 15.3.48 Stears, A. D. S... Scot. to E.-in-C.O. 11.4.48
Thomas, G. E. T. L.T. Reg. to N.E. Reg. 16.3.48 A.RM.T.O. .
Markby, E. J. .. Scot. to L. T. Reg. .. 11.4.48 Green. G. A N. W. Re
p . en, G. A. . . W, Reg. to London 25.4.48
Haliburton, F. C. E.-in-C.O. to H. C. Reg. 18.5.48 Border, W. A. Mid. Reg. to E-in-C.O.  18.548
. Tech. Asst.
Engineer ‘ Brown, G London to Mid. Red 1.4.48
Atkinson, J. .. L. T Reg. to H._ C. Reg. 14.3.48 Coppin', W.L. o London to E.-in-C.O. 6.4.48
Crowther, R. A. E.-in-C.O. to Mid. Reg. 1.4.48 Heath, J. C E.-in-C.O.toW. & B.C
Charles, E. E. E.-in-C.O. to L. P. Reg. 2.5.48 ra .Reg. " : '. : 13.4.48
D'man. Class I
Asst. Engr. Hall, G. H. H. C. Reg. to Mid. Reg.  5.3.48
Tarry, K. W. D. E.-in-C.O. to Ministry Holt, J.V. O. Scot. to N. E. Reg. . 29.2.48
of Supply 1.4.48 Challenger, D N.1.Reg.to W. & B.C.
Perkins, D. G. L P.Reg.toL.T. Reg 5.4.48 Reg... .. .. 7.3.48
Green, J. E.-in-C.O. to N.L. Reg. 10.4.48 Clement, N. C. S.W. Reg.toW. & B.C.

Woad, J. G. N.W. Reg. toE.-in-C.O.  25.4.48 Reg.. 1.10.47
Sale, K. W. E.-in-C.O.toNW.Reg. 16.5.48 Smedley, J. L. N.E. Reg toS. W. Reg. 1.4.48
Retirements

Name Region Date Name Region Date

Asst. Stafy Engr. Asst. Engr.-—continued
Doust, J. F. E.-in-C.O. (Resigned) 29.2.48 Walters, T. L. E.-in-C.O. (Resigned) 25.4.48
Reg. Engy. Hilliar, T. E. L. T. Reg .. . 31.6.48
A Lane, V. E. Mid. Reg. 31.6.48
Morice, A. B. H. C. Reg. 31.348 | Merrifeld, F. E.-in-C.0 31.5.48
Engineer Inspector
Burrells, W. L.T.Reg. .. 31.3.48 —_—
Wall, A. A, .. L. T. Reg. .. 31.3.48 Lumber, A. J. .. L. T Reg. 2‘-3-18
Mclntosh, H. B. Scot. . 31.3.48 Sqmre, F.H. .. L. T. Reg. 5.3.48
Dunk W. G E-in-C.O 12.5.48 Richards, S. A. L. T. Reg. 31.3.48

Lo : e e Minshall, G. W. .. N.W. Reg. 31.3.48
Asst. Engr. Anderson, W. J. .. E.-in-C.O. 31.3.48
Blackman, R. W. E.-in-C.O. 20.3.48 Rich, W. .. L. T. Reg. 31.3.48
Quickenden, W. L. L. T. Reg. 31.3.48 Thatcher, E. J. W. & B. C. Reg 1.4.48
Brede, H. F. .. -in-C.O. 10.4.48 Fry, G. F. L. T. Reg. 18.5.48
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Deaths

Name Region Date Name Region Date
Asst. Engr. Inspector
Smith, J. R, .. .. E.-in-C.O. 18.4.48 Jenkins, J. D. .. N. I. Reg. 2.3.¢
Wootten, J. C. .. N.W. Reg. 20.4.48 Frankland, W. N. W. Reg. 8.3.4
Lambert, J. G. .. Scot. 15.3.¢
CLERICAL GRADES
Promotions
Name Region Date Name Region Date
C.0. 10 A.P.CII. C.0. to E.O. —continued
Glover, A. E. H. C. Reg 6.1.48 Streeter, C. D. .. E.-in-C.O. 144
Cowan, P. R. E.-in-C.O. 22.4.4
Just, W. .. E.-in-C.O. 2244
CO. 1 EO. Brunwin, A. E. J. E.-in-C.O. 22.4.4
Thurogood, Miss G. J. E.-in-C.O. 22.3.48 Buckmaster, V. R, E -in-C.O. 6.5.4
Anderson, C. .. .. E.-in-C.O. 1.4.48 Hart, J. A. .. E .-in-C.O. 6.5.4
Florence, W. D. .. E.-in.C.O. 1.4.48 Dufton, Miss A. M. E.-in-C.O. 18.5.4
Pinkney, L. W. E.-in-C.O. 1.4.48 Wright, Miss A. E. E.-in-C.O. 9.4.4
Watkins, E. W. H. E.-in-C.O. 1.4.48 Pearson, E. J. .. E.-in-C.O. 1.5.4
Transfers
Name Region Date Name Region Date
H.EO. E.O.—continued
Inskip, C. R. To Min. of Ag. & Fish. 15.3.48 Farrell, W. To Min. of Nat. Ins, .. 54.
EO Carter, L. A. E.-in-C.O. to Board of
- Trade . 1.5.¢
Stark, A. B. To Dept. of Health for Hurdle, D. F. E..in-C.O. to Min. of
Scotland . .. 15.3.48 Nat. Ins. .. 18.5.4
Penycate, J. A. E. E.-in-C.O0. to Min. o Brunwin, A. E. J. E.-in-C.0. to War
Nat. Ins. .. .. 15.3.48 Damage Comm. 31.5.

BOARD OF EDITORS

H. FAuLkNER, B.Sc., M.I.LE.E., Chairman.

F. E. Nancarrow, O.B.E.,, A.R.C.Sc.,, M.ILE.E.

P. B. Frost, B.Sc.,, M.I.LE.E.

A. H. Mumrorp, O.B.E,, B.Sc.(EnG.), M.ILE.E,

C. W. Brown, AM.LE.E.

C. E. C. Skuse.

G. E. StyvLes, AM.LE.E,, Managing Editor.

J. P. HarpinGg, B.Sc.(ENG.),
AM.InsT.CLE.,. AMILEE.

F. WARReEN, AM.ILE.E.

A. ]. BAKER, Secretary-Treasurer.

}Assistant Editors.

Copyright

The entire contents of this JourRNAL are covered by
general copyright, and special permission is necessary
for reprinting long extracts, but Editors are welcome to
use not more than one-third of any article, provided
credit is given at the beginning or end thus: ‘ From
the Post Cffice Electrical Engineeys’ Journal.”’

The Board of Editors is not responsible for the state-
ments made or the opinions expressed in any of the
articles in this JourRNAL, unless such statement is made
specifically by the Board.

Communlcations

All communications should be addressed to the
Managing Editor, P.O.E.E. Journal, Engineer-in-Chief’s
Office, Alder House, Aldersgate Street, London, E.C.1.
Telephone : HEAdquarters 1234. Remittances should
be made payable to " The P.O.E.E. jJournal” and
should be crossed * & Co.”

122

Binding Cases

Cases for binding are available, and may be obtaint
from the Local Agents for 2s. Subscribers can have the
copies of Volumes bound, at a cost of 7s. éd., !
sending the complete set of parts to the Local Agen
or to the P.O.E.E. Journal, Engineer-in-Chief's Offic
Alder House, Aldersgate Street, London, E.C.1. Orde
for binding for Vols. 1-19 should indicate whether t
original binding case with black lettering, or the lat
pattern with gold, is required. Cases with gold letteri
are the only type stocked from Vol. 20 onwards.

Back Numbers

The price of the JourNaL, which is published quarter]
is 1s. 6d. (1s. 9d. post free) per copy, or 7s. per annum pt
free. Back numbers can be supplied, subject to ava
ability of stocks, at 1s. 6d. each (ls. 9d. post free). Orde
for back numbers may be sent to the Local Agents
to the Publishers.

Advertisements

All communications relating to space reservatic
should be addressed to the Advertisement Edit
PO.E.E. Journal, Alder House, Aldersgate Stre
London, E.C.1. Communications regarding adverti:
ment copy, proofs, etc., should be addressed to t
Publishers, Messrs. Birch & Whittington (Prop. Dorli
& Co. [Epsom], Ltd.), 49 Upper High Street, Epso
Surrey.



iii

MODEL ANSWERS

CITY AND GUILDS OF LONDON INSTITUTE EXAMINATIONS

TELECOMMUNICATIONS (PRINCIPLES) | and TELEPHONE EXCHANGE SYSTEMS |

A limited number of these books is still available and orders should be placed at an
early date to avoid disappointment.

TELEGRAPHY | and RADIO |

Printing difficulties have delayed production of these two new books but publication
is now imminent, and orders will receive prompt attention.

TELECOMMUNICATIONS (PRINCIPLES) 11 and TELEPHONE EXCHANGE SYSTEMS II

All preparatory work has been completed and books covering these subjects will be
available in time to assist students preparing for the 1949 examinations. Woatch for
further announcements and meanwhile place an order to ensure delivery as early as possible.

Orders may be placed with the JOURNAL LOCAL AGENTS or with THE MANAGING
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THE INSTITUTION OF POST OFFICE ELECTRICAL ENGINEERS
PRINTED PAPERS
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The prices do not include postage. Members, Associate Members, and Associates
have the privilege of purchasing copies at two-thirds the stated price.
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tNo. 160. CRa(gSSTALK "—H. C. S. Haves, AM.ILEE, R. A, Seymotr and I R. Bray, M.Sc.(Eng.), Grad.I.E.E. 2d

19 1s. 3d.
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EERING.”"—H. R. HarBorTLE, B.Sc., D.F.H, M.LEE,, J. A. SkeprpParRD, B.Sc.,, AM.LEE, and D. L.

Ricuarps, B.Sc. 1939 1s.
No. 174. “METALLURGY AND COMMUNICATIONS.”—E. V. WALKER, B.Sc.,, A . RSM. 1940 6d.
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xvit

Automatic Trunk Switching
Developments in the
Union of South Africa

In 1933 the South African Post Office acquired from our Company
an Automatic Trunk Exchange for installation at Cape Town.
It was the first in the world to afford comprehensive facilities
for handling trunk traffic. It employed switches of the

bimotional type.

As part of its post-war plans, the South African Post Office is now
introducing automatic trunk switching on an extensive scale,

commencing with installations at—
Bloemfontein
Pietermaritzburg
Port Elizabeth
and Durban

The system chosen for all these exchanges is to our Company'’s
design, retaining the original facilities provided at Cape Town,
but now employing our design of high-speed motor uniselector
throughout. The associated voice-frequency signalling and

transmission control equipment is also of our design.

SIEMENS BROTHERS & CO.,LIMITED

WOOLWICH - LONDON - S.E.I8.
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