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This article describes experience which has been gained in the use of mechanical aids for burying cables and indicates the
extent of the economy in manual labour which may be effected thereby.

Introduction

FEATURE of war-time construction work
Ais the provision of circuits in outlying places.

Many miles of small cables, principally
20-pair P.C.T. 20-1b. type, have been and are being
laid in all parts of the United Kingdom, and the
experience gained in the Midland Region in this
class of work may, therefore, be of interest. With
the shortage of labour and the need for speeding up
the provision of these circuits, it is not surprising
that standard methods of underground construction
‘have had to be relaxed and new standards for cable

laying in open country adopted—-These- now perniit )

lead-covered cables with or without hessian tape and
compound protection, according to the character of
the soil, to be laid direct in the ground at a minimum
depth of 9 ins., with extra depth and mechanical
protection at road crossings. Future development
(the main advantage of the use of duct work) can
be provided for by selecting routes where there is
room for a second cable to be laid with a reasonable
clearance, say about 4 ft., from the first. A con-
siderable programme of work of this character was
in view, and the opportunity thus presented itself
for new methods to be adopted to complete the
works to schedule.

Available methods employing mechanical equip-
ment for the saving of labour are: (1) the ordinary
deep furrow agricultural plough, (2) the Killefer
plough and ripper, (3) the Allen-Parsons bucket
excavator, (4¢) the modified moledrainer, and (5) the
modified ripper plough. All these have been tried
with varying results.

The Agricultural Plough

The deep digging agricultural plough capable of
digging to a depth of 16 ins. and turning a furrow
from 14 to 18 ins. wide was first tried out as an aid
to laying wood troughing. The results were satis-
factory in that the work of excavation was reduced,
but it was- considered that too-much manual labour
was still required for the completion of the trench
and the subsequent filling in, and that further
experiment was warranted.

The Killefer Plough

In several localities the Killefer plough has been
used. This is a large double share plough of very
strong constructien requiring a caterpillar type
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tractor of 110 h.p. (D8 type) to pull it. A trench
is cut to a depth which, under favourable conditions,
may reach 2 ft. 6 ins. and of a tapering width
3 ft. 6 ins. at the top and 8 ins. at the bottom.
The excavated soil is thrown up on either side, but
this tends to fall back so that only a net depth of
1 ft. 6 ins. may be left, and several passes are usually
made before a satisfactory trench results. Most
obstacles are removed by this plough, and any type
of soil can be dealt with, but if dificulties are
anticipated the ripper (or rooter) tool, consisting of
a plain steel bar (3% ins. X 8 ins.) with a stecl shoe
at_the foct, is first dragsed threugh the soil. The
overall width of trench with the accompanying
mounds of soil 1s 10 to 14 ft., and choice of route
has to be made with this in mind. The soil can be
subsequently pushed back into the trench by an
angledozer fitting on the front of the tractor.

In locality ““A " this equipment was used. An
appreciable amount of manual labour was expended
to ‘“ bottom-up "’ a somewhat rough trench and to
provide an initial filling layer of about 6 ins. of fine
soil, so that the cable was not damaged during the
mechanised filling operations subsequently carried
out by the angledozer. The actual effective time
spent on laying 3,980 yds. of cable was 520 man-hours
(excluding the tractor operator’s time), half of which
was expended in levelling the bottom of the trench
and the remainder in laying the cable and covering
it with a layer of soil. The average rate for com-
parative purposes was thus 230 man-hours per mile.

The Allen—Parsons Excavator
The Allen-Parsons excavator, having an endless

" chain of buckets, is well known and i1s mentioned

because trenches opened by this means have been
used for buried cables. A good straight-sided trench
12 ins. wide and 2 ft. deep can be excavated in most
soils and is suitable with little extra work for laying
ducts. A number of such duct laying works have
been carried out and a considerable amount. of
excavating (but not refilling) labour saved. Experi-
ence shows that level ground is necessary, both to
ensure a vertically-sided trench and to avoid the
risk of the machine falling over. It has, therefore,
often been necessary to provide a track of timber
on the lower side of sloping ground. Clayey soils
tend to clog the buckets and retard progress con-
siderably. The machine requires a space approxi-
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The Measurement of the Loss Coefficients

of Magnetic Dust Core Materials

U.D.C. 621.396.662.2 621.318.322

V. G. WELSBY, 8.5c.(Eng.)

The author describes a method by which the losses in a toroidal dust-cored coil may be measured and those associated with
the winding eliminated to allow the loss coefficients of the core material to be determined.

Introduction.
T HE impedance of an iron-cored inductance

coill can be represented by an equivalent

circuit, shown in Fig.1,in which the resistance

R represents the component causing the power loss

in the winding and the

c magnetic core. The distri-

buted capacitance and leak-

ance of the winding can be

regarded as a lumped

capacitance and leakance

shunted across the coil.

L R The investigation of losses

F16. 1.—EQUIVALENT in the core thus involves

Circurt oF Iron-corep  the determination of the

INDUCTANCE. resistance R from measure-

ments of the impedance

presented at the terminals and the deduction of the

components associated with the winding. For any

practical coil, in which the effects of self-capacitance

and leakance are kept as small as possible, the

impedance of the coil may be expressed as
(R 4 jwL) »

, R+ Gw?l2

where R’ = (lin—LC)? .................. (1)
’ L -

and L == m .................. (2)

In addition to the required component R, due
to core losses, the resistance R also includes the
D.C. resistance and eddy-current resistance (skin-
effect and proximity-effect) of the winding. The
core loss component can be separated out by measuring
the impedance of a coil similar in every way to the
test coil except that it is wound on a former con-
structed of non-magnetic material. Then, assuming
that the wire losses are not changed by the intro-
duction of the magnetic core, it follows that the
difference between the values of R obtained for the
two coils will be due to losses in the core. The above
assumption is justified for a single-layer toroidal® coil,
but may not necessarily hold for other types of coil.
The test coil should always be designed so that the
.wire eddy-current losses form only a small percentage
of the total. It is often possible to avoid winding a
second ‘‘ air-cored "’ test coil by keeping the wire
losses so small that they can either be calculated to a
sufficient degree of accuracy?, or even neglected
altogether. The core loss resistance R, is then
obtained simply by subtracting the D.C. resistance
of the winding from the total loss resistance R.

An exact theoretical analysis of the core loss is
somewhat difficult, but, by making certain assump-

1 Strictly speaking, the term ‘* toroid '’ refers to a ring of
circular cross-section, but it is commonly used to include
rings ot other shapes.

*W.E., January, 1929, p. 13.
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tions, a simple theory can be developed, yielding
results which are confirmed by experiment3. The
resistance R, is split up into the following three
components, each of which can be considered
separately :—

(a) Hysteresis resistance, R,.

(b) Eddy-current resistance, R..

(¢) Residual-loss resistance, R..

So that.R, = (R, + R. + R.).

Then, if w is the permeability of the core material,
B, the maximum flux density in the core, L the"
inductance of the coil and f the testing frequency, it
can be shown that the following relationship exists :

R, = paB.fL 4 pef?L4ucfL ... ..., (3)
os f};‘“ —[@Ba+0) +ef] e @

a, e, ¢, are known as the hysteresis, eddy-current
and residual loss coefficients respectively, and it will
be seen that the values of these coefficients for a
given material enable its losses to be predicted when
it is used as a core for an inductance coil and that
they also provide a useful basis for the comparison of
the performance of different materials.

This article describes the design of apparatus for
the accurate measurement of the impedance of
suitable test coils and shows how the three funda-
mental loss-coefficients of the core material may be
determined from the results of such measurements.

Test Coils.

The toroid is the most suitable form of test coil for
the investigation of the properties of dust-core
materials, the disadvantage of the diffculty of
winding being outweighed by advantages which may
be summarised as follows :—

(a) The flux-density is practically constant over the

cross-section of the magnetic path.

(b) A toroid is easier to press and more likely to be

homogeneous than other less symmetrical types.

(¢) The flux-density, and hence the permeability

of the material can be calculated accurately.

(d) The external leakage field is small.

The maximum flux density B, produced by a
sinusoidal current of I amps. R.M.S. flowing in a
uniformly-wound coil of N turns on a toroid of cross-
sectional area A square centimetres and effective
diameter d centimetres is given by :

B — 04 4/2 Nl
" d
The permeability p may be obtained from the
following relationship :—
~dL x 10° 6
BO= NEA e (6)

3B S.T.J.Vol. 15 p 49. B.S.T.J., Vol. 16, p 212.



where L is the inductance obtained from equation (2).

The effective diameter of the core may be taken as
the arithmetic mean of the inside and outside
diameters of a thin toroid. For thick toroids the flux-
distribution must be taken into account and the
effective diameter is slightly less than the mean.

Graphical Analysis cf Losses.

To minimise the possible errors, it is usual to make
a series of impedance measurements and to evaluate
the loss coefficients by a graphical method.

The first step is to evaluate the hysteresis co-
efficient by measuring the value of R, at a constant
frequency but with different values of the current I
flowing in the coil. Then_ if B, is calculated from

equation  (5) and
I plotted against the

quantity R, /ufL as
shown in Fig. 2, a
straight line should be
obtained, the slope of
which gives the value
of the coefficient a.

The remaining co-
efficients are obtained
by measuring R, at various frequencies, but keeping
the current in the coil constant. Plotting the quantity
R, /ufL against f will again give a straight line
graph (Fig. 3). The
slope will give the
eddy-current co-
efficient e, and the
intercept on  the
R, /ufL axis will be
(aB’,, + ¢) where B’
is the maximum flux
density corresponding
to the constant coil
current. The value of aB’wm will be obtainable from
the graph of Fig. 2, so that the residual loss
coefficient ¢ can then be calculated.

P

.a
L 5\’09?,

Ed

0 B —
Fic. 2.

Fic. 3.

Effect ¢f Dielectric Loss.
Referring to equation (1) and re-writing :
R + Gw?l? = R’ (1— w?LC)?
= R’ (1—x2)2

where x is the ratio of the testing-frequency to the
frequency of self-resonance of the coil. It will be
seen that the first stage in the evaluation of the loss
resistance R is a simple correction for the self-
capacitance of the coil. This gives the value of
(R + Gw2L?). The term Gw?L2 represents the
power dissipated by dielectric losses in the insulating
materials which are used in the construction of the
coil. Normally, care should be taken to ensure that
this loss is negligible.

MEASURING EQUIPMENT
Accuracy.
1t will be remembered that the eddy-current and
residual loss coefficients are obtained from the slope
and zero-intercept respectively of a straight-line
graph. The most likely source of inaccuracy in the
values of these coefficients will be at the lowest

testing-frequency. This applies particularly to the
intercept, which can be changed considerably by
small errors in the measurements at the lower
frequencies. The apparatus which is to be described
was designed to give the value of R’ to an accuracy of
about +0-005 ohm at frequencies up to half a
megacycle. This enables the hysteresis. and eddy-
current coefficients to be evaluated with a possible
error of about + 5 per cent. The possible error in
the value of the residual coefficient, particularly -
when dealing with low-loss materials, was greater,
sometimes reaching the order of 4+ 10 per cent.

Simple Resonance Bridge.

There are several methods which could be used for
measuring the impedance of the test coil, but it has
been found that an impedance bridge circuit is the
most suitable for obtaining the degree of accuracy
required. The arrangement of the series resonance
bridge in its
simplest form is
shown in Fig. 4.

The ratio arms
P and Q are
usually made
equal, so that the
condition for
balance is that
the impedances
of the arms AE
and BE should =
be equal. Before Fic. 4 —SimpLE RESONANCE BRIDGE.
actual measure-
ments are made, a balance is obtained with the
switches S; and S, closed; a small inductance L, and
resistance R, being adjusted to compensate for the
residual impedance of the constant inductance resis-
tance standard R when the latter is set to zero, and
incidentally for the impedance unbalance of the
connecting leads in the arms AE and BE. The test
coil is connected between terminals XY and a new
balance obtained with the switches open by adjusting
R and C. Then if the impedance of the coil is
(R” 4 jwL’) the conditions for balance will be

fR"+r=R

LjwL + 1/jwC =0
where r is the effective loss resistance of the con-
denser C. Since the reactances of the coil and
condenser are made equal at balance,it follows that
the resistances R’ and r are approximately propor-
tional to their respective power factors. Now, at the
lowest testing frequency, where the greatest accuracy
is required, the power factor of the coil may be of
the order of 0-01, so that for an accuracy of + 1 per
cent. in the value of R’ it follows that the condenser
power factor must be less than 0-0001.

Power factors of this order can be obtained with
high-grade air-dielectric condensers of capacitances
up to about 0-001xF, but such condensers become
unwieldy when large capacitances are required.
Thus the simple resonance bridge is not suitable for
the measurement of small inductances at low
frequencies and a modification of the method is
required.
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Delayed Call Formula when Calls are

Served in Random Order

U.D.C. 519.2: 654.153.4

S. D. MELLOR, BEng.. AM.EE.

Formul® are developed to enable the effect of introducing queueing facilities for waiting calls, to be estimated.

.

. General. :
HE addition of queueing facilities (i.e. facilities
| for serving delayed calls in the order in which
they originated) to delayed call systems
involves the provision of special equipment which is
comparatively complicated. In the absence of such
facilities, calls which do not immediately obtain
connection are served in random order, resulting in a
poor distribution of delays. In a queueing system a
call arriving when all trunks are engaged and no
other calls are waiting, would be allotted to the first
trunk to fall free. With random selection such a
call, if persistently unfortunate, might fail to pick up
a free trunk until a large number of calls originated
later had all been served.

That individual calls can be delayed for long
periods before being connected is a matter of
experience, particularly on auto-manual and manual-
manual connections where the operator loading is
high, and on connections to highly loaded trunk lines
operating under demand conditions (under delay
«conditions an element of queueing is introduced). It
i1s important to be able to estimate in such cases
what improvement would be effected by providing
queueing facilities. Formula for the distribution of
waiting times when delayed calls are served in order
of origination are well known. A formula for the case
when calls are served in random order is given below.
Pure chance traffic, exponential distribution of
holding times and full availability conditions are
assumed.

Symbols.
N = Number of trunks in full availability
group. -
A = Traffic offered to (and carried by) the
group in T.U.

h = Average holding time.
P, = Probability of exactly x trunks being
simultaneously engaged (x << N).
Py + o = Probability of all N trunks being engaged
and q calls waiting.
P(>0) = Probability of a call being delayed

@
::EPI‘HQ (it is assumed that there is no
upper limit to the number of
calls which may be simul-
taneously delayed).
P(>t) = Probability of a call being delayed longer
than time t.
M = Average delay on all calls.

q=o

General Delay Formule.

The following relations hold in whatever order
delayed calls are served (proofs -are given in the
references quoted at the end of the article) :—

A. PN+q—-1 = N PN+q

. A\e
l.e. PN+q = (\-I—-) . PN+0

Ao AY
é(w).m.Po ...... (2)
N-1 ©
ZPX+ZPN+q=l
=0 .q=o0
P, = . L
—Ax S /A\9 AN
SELS(E)
x! N N!
Cox=9 q=1
N 1
zAx 4 A AN
:ox! N—A NI
.................. 3)
[e0]
P(>0) = > Prig
q=o0
AN N
=N - xZa
AN N
B NI"'N—A
Ax A AN
25Tt NCACNT
B
— e (4)
l—(1—B)
AN
~NT
whereB=N—N—'—'
Ax
zx!

This is an extremely useful expression, as B
represents the grade of service on a lost call basis
when A is the traffic offered to the group of N full
availability trunks, and frequently can be obtained
directly from published curves or tables.

Average delay M = P(>0) . 5

Delay Distribution—waiting calls queued.—1f delayed
calls are served in order of origination, the propor-
tion delayed more than time t

— (N — At
= e b
The proportion of all calls delayed more than time t
= P(>t) )
— (N — AR
= P(>O).e b, (6)

Delay Distribution—waiting calls served in vandom
order.—Consider a call which has been waiting for
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time t. The probability of there being q—1 other
calls also waiting, i.e. q calls in all
= Pnyq
The chance of one of the engaged trunks falling
free in the subsequent small interval of time 6t, and
of the call under observation picking up the free
trunk = cl—l .N S—ht (since any of the q calls has an
equal chance of picking up the free trunk).
Let Pq (>t) = the probability of the call
still waiting after time t
Py (>t+38t) = the probability of the call
still waiting after time
(t + 8t).
= Py (>t) X chance of call
not being served in in-

terval 6t
— Py (>t) [1— g.%t]
P t4+6t)—Pq(>t) - N
- Q(>+ S)t q( )=_q_h’PQ(>t)
Let 6t—o
“d N
Then H{ Pq (>t) = — aﬁ B Pq(>t)

Nt
S P(>t) =Ci.e ® where
C, = constant of integration

P(>t) = S Praq. Pa(>t)

q=1
N¢

[ee) —_—
= ZPN+Q.CQ.8 @
q=1
To obtain the value of Cq, put t =0
[ee]

P(>0) = > C,. Pyyq

q=1
oo}
But, P(>o0) = ZPN+fi
q=0
@©
A\dg
=P 3(5)
rom equation (2
f .
N o]
= KZPN_*_Q
qg=1
N
. Cq = X
and P(>t) = ZX Prig.e ©
q=1
N 2 /A\4 _N¢
= — . Pnyo (—) e ©
A = N
A /AN
q=1

............ (7)

As a check on the correctness of the formula,
evaluate the value of the average delay M.

M=/7.P(t).dt where P(t).dt is the chance
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of a call Being delayed for more than time t but less
than time t + dt.
i.e. P(t) . dt = P(>t) — P(>t + dt)
and P(t) = — L=t +£)— P(>1)

P(>t)

4
at -

Thus, integrating by parts,
a
M=]|—-t.P(>t)
[~ peo,

+ [P(>1) . dt

N —A)h
= _ P . (___._—
|: (>o). A
5 (2) 7]
AN/
q=1 t=o0
from equation (7)
: (N —A)
=Pz Sy
A \¢
> (%)
q=o0
= P(>0) b ie. th
= " N—&x e the

same as equation (5)
Since equation (5) can be shown to be correct irrespec-
tive of the order in which the delayed callsare served,
this can be regarded as a satisfactory check.

Evaluation cf Formula.

It is convenient to evaluate the distribution formula
(7) in terms of the two parameters A/N andNt/h. Ifa
= A/N and b= Nt/h, the formula can be written:—

P(>t) 1- asm.a -
P(>0) =  a go“'e

For large values of A/N the series converges slowly
and evaluation is somewhat laborious. The following
method illustrates the method of evaluation in the
case of A/N = 0-6 and Nt/h = 1 and 2.

Nt 1 ; Nt
- 3= 1 F-
a et N B eyt
eaq ’(0~6)‘l,e*_. eq (0-6)%eT
| I
‘ :
M | @ @ @6 | @ @+
1 |06 272 | 02205 | 7-4 0-0811
2 | 036 165  0-2182 | 272 © 0-1324
3 | 0216 1-398 0-1548 | 105  0-1109
4 | 01206 1-286 | 0-1007 | 165 | 00785
17 | 0000172 | 1-06 ' 00002 | 1-125 | 0-0002
18 | 0000103 | 1-06 { 0-0001 | 1-118 = 0-0001
19 | 0-000062 | 1-05 | 0:0001 | l-111 = 0-0001
20 |0000038 | 105 | — - =

s — 0-5450

P(>t) 2 '
P(>0):§ 0-574 0-364



















The cabling of the extension multiple is so arranged
that a long extension line relay can be inserted in any
extension circuit. To make this possible the inner
spring of the last multiple jack is cabled back to the
apparatus rack. This necessitates a 20 wire cable
(one wire per circuit) being brought back from the last
multiple jacks. This is the reason for the use of .two
cable turning sections as these 20 wire cables have
to be turned and brought along the bottom of the
sections.

The night service exchange line interception jacks,
usually one strip of 10 jacks is sufficient, are mounted
at the top of the multiple field on any convenient
section. These jacks are cabled direct to the
apparatus rack and terminated on a connection strip.
Any exchange line can be given night service
facilities by inserting this night service connection
strip in the jumper between the two exchange line
connection strips on the apparatus rack.

The main battery feed is terminated on the fuse
panels and battery is fed to each section by a 20 wire
switchboard cable.

Power Supply.

The normal battery supply is a single 24 V battery
floated from A.C. mains by a rectifier (No. 38). If
A.C. mains are not available then a double battery
scheme would be used. The average load for a
reasonably busy installation is 10 ampere hours per
section per day. Where a rectifier is used a mains
failure alarm is fitted in the cable turning section of
the suite. This gives immediate advice that the
battery has ceased to charge and the operator can
report the trouble to the maintenance staff before
the battery has been discharged to any extent.
Normally the battery capacity is arranged to give
a 24 hour standby on a mains failure.

FaciLities AND CIRCUITS

Extension Line Circuit.

A special lamp (Lamp No. 2.17) has been introduced
to eliminate the usual line relay for extension lines
not exceeding 200Q (line resistance). The lamp is
connected in series with the line on the battery side

THROUGH INTERMEDIATE

POSITIONS
LAST
M.D.F SO POSITION
0= ”
250 *
aH—oaAAe—L -
L
|
'IH I T 17V TopiLoT NOTE.
o - - WHEN LINE RELAY 1S
] CIRCUIT REQUIRED CUT STRAP X
CALLING AND .UNPER AS
LAMP INDICATED.

F16. 5.—ExTENsIoN LiNE CIRCUIT.

of the circuit (Fig. 5), and glows when the extension
oop is completed by the operation of the telephone
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gravity switch. Amber lamp caps are fitted to equalise
illumination over varying line resistances. Provision
1s made for the inclusion of line relays for long
extension circuits. A break jack series multiple is
used for extension circuits to obviate the use of a
cut-off relay per extension circuit. The answering
lamps are associated with the extension multiple
jacks, but only one calling lamp may be fitted for
any extension line; thus if the calling lamps for
extensions 0 to 19 appear in the first multiple appear-
ance, spacing strips are fitted in lieu of lamp jacks on
subsequent appearances.

Flexibility, when required, may be obtained by
replacing the spacing strip by a lamp jack at the
panel to which it is desired to transfer the calling
lamps, and removing the lamps from the existing,
and fitting them in the new lamp jack. Distribution
for exchange lines may be effected in a similar manner,
or if required ancilliary working can be arranged.

Cord Circuit (Fig. 6).

Double cords are provided with a supervisory
lamp associated with each cord, giving double
supervision. For extension-to-extension calls and
calls to or from extensions completed via inter-
switchboard lines, independent battery feeds are
provided to both sides of the cord circnit, and the
two supervisory lamps give independent supervision
to each side. On extension-to-exchange connections,
the cord circuit is a through circuit, and both super-
visory lamps are joined in parallel, and are under
control of the line relay in the exchange line circuit.
In effect, the cord circuit functions as a bridge control
circuit on extension-to-extension calls, and as a
sleeve control circuit on extension-to-exchange calls.

When either cord is inserted into an extension or
interswitchboard extension jack, the associated
cord circuit sleeve relay (AS or CS) operates to the
250 Q battery on the sleeve of the jack, but when
a cord is inserted in an exchange line jack the
associated cord circuit sleeve relay does not operate
as the sleeve relay is connected to earth via the
auxiliary springs of the exchange line jack.

When the operator inserts an answering plug into
an extension (or interswitchboard line) jack in
response to a calling signal, and the speak key is
thrown, relays SK and SKR operate. These two
relays connect relays AS and CS to the sleeve
wires of the answering and calling cord, and also
connect relays LA and LC to the tip'and ring wires.

Relay AS operates via battery and 250 Q spool
on the extension sleeve. Relay AS connects battery
and earth via relay LA to the extension instrument.
If an extension is required, the calling cord is
mnserted into the desired jack and relay CS operates ;
when the called extension answers relay LC operates.
With relays AS, CS, LA, and LC operated, a holding
circuit is retained for relay SK.

With this relay operated throughout the connec-
tion, a divided feed is provided to the extensions.
If, however, an exchange call is desired, relay CS
does not operate when the calling cord is inserted
into the exchange line jack. With relay AS operated,
CS normal, LA and LC operated, relay SK will release



SPEAK RING DIAL

RING BACK ringing and provides a circuit for the
KEY i AL LS A operation of relay L.

““L”"—The line supervisory relay.
This relay removes the short-circuit off
the winding of relay LR, the circuit being

0 | ca.  prepared when the plug was inserted in
— OPERATORS ——— the jack.
CIRCUIT = " .

“LR " operates and switches the ex-
change line to the cord circuit, disconnects
relay LG which releases, breaks the
holding winding of relay AC, removes the

XS earth on the bush of the jack, replacing

* it by a 500 Q resistance connected to

|_"_. earth, thus extinguishing the cord circuit
supervisory lamps.

SKa “ D " is the operator recall relay ; when

operated it connects an earth on the
sleeve of the jack, thus lighting the cord
circuit supervisory lamps. The relay coil
has two 15 © windings, one winding in
series with each line similar to the L relay,

AS CS
6 R

O &

ASI : l.".’] ’ N CS! T
Asa
2000 2000 eE) S8
7
AN E3
500

Fic. 6.—Corp CIRCUIT.

and, on releasing, completes a direct metallic path
from the extension line to the exchange line relay set.

The Posttion Circuit.

The operator’s circuit is connected to the usual
four-way double jack with transmitter across the
inner, and receiver across the outer, springs, and
the circuit follows normal practice except that pro-
vision is made for the transmitter current to flow
only when the key is in the speak position. A relay
and retard are provided for holding exchange calls
when the operator re-enters the circuit.

" The standard click engaged test is provided.

A position coupling key is provided on each section
to connect the operator’s circuit to the next position
on the right.

but whereas the L relay responds to
current in the loop, the D relay is con-
nected with one winding reversed, and
will not operate with loop current, but
operates when the current of the two lines
is unequal. When the extension is through
to the exchange the coils of relays “L
and “D ” are in series with the line, and
add a further 60 Q to the resistance of
the exchange line; each pair of coils is
shunted by a 2 microfarad condenser to by-pass
speech currents. The circuit has been designed so
that, with a minimum current of 30 milliamperes
in the exchange line, relay LR will hold while an
extension or operator is dialling.

Operator Recall.

When the extension user presses the operator recall
button at the extension point, an earth is applied
to the T line which causes about twice the normal
current to flow to earth over the wire connected to
the exchange battery, and none over the other wire,
which is now connected to earth at both ends. Relay
D operates and lights the cord circuit supervisory
lamps ; repeated depression of the button flashes
the lamps.

The Exchange Line Circuil. . AC3
. T . via omrer 114

The exchange line circuit is shown In POSITIONS |} MOF
Fig. 7. There are five relays per circuit FIRST POSN. °
whose functions are as follows :— =

“AC” for receiving the ringing signal VS
from the main exchange. When this signal q"_c.;_. _31'\F
is received relay AC operates and locks, LR2 NowT
lighting the exchange line calling lamps. L JACK
The insertion of the answering plug into the 5oo:r L
exchange line jack breaks the locking circuit acrA 1
and the calling lamp circuit. 1 LR|

“ ” : 4 400

LG "—The line guard relay operates

when the speaking key is thrown, by current leCh =

flowing through its windings to a loop on
the cord circuit. LG operated places a loop
across the exchange line which trips the

TO PILOT
CIRCUIT

Fic. 7.—ExcHANGE LINE CIrculT.
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Follow-on-Call Trap.

When the extension has cleared (but not the
P.B.X. operator) relays LR, L, LG and AC release,
and the cord circuit supervisory lamps light. In
this condition an incoming ring operates AC during
the ringing period, and extinguishes the lamps
which flash to the ringing periods, thus attracting
the attention of the operator. The extension bell
is not rung as the circuit is broken at the LR relay
contacts.

Nught Service.

A break jack with the bush disconnected is inserted
in each exchange circuit, between the exchange
line and the relay set. These jacks are the night
service exchange jacks. Theinsertion of a cord circuit
plug into one of the jacks cuts off the exchange
calling equipment and the insertion of the associated
cord circuit plug into an extension jack joins the
exchange line straight through to the extension.

The Interswitchboard Line Circuit.

This is a relay set which will serve both as a ter-
mination for an interswitchboard extension and inter-
switchboard private wire. The relay set serves one
circuit only and replaces an exchange relay set which
serves two circuits.

When certain “ U "’ points on the jack are strapped
it will cater for :(—

Generator call and clear.

Generator call and D.C. clear.

D.C. call and clear.

Electrical prohibition of the connection of a
private wire to an exchange line.

When an exchange call is extended to a distant
P.B.X. the circuit gives through clearing to the
exchange from the distant P.B.X. switchboard (but
not from the distant extension). The relay set con-
sists of seven 3000 type relays, two retards, two
rectifiers and five condensers, together with a
transformer.

Conclusion.

Two further developments are in progress. The
first is designed to obviate the possibility of a false
clear should the operator insert a plug into or with-
draw a plug from an interswitchboard line jack while
a ringing signal is still being sent from the distant end.
The second is the introduction of a simplified inter-
switchboard line relay set to cater for routes on which
D.C. or loop call and D.C. or disconnection clear can
be made available at the distant end.

In conclusion, acknowledgments are due to Messrs.
Standard Telephones and Cables, Ltd., for the supply
of the photographs in this article.

Frequency Division without

Free Oscillation
U.D.C.. 621.396.615:621.314.26

D. G. TUCKER, Bsc. (Eng). AM.LEE., and
H. J. MARCHANT, Bsc., Ak.C.

A system of frequency division is described which does not involve locked oscillators ; very constant phase relations are
obtained and the production of an output frequency is dependent on the presence of the input frequency.

Introduction and General Considerations.

YHE normal method of dividing frequencies
’I is to lock to the input frequency a multi-
vibrator or other type of relaxation oscillator,
the natural frequency of which is approximately
the output frequency required. It is well known
that relaxation oscillators lock readily to fre-
quencies which are approximate harmonic multiples
of the natural frequency. Division in one stage
can be effected easily in this manner up to a ratio of
10-15to1. There are a number of practical difficulties,
but there is ample literature! on the subject, and the
method is generally quite satisfactory.

A normal type of inductance-capacitance oscillator
may be locked by a harmonic frequency, and a sine
wave output is obtained without filtration. Alterna-
tively, the same result may be achieved by locking
the oscillator to a frequency derived by modulation
of the input tone with a harmonic of the oscillator.
This has been used for synchronising carrier systems.2
In the above methods one point arises which may
often be a very serious objection. This is the fact
1 Alta Frequenza, July, 1938, p. 459; A.W.A. Review, 1939,

p. 165; Proc. I.R.E., Vol. 29, p. 177.

* PO.E.E.J., Vol 33, p. 75.
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that between the limits of natural frequency of the
oscillator at which pull-out occurs, it is possible for
the phase relation between the output and input
frequencies to vary 4 90° with reference to the input
frequency, i.e. 4+ 90°/n with reference to the output
frequency , where n is the ratio of frequency division.
Some theory of an inductance-capacitance tuned
oscillator when n = 1 has been given in a previous
article? in this journal. The condition of n>>1 follows
from this. The possibility of such phase variations
occurring can rule out the use of this method of
frequency division in some instances. The risk of
pull-out occurring is itself often an undesirable feature.

It is quite possible, however, to effect frequency
division without the use of a locked oscillator, and
consequently the phase variations can be restricted
merely to those occurring due to variation of com-
ponent values in passive networks. Some preliminary
information on this subject has been published else-
where? by other authors, and the methods described
by the present authors, although developed quite
independently, will not be found to disagree appreci-
ably with those given in the earlier articles referred to.

3 JU.E.E., Vol. 84, 1939, p. 693; Proc.I.R.E., Vol. 27
p. 446.




Principles c¢f Operation.

The general principle of the scheme will be seen
from Fig. 1. If the ratio of division is n, and the
required output frequency is f, then the frequency
multiplier (or harmonic generator) is designed to
give the (n — 1)th harmonic of f. This is then

> (2_UTPUT

[ 1

X
— | on [FrREQuENcY
INPUT LHANGER

MULTIPLIER WITH
FILTER OR TUNED
CIRCUIT

G-nF

Fic. 1.—PriNcIPLE OF FREQUENCY DIVIDER.

modulated with the input frequency nf, giving the
required output frequency f (and in addition [2n—1]f,
which is, however, readily eliminated). One obvious
requirement for continued production of f is that the
loop gain shall be slightly greater than unity at the
required frequency with a non-linear characteristic.
This is conveniently arranged in design as' in the
example shown in Fig. 2 by considering the input/
output characteristics of the frequency changer and
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F16. 2.—Loop CHARACTERISTIC OF 730 1O 130 c/s
DiviDER.

multiplier units separatelv. The example chosen
is of a 750 to 150 c/s divider in which the multiplier
produces and selects the 4th harmonic of 150 c/s.

It will be seen that the curves intersect at two
points ; this is more or less inevitable, since harmonic
generators are not efficient at low input levels.
Therefore, for an output frequency to be produced,
the circuit must be disturbed artificially to bring the
circuit voltages above those represented by inter-
section A. Above this point there is a gain round
the loop circuit, so that the voltages build up until
intersection B is reached, where the loop gain is zero.
This is the stable working point.

It is not necessary to make any special provision
for making the loop phase shift zero or 2nz at the
required frequency. The loop phase shift will
automatically adjust itself when operation commences,
because of the multiplication of phase in the multiplier
and the change of sign in the frequency changer. For
example, if ¢ represents the phase of f with respect
to the input frequency nf, and if the phase-shifts in
the multiplier and frequency changer are 6, and 6,
with respect to their output frequencies, then
Phase at output of multiplier

= (n—1)¢ + 6,
Phase at output of frequency changer
= — (n—1)¢ — 6, + 6,
and since this phase has already been defined as ¢
‘},{’ =—(n—1)¢ — 6, + 6,
or .
_ 0,— 6
= n
and therefore changes in 6, or 6, which may occur
with amplitude changes affect only the relative phases
of the input and output frequencies, but will not
otherwise affect the operation.

A feature that is probably fairly evident is that the
circuit is effectively a locked oscillator, but with the
important properties that (a) if the input frequency
fails there is no longer any output and (b) the phase
relation between output and input frequencies is fixed
only by the nominally constant phase shifts in the
networks of which the circuit is composed.

Selectivily Required following Multiplier

Another very important feature that must be
considered in design is the selectivity required
following the frequency multiplier. This depends to a
large extent on how the multiplication is effected.
There is a variety of circuits which may be used for
harmonic generation; the most convenient circuits

Ratio Harmonic | Frequency of  Output
required harmonic frequency

(cls) (c/s)

2 Ist 500 500
3 2nd 666-7 333-3

4 3rd 750 250

5 4th 800 200
6 5th 833-3 166-7
7 6th 857-1 1429

8 7th 875 125
9 8th 888-9 11141

10 9th 900 100
11 10th 909-1 90-9
12 11th 916-7 83-3
13 12th 923-1 76-9
14 13th 928-6 71-4
15 14th 933-3 66-7
16 15th 937-5 62-5
17 16th 941 -2 58-8

are probably those using metal rectifiers, but the most
efficient for harmonics above the 4th or 5th is the
system using a saturated iron-cored inductance
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together with a condenser-resistance output circuit,
as described by Peterson? and others. This system
normally generates only odd harmonics, but with a
rectifier bridge can be used to obtain even harmonics
in a separate group. If a system of generation can be
used which substantially suppresses harmonics adja-
_ cent to the one required, then evidently less selectivity
1s required than if all harmonics are present.

The table shows the frequencies which must
be selected from the multiplier to effect division of
frequency by ratios up to 17, assuming the input
frequency to be 1,000 c/s.

Considering one particular case as an example, it
is seen that to divide by 15, the 14th harmonic,
933-3 c¢/s, must be selected. Supposing now the
harmonic generator produces all harmonics at about
the same level, then if there is still a loop gain at
937-5 c/s, the circuit may be able to divide by 16
instead of 15. The selectivity following the harmonic
generator must be sufficient to ensure that there is
actually always a loss round the loop at all frequencies
but the wanted one. In the above instance, let it
. be assumed that the maximum loop gain (i.e. the
gain when the current is not building up, or, referring
to Fig. 2, somewhere between points A and B) is 1-5
voltage ratio. This maximum loop gain should be
kept fairly small in practice.. Then the selective
circuit, tuned to 933-3 c/fs, can be designed to give a
voltage loss greater than 1-5 at 937-5 and 928-6 c/s.

One special condition calls for comment. With
very low ratios of division, it may be possible to
make a harmonic generator without any tuning to

n

produce in quantity only the wanted harmonic—for
instance, when dividing by three, a frequency doubler
network gives this condition. With a ratio of twg,
this condition is necessarily obtained. However, it
will not be possible to operate the system without
some sort of selective circuit, because of the presence
of the addition product (2n—1) f after the frequency
changer ; this must be sufficiently reduced in the
circuit, as only the difference product can lead to a
stable ““ oscillation.”

Some Practical Designs.

Several frequency dividers have been made accord-
ing to these principles for use in connection with
carrier system synchronisation. A simple example is
shown in Fig. 3. In this instance, a pilot frequency
of 180 kc/s transmitted on a special carrier system
had to be converted to 60 kc/s to work with standard
synchronising circuits at the terminal station. If this
had been done by a locked 60 kc/s oscillator, there
would have been the danger of a free oscillator
controlling a whole carrier network if the pilot tone
failed. The use of a frequency divider avoids this
danger.

The 180 kc/s tone is received by a very selective
amplifier connected across the line; the output of
this acts as switching current in a ring modulator.
The multiplier consists of a metal rectifier frequency-
doubling circuit. The 60 kc/s output is taken from
the modulator output transformer, through a low-
pass filter which largely eliminates the addition

product (300 kc/s). Tags are provided
+o on the grid winding of the transformer

-—

CUT-OFF 80 kc/s

so that the loop gain may be adjusted
to a suitable small value. * Oscillation
starts readily if the H.T. supply is con-

TUNED
TO
180 ke/s

¥y

60 kc/s
OuTPUT

o nected after the valves have warmed up.
Frequency dividers with a ratio of 15
have also been constructed. One, divid-

T =

TUNED TO

° ing 60 kcfs to 4 kcfs, was worked very
readily in one stage, since an adequately

180 ke/s

180 ke /s
INPUT

D_‘ selective circuit was easily obtainable ;

but another case, requiring the division
of 750 c/s to 50 c/s, was more difficult,
since sufficiently stable tuned circuits of
high Q are difhcult to make for 700 c/s.
In any case, extreme phase stability was
required, so that high Q circuits were
very undesirable. Consequently the divi-
sion was effected in two stages, one from
750 c/s to 150 c/s, the other from 150 c/s

to 50 cfs. It is the characteristics of
the former stage that are shown in Fig. 2.
The overall performance of this 15/1
divider was as follows : Satisfactory
operation over a range of input fre-
quency 725 to 775 cfs; output 0-6 +
0-025 volt over an input voltage range
of 0-4 to above 10 volts; even har-

TUNED TO
120 ke /s

Fi1c. 3.—180 10 60 KC/s FREQUENCY DIVIDER.

monics of output frequency more than
30 db below fundamental.

¢ B.S.T.J., October, 1937, p. 437.




A Carrier-Frequency Heterodyne

Oscillator

U.D.C. 621.396.615

K. W. BOURNE.

A carrier frequency heterodyne oscillator is described having a frequency range 50 c/s to 170 kc/s and developed on similar
lines to the earlier Ryall-Sullivan oscillator.

Introduction

HE widespread application of 12-circuit
I carrier systems, with carrier frequencies up
to 60 kc/s, and the further modulation of
12-channel groups to higher frequencies, has caused
a considerable inecrease in the range of testing
apparatus required. In view of the usefulness of
precision heterodyne oscillators, as exemplified by
the Ryall-Sullivan oscillator! in development work,
it was decided to construct a somewhat similar type
of oscillator to cover the lower part of the increased
frequency band. The present oscillatoris the'outcome
of this work and has been designed in collaboration
with Messrs. H. W. Sullivan. It is in many ways
analogous to the Ryall-Sullivan oscillator, but with
a frequency range extending over the next higher
decade (actually 50 c/s to 170 kc/s) ; in consequence
of the higher frequencies involved, the design has
proceeded along rather different lines.
In broad outline, the oscillator follows a familiar
plan (see Fig. 1)—two high-frequency oscillators,

OSCILLATOR MIGH FREQUENCY
No.l AMPLIFIER,
FIZED FREQUENCY TWO- STAGE. |10 Meh
10 Mefa OUTPUT TUNED
MODULATOR LOW PASS outPuT
SINGLE VALVE| ALTER AMPLIFIER
SEPARATE | | y TWO - STAGE
GRIO cut-orr rouh
INJECTION o718 Mch
°5c‘:: :’0“ HIGH FREQUENCY
VARIABLE |  AMPLIFIER, _ Joes-romep
FREQUENCY TWO- STAGE,
0-83-1-0Mcfs APERIODIC.

F16. 1.—Brock ScHEMATIC DIAGRAM OF HETERODYNE
OSCILLATOR.

high-frequency amplification (separate amplifiers for
each oscillator), and modulator, followed by a low-pass
filter and output amplifier.

One of the high-frequency oscillators gives an
output of 1 Mc/s (with a fine frequency control
covering a 1 kc/s band) and the other is variable
from 0-83 Mc/s to 1 Mc/s; the outputs are taken off
via small pick-up coils (arranged to apply negligible
loading to the oscillators) to controlling potentio-
meters, one of which forms the main output control.
The small outputs thus obtained are taken to separate
two-stage amplifiers, using H.F. pentodes (Mazda
AC/S2 PEN, V.T.106) ; the amplifier handling the
1 Mc/s output is tuned to keep the harmonic content
low, the other has a slightly falling characteristic
‘(about 0-5 db.) from 0-83 to 1 Mc/s to correct for the
small rise in level of the oscillator output as its
frequency is increased. The amplifiers being quite
separate, oscillator interlocking is prevented down

1P.O.E.E.]J., Vol. 27, p. 213.

to difference frequencies of less than Ilc/s. The
amplifier outputs are applied to the control and
suppressor grids of a single valve modulator (V.T.106),
the 1 Mc/s fixed frequency output (which is varied
in level by the volume control) being taken to the
control grid.

The difference frequency appearing in the anode
circuit is passed through a low-pass filter to eliminate
the basic high frequencies which also appear on the
anode. Since the volume control is before this
point, and does not affect the variable oscillator
input to the modulator, this will come through at
considerable volume even when the difference
frequency output is reduced to a low value; thus
considerable filtration is necessary to obtain a good
signal/noise ratio at low output levels. A two-stage
negative feedback amplifier follows this filter ; the
output circuit is 600 ohms impedance, unbalanced.
Operation is from standard repeater station supplies
(130 V and 24 V).

PERFORMANCE OF OSCILLATOR

Frequency Accuracy and Stability

These requirements are very important; in the
present oscillator, high initial accuracy is secured
by using a large, carefully hand-calibrated dial of the
same type as that used on the Ryall-Sullivan
oscillator (8% in. diameter, 205° scale) on the main
frequency control, and the long and short period
stability ensured by using the highest quality com-
ponents (including Sullivan-Griffiths temperature
compensated coils of similar type to those used in the
low-frequency oscillator) in conjunction with a
negative trans-conductance oscillator and stabilised
high-tension supply. The long period accuracy is
estimated at some 0-2 per cent. + 100 c/s above
10 kc/s (including calibration accuracy and variation
over a period of years); the short period stability
(over several hours, from two minutes of switching
on), has been measured as +3 c/s. The oscillator
circuit employs a H.F. pentode (V.T.106) using
the negative trans-conductance existing at certain
voltages between the cathode and the screen and
suppressor grids (see below).

Provision is made for considerably improved
frequency accuracy by providing the facility for
checking against a high-accuracy 1,000 c/s standard
frequency and a 1,000 c/s multivibrator, where these
are available. The multivibrator output can be
connected in parallel with the oscillator output and
a rectifier voltmeter ; under these conditions, the
frequency can be set by visible beat on the meter
to an accuracy of better than 41 c/s at any multiple
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of 1 kc/s in the range ; the subsidiary 1 kc/s control?
on the ‘“fixed "’ high-frequency oscillator can then
be used to interpolate to give a final accuracy of
some +2 c/s.

Law f Frequency Scale

The scale shape required for a carrier frequency
oscillator is not the same as that required for an
audio-frequency ~oscillator. In the latter it is
desirable to employ a logarithmic law down to at
least about 100 c/s, since this is the natural law of
speech frequencies and gives a constant percentage
reading accuracy. In using carrier oscillators it is
commonly desired to explore similar band widths
(e.g., 4 kc/s) with constant accuracy at all parts of
the scale; a uniform scale is therefore desirable
over the carrier band. In the present oscillator the
main scale is linear down to 10 kc/s and approximately
logarithmic between 10 kc/s and 100 c/s. This has
been done without unduly cramping the scale over
the carrier range, since with a logarithmic law .at
low frequencies it is possible to extend the scale arc
beyond 180°; this would have been impracticable
with a linear law throughout. It has the advantage
of making the oscillator of considerable use for audio
frequency testing. The 1 kc/s interpolation scale
on the ““ fixed ”’ frequency oscillator is linear.

Constancy ¢f Output with Frequency

This desirable quality is to a large degree inherent
in a heterodyne oscillator, due to the natural con-
stancy of the primary variable high frequency
oscillator when varied over only a small percentage
of its operating frequency. The output in this design
is constant to +0.1 db. from 100 c/s to 170 kc/s,
and to obtain this, slight correction of the oscillator
output is needed. This is obtained in the H.F.
amplifier ; the modulator and output amplifier are
made as flat as conveniently possible. The frequency
response of the single-valve modulator is inherently
flat, since no transformers are used ; these are also
absent from the output amplifier, thus enabling the
gain to be made independent of frequency over the
working range. The application of negative feedback
to the output amplifier is also of great use in this
respect. .

Output Stability

Stability of output with change of supply voltages
is ensured by the negative feedback on the output
amplifier, and the use of a neon tube stabiliser to
supply the earlier stages. These precautions reduce
the change of output for 10 V change of anode supply
to 0-1 db.; the stability for changes in heater supply
voltage is not so great, but a satisfactory figure is
obtained of + 0-35 V for 4+ 0-1db. change of output.
The frequency change for considerable variations of
supply voltages is inappreciable.

Harmonic Production and Power Output

It is difficult to secure a considerable power output
with an H.T. voltage limited to 130 V ; however, a
somewhat higher voltage is obtainable by using the

? In oscillators intended mainly for testing of crystal filters
for carrier systems a special 4 kc/s interpolation dial has been
fitted, thus enabling a full 4 kc/s band to be explored on this
control only,
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full P.D. from — 24 V to + 130 V: this is very
desirable in any case to obtain efficient operation of
the neon stabiliser tube. Using an output tetrode
designed for low voltages (Osram KT32 modified,
V.T.179), some two watts output is obtained, but
half of this is wasted in obtaining the correct output
impedance. The harmonic production is almost
wholly from the modulator and the output amplifier,
the first predominating at low output levels. By
careful choice of the operating conditions of the
modulator, and the application of as much feedback
as possible to the output amplifier, the total harmonic
is kept below 0-2 per cent. at an output of + 15 db.
for all frequencies above 1 kc/s, and below 1 per
cent. at an output of + 25 db. for all frequencies
above 200 c/s. )

Notse and High Frequency Leak

To obtain a low harmonic content the modulator
must be operated at a low level and in common with
other heterodyne oscillators employing this principle
the signal/noise ratio tends to be high. There is no
volume control after the modulator, and hence most
of the noise is present whatever the output level.
Considerable decoupling has been found necessary
as well as a three-stage low-pass filter after the
modulator ; the noise (when an average battery
supply is used) is not measurable on a norma.
measuring set, and is of the order of — 45 db.
relative to 1 mW, being mainly high-frequency
leak and resistance noise.

Output Impedance

The output impedance is 600 4+ 15 Q over
the range 50 c/s to 170 kc/s. Of this 500 Q is
due to a fixed series resistor, the remainder being
due to the valve whose effective impedance is con-
siderably reduced by the voltage feedback.

CIRCUIT ARRANGEMENTS.
High-frequency Oscillators

Asstated above, these use high-frequency pentodes :
the circuit (Fig. 2) is usually known as the ** Transi-
tron”’  oscilla- HT +

tor3, but was
TO H.F,
AMPLIFIER

apparently first
described by van
Ryn in 19244
Its action can
be simply ex-
plained by the
fact that at cer-
tain  electrode
voltages (the
anode voltage is
not critical, but
should be lower
than the screen:
the suppressor
grid should be
some 5 V negative to the cathode using a V.T.106),
a rise in the voltage of both screen and suppressor

E

F16. 2.—SIMPLIFIED OSCILLATOR
SCHEMATIC.

3 Proc. I.R.E., Vol. 27, p. 88.
4 Wiveless Engineey, Dec., 1924, p. 134.
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Guildford Telephone Area...
Leeds Telephone Area
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Leeds Telephone Area
Leeds Telephone Area

Leeds Telephone Area

Leicester Telephone Area ...
Lincoln Telephone Area

London Postal Region
London Telecommunications

Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

London Telecommunications
Region

Newcastle - on - Tyne Tele-
phone Area

Newcastle - on- Tyne Tele-
phone Area

Newcastle - on - Tyne Tele-
phone Area

Newcastle - on - Tyne Tele-
phone Area

Newcastle - on - Tyne Tele-
phone Area

Newcastle -on - Tyne Tele-
phone Area

Newcastle - on - Tyne Tele-
phone Area

Appleford, A. E. ...
Elmes, E. S.
Divine, ]J....
Driver, F.

Ellison, J. A.
Harrison, H.

Thompson, J.

Lewis, E. R. G. ...
Griffiths, D.

Collier, W. J. De C.
Fiddaman, C. R.

Holmes, A. ]J.
Jordan, H. F.
Mills, F. E.

Ord, R. W. E.
Osbome, T. C.
Owen, G. E.

Reid, J. W.
Vinton, R. H.
White, W. G.
Coutts, L. G.
Lunam, T.

Nairn, J. K.
Nicholson, A. C. ...
Renton, J. P.
Smith, M.
Thompson, C. W. B.

Unestablished Skilled Workman
Unestablished Skilled Workman
Unestablished Skilled Workman
Unestablished Skilled Workman

Unestablished Skilled Workman
Unestablished Skilled Workman

Unestablished Skilled Workman

Unestablished Skilled Workvman
Unestablished Skilled Workman

Skilled Workman, Class 11
Skilled Workman, Class 11

Unestablished Skilled Workman
Unestablished Skilled Workman
Unestablished Skilled Workman
Labourer

Unestablished Skilled Workman
Unestablished Skilled Workman
Unestablished Skilled Workman
Labourer

Labourer

Unestablished Skilled Workman
Unestablished Skilled Workman
Unestablished Skilled Workman
Unestablished Skilled Workman
Unestablished Skilled Workman
Unestablished Skilled Workman
Skilled Workman, Class 11

While serving with the Civil Defence Forces or on Post Cffice Duty

H.M.CS.
Recent Awards

Borthwick, G.”

Chief Engineer

Private, Hampshire Regi-
ment

Sergeant Pilot, Royal Air
Force .

Signalman, Royal Corps of
Signals

Signalman, Royal Corps of
Signals

Driver, Royal Artillery

Private, Royal Army Ord-
nance Corps

Driver, Royal Corps of
Signals

Sergeant, Royal Air Force

Signalman, Royal Corps of
Signals

Able Seaman, Royal Navy

Able Seaman, Royal Navy

Signaller, Royal Corps of
Signals
Able Seaman, Royal Navy

Ordinary Seaman, Royal
Navy

Leading Seaman, Royal
Navy

Sergeant, Royal Air Force

Signalman, Royal Corps of
Signals

Aircraftman  Class
Royal Air Force

Private, Middlesex Regi-
ment

Chief Petty Officer, Royal

II,

Navy )
Signalman, Royal Corps of
Signals
Private, Durham Light
Infantry

Signalman, Royal Corps of
Signals

Signalman, Royal Corps of
Signals

Gunner, Royal Artillery

Private, King’s Own Scot-
tish Borderers
Corporal, Royal Air Force

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

While serving with the Avmed Forces including Home Guard

Oxford Telephone Area Dalton, W. J. Unestablished
Skilled Workman
Plymouth Telephone Area Lobb, S. H. Unestablished
Skilled Workman
Liverpool Telephone Area Ward, J. Unestablished

Skilled Workman

Distinguished
Flying Medal
Military Medal

Sergeant Pilot, Royal
Air Force

Lance Corporal, Royal
Corps of Signals

Telegraphist
RN.V. (W) R.

Mentioned in
despatches
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Regional Notes

Scottish Region

CALEDONIA STERN AND WILD

The maintenance of communications during the severe
winter snow in the North of Scotland is largely due to
local initiative and resource. Little outside help is
possible until the snow clears from road and rail. During
the January and February snowfall, two novel expedients
were adopted to keep exchanges alive when the power
supplies failed with little prospect of early restoration.

In one case the only approach to an isolated town was
by sea. Despite rough weather causing the ports to be
closed, a 2-kW emergency engine was shipped to the
beleaguered exchange by a drifter. In another case the
local omnibus service could not run, but one bus was
hired, broug!:c to the exchange, temporary leadsrun from
the 24-volt dynamo and the batteries were re-charged.
Service was continued in both exchanges until the power
supply was restored.

EXCHANGE CONSTRUCTION COURSE
FOR FEMALE ASSISTANTS

Early this year a four weeks’ course on exchange
construction was held in the Scottish Regional engineering
training school. The girls on this course had previously
attended a subscriber’s fitting course at the Regional
school and had progressed some way beyond their early
researches when they recorded that the requirements for
assembly of a primary cell were : a carbon rod, a sink
and plenty of excitement.

It was decided that the girls would install two small
exchanges, one C.B. manual and one automatic, which
would be all their own work. Each girl was given a full
set of diagrams for the proposed exchanges :—

,\
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Routing and Equipment.

Cabling Layout.

Power and Ringing Distribution.
Cord Circuit schematic.

C.B. Subscriber's L. & K. schematic.
Manual O/G to Auto schematic.
Manual I/C from Auto schematic.
Night Alarm schematic.

Ringer Start schematic.
Operator’s circuit schematic.
Automatic Selector schematic.

o~~~ o~~~ o~
e e K= XS
CTE oS

—
ot
=]

(

As the equipment required could not be obtained as
assembled sets from the Stores Department, the
instructors prepared the circuit diagrams on the basis of
available stores and displayed a considerable amount of
ingenuity both in circuit design and the improvisation
of suitable mountings for the equipment. Most of the
equipment used was provided by the Stores Department
from the old stock bins.

A small M.D.F. of the P.B.X. type was converted into
a combined main and intermediate distribution frame ;
apparatus racks and shelves were made of wood ; an old
table did duty as a manual board ; each cord circuit
being assembled as a complete unit on a strip of wood

—
—
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which was screwed to the table with sufficient overhang
for free working of cords and pulleyweights while the
multiple and answering jack fields were built into
vertical frames fixed to the table.

The automatic exchange had a 10-line multiple on
standard uniselectors which served as single digit
selectors and provided basic facilities, i.e. stepping under
dial control, ringing called subscriber, ringing trip,
transmission bridge and self-drive return to normal.

During the first few days of the course, the girls wired
multiple and answering jacks and became familiar with
the switchboard cable colour scheme. The jacks were
p'aced in position on the manual suite. Unit wir'ng of
cord circuits, relay sets, etc., commenced during the
second week. Each girl wired a unit, ran cable, power
leads and did shelf wiring, and at the end of the third
week the exchanges were completed, the subscribers
connected and junctions between ** auto ’’ and “ manual”’
with both-way facilities provided. A slightly modified
house exchange external extension unit provided
ringing on a start-stop basis.

Throughout the three weeks construction period, the
girls had practised relay adjustment as well as wiring
and were able to make the necessary adjustments when
the power was connected and testing of their own work
commenced. Instructors and students derived a great
deal of satisfaction from the results of their efforts, and
having built and assembled the units into a working
system, the students discussed with confidence the
functions of the various items.

The disadvantages of improvisation—necessary be-
cause of the stores limitations—were offset by demon-
stration visits to regular service equipment and lectures
dealing with magneto, C.B.S.1, C.B.S.2, C.B. and regular
auto non-director systems. The sleeve control cord and
line terminations were dealt with in an elementary
manner.

The holding of these courses at Regional Training
Schools has since been regularised by the issue of
E.I. Staff General 1. 0542.

OPENING OF NEW TOLL B EXCHANGE

A new exchange comprising 99 sleeve control manual
positions has recently been brought into service to
complete the replacement of an older type bridge
control exchange handling incoming toll calls to the
automatic and manual exchanges in the London 10-mile
circle which had been started by the conversion to seven
digit dialling of some seven hundred Toll B circuits
(see Regional Notes in April, 1942 JoURNAL).

The outgoing multiple, with about 1,345 new junction
circuits, was provided and tested out in advance of the
opening. The exchange was opened by simultaneously
cutting over one-third of the incoming junction routes
(463 circuits) on a Saturday afternoon. The remaining
incoming routes (508 circuits) were changed over, one
route at a time, at quiet periods during the following
two weeks. The outgoing junction circuits remained
on the old exchange and were ceased after completion of
the transfer.

S.M.E. R.
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Staff Changes

Promotions
Name Region Date Name Region Date
From Exec. Engy. to Asst. Staff Engr. Insp. to Chief Insp. .
Potts, E. .... E.-in-C.O. 2.3.42 Parker, K. L. E.-in-C.O. to Test Section,
Barlow, T. F. .... N.E. Reg. 6.5.42 Birmingham 7.12.41
Hibberd, W. A. .. E-in-C.O. (Seconded to Bryant, J. W. . N E. Reg... 22.2.42
Factories Dept.) 22.4.42 Mullard, R. E.-in-C.O. to Test Sectlon
Phillips, R. S. . N.E. Reg. to E.-in-C. 0. 31.5.42 Birmingham 7.12.41
Walker, A. H. ... LTR. .. 4.1.41
From M.T.0. II to M.T.O. I. *Waite, D. ... . N. Ire. Reg. 9.9.41
- Fleetwood, C. H. J ... E.-in-C.O. 28.1.42
Malcolm, A. L. . E.-in-C.O. 18.3.42 Kibble, R. ... ... NW. Reg. ) . 4.3.42
Satterthwaite, H. ... Test Section (Blrmmgham) 28.12.41
From Asst. Engr. to Exec. Engr. McDonald, T. H. .. N. Ire. Reg. . 9.9.41
: Pooley, A. B. ... Baldock R/S to E.in-C.0O. 22.3.42
.D. . E.-in-C.O. 12.2.42
g‘i’r‘;ge‘ﬁ“; b E-in-CO. 6.9.42 Leek, T. W. ... - W, & BC. Reg. to S.W.
e o Reg. ... 8.3.42
Styles, G. E. ... ... E-in-C.O. 6.2.42 .-
', Williams, W. ... E~in-C.O. 15.6.41
.

Hawking, W. Vs B Cm}.‘eg tf’ SW'“ 6.2.42 Head, G F. .. .. W.&BC. Reg. .. 17.3.42
*Ingram, C. P. .. SW. Reg. .. 6.2.492 Birrell, R. C. . Scot. Reg..... 17.3.42
}:ggll_{rfgi V]V_I E %VYn }éeog to H. C Reg gg:g From Mech. in Charge, Grade 1, to Tech. Asst.

I\I/)IcN_eill,BA. ;—I(i }}%eg..i.. W R ?g:g Hutchinson, A. .. Manchester 19.4.42

avies, B. .... Scot. Reg. to eg..... 3.

Coote, F. . Scot. Reg. to S.'W. Reg..... 27.3.42 S.W.I. to Insp.
* .C. ... . - 27.2.42 T TE——
Huff, W. C N.W. Reg. to E-in-CO.. Mills, L.R. W. ... SW. Reg. to E-in-C.O. .... 1.2.42
Magnusson, L. E. . E -in-C.O. 27.2.42 _ -
Nicholls, C. A. L. E.-in-C.O. 29 2 42 Whiteley, R. G. . SW. Reg. to E.-in-C.O.
(Seconded to Contracts
From Asst. R T.0.to R T.0 Allen, T. R. ...  Eanico. 8.3 49
Allen, J. E. . Edinburgh 7.4.42 Daymond, A. C. .... E.-in-C.O. 1.4.42
Dutton, K. W. ... H.C.Reg. to E -in- CO 1.3.42
From Chief Insp. to Asst. Engr. *Dipple, J. A. ) . Test Section (Birmingham)
(on munitions to Test Section (London) 8.2.42
Greed, H. 1}{10 Reg. ... lig'jg Yates, W. E. C. ... Test Section (London) ...  82.42
Du_c A WC&}};F%: R Seconded e Wheeler, S. T. H. .. Test Section (B’ham) to

ixon, J. - W Cm}t'racig' 15 eio)n e 17.3.42 Cable Test Sect. (Ldn.)  18.1.42
Coulson, J. N NW. Reg. ept. 173 42 Hall, G. H. . Scot. Reg. to Darlmgton
1\‘/1'0x0n, T. .. ic%f: }}seg ..... - 1’:73313 Allen, L. M. ... H}é/SReg to E-in-CO. ... ig;:g

Hall, G. K. ... BE. Reg- to cot. Reg... T Birrell, C. F. ... ... Cable Test Section 19.4.42
Iéggeleﬁj . T NC(E)It Reegg o NW. Reg. 545 Poole, S. R. ... . Test Section (London) 8.3.42

I . . .
From Tech. Asst. to Asst. R.M.T.O. nsp. to Asst. Traffic Supt
Fraser, A. V. O. . Manchester ‘to Edinburgh 19.4.42 Park, W. D. ... + Scot. Reg. to L.T.R. 19.1.42
ch ch 0T a0 S.W.II to Cable Foreman.
ief 1 Lt ief 1 . wit 2 R
ief Insp. to Chief Insp. wi emps c Greenstreet, F. P. E.-in-C.O. (Dover Cable
Chapman, C. W. . H.C. Reg. ... 12.4.42 Depot) ... 2.9.40
* Promoted ‘‘ in absentia.””  All promotions ‘‘ acting.”
Retirements
Name Region Date Name Region Date
Asst. Staff Engr. Chief Insp.
Bastow, F. .... E-~in-C.O. 31.5.42 Young, W. ... ... H.C. Reg..... 25.5.42
Beattie, W. . Mid. Reg. .... 31.3.42 Richards, T. ... . N.E. Reg. 7.5.42
MT01 Insp.
Benzies, A. . M.T.O. Class I, E.-in-C.O. 7.3.42 Collenette, L. T. LT.R. 5.4.42
Gray, F. LT.R 14.4.42
Exec. Engr.
Irwin, A. ... E-in-C.O. 31.3.42 Fourth Cfficer.
Clark, H. V. . E.-in-C.O. (ill-health) 25.4.42 Smith, L. H. .... ... HM.T.S. (Resigned) 25.4.42
Asst. Engr. Cable Foreman.
Jackson, J. M. . N.W. Reg. 10.4.42 Campbell, G. P. . Dalmuir Depot 25.5.42
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Deaths

Name " Region Date

Name Region Date
Asst. Engr. Insp.
Douglas, J. H. .. E.-in-C.O. 21.4.42 Upton, S. .... E.-in-C.O. 23.2.42
Martin, J. W. ... LT.R. .. 10.4.42
Chicf Insp. Geldart, D. F. ... Mid. Reg. .. 16.3.42
_Forster, . H.  LTR. 31.3.42 Johnstone, A. N. .. Scot. Reg. 26.3.42
Transfers
Name Region Date Name Region Date
Reg. Engr. . Chief Imsp.
Hines, R. J. ... .. N.E. Reg. to Mid. Reg. .... 12.4.42 Shephard, A. C. . E.-in-C.O. to Kingsbury
) . R/Stn. ... .. ..  23.3.42
Exec. Engr. Foulsham, R. .- Mid. Reg. to H.C. Reg. ... 16.3.42
Hibbs, A. .. S.W. Reg. to E.-in-C.O..... 23.3.42 Insp.
Abbott, F. E. .. Cable Test Sect. (London)
MTOI . . to SW.Reg. ... .. 8342
Wright, F. V. . Edinburgh to E-in-CO. ... 7.4.42 Andrewartha, C. J. .... Test Section to L.T.R. ... 19.4.42
Cameron, J. W. .... Scot. Reg. to E.-in-C.O..... 1.4.42
Asst. Engr. Cable Fos
Gay,S.G. .. .. Mid. Reg.toS.W.Reg. .  16.3.42 ~ante Toreman.
Bimie, R. C. ... . E.-in-C.O. to Scot. Reg..... 11.5.42 Greenstreet, F. P. . Dover Cable Depot to
’ Dalmuir Cable Depot.. .. 18.5.42
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