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D
URING the last decade there have been 

extensive developments in the use of 
Type-Printing Telegraph Systems on 

inland circuits m this Country. l\fost of 
the circuits, carrying comparatively heavy 
trafnc between zone centres, have been equipped 
with multiplex systems, and the working 
capacity of these is being increased by the 
substitution of automatic transmission for the 
direct hand transmission such as is still em
ployed on a number of Baudot circuits. On the 
less heavily-worked circuits, over which the peak 
hour load does not exceed roo to I 20 average 
messages per hour in each direction, the ten
dency at the present day is to use Start-Stop 
Printing Telegraph Systems, and it is proposed 
in this and subsequent articles to describe such 
of these systems as are in extensive use. No 
attempt will be made to trace their historical 
development. 

START-STOP PRil\'CIPLEs.-All start-stop sys
tems use a standard keyboard similar to that of 
a typewriter, and transmit signals direct to line 
through the agency of a mechanical distributor. 
The latter merely consists of a battery of cams, 
arranged to operate a number of transmitting 
contacts at certain regular intervals. At the re
ceiving end, a single electromagnet controls, 
through another mechanical distributor, the 
action of the selecting and printing mechanism. 

Both the sending and the receiving distributor 
are at rest, normally, but immediately a key is 
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depressed at the sending end they are set in rota
tation. They are both stopped after completing 
one revolution. It is essential, of course, that 
the two distributors should rotate at the same 
speed, and this is ensured by governors and 
speed setting devices. If the speeds are set cor
rectly and the governors function properly, very 
little phase displacement can occur betwee:-i the 
distributors during each revolution; the slight 
changes of phase that may occur are insufficient 
to cause indifferent working and cannot accumu
late because the distributors are broug·ht into 
phase, automatically, each time they stop, which 
as explained, is on the completion of each revo
l11tion. 

J\ five-unit code is used for the actual character 
combinations, but each is preceded by a " start " 
impulse, which is of the same length as each 
character unit, and followed by a " stop " im
pulse, which has a length of I} units. From a 
line transmission point of view each character, 
therefore, has a code length of 7�� units; hence 
start-stop systems have a slight advantage over 
l\Iorse, in which the average length of a charac
ter is 8 units. The " start " and " stop " im
pulses are essential in order to ensure that the 
receiving distributor shall start and stop for 
each character signalled. 

The application of the foregoing principles to 

the start-stop systems in use in this Country will 
now be described. 

(i.) THE i\foRKRUNI TELETYPE No. IA. - A 

A 
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general view of this instrument is shown in 
Fig. I. The cover has been removed in Fig. 2 

to show the mechanism. The Transmitting 
and Receiving units are mounted on on;;> base 

Fie. 1.-MoRKRUM TELETYPE No. 1A. 

and driven by a single series-wound motor of 
1 /4oth H.P. Plugs and cords are fitted, which 
make connections with sockets mounted on the 
instrument tables, to facilitate the changing of 
the apparatus in the event of faults. The work
ing speed is 40 \\·ords per minute, and printing 
is effected by bringing a paper tape into rolling 
contact with a rotating typewheel in a manner 
similar to that of the Baudot Receiver. 

F1G. 2.-MORKRUM TELETYPE 0. IA, \VITll COVER OFF. 

Morkrum Code 

I 2 3 4 � I � 3 4 5 

A G@ 00 0 Q t 0 00 0 � 
8 ? @ 00 @f)R 40 00 @ 0 
c ( 0 Q� @O s ' ®  o� 00 
0 i @ 0 0 00 T 5'0 00 oe 
t: 3 0 0 0 0 Ou 7 © f!H!� 00 
F 7 © 0 � ® 0 v ) 0 @� Ge 
G } 0 @ 0 ®� w z. � GO o� 
H �o 0 0 o� )( £ 0 0 @ fE} 0 
I BO 0 0 0 0 y 6 @ 0 © 0 © 
J �@ 0 0 @ 0 z . @ 0 0 0 0 
I< ,_ G � � 0 0 + 0 @ 0 b 0 
L 0 © 0 0 f) I I e @ © @ ® 
M ro 0 e @ ® - 0 0 0 © 0 
N -0 0 0 � 0 flGUl[S 0 � 0 e 0 
0 9 0 0 0 @ 0 Ltrr£ .. 0 0 0 0 0 
p 0 0 ff) s 0 0 BLANK 0 0 0 0 0 

e Denotes" Marking" Unil:s. 

Each Character is prefaced by et 

start signal (spacing)� /erminofed byia 
stop signal (marking) . The ofogrom 
he/ow :shows the signals .sent out For 
one revolulion of" !he 7ransm1ller .spindle . 

for the letter • R • 

Marki� � � I/MA 

t -�� �!'1hd �� � Spacing\.. Wtm�� } 
·- .360°{1 Rev'"!J'-----� 

Fw. 3. 

The five-unit code used is shown in Fig. 3. It 
will be seen that the " start " impulse is a 
spacing unit, and the " stop " impulse a mark
ing one of length 1! units. Letter Shift and 
Figure Shift signals are employed, so that one 

particular combination of units may be made to 
represent either a letter or a secondary charn1:ler 

F1G. 4. 

Atl.ATIV[ POSITION or 
CA,..$ ON SPINOL.[ 
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(such as figures, etc.) by preceding it with 1J1e 

"letter shift" or " figure shift" combination, 
respectively. 

Transmitting 1Vlcchanism.-Referring to Figs. 
4 and 5, it \vill be seen that there are 5 selector 
bars directly underneath the key levers of the 
keyboard. The upper edg·es of these bars are 
notched in a definite manner to suit the code, and 
when a key is depressed it causes one or more of 
these bars to moye either to the right or to the 
left according to the oblique side of the notch in 
each bar acted upon by the key lever. Thus in 
Fig. 4 the operation of the key lever shown 
would cause the selector bar to move to the left. 
The movement of any bar to the right represents 
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Simultaneously with the setting of the Selec
tor-bars, which takes place when a key is de
pressed, a Universal bar is actuated bringing 
into operation a clutch mechanism and causing 
the Transmitter Cam spindle S to make one com
plete revolution. The six cams mounted on this 
spindle together with the associated contact 
levers and transmitting contacts, constitute the 
mechanical distributor of the Transmitter. 

The contact spring b of each set of transmit
ting contacts acts on the end of its controlling 
contact lever and forces it to ride on the rim of 
its associated contact cam. The mechanical 
arrangements are such that when a selector bar is 
moved to the left, the upper end of its locking 
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KEYLEVER 

ADJUS ABLE 

LINK 
\ 
SELECTOR 

BAR S 

BAR 

FIG. 5. 

a spacing unit of the code, and movement to the 
left a marking unit. For example, if key R be 
depressed, the code for which is r, 3, and S 
spacing, and 2 and 4 marking, selector bars r, 3, 
5 will be moved to the right and bars 2, 4, to the 
left. Each Selector Bar acts on a Locking 
Latch, which, in conjunction with a Contact 
Lever, controls a Transmitting Contact. There 
are five such Contact Levers and Transmitting 
Contacts corresponding with the five Locking 
Latches. A sixth Contact Lever placed at the 
rear of the others controls a sixth set of Trans
mitting Contacts, which give the " start " and 
" stop " impulses. 

RESTORING 

SPRING 

latch is positioned so as to be clear of the end of 
the associated contact lever and the projection H 
on the latter can rise into the notch in the cam on 
which it rides, thus allowing the contacts a and 
b to close and to send out an impulse. If, how
ever, a selector bar is moved to the right, its 
locking latch will be moved to such a position 
as to prevent the contact lever from rising into 
the cam notch and the corresponding transmit
ting contacts will remain open. 

All the six contact springs a are electrically 
connected to one pole of a battery B, while all the 
back contact springs b are connected to the line 
or to a transmitting relay, according as the 
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circuit is to be worked single or double current. 
It is not possible for any two of the contacts to 
be closed simultaneously because the notches in 
the six cams are staggered as shown in Fig. 4. 

\Vhen the cam spindle is at rest the sixth 
contact lever, which is not controlled by a locking 
latch, rises into the notch in cam 6 and closes the 
sixth set of transmitting contacts. Immediately 
the cams start to rotate, this lever is forced out of 
the notch and the contacts open. The circuit is 
not closed again until another contact lever rises 
into a cam notch. This break in the circuit, the 
duration of which is never less than the time of 
one unit, is the" start" impulse. After the five 
units representing the signal have been sent out 
by the cams, the sixth contact lever again closes 
its contact springs, sending out the " stop " 
impulse. 

The locking latches are held in their set posi
tions by the Locidng Loop, \vhich drops and 
engages with their upper ends when the cam 
spindle starts to rotate. This locks the selector 
bars and prevents the depression of another key 
until the character selected has been transmitted. 
The Unlocking Cam raises the Locking Loop 
and frees the latches just before the cam spindle 
completes its revolution. 

Clutch M echanism.-The clutch mechanism 
for driving the Transmitter Cam Spindle is 
shown in Fig. 5. 

The spindle XX, to which is fixed the Driven 
Disc, is normally at rest, but the Driving Disc 
which is mounted on a sleeve on XX rotates con
tinuously. The Universal Bar is operated when 
a key lever is depressed and, in actuating the rod 
H, trips the Clutch Lever Latch CLL, thus un
locking the Clutch Lever CL and allowing the 
Clutch Spring S to move the spindle XX to the 
left. This brings about the engagement of the 
Clutch Discs setting in motion the Transmitter 
Cam Shaft. Fixed to the end of XX is a cam C, 
which bears against a roller r mounted on CL. 
Towards the end of the revolution of XX, spring 
Si causes r to drop into a notch in the face of 
cam C, and CL is then re-engaged by CLL, 
which was restored to its original position bv 
spring S2 immediately the key lever was r�
leased. As XX and the cam C continue to 
rotate, r rides out of the notch, but as CL is now 
locked by CLL the effect is to force C and there
fore XX to the right and to uncouple the clutch 

discs. A jockey roller drops into a notch in the 
cam, fixed to XX, at the t>nd of a revolution to 
ensure that the cam shaft will alwavs come to rest 
in its proper position. 

Recei'ving J11echanism.-This rest>mhles in 
many respects that of the Baudot Receiver; only 
one electromagnet, however, is used for the rP

ception of incoming signals. The principle of 
the selecting mechanism is shown in Fig. 6. 
EM is the electromagnet, tlw armature of which 
is attracted when signalling is not taking place, 
because normally the sixth Transmitting Con
tacts at the Sending Station are closed and send 
out a marking current. On the receipt of the 
'' start '' signal, which precedes a character 
combination, this marking current ceases so that 

FIG. 6. 

EM is de-energised and its armature 1s pulled 
upwards by the spring S3. 

The typewheel axle gears with the clutch 
spindle XX, which is normally at rest. \Vhen 
the armature of E:\I moves upward on the receipt 

of the " start " impulse, the armature projection 

AP trips the Toggle Latch TL and releases the 

Toggle TK. The clutch spring S then moves 

XX to the left and causes the clutch discs to 

engage in a similar manner to that described for 

the Transmitter. The " stop " impulse re

energises EM and the attraction of its armature 

allows TK to be re-engaged by TL. Cam C 
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acting on roller r brings about the disengage
ment of the clutch discs and the typewheel shaft 
comes to rest after it has completed one revolu-

COMBINER 

UTTlR 
SP,1..CE 

WHEEL 

FIG. 7. 

(O[Y[LOl'MEllT) 

! 2 3 4 5 

1:11 ';:; - t:� • \ S(UCTOP 
Im m j PlUMUPS 

tion. A brake mechanism is provided to ensure 
that the rotating parts shall come to rest without 
undue shock. 

The movements of the armature, after its re
lease by the " start " impulse, depend upon the 
incoming character combination of signals. 
They control the action of a shuttle roller SR, 
which rotates with the typewheel shaft. This 
roller presses on a circular cam ring CR under 
the action of spring SS. There are fiye indents 
in the surface of this ring and projecting through 
a hole in the bottom of each is a Selector Pin P. 

SELECTOR CAM 

TRIP·---l--+-1-f--f
LEVER 

FrG. 8. 
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\Vhile the armature is in its attracted position, 
SR is free to drop into the indent over which it 
may be passing, causing the pin P to move back
wards and actuate an associated Selector Lever 
SL. If, however, the armature is in its upward 
position, its extension AE comes behind the 
raised ring RR on the sleeve which carries SR, 
and thus prevents the latter from dropping into 
an indent. The corresponding selector pin and 
selector lever will not he actuated in these cir
cumstances. This arrangement forms the 
mechanical distributor of the Receiver. 

The five selector levers control five Selector 
Plungers SP, which in turn set five Seekers. 
Each selector plunger is held firmly in either of 
its two positions by a Detent Roller DR 
mounted at the end of a flat spring SPDS. 

SW<£RS 

SEEKEii 

FIG. 9. 

5.,'etting of Seelwrs.-.\lounted on the type
wheel axle is the Combiner \Vheel consisting of 
two discs S and l\l, between ·which is a Separator 
Plate. On the rims of S and l\I are cut, in 
definite positions, a series of notches, those on 
the front disc ]\[ representing marking units of 
the code and those on the back disc S spacing 
units. The arrangement of the notches (shaded) 
for several successive characters on the type
wheel is shown in Fig. 7. 

The five seekers with the aid of the combiner 
translate the incoming impulses into movement 
of a paper tape against the typewheel for print
ing the desired characters. Each seeker has a 
square flat head which presses against the heads 
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of the adjacent seekers. I\ormallv the toes of all 
the seekers press on the rim of disc S of the 
combiner, under the action of the Trip Lever 
Spring attached to the Trip Lener. The latter 
is pivoted in the same manner as a seeker and its 
head presses against the head of Nu. I Seeker 
(see Figs. 8 and 9). 

WHEEL 

--- -TYPE WHEEL 

.FEED ROLL 

; 

PRINT ARM 

HP[ TENSION �Oll 

FIG. 10. 

\Vhen a character is being received, the five 
selector plungers are pushed forward, or not, 
according as the incoming impulse is a marking 
or a spacing unit. Fixed to the back of the com
biner is the Selector Cam SC, and immediately 
opposite it there is a gap in the separator plate 
(see Fig. 7). ,\s SC mon's with the combiner 
its setting face catches the l<mer end of a selector 
plunger, if it has been pushed fonyard, and 
forces it to strike the end of the shaft of the 
corresponding secker. ,\s the gap in the 
separator platc is, at this instant, passing the 
toe of the seek<:>r, the latter is moved to disc .\I 
of the combiner. In this manner the five 
seekers are set, some being forced on to disc .\I 
and some allowed tu remain on disc S according 
to the character being received. Immediately a 
seeker has been set, its selector plunger is re
stored to its normal position by the re-setting 
face of SC (see Fig. 8). 

Print Arm Release. · .\t a particular part of 
the revolution of tlw cu111bi1wr, ;1nd therefore of 
the typcwheel, there is for each character a com
hinatiun of notdws un the 1 \I o discs, into which 
tlie tues uf ;tll the sC'ekers can drop under the 
actiun of the Trip Lever spring (see Fig. 9). Tlte 

trip lever head moves to the right with the seeker 
heads and its lo\Yer er.d moves to the left, 
striking the Trip Pa\\l. Tht· latter then disen
gages from a projection on the Print "\rm, 
which accordingly moves in an anti-clockwise 
direction under the action of the Print "\rm 
spnng·. 

Paper Feed and Printin;:; (see Figs. 10 and 11). 
�A drawer is fitted in the base of the instrument 
to accommodate a roll of paper tape. The tape 
passes oyer the Tape Guide Post, round a Print 
Rollt>r mounted at tlw end of the Print .\rm and 
thence between a Feed RollPr and a TapP Ten
sion Roller. The Feed Roller is mounted on the 
same spindle as the Feed Ratchet and turns with 
it. \Vhen the print arm moves upwards on be
ing released, the Feed Pawl engages with the 
Feed Ratchet causing it and the Feed Roller to 
turn and the tape to move forward \Yith the Print 
Roller. \Yhile the print arm is being returned 
to its horizontal position tlw Check Pawl holds 
the Feed Ratchet and thus prevents the tape 
from moving back. Consequently the tape is 
fed forward on the Print Roller the space of one 
letter. 

TAPE TENSION LEVER 

FIG. 11. 

PAWL 

PRINT ARM 

TAPE CUIOE POST 

FEED RATCHET 

,..,.,_--CHECK PAWL 

�/ 
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·SCREW 

.\lounted behind the type\Yheel and on the 
same shaft is a Ratchet \\Theel. \Vhen the 
Print .\rrn is released a pointed projection from 
it, termed the Print Dog·, enters a notch in the 
Ratchet \\'heel com'sponding with the character 
to he printed, and is carried by the \\·heel to the 
left until dear of it. The tape is thus brought 
into rolling cuntact \Yith the inked type\Yh<:>el and 
the desired character is printed. 
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Immediately printing has been effected, the 
Re-set Cam attached to the front of the Com
biner restores all the seekers to disc S. It 
should be noted that the Selector Plungers are 
set during one revolution of the Typewheel axle, 
but the seekers are set and printing takes place 
during the next revolution. 

FIG. 12. 

. Re-selling of Print . I nn (see Fig. 12).-\Vhen 
the Print .\rm is released it forces the lower end 
of the Re-set Lever to the left, thus moving its 
upper end so that it lies \\·ithin the path of the 
Re-set Roller 1 1 10unt ed on the back of the 
Ratchet \\'liet'l. This roller subsequently acts 
on tlw up1wr t•nd nf tlw Rt·-set Len'r, causing its 
luwer end to muve tu the right an cl forn· t lw 
Print Arm back to the horizontal position \\'her<' 
it is held again by the Trip Pa\\'!. The re-set

ting of the Print .\rm takes place during the timl' 
that the smooth portions of the rims of the type
wheel and Ratchet \\'heel are upposite the Print 
Arm in order to prevent the printing from being 
smudged and the Print Dug from fouling tlw 
Ratchel \ Vheel. 

Shift Aiechanism.-The typewheel has on its 
rim the letters of the alphabet alternated with 
figures and other secondary characters, amount
ing in all to 56 characters, but is normally in 
such a position on its axle that only letters are 

printed. It must he angularly displaced by 
about 41° in order that secondary characters may 
be printed. The Shift :\Jechanism is shown in 
Fig·. 12. The typewheel is fixed to a hub which 
is loose on the main shaft. .\ Shift Spider is 
attached to this hub and its pointed extension 
engages with one or other of two notches in a 
Detent fixed to the Ratchet \Vheel. This pro
vides the coupling between the Ratchet \Vheel 
and the Typewlleel. 

\\'hen the spider engages \\·ith the left hand 
notch of the Detent, the type\\ heel is in its cor
rect position for printing letters. If it is desired 
to print figures, the distant station sends the 
Figure Shift signal. The ordinary process of 
selection and release of the Print "\rm occurs, 
but no printing takes place because the corre
sponding position on the Typewheel is a blank. 
The Print Dog, howeYer, enters the space be
tween two teeth of the Ratchet \\'heel which is 
occupied by the Shift Rocker toe. The latter, 
which is pivoted on the Ratchet \Vheel, will 
therefore be turned and will cause the Shift 
':)pider to move from the left band notch to the 
right hand notch of the Detent, thus displacing 
the Type,vheel relatively to the Ratchet \Vheel 
sufficiently to bring the secondary characters into 
the positions previously occupied by the letters. 
The change back to letters is effected by sending 
the Letter Shift signal from the Distant Station; 
in which case the Print Dog acts on the Release 
Rocker Toe, thus bringing the spider and there
fore the Type\\ heel h;1ck to its normal position. 

FIG. 13. 

The Governor (see Fig. 13).-The speed of the 
instrument is kept steady by a centrifugal gover
nor mounted on one end of the spindle of the 
series wound driving motor. lt consists of a 
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hollow flywheel containing a contact spring, 
which, when it is held against a contact screw by 
the tension spring shown, short-circuits a 
governing resistance in the motor circuit. \Vhen 
the governor rotates, the speed increases until 
the centrifugal force acting on the contact 
spring is sufficient to cause the latter to 

:rf!CI"( INST 
NTNo4 

H.uG lrvsr 
tVT No.3 

cur ovr 
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Swrrct1 /vt'11ll£R 

No9 I{) 

Fm. 14. 

lo L1NE. 

move away from the contact screw, and 
immediately this occurs the governing resist
ance is inserted into the motor circuit causing 
the speed to decrease. The contact spring is 
accordingly pulled back to the contact screw and 
the short-circuiting of the governing resistance 
which results causes the speed to increase again. 

This making and breaking· of the contacts take 
place very rapidly and an average speed is main
tained depending on the tention of the control
ling· spring. The motor circuit is connected to 
the contacts by two carbon brushes which press 
on brass rings let into the periphery of the fly
wheel. 

The speed is set by observing the alternate 
black and white bands, painted on the edge of 
the flywheel, through slits in the shutters of a 
tuning fork. If the speed be correct the bands 
will appear stationary; if it be fast, however, the 
bands will appear to be moving in the direction 
of rotation; but in the reverse direction if the 
speed is slow. The speed may be decreased by 
slackening the tension spring by means of the 
adjusting wheel, or increased by tightening the 
tension spring. 

Circuit Connections.-The majority of the 
circuits in this Country are worked duplex, the 
differential system being employed as shown in 
skeleton form in Fig. 14; both ends are joined up 
alike. Two standard polarised relays are re
quired, one for the reception of signals and the 
other for transmitting purposes. The Trans
mitting Relay is joined in series with the Trans
mitter Contacts and a 24 volt battery, and its 
tongue is held to the spacing contact, normally, 
because the sixth contact of the Transmitter is 
closed. The negative current thus sent to line 
passes through the D to U coil of the neutrally 
adjusted Receiving Relay at the distant station 
and holds its tongue to the marking contact. 
This closes the circuit through the electromagnet 
of the l\Iorkum Teletype at that end. The home 
Receiving Relay is not affected because the out
going current divides through it differentially. 
The Transmitting Relay at each end is set with 
a marking bias, so that it will respond to the 
breaking and making of the Transmitter Con
tacts when a key is operated and thus sends out 
signals to the line. 

(To be continued.) 
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AN INTERNATIONAL TIME SIGNAL. 

A. 0. GIBBON, M.I.E.E. 

T

HE linking together of the Royal Obser
vatory at Greenwich with the Post Office 
Radio Station at Rugby for the distribu

tion of Greenwich Mean Time is an event of 
outstanding interest. 

Two hundred and fifty years have passed 
since the establishment of the Observatory in 
Greenwich Park in 1675. It was erected in the 
reign of Charles the Second and the terms of the 
original appointment are as follows : -

" Warrant for the Payment of Mr. 
Flamsteed's Salary. 

CHARLES REX. 
Whereas, we have appointed our trusty and 

well-beloved John Flamsteed, iVlaster of Arts, 
our astronomical observator, forthwith to apply 
himself with the most exact care and diligence to 
the rectifying the tables of the motions of the 
heavens, and the places of the fixed stars, so as 
to find out the so-much-desired longitude of 
places for the per/ ecting the art of naviga
tion. . . . . " 

Now, in December, 1927, the direct distribution 
of Greenwich l\iean Time to the whole world has 
become an accomplished fact, through the co
operation of the Admiralty, the Board of Trade 
and the Post Office. 

This development is worthy of special con
sideration, seeing that, for the first time, a signal 
of extreme accuracy is available from the prime 
meridian for all who are able to receive it. 

There is no need to emphasize the importance 
of an accurate time service. Practically all of 
the ordinary, everyday happenings in life depend 
upon correct time. 1f the postman be late with 
the morning mail ;-if the newspaper boy finds 
some diversion on his round and the " Times " 
fails to be pushed under the door ;-if the alarm 
clock fails to operate,-what a difference these 
minor things make in the outlook for the day! 
Our railway organization, also our telephone and 
telegraph services depend upon exact time keep
ing,-indeed, the list could be extended almost 
indefinitely - from personal to international 
spheres of action. 

A digression from the main subject of this 
article will be excused, in order that reference 
may be made to the different measures of time 
in use at the present day. 

Solar Time is the time.registered by a correctly 
placed sun-dial. Solar time cannot be em
ployed practically however, because the inter
vals from noon to noon are not of the same 
length, occasioned bv the path taken by the 
earth in its motion ro�nd the sun. This �aria
tion is eliminated by a process of averaging and, 
as a result, 1\lean Solar Time, giving days of 
equal length, is obtained. 

Sidereal Time, or star time, is the natural 
standard of time, a sidereal day being the time 
taken for one complete revolution of the earth on 
its axis. As a result, a particular star will cross 
the meridian of any place at intervals of 23 
hours, 56 minutes, 4. 1 seconds. This law applies 
because the stars are so far distant from the earth 
that the motion of the stars may be regarded as 
negligible. This is not the case with the sun, 
which is nearer the earth and results in the mean 
solar day being 3 minutes, 56 seconds longer 
than the sidereal day. 

It is obvious, as a result of the earth's rotation, 
that the time shown on mean solar clocks will 
only agree with each other, where such clocks 
are set up in the same meridian. East or west 
of that meridian, the clocks will be fast or slow, 
varying with the longitude in which the clocks 
are working. Hence, there is a further measure 
in use� known as Local Time, depending upon 
the place concerned. Local time has several 
serious disadvantages and these need not be 
stressed here. 

The inconvenience caused by this measure of 
time led to its practical abolition in favour of 
Standard Time. This has been established by 
International agreement, whereby the whole 
world has been divided into " Time Zones," 
with the meridian of Greenwich as the prime 
meridian or " zero " point. As a result of this 
arrangement, Green·wich �\lean Time is regarded 
as the standard for the world. The general 
scheme is that the minutes and seconds of the 
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prime meridian are maintained and hours only 
are changed in successive time zones. 

There is still Simimer Tinie to be remem
bered, but as this movement of the hands of the 
clock forward or backward is merely a trick we 
pla_v upon ourselves - for many good and 
sufficient reasons-there is no need to say more 
here! 

Fig. I is a Yie\\' of the South East side of the 
courtyard al Greenwich Ob ·ervator:·, showing 
the building containing the Transit instrument 
working on the prime meridian. The instru-

electrically and drops at 1 p.m. G.i\I.T. daily. 
The Time Ball is the most important of visible 
signals and is used b_v ob ·ervatories tu announce 
an exact moment of time to observers within 
visibl.e range. The Time Ball at Greenwich has 
been in regular use since 1833 and the ball has 
dropped daily at the appointed hour, except on 
the very rai-e occasions when weather conditions 
have interfered and rendered it unsafe ·to lift the 
ball. 

In order to introduce the J nternational Time 
Signal, which is of the highest grade of scientific 

1:11;. l .-<;10-:Ei\'\\'f<.:11 ()n�;:1n·.\T(IR\' BUILPIKG coNT,\INlf'l; T1�.\NSIT JNsTi-.:11�1Er-..'T ,,·01u�Jl'\<; PN 1'1�1�11-: MEl{ll)l:\N. 

nwnt is l1oust>cl im11wcli;11l'h· behi nd the doon1·;w 
rp;wl1i11g· lo the roof. 

. . 

Tlw larg·l ' drn111· C<lnt;1ins till' biggest Hdractor 
in till' l·hitisli Isles and 1s usl'd for till' nwasurl'

nwnl of do11bk star 11·orking. 
.\ �'.-l ' llt 'r< il 1·ie11· of th(' e:-:terior of a portion of 

( ; n·l·n11·ic'1 ( )bs<·r1·<1tory is sho11·11 in Fig. 2. 

Till' famous Time Mall is clecirly seen. It rs 
111ounted on the turret of tl1e original Flamsteecl 
building:, erected in 167:;. This Time Ball 
1rns set up rn 1K3J and 11·as the tifst to 
operate in this country. Tile ball is released 

registrntion, it has licvn necessary lo µru1·ide 
clocks ;1nd uther 111l'cl1a11is 111 ;1t the OIJservatury, 
;tlso for the Post111aster-Cencral to provide tl1e 
connecting Jines betwet'n Creen11·ich and Rugby; 
special switching apparatus at tile General 
Post Office in London and ;ilso the use of the 
11·ireless transmi t ter al Rugby. 

_\ special chamber has been adapted at the 
Observatory for the accommodation of the 
;i ppa ratus. The high grade rnechan ism at 
c;reenwich has been supplied by tile Synchro
nome Company, under the personal direction of 
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J\lr. F. Hope-Jones, a great authority on electri
cal clock installations. The apparatus consists 
of a" Free Pendulum," a" Slave" clock and a 
Signal Transmitter. 

r\ general view uf the chamber and the 
assembled apparatus is shown in Fig. 3, whilst a 
closer view of the intricate mechanism of the 
Signal Transmitter is shown in Fig. 4. 

ln cleck mechanism as generally designed, 
there is a certain lack of exactitude clue to the 
energy lost by the pendulum in having to unlock 

FH:. 2.-T"IE ll.ILL AT GREEN\\'ICll 011SEl<l'.ITOI<\', 

some form,,[' 111cchanis111 before it can recei,·e Lhe 
i111 pulst' required lo maintain its action. Thesl' 
operations rob Lhe pendulum of a certain amount 
of energy and consequent lack of precision for 
scientific time keeping. 

By means of an. ingenious invention of Mr. 

V./. H. Shortt, �I.lnst.C.E., in conjunction with 
the Synchronome Company, a " Free Pendu
lum " has been devised. In this arrangement, a 
separate and subsidiary clock known as a 

Fie. 3.-SJ-'ECIAL Al-'P.\H.\TUS AT GHEENw1c11 0BsE1n·.\TOHY 

FOii lNTERN.ITION.11. TIME SERVICE. 

" Slave " undertakes all the work and at the 
same time the " Slave" is so accuratel1· con
trolled by the Free Pendulum that perfect 
synchronism between Lhe Lwo sets of mechanism 
is maintained. Air friction has also been practi
cally eliminated from Lhe Free IJenclulum by 
enclosing it in ;111 air-Light case and reducing the 
air pressure inside the case from the normal 
atmospheric pressure to a \\·orking point of 
approximatel.v 35 milli-met-res. The pendulum of 
this clock is made of 1 m·;u, an alloy having a 
very minute co-efficient uf expansion \\'ith tem
perature changes. 

F1G. 4.-\'JEIV OF MECll.INIS�I OF SPECl.IL SIGNAL TIUNS�llTTEI! 

AT GREEN\VICll 0BSERV.\TOH.Y USED ON l�TERK.\TION.\L TIME 

SERVICE. 
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FIG. 6.-\!JF.\\r or �·fECllANISM OF SPECIAL TIME S\VITCJllNG 
CLOCK lN G.P.0. TEST RooM, USED ON lNTEHNATION,\J. 
TIME SEJ<VICE. 

Fig·. 5 is a skeleton diagram of the connections 
of the Free Pendulum, the Slave Clock and the 
Signal Transmitter at Greenwich. The action is 
as follows :-ln the Slave Clock, the pendulum, 
in swinging to the right, pulls round the count 
wheel, and at each revolution of this wheel, the 
arm .-\. engages with the small trigger B. The 
trigger is opened, allowing the impulse lever C 
to fall, thus giving an impulse to the pendulum 
by sliding down the inclined plane. :-\t the end 
of the fall of the impulse lever C, the contact D 
is closed. The electrical circuit is therefore from 
D through the electro-magnet and armature E, 

via the battery, electro-magnet release of the 
Free Pendulum F, back through the dial in
dicator of the " Slave " clock S. 

The current in passing through E, pulls over 
the armature and re-sets the impulse lever C, 

also releases the trigger holding the impulse 
lever C of the Free Pendulum and puts the 
fingers of the Slan· dial S forward one� minute. 
The cycle of operat·ions in the Free Pendulum 
corresponds with that explairwd in the case of 
the Slave clock. 

The impulse on re-s1"tting the ll'v<"r of the 
Free l'endulurn is as follows :-\\'hen contact is 
made at H, the current Aows through the arma
ture and coil K, via the battery to the Syn
chronizer L of the Signal Transmitter, also the 
Synchronizer i\l of the Slave clock, completing 
the circuit through the dial mechanism of the 
Free Pendulum. 

The object of this Synchronizing arrangement 
is to keep all three clocks in exact phase. It 
should be added that the contact H closes at a 
definite time interval after the impulse is given, 
in order that the synchronizing action may occur 
at a suitable position in the swing of the Slave 
pendulum. 

The Signal Transmitter receives an impulse 
every alternate swing of the pendulum by means 
of the gathering click N; this releases the trigger 
in a manner similar to that of the Slave clock. 

Fie. 1.-Sw1Tc111Nc r.\NEL usED FOR INTERNATIONAL T1ME 

SERVICE IN G.P.O. TEST Rom1. 
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The electrical circuit, after the impulse is given, 
is "L'ia the impulse ]eyer, contact 0, armature and 
electromag·npt P, "<'ia the battery to the dial 
mechanism of the Signal Transmitter and, if the 
contact arm R is closed, throug·h the transmitting 
Creed Relay, operating the C.T.O. line on its 
local contacts. 

The ::\Iagnetic Corrector is shown 'at the 
bottom of Fig. 5 and is put into operation \\·hen 
it is necessary to set the three clocks to time. 
Its action is to incrpase or decrease the gravity 
action on the pendulum for a short period. 

6t�tt:NWICH Rt:'i'.WIRE:-. ----¥' 

CL.OCK l'(o'l4. 

24 Hou1�s 

hours and tlw front cam the minutes. The cuts 
or slots in the cams operate the contacts at the 
appointed times in morning and evening and 
energise the two Relays No. CJOA, which act 
simply as locking devices on the Greenwich and 
Rugby sides, taking the apparatus side of the 
Rugby line from the Central Radio Office and 
putting the Greenwich Observatory line through 
direct to the Rugby Radio Station. The Time 
Signal passes through the coils of the standard 
B relay on the switching panel, bringing the 
local contacts of the relay into play and 

Ruc:.sv. Sn 

Ru<:.BY, LIN£ 

FIG. 8 .-S c11Df.\Tic DL\GRA�I OF THE .\l'!'ARATcs rn usE FOR INTERNATIONAL TIME SERVICE IN G.P.O. TEST RooM. 

The apparatus in use in the Test Room of the 
G.P.O., London, is shcmn in Figs. 6 and 7. 

Fig. 6 is a view of the ::\faster Clock (l\o. 24) 
and Fig. 7 is a photograph of the switching 
panel. 

A schematic diagram of the connections at the 
G.P.O. is shown in Fig. 8. There are two cams 
fitted in the ::\!aster Clock; the front one revolves 
once hourly and the rear cam revolves once in 
every 24 hours. The rear cam registers the 

applying the necessary voltage to operate the 
land line apparatus of the Rugby transmitter. 
The arrangements at Rugby Radio Station are 
shown diagramatically in Fig. 9, where the 
normal arrang·ements for wireless transmission 
apply. The same apparatus is in use at Rugby 
as is req1_1ired for commercial traffic. The Time 
Signal is sent out from Rugby on a wave-length 
of r6 kilo-cycles or 18,740 metres. 

Several interesting problems concerning the 
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extent and effects of mechanical and line lags, 
etc., have been investigated in connection with 
the new time signal. The physical circuit in
cludes an underground line from (�reenwich 
Observatory to tlw G.P.O., a standard B relay 
in the G.P.O. test room, an underg-round lint> 
from the G.P.O. to tlw Rugby Radio Station 
and the operation of two rPla ys (I standard B : 
and 1 .Creed), also the opt>ration of the largP 
g-roup of valves in the radio transmitting circuit. 

The total lag measured through tllf' whole of 
this nt->tv•mrk amounts to 0.04 second and tlw 
lag has remained practically constant. This 
stability has bePn an unsolicited testimonial to 

E.H.t.o_c_ 

C_T.O. LINE:. 
5 oo l{W. MC_ + 

I·····• 

R11.p10 Kf:Y. 

IUN•r-1c.; FoRr<: 

The time signal is of the modified rhythmic 
type recommended by the International Time 
Commission of 1925. This consists of a rhyth
mic signal of 306 beats or dots(.) in 300 seconds 
of mean time, or at the rate of 61 beats or dots 
per minute. The commencing signal, also that 
at the end of each minute, is sent in the form of 
a dash (-) and is exactly on the minute of 
Geenwich :'dean Time. 

The signal is sent t\Yice in each day, at oq.55.00 
in the morning and at 1/.55.00 in the evening. 
These times have been selected as the most suit
able for reception in any part of the world. 
Signals I_, 62, 123, 184, 245 and 306 are single 

H .f'. CoN"TRoL u ... 11. 
CH.1.D.C_ +-----+---------------. 

LAl'ID LINE: APPARATUS. I <iiLA��VAWE: 
lvPE: v_t 19" 

EJ<qTE:R Ur-UT-
\ \Y •"T4C.E: 

3 WA"Tl!R Coouto 54 WA1"<'.� C.oo•i>o 
VAl-\1\0S, "IVP1'V.T.26 """'""-' YP'i. V1'.26 

E:xcr1"£'.R Ur<•J _ Pow£!f PA!'!U.S -
2"0 '5"TA6C!:. 

FIG. 9.-SCHEMATIC DIAGRAM OF THE ARRANGEMENTS AT RUGBY RADIO STATION. 

the behaviour of the relays, which have been 
called upon to work to a degree of exactitude 
beyond their ordinary range of action. 

The presence of this lag involves the sending 
out of the time signal from Greenwich Obser
vatory .04 second in advance of exact time in 
order that the signal may be emitted at the 
right instant. An arrangement has also been 
set up at Greenwich whereby the signal emitted 
from Rugby is registered on a syphon recorder 
associated with a \Yireless Receiver at the Obser
vatory. Normally, the incoming signal at 
Greenwich is recorded within .01 of a second 
of the time calculated for the emission of the 
signal. 

dashes of 0.4 second duration and commence at 
the exact minute. Each dash is followed by 60 
dots of o. l second duration. Bv the use of this 
type of signal, comparisons of extreme accuracy 
are obtained, the method employed being to 
count the number of intervals from the first dash 
until coincidence occurs between one of the 
rhythmic signals and the beat of the chronometer 
or other type of clock. 

A similar type of signal is sent out daily from 
Bordeaux and the Eiffel Tmver. In each of 
these cases, and at other stations emitting a 
similar signal, a preliminary warning or prefix is 
sent, giving the station of origin, also a signa
ture or " SN " at the end of the signal. 
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This procedure is not followed with the British 
Time Signal. The connecting lines between the 
Observatory and Rugby arf' switched nn·r auto
matically a few moments before the signal is clue 
to commence and are also retained for a few 
moments after the signal has passed. The inter
ruption to com nwrcial t raflic, tog et her with the 
short periods of silence, are the only indications 
of the approach and termination of the time 
signal. This is a departure from the usual 
method of signalling " CQ, CQ, DE , DE, G BR, 

G BR," to warn listeners to be ready, nor do we 
hear such a cheerful signature as that frequently 
given by the Annapolis station, " OK NSS," at 
the conclusion of the American time signal. 

In concluding this review of an interesting 
engineering operation, the writer wishes to ex
press his appreciation of the valuable assistance 
rendered to him by Sir Frank Dyson, the 
Astronomer Royal, and also by Mr. \V. Bowyer, 
of the Greenwich Observatory Staff. 

TELEGRAPH AND TELEPHONE PLANT IN THE UNITED KINGDOM. 

TELEPHONES AND WIRE MILEAGES, THE PROPERTY OF AND MAINTAINED BY 
THE POST OFFICE IN EACH ENGINEERING DISTRICT AS AT 31sT DEC., 1927. 

No. of 
Telephones 
owned and 
maintained 

by the 
Post Office. 

----

565,641 
71,280 
75,373 
58,926 
92 ,326 
72,868 
56,267 
98,195 

150,978 
89,157 
61,255 
45,414 
20,638 
62,794 
84,489 

-- ---

l,605,601 

-----

r,575,766 

Overhead Wire Mileage. 

---· --· 

Telegraph. 

--- ---- --- ----

Trunk. Exchange. Spare. 

----- -- - -- ----------

538 4,113 52·344 181 
2,122 21,076 63,611 1,719 
4,406 30,259 53,071 2,491 
6,037 37,039 56,020 4,985 
8,799 44,763 56,505 3,583 
4,825 29,085 68,924 4,058 
4,680 29,288 50,515 2,841 
8,225 26,163 48,331 4,J6l 
1,564 17,043 42,551 2,523 
6, I 13 30,894 45,765 3,100 
3,512 23,595 36,654 2,351 
2,460 15,989 24,184 2,748 
4,680 8,313 13,521 491 
5,472 24,943 36,190 1,478 
7,336 23,968 42,319 1,047 

�-
-- ---- ----- ----

70,769 366,530 690,505 37,957 

----- ----- ----- ----

70,820 362,202 683,405 37,207 

! I 
I I 

Cnderground Wire Mileage. I 

Engineering 1 

District. I 
I Telegraph. Trunk. Exchange. Spare. 
I ---- 1-- -

- --- - - - - - --

London 

I 
23,698 64,367 2,140,885 104,065 

S. East 3,870 44,358 175'733 14,567 
s. West 18,179 10,889 135,063 59,238 
Eastern 22,2 IO 34,559 92,510 75,512 

N. Mid. 23, 138 50,426 231,628 119,973 
s. Mid. 

I 
13,117 21,670 158,566 89,307 

s. Wales 5,992 25,565 105,604 70,275 
N. Wales 13·254 40,513 250,459 62,143 
S. Lanes. 13, 117 76,344 451,512 47,087 
N. East II,067 44,283 214,488 61,435 

N. West 8,180 32,469 153,837 37,398 
Northern 4,639 14,677 98,766 51,451 

Ireland N. 130 2,306 36,770 1,211 
Scot. East 3,640 12,021 142,723 47,643 
Scot. West 12,101 24,493 215,548 35,034 

------ ---- ---- -- -- -- -

Totals. 176,404 498,940 4,604,092 876,339 

----- - - - - --- - - - - - - --
Figures at 
3oth Sept., 174,550 

492,207 4,460,068 900,744 
1927. 
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HOLaoRN. 

I 
N the previous issue of the Journal it was 

indicated that some technical details of the 
system would be given. The object of the 

notes that follows is in general terms to outline 
the salient features of the Direclor equipment. 

The underlying principles of Director working 
are now well known, but it may be well to em-

5ende.r co"f-,.ol 

s,._""".,,r---

phasise that the main reason for introducing the 
system into large networks such as London is to 
enable routing and numbering to be dissociated, 
thus permitting the use of a freely flexible trunk
ing scheme; hence the existing cabling arrange
ments may be used to the maximum advantage. 
It follows also that indirect routing via a Tan-

8.C. Sele.c./-oi' 
I 

y 

FIG. 1.-A DIRECTOR. 

VOL. XXI, 13 
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dem switching point is possible. The function 
of the director apparatus therefore is " to con
vert the impulse trains of the code letters dialled 
by a subscriber into other impulse trains suit
able in number to direct the call to the required 
exchange, i.e., to translate the call. The 
director and associated equipment is thus in use 
only during the setting up of a call, the average 
occupation time being 18 sees. per call. 

Fig. I shews a director as installed in Holborn 
Exchange, and is typical of those to be used 
generally in the London system. 

Fig. 2 is a rack of directors. Jn Holborn and 
other early exchanges the directors are fitted 
back to back as shown in the illustration, but 
this type of construction may be modified in 
the light of experience and single sided racks 
used in later .exchanges to provide better accessi
bility to the apparatus when dealing with faults 

·in silu. 

Fig. 3 is a schematic diagram that indicates 
the relative position of the Yarious selectors in 
the scheme; the figure clearly shows the relation
ship between routing and numbering. The 
selectors used, with the exception of the A digit 
and first code selectors, are standard two-motion 
switches and do not call for special comment. 
The .\ digit selector, from the levels of which 
directors are reached, is fundamentally similar 
to the standard selector, but has a" time pulse " 
feature associated for the purpose of " forced 
release " when the selector is seized but not 
operated; the principle of the " time pulse " 
arrangement will be seen from Fig. 4. As the 
operating current (time pulse earth) is connected 
for t second at 30 second intervals, the " forced 
release " rela_v (�[ in sketch) will be operated in 
approximately 29 seconds as a minimum, or 
approximately 59 seconds as a maximum. 

The disposition of directors on the levels of :\ 

digit selectors is shown in Fig. 5, from which it 
will be seen that level 1 is not connected (there 
are no letters in the digit hole of the dial con
taining the figure 1), the selector therefore re
leases if it be inadvertently operated to the first 
level. Level 0 is not· provided with individual 
directors, but makes use of directors on other 
levels. The connection between the bank con
tacts of level 0 and the bank contacts of the 
selected levels is reversed to enable the operation 
of the scheme shown in Fig. 6. The directors FIG. 2.-A RACK OF DIRECTORS. 
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NUMERICALS 
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==---------- Jc to Tandem 
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"A" DIGIT _ ._____ 
SELECTOR \ •· -
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!'>ELECTOR 
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June. 
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CODE NUM EQUIV 

HOL 405 
CIT 2.48 
BIS 2.4 7 
PRI 774 

TRANSLATION 

0 
8 
33 

2.11 

PRIMROSE HILL 
(Manual al presen!) 

FIG. 3.-SCHEMATIC DIAGHAM SHOWING HELATIVE POSITION OF 5ELECTOHS. 

reached from level 0 are provided with a special 
relay �IB, which is energised only when the 
shunt field relay D is operated. This occurs 
when the direction of the current through its 
operating winding is reversed, (hence the re

versal of wires between level 0 bank contacts 

OT 

A DIGIT SELECTOR 

0 

D 
--------..!_-'CONNECTED TO ANOTHER 

LEVEL A$ DETERMINED 

' 
' ' ' ' ' 

rg 

PuL!>E: w•R£ FOR\.IARD �HI' 
r.;e: ?oTe:NTtAL PT I\ 

ce,..NE.:..TE:P -ro Tr-115 W'RIL. 
Al"<o OPERA'TEE. THa ;\PF'n> 
co�•Ro1-LINC. THE RE=..1-lii'A�E 

9 IWXY l 
ITUV I OF ,-HE C.ON�E.C'.Tic"! 

FORCE:D RELEASE 

TIMF PULSE E.ARTH 
I 5ec cm uf 

SO '.>et mfewols 

Tn1s conrocr closi's wh�n 
lh;:. CIY<;u1/ •5 f1¥St foken 

·X Th•s connecf1on (11-olfiev relo� confocl o' orr NORMA.L corJk.cr) clo'!>es 
<.1hen lhe sw1fcli rs se13ed and •s opened •f fhi;o st.Jdc.h 
operqf1ons "'e. p<oceed.,.,3 normo.llJ 

FIG. 4.----Tl!E !'RINC!PLE Of THE TIME IMPULSE. 

8 

7 IPRS I 
: I MN 6 I 

5 IJKL I 
I GHI 4 

3 IDEFI 
I I ABC I 2 

NOT CONNECTED 

DI RE.CTOR..S 

FIG. 5.-D1spos1T10N OF DmEcToRs ON LEVELS OF 

A DIGIT SELECTOHS. 
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and the bank contacts of the selected level). 
The operation of relay ::\IB thus gives access to 
the translation field without the need for trans
mitting second and third code letters (B C digits). 

The first code selector, as will be seen from 
Fig. 3, is in use for every class of call, regard
less of its ultimate destination. It incorporates 
a transmission bridge which makes it unneces
sary to provide relay sets (repeaters) in the junc
tion circuits connected to the bank contacts. 
Full supervision is provided by the selector, 

which is also used to advise subscribers of 
irregularities and fault conditions as indicated in 
the following schedule :-

Nature of Abnormal 
Condition. 

Subscriber dials prematurely 
(i.e. all "A" digit switches 
busy). 

Apparatus or line fault 
engaging on A digit selec
tor. 

Subscriber removes receiver 
and rlelays to dial. 

Suhscriber dials a pol"tion 
of the code and then de
lays. 

'i'DIGIT SELECTOR 
LEVELS 

6 == 

5 === 

Resultant Effect. 

Caller receives N. U. tone. 

(a) A digit selector released 
in 29-59 sees. 

(b) Faulty line connected to 
1 st code selector, lamp 
glows. 

(a) A digit selector released 
in 29-59 sees. 

(b) Sub. left on 1st code 
selector. 

(c) When sub. dials N.U. 
tone given. 

(a) A, digit selector and 
Director released in 
29-59 sees. 

(b) 1st code selector transmits 
N. U. ·tone to subscriher. 

BC 

Nature of .Abnormal 
Condition. 

Suhscriber dials the code 
and then delays. 

Subscriber dials code and a 
portion of the numerals. 

Subscriber dials non-existent 
code. 

Director seized, but impuls
ing equipment fails to 
function. 

Resultant Effect. 

The translated code 
impulses have passed out, 
code selectors have 
OJWrated and a ist num
erical selector has been 
taken. 

(a) A digit selector and 
Director and all selec
tors except the 1st code 
released and the junction 
freed in 29-59 sees. 

(b) 1st code selector trans
mits N. U. tone to sub
scriber. 
As above including the 
release of the numerical 
selectors that have been 
operated. 

(a) A digit selector and 
D:ireotor released im-
mediately. 

(b) 1st code selector trans
mits 1\T l'. tone to sub
scriber. 

(a) A ·digit selector and 
Direotor released im-
mediately . 

(Ii) 1 st code selector trans
mits N.U. tone to sub
scriber. 

(c) Director made "busy." 
(d) Director supervisory lamp 

flashes until attention is 
given. 

As is generally known, the impulses passed 
into the switching network from directors are 
derived from machine operated cams. Fig. 2 

shows an impulse machine in position on the 
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rack and Fig. 7 is a separate view of a typical 
machine. :-\t Holborn one such machine serves 
JO directors, 5 back and 5 front. :-\s the 
directors serving a particular A digit selector 
level are located on one side of the rack, the rack 
impulse machine thus sen·es a portion only of 
the directors associated with different le,·els, so 
that the failure of a machine does not result in 
the breakdown of the whole of the directors 
associated with a speci fie digit selector level. 
The Holborn machines are designed for speed 
regulation by means of a centrifugally governed 

2 : 1, and I o sets with ratio " break " to " make " 
1 : 2. The former type of impulse is required to 
operate selectors and the latter to step the sender 
switch of the director. As the result of syn
chronism between the two types of impulses the 
sender steps during the period when the selector 
magne·t is operated and the shaft is" stepping." 
The sender " counts " the number of i mpulses 
transmitted to the selector network, the actual 
impulses, as already indicated, being derived 
from impulse cams. The method of controlling 
the series of impulses supplied is shown sche-

F1G. 7.-AN IMPUL E M,\CJJIKE. 

slipping clutch, so that the speed of the ca111 
shaft is maintained at 600 R.P.M.; th us im
pulses are delivered at an unifor111 rate of 10 per 
second. 

1\s each direcjor requires two sets of inter
rupter springs, the machine is provided with 20 

cams (spring sets), 10 sets adjusted to deliver 
impulses having ratio " break " to " make " 

To I" CooE 
SELECTOR 

SENDER 

SA 

\> 

SA �l�F MACHINE 

OPf'RATEO 

CAMS 

FIG. 8.-METllOD OF CONTJ{QLLING SERIES OF IMPULSES. 

matically in Figs. 8 and 9. \Vhen the sender 
switch steps initially, rela�· SA (Fig. 8) is 
operated via one of the sender arcs, a contact of 

A connecting the " line " cam to the outgoing 
portion of the circuit; when the sender wiper 
reaches the contact marked (via digit distri
butor, sender control switch, BC digit switch 
wiper, No. 1 contact of sender bank in Fig. 9) 
relay SZ operates, a contact of ·which short
circuits the cam, thus stopping the supply of 
further impulses. ubsequent operations ea.use 
the sender control switch wiper to step to the 
next contact. The sender switch returns to a 
" home " position and again starts the cycle of 
ope rations. This process continues until the 
whole of the necessary impulses are passed out, 
when the director and :\ digit selector are re
leased. 

J\ " time pulse" feature similar to that 
described in Fig. 4 is pro,·ided to forcibly re
lease the director in the e\'ent of delays arising 
or faults occurring when the apparatus has been 
seized. 
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No attempt has been made to explain the operation of the Holborn circuits in detail , but rather to indicate a few of the interesting circuit features. Tn subsequent issues of the Journal the apparatus used and the facilities afforded by it will be gi,·en. Fig. 10 is interesting, and shows the " elements" of the circuit during the simultaneous receipt and despatch of impulses. 

At the time of writing the Holborn apparatus is settling down to its job and is working smoothly. The Holborn staff are to be con
gratulated upon the efficient manner in which the apparatus i maintained and to them lies the credit of handling the first Director Exchange in what is probably the most complicated city tele
phone network in the world. 

C.vV.B. 

HANLEY AREA AUTOMATIC TELEPHONE EXCHANGES. 

vv. lRELANo, A . M . I . E . E . 

A
T midnight, 26th ;../ovember, r927, practically the whole of the telephone system in the Hanley �lulti-Exchange Area was successfully changed over tu automatic working. Six manual exchanges, namely, Hanley, Longton, Newcastle - under - Lyme, Chesterton, Trentham and \\'olstanton were closed clown 

FIG. 1.-HANLEY BUILDING. 

and seven automatic exchanges simultaneously 
brought into use along with the manual board at 
Hanley, the main exchange, to which all calls 
requiring the attention of a telephonist are routed by dialling the prescribed codes ( " o " for 
trunk and junction calls to manual exchanges 
and " 91 "for inquiries, etc.). 

The superseded manual exchanges \\'ere 
worked on the call key, ring-through system and were the last exchanges of this type in the 
country. The old Hanley Exchange was brought into use in t901, so has many years of useful service to its credit. The exchanges in the automatic area \\'ith their present equipment, .ultimate capacities, and numbering scheme are as follows:-

I 

Exchange. I 
Present Ultimate Numbering 

J·:quipmen•t. Capacity. Scheme. 

I 2,000-2,899 
Hanley 2,000 2,000 

l 
5,000-5,899 

29,000-29, 199 

1 
7 ,OOC>-J 1 999 

Burslem I,IOO 2,200 8,ooo-8, 799 
88,000-88,399 

Longton 700 1,100 { 
3, 100-3,899 

39,000-29,299 

Newcastle 700 1,000 
.r 6, 100-6,699 
l 67,000-67,399 

Stoke 900 r,500 { 4, 100-4, 799 
48,000-48, 799 

Trentham 200 500 49,000-49,499 
Chesterton 100 200 68,000-68, 199 
En don Manual 400 29,000-29,399 
Kidsgrove Manual 500 89,000-89,499 
Silverdale Manual 500 69,000-69,499 

The 1-lanlev nc\\· equipment has been installed in the existi 1�g building which housed the old 
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exchange, this building having been adapted tu 
meet the requirements of the new apparatus, 
while all the other automatic exchange equip
ments have been accommodated in new build
ings provided by H.�l. Office of \Vorks. 

Fig. 1 shows the Hanley Exchange building. 
This was erected in 1900 by the National Tele
phone Co. and was the headquarters of the 
Potteries District staff. (This figure has been 
reproduced from an old photograph taken, as will 
be noticed, when part of the building was let.) 

One old exchange in the area, \Volstanton, has 
been closed down and two additional exchanges, 
Burslem and Stoke, introduced, the lines which 
previously worked on the former having been 
transferred to Burslem, while the latter two ex
changes have relieved Hanley of lines which it 
accommodated before the transfer. Also a fe,,� 
of the Longton lines have been transferred to 
Stoke. 

Endon, Kidsgrove, and Silverdalc, which are 
in the Automatic Area, are remaining as manual 
for the present, the intention being to convert 
them to automatic >vorking later. 

It will be seen from the above schedule that 
Burslem will ultimately be the largest exchange 
as regards number of subscribers' lines, but 
Hanley has been made the main exchange by 
virtue of its geographical position and thus con
tains all the first selectors for the area as well as 
those for manual exchanges outside the area 
which dial in. 

The whole of the exchange equipments are of 
the Strowger step-by-step system adopted by the 
Post Office as standard for non-director areas, 
and were manufactured and installed by the 
General Electric Co. (Peel-Conner Telephone 
\Vorks), Coventry. 

The preselectors are of the homing type, which 
permits the outgoing t�mks to the lSt selectors 
being graded, this grading being carried out on 
a special link frame, while the grading between 
the different ranks of selectors is done at the 
terminal assemblies associated with the selector 
racks. 

Fig. 2 is a diagram of the Area showing hmv 
the various exchanges are connected by junc
tions, the number of working junctions, the 
approximate mileage, and the direction in which 
the calls are routed being indicated. It will be 
seen that all calls between exchanges except calls 

from Stoke to Trentham and from Newcastle to 
Chesterton are routed via Hanley. 

In Fig. 3 are shown the routings of four 
typical calls. From case (d) it will be seen that 
a Trentham local call passes through Hanley and 
Stoke Exchanges and employs three junctions of 
an approximate length of ro miles, five selector 
switches, and three repeaters. This type of con
nection is the most complicated to be met with in 
the Hanley Area and possibly anywhere outside 
London. The necessity for well-designed and 
efficient apparatus to avoid inferior transmission 
and distortion of dialled impulses can be appre
ciated. 

I ' 
I I 
'-'� 

HANLEY AUTO 

FIG. 2. 

/......-�, 
I \� 

':,•_,I 

1 : 

�-

EXCHANGE AREA. 

Switching selector repeaters are fitted at 
Burslem, Longton, Newcastle, and Stoke, those 
in the last three cases having drop back facility 
on the first digit, which enables these switches to 
function also as second selectors for local calls. 
The operation of this switch was fully described 
in the article on Leeds Telephone Area in the 
April, 1926, issue of this Journal, and it is un
necessary to give particulars here. 

i\s the percentage of local traffic at Chesterton 
and Trentham is small, switching selector re-
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FIG. 4.-BuRSLEM Exc11ANla:. 

peaters have not been provided and the Ii rst 
selectors for these exchanges are fitted at Hanley. 

It may be mentioned that first selectors are also 
provided at Hanley for the Coin Box and Call 
Office lines on the Satellite exchanges in the 
Area. 

Test Desks are proviJed at Bursle"m, Longton, 
Newcastle, and Stoke, while the testing at 
Chesterton and Trentham is done from the test 
desk at Hanley by means of the test distributors 
and test final selectors. 

J\ rran gem en ls have been made, as is nuw 
standard practice, for the extension to Hanlev of 
the fault alarms at all the Satellites at such ti�11es 
as these are unattended; also for automatic start 
of the ringing machines at the Satellites , so that 
t hese machines only run while actually required. 

Figs. 4, 5, and 6 are views in the apparatus 
rooms al Burslem and Stoke and show typical 
arrangements of equipment at such exchanges. 

The manual switchroo111 is situat ed on the top 
floor of the Hanley building. The equipment is 
as follows:-

F1G. 5.- ·TOKE Exc11ANGI::. 
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FIG. 6.-STOKE EXCHANGE. ANOTHER VIEW. 

Manual Board consisting of 
1 Plug-ended Keysender Order \Vire 

J unction position. 
3 Trunk Signalling positions. 
2 Jack ended Junction positions. 

13 " A " positions. 
6 position 111onitors desk. 
1 position supervisors desk. 
1 position service observation desk. 

On the kPysender position are ter111inated busy 
groups of trunks fro111 I .iw�rpool and .\l anchester. 
For calls to automatic subscribers the telephonist, 
after assigning· tht.: junction, kPys out the digits 
of the required number on a strip of 10 press 
keys numlwred 1 to o lilted on the ke�·board. 
:\I tlH· linish of thl· call tlw connection is autc-
111aticall,· cleared and all thl' switches released. 
For throug·h calls the plug is used. \\'hen this 
is inst'rted into an outgoing junction jack a sleen' 
rel<i.'· is operated which causes th � automatic 
apparatus to be cul out, lea,·ing the junction as 
an ordinary manual circuit. The clearing signal 
is received on a lamp associated with the plug. 
This 1 11ethod of dealing with through calls differs 
from the usual arrangement whereby such calls 

.. l 

are transferred to another position b�· the opera
tion of a transfer key. 

Fig. 7 shows part of the front of the manual 
switchboard. The keysender position is at the 
extreme right-hand side. The strip of ten digit 
keys is the row nearest to the telephonist. .\t 
the top of the right-hand panel is the equipment 
to which the alarms at the various exchanges are 
extended when the Hanley apparatus· room is un
attended. 

The sen·ice obsen·ation equipment proYides 
facilities for obsen·ing sen·ice on 15 subscribers' 
lines at Hanley, 15 at Burslem, TO at Longton 
and 10 at Stoke. One junction from each of 
these exchanges terminates on the Desk, and 
selective apparatus associates the junction in each 
case with the lines under observation. 

This desk bas been fitted temporarily in the 
switch room , but will be removed to its permanent 
position after the old exchange equipment has 
been dismantled and the pre111ises rearranged. 

Thanks are due to J\lessrs. The General 
Electric Co. and Mr. J. S. Tebbitts, Sectional 
Engineer, Hanley, for photographs with \\·hicl1 
this article is illustrated. 

FtG. 7.-M11NUAL Sw1Tc111Jo111m, ll.INLEY . 
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TIME SAVING TESTERS 

FOR 1\ UTOMATIC EXCH1\�GES. 

By \Y. PRICKETT and H. S. SMITH. 

T
HE Tesling of Subscriber's Line Equip
ment (Homing Type Lineswitches). -

The equipment individual to a subscriber's 

Hanh Jlultiple. 
Continuity, +, - and P 

wires 
Reversal ... 
Con tact, P wire ... 
\Viper connection with 

3 

3 

bank contacts . . . 3 

10 

27 

line circuit in an automatic exchange, as distinct 
from the remainder of the apparatus, which is 
common, is comparatively simple and consists of 
a lineswitch jumpered to the multiple banks, 
which are in turn cabled to the protector on the 
.M.D.F. Simple as the equipment is indi
vidually, its numerical preponderance when con
sidered collectively causes it to assume great 
importance when the question of testing-out a 
new exchange is under consideration. If, 
therefore, an undue proportion of the total test
ing time is not to be absorbed by lineswitch tests, 
it becomes necessary to deal with this equipment 
in a wholesale manner and it is to this end that 
Tester No. 58 has been developed. 

per r6 banks 160 per loo ccts. 16,000 

The tester is arranged to cater for the tests 
required on a complete unit of one hundred line 
equipments and to perform most of the tests 
without further attention when once started. 
Access to each line is obtained by way of a spare 
multiple bank on which a special final selector 
is mounted. This selector forms part of the 
equipment of the tester and is arranged to con
nect testing circuits automatically to each line 
in turn. The access so provided caters for tests 
on each lineS\\itch and on each line circuit to the 
�I.D.F. In addition, by making use of the 
normal final selectors mounted on the multiple 
banks, the wiring of the latter can be tested on 
every contact. 

It will perhaps be of interest if details are 
given of the tests which are required for accept
ance tests and a list is accordingly given below : 

Lillc circuit to M.D.F. 

Continuity, A & B wires 2 
Reversal 2 
Contact 2 

6 per 100 ccts. 600 

Note: \Vhen P.B.X. units are con
cerned, this figure is increased by one 
third. 

Lineswitch .  
Operation, release and 

spring tension of line 
relay 3 

Operation, release and 
spring tension of C/O 
relay 3 

Continuity of +, - and 
P circuits 3 

Hunting and homing ... 24 
\Viper connection with 

outlets ... - ) 
I -

Continuity of OU t[t't 
multiple - ) 

I -

Reversal of OU t [et mul-
tiple - ,  

1-

2..j.C) per 100 ccts. 24,900 

Out/els lo Selectors. 
Continuity uf +, - and 

P wires 3 
Contact 3 
c\cceptance and release of 

call 2 

8 per 24 ccts. 

Total ... 41,692 
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The time taken to make the forty thousand or 
so tests with the aid of the tester is about three 
hours. 

It is now proposed to give a brief description 
of the tester and to show its method of operation. 

TESTER No .58 

Tesler No. 58.-The tester consists of a con
tainer in which two preselectors are associated 
with a number of relays and lamp signals. ,\ 

special selector is also provided to enable con
nection to be made automatically to each of the 
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hundred subscribers' equipments on the unit 
under test. This selector is mounted on a spare 
multiple bank on the unit and is connected to the 
tester by means of plugs and cords. A terminal 
box containing a buzzer is used in addition dur
ing the test of the line wiring to the 1\1.D.F. 

The circuit arrangement of the tester is shown 
in the diagram. It should be mentioned that the 
release magnet of the selector only affects the 
rotary action. Vertical release is made by hand 
when required at the end of the test. 

To enable the tests to be pro ceeded with, the 
tester is set up o n  a convenient support such as a 
portable cord repair table, adjacent to the unit 
under test on which the special selector is 
mounted, and connection is made to the ex
change battery supply via the power jack fitted 
on each suite of units. Co nnection is also made 
to the P conducto rs of the outlet circuits on the 
unit terminal assembly by means of a set of 
twenty-four clips and cord provided for the pur
pose. The keys o n  the tester are then operated 
according to the test desired and cause the 
required conditions to he applied automatically 
to each line in turn. The tester ceases to work 
and displays an appropriate lamp signal when a 
fault is encountered. 

The action which takes place is shown in the 
following extract from the " Notes on the 
Tester " which form part of the instructions 
supplied to exchanges where the tester is to 
be used. 

(1) M.D.F. Test.-The M.D.F. test box, 
which contains the signalling buzzer, is con
nected to terminals S, SI, A and B and is located 
conveniently to the M.D.F. 

Keys I and 4 are then operated and Preselector 
2 in the tester is set to contacts 8 by depressing 
key 8. The special selector is set to contacts 
'' I I '' by means of key 6. 

The operation of key I energises the po larising 
coil o f  relay TR. TR operates and actuates 
relay TA at TRr o p  .. 

Key 4 completes the circuit from battery, via 
wo spool, for relay PY, which together with 
relay PA o perates to earth via PTr nor. and 
key I op. . Relay PY disconnects the line test
ing circuit at PY I o p  . .  

Key 6 energises the vertical magnet of  the 
special selector, which steps up to level I, relay 
VV is operated in parallel with the vertical mag-

net and when the switch is stepped off normal, 
closes the circuit of relay VG at VV I op. . Re
lay VG locks to earth via VGr op. and the rotary 
interrupter springs R I. \Yhen key 6 is released, 
relay VV releases and the rotary magnet is ener
gised via VG2 op. and VV1 nor. . The selector 
cuts-in to contact I on level I, relay VG releasing 
when its locking circuit is broken at R I. 

\\Then the special selector wipers make connec
tion with the line circuit connected to contacts 
" I r " of the multiple bank, a circuit is com
pleted for the lineswitch cut-o ff (BCO) relay via 
the P wire and wiper, contact 8 of arc 2 of Pre
selector 2, keys 3 and 2 nor., key 4 op., and relay 
PT to Earth at key I o p. The BCO relay 
should now operak to provide a clear line circuit 
for the test to the :VIDF circuit and PT should 
operate to release relay PY. Should the P cir
cuit be disco nnected, relay PT will not operate, 
and lamp B will glow ·via PA3 op., key 4 Gp., 
TA3 op., PZ3 nor., key 2 nor., contact 8 of arc 
5 and earth at key I op. 

Connection is no w made by means of a plug 
attached to the �I. D. F. box, via the protector 
tags to each line of the 100 concerned in turn, 
but in bank order, i.e., commencing with " I I " 
and finishing with "oo " 

On each connection, momentary operation of 
the buzzer occurs if the line conditions are 
correct and the plug may then be mo ved to the 
next line. 

The buzzer is operated as follows : -The 
application of the special plug to the line circuit 
o n  which the special selector wipers are resting, 
connects the 200 ohm spools A and B in the 
tester. Receipt of battery and earth of  correct 
polarity and strength via the A and B lines to 
the unit, + and - wires to the bank, + and -
wipers of the special selector, contacts 8 of arcs 
3 and 4 of tester preselector 2 and PY I nor. by 
relay TR, causes the latter to balance and re
lease. Relay TA then releases also and operates 
relay TB at TA4 nor. Relay TB locks to earth 
at TBr via PY2 nor. and key 4 op., actuates the 
M.D.F. buzzer and operates relay PY at TB3 
op. Relay PY operating energises the rotary 
magnet of  the special selector via key 4 op., 
PY2 op. and TBr op. Relay TB releases when 
its locking circuit is broken at PY 2 op. and the 
buzzer circuit is interrupted at TB I nor. 

Failure of TR to release, provided PT has 



30 TIME SAVING TESTERS. 

operated, is due to a line fault and is indicated 
by lamp A which glows 'Via PA3 nor., etc. 

\Vhen the ten lines on level r have been tested 
0.K., the rotary action steps the special selector 
wipers off the bank and actuates the cam springs. 
The circuit of relay ZZ is now complPted 'Via S1 
op. and VCr nor. to earth. ZZ, operating, com
pletes the release magnet circuit at ZZ2 op., 
releasing the selector shaft for rotary action only. 
Relay VZ is also operated at ZZr op., but being 
slow to operate allows the release to be com
pleted before actuating the vertical magnet and 
relay VV by earth from VCr nor. at VZr op. 
The shaft is now stepped up to level 2; relay VG 
is operated via N 2 op. and VV I op. and locks to 
earth at VGr op. \Vhen VZ releases, the 
vertical magnPt also relPases, followed by relay 
VV. The rotary magnet circuit is now com
pleted at VG2 op. via VV1 nor., and the wipers 
are cut-in to contacts" 2r." Relav VG releases 
when its circuit is broken by the interrupter 
springs R 1. The tests then proceed as for level 
1 until level o is reached, when relay VC operates 
via the normal post contacts NPr, VG3 op. and 
VV2 nor. to earth and locks via Nr and VC1 op. 
On the completion of the tests on level " o," 

the wipers are stepped off the bank as before, 
but as the circuit for relav ZZ is now broken at 
VC1 op. no further movement takes place. The 
special selector su pPrvisory lamp glows, how
ever, to indicate the conclusion of the test. 

Keys r and 4 are now released. 
It should be specially noted at this stage that, 

as after each line has been tested, the correspond
ing lineswitch makes a half revolution on the 
removal of the test plug from the protector tags, 
the wipers are now in the correct alternative 
position in readiness for completing the " clear 
line " test in Test 3. Care should be taken, 
therefore, to ensure that if any lineswitch on the 
unit under test is accidentally moved off normal, 
with the consequence that another half revolu
tion is made when the wipers return home, it 
should be again operated to reset the wipers to 
the required position. 

Release of Special Selector.-To release the 
special selector in readiness for the next set of 
tests, key 5 is first operated to actuate the rotary 
release, then the vertical dog is released by hand. 
This allows the shaft to fall back to normal. 
(Should it be necessary during the progress of 

the tests to retest any contacts, the selector may 
be reset to the beginning of the level concerned 
by the depression of keys 5 and g in turn). 

(2) Multiple Bank Test.-Keys r and 2 are 
operated and test plug 3 is inserted in the test 
jack of the first final selector on the unit. Clip 
" R\l " is also connected to the rotary magnet 
of this sPlector, the " C " relay of which should 
be wedged to prevent operation. 

Note.-This selector is referred to as the 
" Selector under test." It should be 
understood, however, that the test is being 
made on the bank and that the selector is 
only being utilised for this purpose. 
Separate instructions are issued for the 
final selector tests. 

Key 8 should be depressed in order to ensure 
that tester preselector 2 is on contacts 8, and key 
6 to set the specia 1 selector to contacts " I 1." 

A circuit is now completed from battery, 100 

and r 200 ohm spools, relay PY to Earth at Key 
2 op. 

Relay PY operates to disconnect relay TR at 
PY1 op. 

The digits " 11 " should now be dialled to 
step the final selector under test to a position on 
the first bank corresponding to that occupied by 
the wipers of the spPcial switch. 

The selector under test now operates in a 
normal manner and applies Earth to the " P " 
wire via the 125 ohm winding of relay H .  Re
lay H is operated by the battery from the line
switch cut-off (BCO) relay, and, locking, applies 
a full Earth to the P wire. This earth short
circuits tester relay PY, and the latter releasing 
completes the loop circuit for the - and + lines 
via relay TR. The operation of relay H applied 
ringing current to this loop circuit, and the com
pletion of the circuit via relay TR causes the 
selector relay F to trip and connect relay D to the 
line circuit. 

If the current now received from the latter be 
of correct polarity and strength, relay TR re
leases and disconnects TA at TR 1 nor. 

Relay Tc\, releasing, completes circuits:
(1) From earth, TA4 nor. and key 2 op. for 

Relay TB, �vhich operates and locks to 
earth ·via PY 2 nor. and TBr op. 

(2) From earth, TA 1 nor., key 2 op., to the 
rotary magnet of the special selector. 
The latter rotates to contacts z on the 
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bank and so removes the s / c from 
PY, which re-operates. 

(3) From earth, TB1 op., PY 2 op., PB2 
nor., to the rotary magnet of the 
selector under test which also rotates to 
the next contacts. 

Failurt' on th<� line or private circuits is de
noted by a continuous glow on lamp ,\ or B, 
i1ia contacts PY3 nor. and TB2 nor., or PY3 op. 
respecti \·el y. 

If the wiring between the contacts now con
nected be O.K., relays PY, TR and TA, which 
opt>rated in the inten·al during which the wipers 
were rotating·, again release. In this way both 
switches continue to rotate until contact o has 
been tested, when the wipers of the special 
selector \viii be stepped off the bank. 

Relay ZZ now operates as before and causes : 

(1) the special switch to rotate back, step up 
and cut-in to contacts '' 21 '' and 

(1) relay ZR to operate to release the switch 
under test at ZR 1 op. 

The sequence of operations is repeated on 
levels 2 to o, by dialling in turn digits " 21 " 
"31 " and so on to " or." 

\Vhen the whole of the roo sets of contacts has 
been tested 0. K., the special selector does not 
release but remains on level " o," with its wipers 
off the bank and supervisory lamp glowing, in
dicating the con cl us ion of the test on the first 
bank. 

The special selector should now be released as 
before, the connections transferred in turn to each 
of the final selectors on the unit and the test 
repeated on each of the banks so equipped. 

The spare banks may be covered by mounting 
a spare switch thereon for the duration of the 
test. 

P.H.X. Units.-\Vhen the banks to be tested 
are of the P .B.X. type, key 3 should also be 
thrown in addition to keys 1 and 2, and clip CP1 
should be attached to the P1 wiper tag on the 
wiper cord connection block of the selector under 
test. The effect of key 3 is to make the operation 
of the P wire testing circuit dependent on contact 
PB1, controlled by relay PB, which is operated 
by current received from battery via 150 spool, 
clip CP1 and the P1 bank wire. 

Failure on the P1 circuit is indicated by lamp 
C, which glows via PB3 nor. 

(3) Line Switch Test.-The 24 clips provided 

for making connection to the outlet P wires 
should be connected in order to the \"•:iring on the 
tags of the line switch bank multiple terminal 
strip. 

The tester preselectors should now be set to 
contacts :\io. 1 by operating key 7 and the special 
selector to contacts " 11 " by operating key 6 . 

. Key I should also lw cleprt>ssed to operate re
lay TR. Relay TR operatt>s in turn relay T:\ 
at TR1 op. 

A circuit is now completed from earth, key 1 
op., relay PT, contact 1 and wiper 2 of pre
selector 2, P wiper of special selector, bank 
\Viring, jumper, BCO relay K and Dl\f of line 
switch under test to batterv. 

The BCO should operate in series with relay 
PT and the " operate " resistance " X " and 
disconnect the line switch line relay and earth 
from the - and + lines. Relav PT releases PA 
at PTr op., completing· a circuit to earth for 
DM2 'Via wiper 1, contact r, PA 1 nor., key 1 op., 
key 7 nor., key 9 nor., wiper 2 of preselector 1 
and key 7 nor. to E. 

Preselector 2 steps to contacts 2 and relay PT, 
releasing, re-operates P"\. Relays BT and AT 
are nmv brought into circuit, but will only 
operate if the line relay or earth have not been 
disconnected b\· the BCO. If either BT or AT 
operate, the circuit for D�lz is interrupted at 
BTr op. or .\ T 1 op., lamp D and/or E glows 
via A T2 op. or BT2 op., and no further rotation 
takes place, but if the + and - lines are now 
clear, preselector 2 rotates to contacts 6 and the 
BCO is released. 

Relav PT is now connected 7.1ia the additional 
" non-operate " resistance " Y " to the BCO, 
which should not operate at this figure. Relay 
PT, however, operates, releasing relay PA to 
complete the circuit of D!\Iz 7.'ia contact 6 of arc 
1, key 7 nor., P.\1 nor., key 1 op., key 7 nor. 
and key 9 nor. to earth via wiper 2 and key 7 nor. 
Preselector 2 steps to contacts 7, 7.1ia which relays 
BT and AX are connected to the - and + lines 
in order to test for correct calling conditions. lf 
these relays operate satisfactorily, earth is 
applied to DM2 via P :\2 nor., BT3 op., AXr 
op., contact 7 of arc 5, wiper 5 and key r op. and 
preselector 2 rotates to contacts 8. If, however, 
one or both do not operate, lamp G or H glows 
via AXr nor. or "·\X1 op. and BT3 nor. respec
tively, to indicate a line switch fault. 
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A r 200 ohm loop is now applied to the + and 
- lines via relay TR and PY r nor., to operate 
the line switch. The· line switch should now 
rotate to its first outlet and should switch through 
to the selector connPcted therpon. Tlw selector, 
operating in turn, should earth tlw P wirP to 
which connection is made by �o. 1 clip on the 
terminal strip. 

If a current of correct polarity and strength be 
received from the selector A relay by relay TR, 
the latter releases and breaks the circuit of TA 
at TRr nor. Lamp A glows to indicate a failure 
in these conditions. 

A circuit is now completed from Battery, via 
300 ohms (two 600 spools), key r op., relay AX, 
TA2 nor., PZ r nor., key 4 nor., key 2 nor., 
key 3 nor., contact 8 of arc 2 and wiper 2 to the 
multiple P wire. 

If the latter has been correctly " busied " by 
the selector, relay AX, which operates only to an 
earth of low resistance, completes the circuit of 
relay PZ from battery, AX2 op., wiper 3 and 
contact r of arc 3 of preselector r, clip r and P 
wire to the first choice selector earth. 

Lamp J indicates a failure of this condition or 
an earth of too high a resistance. 

Relay PZ now operates and : -
(r) Locks via its own contact PZ2 op. to 

the " busy " earth. 
(2) Completes the circuits of DMr and relay 

PY at PZ4 op. 
(3) Disconnects lamp K at PZ3 op. 
(4) Disconnects relay AX at PZr op. 

Relay PY, operating, breaks the calling loop 
via relay TR at PY r op. 

The selector on outlet r should now release 
and remove the earth from the private, causing 
relay PZ to release and the line switch to rotate 
" home." 

DMr being disconnected at PZ4 nor., now de
energises and steps preselector r to contacts 2. 

An earth fault on the private circuit is in
dicated by relay PZ failing to release and by 
lamp L glowing. If this earth be of low resist
ance the line switch will also skip the outlet con
cerned. This fault may be caused by a faulty 
selector " B " relay. 

Lamp K indicates that the line switch has not 
made connection to the correct outlet or that the 
clip has become detached. 

The P wire of the first outlet is now '' busied ' ' 

against further use by an earth of 30 ohms re
sistance applied from wiper 8 of preselector r to 
contact 2 of arc 8 and so to clip r. 

Relay PY also releasing, re-connects the loop 
'l1ia relay TR to the + and - lines at PY r nor. 

Tlw line switch again operates and as outlet 
r is now engaged should rotate its wipers to the 
second choice, the P wire of which should be 
duly made " busy " when the selector is seized. 

Relays PZ and PY are again operated as 
before, causing the earth on the P wire of the 
first outlet to be maintained 71ia contact 3 of arc 
8. Earth is applied to the P wire of the second 
outlet via contact 3 of arc 7. 

The sequence of ksts continues until each of 
the 24 outlets has been tested, the application of 
the busy earth to each of the first three sets of six 
being taken over in turn by the locking relays 
GX, GY and GZ, which are actuated by pre
selector wiper 2 in passing contacts 7, r3 and IC) 

on the corn pletion of the tests on outlets 6, r 2 
and r8 respectively. 

\Vhen the 24th outlet has been tested O.K., 
preselector r steps to contacts 25 and circuits are 
completed for:-

(r) Reliay BR via wiper 2. BR operates 
and releases relays GX, GY and GZ 
at BR r op. A 11 outlets are now dis
engaged. 

(2) The rotary magnet of the special selector 
via key 7 nor. and BR4 op. The 
selector steps forward and connects the 
test circuit via its wipers to the next 
subscriber's line in the multiple. 

(3) Relay PZ 'l1ia BR2 op. PZ energises 
D�lr via PZ4 op. and key 7 nor. 

(4) Dl\12 via interrupter springs, wiper r, 
contact 8 and BR3 op. Preselector 2 
rotates to contact 9, where the multiple 
of contacts r to 8 recommences and 
short circuits relay BR at contact r of 
arc G. Relays BR and PZ now relPase 
and preselector r rotates to contacts r 
in readiness for recommencing- the 
series of tests. 

The sequence of operations is repeated for each 
of the jumpered lines in the roo. 

In the case of unjumpered lines (usually 46-49 
and 95-99) to which no line switch is connected, 
it is necessary to rotate the special switch to the 
next jumpered circuit. This is effected by 
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operating key 9 the appropriate number of times 
(generally 5), allowing an interval between each 
operation to enable the tester to perform a partial 
test. 

\Vhen the whole of the 100 lines on the unit 
have been tested, the special selector will come 
to rest with its wipers off the bank and the super
visory lamp glowing. 
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NOTES ON THE EFFECTS OF HUMIDITY ON C.B. TRANSMITTERS. 

G. E. MORRISON. 
Bengal Telephone Corporation, Ltd., Calcutta. 

T
HE peculiar behaviour of carbon granular 

transmitters used in C.B. systems in 
tropical countries, where warm humid 

conditions exist, has long been one of the 
special problems before the telephone engi
neer in these countries. In the East, and 
in the far East, some telephone administra
tions have followed continental practice in 
favouring a telephone of the .hand combina
tion type, which has certain advantages, and now 
appears to be returning to favour in other coun
tries. The transmitters used with these sets are 
usually of the inset type, carbon diaphragm, but 
a solid back type of inset has also been used. 
The difficulties met with arise from the fact that 
transmitters of different types which appear to be 
quite satisfactory under European conditions are 
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in many cases unable to stand up to the extremes 
of heat and humidity met with in the tropics 
without change. 

In all cases the failure is due to the fact that in 
those tropical countries which enjoy a rainy 
season, the humidity reaches an extraordinarily 
high figure, and during those seasons, unsuit
able transmitters show a large increase in resist
ance (often 100%) and an inabiliy to carry 
their normal working current, which may deve
lop into " frying," rendering the transmitter 
useless. It is well established that the effect is 
due to humidity, for, in the particular case under 
the writer's notice, the year is divided into two 
well defined seasons: a dry season with very low 
humidity (minimum indoors about 30-40%) 
from November to .May, followed by a rainy 

c 
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season, during the remaining· months, \Yhen the 
humidity reaches 80 to c)o°/o. The manner in 
which the humidity varies is shown in the graphs 
which are from records taken [y\· the �Ieteorolo
gical Dept., Government of India. The figures 
differ from the ordinary publishf'd records, which 
are taken in the open air. The latter show much 
larger differences. The fig·ures of the graphs 
represent the humidity in an an"rage ventilated 
building, being the conditions under which a 
telephone usually operates. The reason for this 
is, of course, that the heat absorption of a build
ing tends to Aatten out humidity variations, by 
the lag in temperature variation as compared 
with the open air, 111 v.hich the diurnal 
temperature ,-ariations may be very large. 
Each point on the graph is the average of seven 
days reading, eliminating daily variations, 
which are also considerable. It was found bv 
experience that the 10 a.111. reading is the 
average daily humidity in an ordinary building. 

The first fact "·hich emerg·ed \\°LlS that the type 
of inset standard in Europe behaved normally 
during the months of low or moderate humidit\-, 
but became abnormal as soon as the humiditv 
became excessive, returning to normal with the 
return of drier conditions. This Yariation was 
unduubtedlv present formerh· 111 the L.B. 
transmitters used on the old magneto 
system, but did not lead to trouble be
cause the L.B. transmitters were used 111 

a circuit where an increase of transmit
ter resistance "·mild at once produce a de
crease of transmitter current, since the trans
mitter resistance was the only important resis
tance in circuit; whereas under C.B. conditions 
a relatively large increase in transmitter resist
ance has but little effect in decreasing the current 
which the transmitter is calld upon to earn-. 
What follows applies to C. B. systf'ms. . 

\Vhen it has become clear that the presence of 
damp in the transmitter was the origin of the 
trouble, a number of attempts �were made to 
produce a sealed damp proof inset. Although 
these insets were proved to be damp proof in the 
sense that they could he put under water without 
ill effect, they showed no imprm·enwnt m·er the 
original insets, \vhich were not waterproof, when 
put into use during the season of high humiditv. 
This made it obvious that the transmitters we�e 
not being affected by moisture in liquid form 

condensed from the air outside the inset, but by 
water vapour in its true gaseous state penetrating 
to the granules and thereafter condensing to 
liquid form. As points are favourable to con
densation, the carbon granules lend themselves 
admirablv for the purpose and the result is a re
duction i� their current carrying capacity. 

On consideration, it is clear that an inset sealed 
under conditions of normal humidity in the fac
ton-, and aftenyards used under conditions of 
mt;ch higher temperature and humidity, is then 
subject to internal pressure, and unless it is truly 
gas-tight and not merely water- proof, the damp 
air will eventualh- mix with that inside and 
thereafter condense, since a small drop in 
temperature will cause considerable condensation 
when the humidity is approaching saturation 
for that particular temperature. So far, attempts 
to produce a gas- tight inset have not succeeded, 
but manufacturers interested have the problem 
in hand. 

ln order to obtain further information two 
batches of r3 different types of transmitters were 
put under daily observation and test over a 
period of about r8 months. Each transmitter 
was tested daily in a suitable telephone on the 
cord circuit for which it was designed. Tests 
were made for transmission against a standard 
\\r.E. tvpe set, on the standard cord circuit 
with 30<

.
J ohm local line, followed by a measure

ment of transmitter resistance. At the same 
time, some hundreds of resistance tests were 
made on transmitters after actual use. 

Since there seemed to be no means of exclud
ing the damp air, an attempt was made to arrive 
at a solution from a fresh angle, suggested by 
the observation that wherea� some transmitters, 
notably those of a lmY resistance relative to the 
cord circuit current supph· resistance used, never 
became ven· much hid1er in resistance, and 
afterwards i.n drier we,�ther returned to normal 
resistance; others (and here notably those of high 
normal resistance) showed 100% increase in 
resistance, became noisy, and remained perman
ently high resistance, e\·en after the damp con
ditions had disappeared. These were, m fact, 
burnt out. ,\s Pxamples, one type of inset sup
plied to operate on a Stone circuit, 24 volt, with 
relav-retard feed 400''' + 400"' ohms, maximum 
tran"smitter current about 20 111.a., had a nominal 
resistance of 400 ohms which became, in the 



;\JOTES ON THE EFFECTS OF HUlVIIDITY OX C.B. TRANS.\IITTERS. 35 

humid season, 600 to 800 ohms in many cases, 
with frying and permanent injury to the trans
mitter. Similarly, a solid back transmitter of 
standard size, adapted for use on an H.1\1.T. set, 
operating on a standard \V.E. type cord circuit, 
had a nominal resistance of 150 ohms, which in
creased to 300 to 400 ohms in many cases, again 
with frying and pitting of the polished elec
trodes. Here an improvement \Vas obtained by 
using a smaller size of carbon granule, and 
making up the cells to a lower resistance. 
Different transmitters were affected in the same 
manner, with differences in degree; transmitters 
on short lines were most affected, and the trouble 
could be reduced by reducing the current supply 
to the transmitter. 

Bearing this in mind, we may regard a trans
mitter, for present purposes, merely as a fixed 
resistance required to carry a certain current, 
depending on the cord circuit \vith which it is 
to be used, and consider what variations may be 
expected with change in humidity and change in 
design of the transmitter. \Ve may regard a 
transmitter as consisting of a resistance made up 
of r rows of granules, in each row n granules. 
In any one fO\V there will be n + r contacts, in
cluding those between the end granules and the 
front and back electrodes. Call the average con
tact resistance between granules (or granule and 
electrode) x .• and the average internal resistance 
of a granule y; then the resistance of any one 
row is 

ny + (n + r)x ........................ ...... . .. (r ) 

and the resitance of the whole transmitter is 

ny + (n + r)x ------ ................................. (2) 
r 

But if the transmitter is not " packed " and is 
ordinarily efficient then (n + r)x must be large 
compared with ny since it is on the variation of 
(n + r )x that the transmitter operates. \Ve may 
say then that the transmitter resistance is 
approximately 

(n + r)x 
R = -------- -- ................................. (3) 

r 

Suppose now that the condensation at points 
on the granules is the cause of increase of con
tact resistance from x to x + dx. Then the 
transmitter resistance becomes 

(n + r )  (x + dx) ............................. (4) 
r 

and the increase of resistance due tu damp is 

(n + r)x 
r 

which is proportional to the drv resistance 
(n + r)dx 

r 

It follmvs from this, if there are no secondary 
effects, that the transmitter may be expected to 
increase in resistance bv an amount which will 
be proportional to its initial resistance, and there
fore a high initial resistance is to be avoided, 
This agrees very well with observed results. 
There are, however, secondary effects. The 
above is the ideal case where all rows are affected 
equally. Actually it will happen that in some 
rows the increase in contact resistance will be 
much more than in others. In such a case the 
high resistance rows cease to be effective 
as current carriers, and as the current to 
be carried remains practically the same, the 
effective rows are called upon to carry an excess 
load which leads to burning in the effective rows, 
and these in turn become defective, and react on 
others. It appears then that there is a cycle of 
effects which becomes cumulative under bad con
ditions. Thus if a transmitter is badly designed, 
so that the current which it must normally carry 
is near its maximum current carrying capacity 
(without frying) and is operated later under 
warm humid conditions, we have the following 
effects: ( r ) the transmitter resistance is increased 
due to damp; (2) the current carrying capacity 
is reduced; the current flowing remaining nearly 
the same; (3) frying begins, reducing the num
ber of current paths; (4) transmitter resistance is 
further increased; (5) the effect of (4) is now 
added to (1) and the cycle repeats until the trans
mitter becomes useless. There will be no build
ing up to the point of frying if the cycle is broken 
at its third stage, and this will be the case if the 
transmitter under damp conditions and in spite 
of its damp-increased resistance can still carry 
the maximum current for which it is designed 
without burning. 

In order to do this the transmitter must carry 
in a dry atmosphere a current at least 50% more 
than the maximum of the circuit on which it is 
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to operate. In the case of hand combination 
sets the margin should be 100% to allow for the 
fact that thev mav be used in non-vertical 
pos1t10ns. From the expression given for the 
total resistance there are several obvious ways in 
which the current carrying capacity of the trans
mitter could be increased. If the cross section 
of the cell is increased then r is, and also the 
current carrying capacity, but this can not be 
pushed too far. R may also be reduced by re
ducing n, i.e., by reducing the distance between 
electrodes; but this does not improve the current 
carrying capacity of a row, which depends only 
on x + dx. The conditions are improved if the 
size of the granules is reduced. The effect of 
this on R should be nil, while r, the number of 
paths, is increased directly with benefit. The 
resistance of a single row is also increased 
directly, but this does not affect its cur rent carry
ing capacity, \vhich depends only on x + dx. 

The reduction in size of the granules cannot, of 
course, be carried too far since very small 
granules tend to pack. 

This conclusion agrees very well with ob
served results in that the best results obtained 
so far have been with a type of inset using small 
granules, and the worst with another type using 
coarse granules. These results are brought out 
in the curves taken from the daily observations 
over eighteen months mentioned above. Curve 
No. I shows the results obtained on an inset 
which has proved satisfactory. It has a normal 
resistance of rno ohms and is used on a C.B. 
system where the cord circuit is Stone type with 
relay-retard impedance 400 + 400 ohms and 
voltage 24 volts. The weekly average transmis
sion value on 300 ohm loop and the weekly aver
age transmitter resistance are shown against the 
weekly average relative humidity. The number 
of these sets under test was four and the number 
of observers two. Each point on the transmis
sion curve represents the average of twenty-four 
measurements by two observers and may be 
taken as free from all accidental variations. 
Similarly, the transmitter resistance curve is the 
average of daily readings and is representative. 
The remarkable agret>ment between the variation 
in humidity and the variation in transmitter 
efficiency will be noticed. There is also a close 
agreement between the variation in transmitter 
resistance and humidity variation, with maxi-

mum resistance during the period of maximum 
humidity. It will be noticed that these insets 
rarely vary more than 25 % above and below 
normal resistance, and that with the disappear
ance of abnormal humiditv returned to normal 
or lower. This transmitter has been used to 
replace former types and continues to give satis
faction, as would be expected. 

The second set of curves refer to a type of inset 
under trial which was not satisfactory, and repre
sents the effects in a poorly designed transmitter, 
possibly satisfactory in Europe, under tropical 
conditions. These insets were designed to work 
on the standard \\T.E. type cord circuit, 22 volts, 
and the figures on which the curves are based 
were obtained as in the first case. These curves 
show that this transmitter was unstable under 
damp conditions, as may be seen from the abrupt 
variations in transmission value. These insets 
became noisy during the damp season and there
after their transmission values are nominal. 
The transmitter resistance steadily increased dur
ing this period from normal (35 ohms in this 
case) until, during the weeks of maximum 
humidity, the resistance had become rno% more 
than normal. At this point the two principal 
causes of increased resistance begaR to react on 
one another and the resistance rapidly increased 
to an abnormal figure, at which the inset became 
defective and was no longer able to recover its 
normal value, even when the humidity again be
came low. 

The results obtained from the remaining types 
of transmitters tested show effects which lie be
tween the two extremes given, and confirm the 
general conclusion that special care is required 
in selecting a transmitter for tropical use, and 
that allowance must be made in the design of the 
cell, and in the type of granule used, to minimise 
the changes in resistance which are apparently 
inevitable. 

It is interesting to note that the standard solid 
back pedestal sets used as references, themselves 
showed variation in resistance with change of 
humidity. The standard set (from necessity, on 
account of the high value of the current which it 
must carry on zero loop) is well able to carry the 
working- current on ordinary subscribers' loops 
of say rno ohms to 300 ohms on which the 
current is much less than maximum; and for this 
reason administrations in the East using this 
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type of telephone have not experienced any 
general trouble. The standard solid back trans
mitter is, in fact, a good example of a type de
signed to carry its working current without burn
ing even under severe conditions. 

Nevertheless, one of the \rnrkin g standard 
telephones used as references developed frying 
bet\Yeen September 2 and 4, Il)25; that is, during 
the period of maximum humidity. A permanent 
cure was effected by violently shaking the trans
mitter. Similar trouble is not uncommon with 
this type of set under these conditions on very 
short lines, e.g., service lines \vithin the ex
change building where the transmitter current is 
nearly maximum. In spite of the apparent 
superiority of the solid back transmitter, it is 
quite unsuitable in its standard form on ex
change systems such as that mentioned above, 
where the maximum current supply on zero loop 
is not more than 30 mA, on account of the high 
resistance of the current supply circuit, and it is 
for this reason that the high resistance inset is 
preferred, as well as for its superior articulation. 
In countries where the parties to a call are com
monly conversing in a language or dialect which 
is foreign to one, or even both, the provision of 
a good grade articulation is of the greatest im
portance, and it is the writer's experience this 
gives the greatest general satisfaction even if the 
improvement is made at some expense in 
volume. A reference to this point, which has 
received little attention in countries of one langu
age, will be found in part 3, Vol. 20, of the 
I.P.0.E.E. Journal, pages 208 and 213, as 
applied to long distance lines, but the remarks of 
Dr. Luschen apply with equal force to apparatus 
used on local calls in countries where the listener 
has not the association of familiar words and 
phrase to help in reception, and where the user 
is frequently without any developed telephone 
sense. 

The fact that the standard of reference in the 
above tests was itself variable makes the trans
mission results purely relative, and the effect on 
the curves is to mask, in some unknown degree, 
the variations in efficiency with humidity, since 
there is no reasun to suppose that the standards 
were exceptions to the general rule. Since com
pleting the curves it has been found by cum
parison with calibrated working standard trans-

rnitters received from London that the trans
mitters used in these tests as standards were 
3 m.s.c. worse than the accepted standard. 
This correction should be applil'd to the trans
mission equivalents, although the curves cor
rectly illustrate the variations which it is in
tended to show. 

The atmospheric conditions necessary to pro
duce these effects on transmitters depend largely 
on temperature and its variations. Thus, dur
ing the dry season in Bengal the relative 
humidity in the open air commonly reaches 90% 
between sunset and sunrise, the cause being the 
large drop in temperature. Transmitters re
main unaffected since there is no corresponding 
drop in temperature indoors on account of the 
heat stored in the buildings during the day. 
Similarly, relative humidity reaching 90% is not 
unknown in temperate climates during wet 
periods of low temperatures (\Yinter months), 
but the effects here noted are not present because 
of the great difference between the humidity in 
the open air and in buildings, which results from 
the use of artificial heating and less ventilation. 
During the wet season in the tropics the tempera
ture is not only high but remarkably constant, 
with little difference between night and day 
temperatures. During these months the tem
perature inside buildings is on the whole less 
than in the open air, and hence the humidity 
indoors tends to be higher. As the air is 
allowed to circulate with the utmost freedom, 
transmitters (and all telephone equipment for 
that matter) may be said to be fully exposed to 
outside atmospheric conditions: and it is under 
these conditions, maintained over a period of 
time, that transmitters may become defective. 
The time element is most important, and should 
be carefully considered in any test reproducing 
tropical conditions artificially. 

In order to indicate more graphically to the 
home reader the effects of high temperature and 
humidity it may be added that a relative 
humidity of 85% with a temperature of 80 to 90 
degrees F. produces fungus in one's clothes and 
shoes in 24 hours, expands key spring assemblies 
sufficiently to break the clamping screws if the 
insulating material is at all hygroscopic, and 
makes the maintenance of insulation of exchange 
equipment a matter of the greatest difficulty. 
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SOME ECONOMIES IN CONCRETE. 

[\Ve propose m this volume to devote 
some space to the external constructional 
side of the Department's activities and to 
begin with we have pleasure in publishing ex
tracts from a pamphlet bearing the above title, 
issued by the long-established firm .\Iessrs. C. 

and T. Earle (1925), Ltd., Hull, and compiled 
by their Chief Chemist, .\Ir. J. E. \Yorsdale, 
A.R.C.S., B.Sc., A.I.C., A.:\I.l.Struct.E. The 
contents of the pamphlet are followed bv a 
laboratory report upon the chemical proce�ses 
that operate during the setting of cement. It is 
not claimed that the report is complete and con
clusive; the mechanism of the setting and 
hardening of cement is a matter about which a 
considerable divergence of opinion exists, even 
among experts. It will serve, however, to give 
our readers, who have not the time to make an 
intensive study of the subject, some indication of 
what is thought to be happening during the 
critical period just after the concretf' has been 
mixed and laid.-EDs., P.O.E.E. jmmrnl.] 

Jfaking of Concre te .-Concrete is made up of 
three constituents, aggregate, cement and water, 
of which the aggregate can be divided again into 
coarse and fine. These separate constituents are 
all essential to concrete, and the good quality and 
proper use of each reflects itself in the quality of 
the finished concrete, whilst on the other hand 
the unsuitability or misuse of ;11w one of tllf'm . . 
can result in poor concrete. 

Each of the materials \\ill be dealt with separ
ately in an attempt to show hcl\\ a study of these 

can be made tu improve the quality of concrete 
and also tu lessen the cost. 

Coarse ,-l ggrega/e.-Coarse aggregate usually 
consists of gravel, broken brick or broken stone. 
It should be hard and have nu tendency to split, 
like, for example, shale. 

The strength of concrete is largely dependent 
upon the streng·th of its aggregate, and if the 
aggregate is wf'ak it limits the strength of the 
concrete made from it. The size of the aggregate 
is of great importance in relation to the use of the 
concrete, since very larg<'. aggregate cannot be 
used with complicated reinforcement, or to pro
duce thin concrf'le sections. The aggregate 
should particularly, not be of a uniform size, but 
should be well graded in the size of the particles, 
which should vary evenly from the largest to the 
smallest. This grading has a very great in
fluence upon the strength and watertightness of 
the concrete and also upon its cost. �i\.t this point 
it will be of interest to show to \\·hat a large extent 
the grading of an aggregate can influence the 
cost per cubic yard of concrf'lf'. It is, of course, 
well-known that to produce one cubic yard of 
concrete, considerably more than a cubic yard of 
dry materials are required, but it is probably not 
generally knO\rn what a great influence the 
grading of the aggregate has upon these quanti
ties. If the agg·regate is composed of evenly 
sized particlf'S, a g·i\·en vohrnH'. will shrink on 
being made into concrete ,·ery much more than 
if the aggregate had been graded. The follow
ing practical test ''ill illustrate this point: 
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Aggregate;\ consists of�· in. chips of even 
size. 

Aggregate B consists of� in. chips down. 

In making concrete the proportions 4: 2 : I by 
volume were employed and the same sand was 
used in each case. 

QU.\NTITIES IN CUBIC YARDS TO l\L\KE I CUBIC 

YARD OF CO:--!CRWfE. 

Aggregate. Sand. Cement. Total. 

Aggregate A ... .96 .48 .24 r.67 
Cost 13/3! 6/71 I6/9t 36/8t 
Aggregate B ... .82 .42 .2 I r.45 
Cost I2/7t 5/11 I4/81 33/ 2�-

Below the figures for quantities, are put the 
prices of these quantities at the following rates : 

Aggregate and Sand, 14/6:! per ton. 
Cement, 72/7 per ton. 

It is seen that when aggregate A (ungraded) is 
used, I .67 cubic yards of dry material are re
quired to produce l cubic yard of finished con
crete, but when aggregate B (graded) is used, 
only I .45 cubic yards are required and a saving 
in price of materials alone, of 3/ 5d. per cubic 
yard of concrete is shown. 

The foregoing results of actual tests are ex
tracted from a paper by Mr. B. Price Davies, 
published in the Structural Engineer, and give 
a practical demonstration of how a thorough 
understanding of concrete materials can save 
money. 

Fine Aggregate.-This usually consists of 
sand or crushed stone screenings, the particles 
of which should be graded in size as in the case 
of coarse aggregate. It is preferable for the dust 
to be present only in minute quantities, and for 
the main bulk of the material to be coarser than 
will pass a 50 mesh sieve. The presence of fine 
dust has a very considerable weakening influence 
upon concrete and the good effects of the re
moval of this material from fine aggregate may 
very considerably repay the cost of washing, and 
\vhen comparing two materials for suitability, the 
amount of fine dust or dirt should never be 
neglected. Sand often contains organic matter, 
which has a very harmful action upon the cement, 
and a way of testing for this is to shake up some 
of the sand with a dilute solution of Caustic 
Soda, and noting the colour produced. 

If sand is shaken with an equal volume of 3% 

solution, and the colour of the liquid, after 24 
hours standing, is no darker than amber, the 
sand may be considered satisfactorily free from 
organic matter. 

Aggregate in General.-There are certain sub
stances used as concrete aggregate which are 
quite unsuitable by reason of their chemical com
position, of which a noteworthy instance is that 
of some qualities of Blast Furnace Slag. This 
material often contains sulphur compounds, and 
these have a very harmful, disintegrating action 
upon cement. The bad effects of sulphur com
pounds, however, are not immediate, and some 
months or ever years may pass before the dis
integration becomes apparent. 

If the slag is comparatively free from sulphur, 
it can produce excellent concrete, but the absence 
of sulphur cannot be guaranteed, and before any 
batch is used, a chemical test should be applied. 

Certain types of Spar and Chert also need 
careful chemical examination before use, since, 
if the Spar comes from zinc bearing rocks, there 
is the likelihood of the impurities in the Spar 
rendering the concrete very slow setting. Our 
experience of this type of aggregate has shown 
that the danger is that the concrete should dry 
out before the set has taken place, but if the 
concrete is kept wet, it \vill ultimately set and 
harden satisfactorily. \Ye have had a number 
of experiences of this nature, and we would 
advise that small pats be made of the aggregate 
and cement and examined carefully to see that 
they harden satisfactorily. When considering 
the use of a fresh supply of aggregate of which 
one has had no previous experience, the small 
trouble entailed will always be repaid by the 
knowledge that the materials are satisfactory; 
or if the tests should show the material to be 
unsuitable, considerable sums of money may be 
saved. 

Cement.-It is, of course, the cement which 
gives concrete its strength, and it fo

.
llows that the 

stronger the cement, the stronger will be the 
concrete. The British Standard Specification 
calls for cement to have a certain strength, and 
the adoption of this specification has done an 
immense amount of good in raising the quality 
of Portland Cement to a reasonable level. Now 
when certain proportions for the concrete are 
specified on a job, unless a particular brand of 
cement is also specified, B.S.S. cement is meant. 
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If a cement on testing, exhibits, say, <louble tlw 
strength of B.S.S. requirements, surely a leaner 
mix using this cement will produce concrete of 
equal strength. 

The extent to which economical mixes can be 
obtained by the use of a high class cement is 
illustrated by the following schedule of tests of 
6" concrete cubes at 28 davs, expresse<l in lbs. 
per sq. inch. The con<litic»ns of preparing and 
storing the cubes prior to testing were the same 
in each case. 

Cement. 

Sample A 
Sample B 
Sample C 

6: I 

4850 
2050 
2290 

Concrete Proportions. 

7 : l 8: l t) : l 10 : I 

3780 2690 2130 H)OO 

It will be seen that concrete made 6 to l with 
sample '' B, '' has less strength than that made 
9 to l with sample " A " and 6 to l with sample 
" C " is weaker than 8 to l with sample " J\." 

All three cements are above the requirements 
of the British Standard Specification of 325 lbs. 
per sq. inch, for the 3 to l sand an<l cement mix
ture tested at the age of 7 days, as shown be
low: -

Cement. 

Sample A 
Sample B 
Sample C 

Lbs. per sq. inch. 

615 
350 
370 

High testing cement is manufactured by choos
ing the proper raw materials and carrying out 
each process of the manufacture very thoroughly. 
One of these processes is the grinding of the 
clinker to cement, and thoroughness in this part 
of the manufacture produces a very finely ground 
cement. Now for a given weight, a finely 
ground cement will occupy a greater bulk than 
one coarsely ground, and since it is usually pro
portioned by volume, a distinct saving is brought 
about. The difference in bulk is often as much 
as 5%, which represents a saving of 1/- in the£. 
Moreover, the coarse material which does not 
pass through a r8o mesh sieve has practically no 
cementitious properties, and is of as much value 
as so much sand; the buying of cement residue 
is therefore a very dear way of buying sand. ,\ 
finely ground cement is thus shown to be a better 
cement and a cheaper cement in use. 

ll'a/cr.-\\'e now come to the last constituents 
of concrete, \·iz. : water. This, however, is by 
no means the least important, since a wrong use 
of \\ater can effectively negative the good pro
perties of aggregate and cement. It is a fact, 
now probably undisputed, that excess of water 
in concrete reduces its strength, and that the less 
used in mixing, provided the mix is plastic, the 
stronger will be the resulting concrete. Tests 
have shown that the employment of a richer mix, 
say a 5 : l in place of a 7 : l may not produce a 
stronger concrete if an excess of mixing water is 
present. The concrete must always be plastic 
\\·hen put in place, but the degree of " sloppi
ness " must depend largely upon the use for 
which the concrete is required. For example, 
the mix for mass concrete can be made much less 
sloppy than for thin reinforced beams. In the 
past there has been great difficulty in gauging 
the sloppiness of concrete, and the degree of 
sloppiness has had to be left largely in the hands 
of the workmen. \Ve have now available a 
method of measuring the sloppiness of concrete, 
known as the" Slump Test." The Slump Test 
apparatus consists of a mould of galvanised iron 
in the form of a cone with the base 8 inches in 
diameter, the top 4 inches in diameter, and the 
height 12 inches. 

The mould is placed on a flat non-absorbent 
surface and filled with the freshly mixed concrete 
in four layers, each layer being puddled with a 
bullet nosed bar, and the top is struck off so that 
the mould is exactly filled. The mould is re
moved by raising vertically immediately after 
being filled. 

The moulded concrete is then allowed to sub
side until quiescent and the amount in inches the 
concrete has decreased in height is the Slump. 

\Vith given materials, the amount of water re
quired per batch can be determined by means of 
the Slump Test and then this amount of water 
can be measured for each batch. The Slump 
Test is easily carried out and can be performed 
bv the foreman. 

The following results from our own experience 
will illustrate the use of this test:-

;\ reinforced concrete silo was being built for 
us and throughout the work samples of the con

crete \\'ere taken as it came from the mixer and 
made into test cubes which were broken at 
various ages. At first we found the men mixing 
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concrete of such a sloppy nature that a slump of 
roJ inches was obtained. \Ve g·ot into touch 
with the consulting· engineers responsible for the 
work, and asked for the water to be cut down. 
They arranged this and smaller slumps of 4 to 6 
inches ,,·ere obtained. The corn pression tests of 
the cubes made from the concrete showed the 
stiffer concrete to have more than double the 
strength of the sloppy concrete. 

The use of the exc�ss water was doing· nothing 
more or less than '1l1astin:; half the i1alue of the 
cement. 

The following table shows the average results 
of the tests made : --

Slump in 
Inches. 

8�--10� 
s�--6� 
4� 

Crushing Strength in 
pounds per sc1uare inch. 
7 days. 28 dayo;. 

666 1460 
1340 
2010 

The separate constituents of concrete have now 
been briefly dealt with, but their dependence one 
upon another should be emphasised. Poor 
aggregate or poor cement needs a richer mix to 
produce the same strength as when good quality 
materials are used, or the concrete must be made 
more massive to give the same service A good 
quality cement will produce a good job with very 
questionable aggregate, but if the other con
stituents of the concrete are first-class, leaner 
mixes can be adopted or less massive concrete 
can be used. 

The subject cannot be left without one or two 
words on the treatment of concrete after it has 
been laid. It is possible for concrete to be made 
out of first-class materials used in the right way, 
and yet fail, if it is not given proper treatment 
after it has been laid. For example, concrete, if 
subjected to frost while the first hardening is 
taking piace, may fail; thin renderings subjected 
to hot, dry conditions without adequate protec
tion, may fail through rapid drying out. The 
rapid drying out of floors will tend to bring on 
" dusting." These two causes of failure, out of 
many similar, can be readily prevented by a man 
who understands the nature of the materials he 
is dealing with. 

Adulterants.--There is a tenclenc\· for adulter
ants to be added to the cement or water to obtain 
some particular effect; these additions frequently 
being made by the \vorkmen without the 

authority of the Contractor. In many cases 
these admixtures are ill-advised, doing actual 
harm lo the concrete, whilst in other cases the 
results may not be \vorth the extra cost. 

In rendering work, cement mixed with certain 
sands may produce a very harsh-working mix
ture. The addition of Hydrated Lime, not ex
ceeding w% of the \veight of the cement will 
facilitate the \v·orking attempt at the expense of a 
slight decrease in the strength of the material. 

The addition of Plaster (i.e., a Gypsum 
Plaster) should on no account be made, since it 
will bring about the disintegration of the render
ing. 

The use of salt in the mixing water to lower the 
freezing point is not to be recommended since the 
desired effect is only very slight and the strength 
of the concrete is greatly impaired. It should 
under no circumstances be added for reinforced 
work. The addition of Soda to quicken the set, 
reduces the ultimate strength of the concrete. 

In conclusion we want to repeat our conviction 
that the study of concrete materials by the users 
\\'ould very much improve the standard of con
crete work, as it would also reduce the cost. 
The cheapening of the cost would bring concrete 
construction into a still more favourable position 
in competition with other building materials, and 
the whole effect would be to hasten the develop
ment of the " Concrete Age " which is now most 
certainly beginning. 

L\BOl{.\TORY REPORT. 

Portland Cement consists essentialh· of tri
calcium silicate, di-calcium silicate, tri-calciurn 
aluminate, 5--3 calcium aluminate and di
calcium aluminate. The addition of water to tri
calcium silicate results in its partial decomposi
tion to the di-calcium salt with the liberation of 
lime and since both the tri- and di-calcium 
materials are only soluble in water to an in
finitesimal extent, the reaction is favourable to 
the formation of colloidal substances. 

Regarding the aluminates, the tri-calcium 
aluminate is the stable one in contact with water 
and the lower lined salts are converted by the 
action of water into the tri-calcium product, with 
the liberation of alumina. Here again the pro
ducts of reaction are in a colloidal state including 
the liberated alumina. These colloidal bodies 
are of the nature of a mineral glue, and absorp-
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tion of water from them by the imwr parts of the 
grains of cement causes the gradual contraction 
and stiffening of the jelly, and it is to this that 
the setting and hardening of the cement must be 
attributed. 

After a period of, say, 28 days, the line which 
has been continuously ewilved, crystallizes \vith
in the colloidal matrix, but onl' cannot trace to 
the presence of these crystals any of the strength 
developed by the cement. The aluminates are 
the first to hydrate and to them must be ascribed 
the setting and strength of cement up to a period 
of 24 hours. The tri-calcium silicate commences 

to h\'tlrate after the first day, and continues till 
approximately the seventh, but the di-calcium 
silicate is tlw slowest to be effective, and the in
crease in strength after 28 days must be ascribed 
to the hydration of this product. Since hydra
tion requires water, it can readily be appre
ciated that a complete drying out of concrete 
prevents further hydration and therefore prevents 
further development of strength, and continual 
growth in strength of con_crete can only be ob
tained \vhen there is sufficient water retained 
within the mass tu hydrate the slowly reacting 
di-calcium silicate. 

ECONOMIES OF LINE PLANT PROVISION. 

[The following extract, dealing 'with Teeing 
Systems, is tahen from the paper on " Econo
mies of Line Plant Proi•ision," 7.diich was read 
by },fr. H. Kitchen before lhe London and 
several provincial local centres lasl session. l 

T
EEJ:YG Systems. .\s mentioned earlil'r in 
the paper, a proportion of the conductors 
in Local Line cables are spare, and as this 

idle plant involves a considerable amount in 
annual charges, it will be agreed that any means 
of reducing this sum will be reflected in the 
financial results of the service. 

\Vith the present system of underground dis
tribution, an ultimate efficiency of more than 
75%, i.e., of working to total wires in the cables, 
is not generally obtained with arrangements of 
joints. The alternative to very frequent re
opening joints and rearranging the distribution 
of the spares is the provision of additional con
ductors, which increases the percentage of spare 
pairs, and is a more expensive and less efficient 
method of solving the problem. 

To avoid opening plumbed joints several 
methods of teeing conductors have been tried, 
and latterly the auxiliary joint has been tenta
tively approved. Generally, the teeing arrange
ments have not proved satisfactory, and it is 
perhaps too early to pass judgment on the effi
ciency of the auxiliary Jotnt arrang·ements. 
Auxiliary joints may, however, in sume form or 
other, eventually become indispensable in con-

gested areas, and there is plenty of scope for the 
application of a comprehensive form of teeing. 

A system of teeing which has several new 
features and which will, it is hoped, minimise the 
drawbacks experienced with previously tried 
methods is under consideration. 

In the proposed system a group of D.P.'s is 
formed, each D.P. being either directly or in
directlv interconnected with the others in 1he 
group by means of teeing so as to form the equi
valent of the one large D.P. 

c\pproximately 50% of the circuits in the main 
cable from the Exchange to the teeing point 
should be distributed direct to the D.P.'s, the 
remainder being divided so that each pair is 
made available at two D.P .'s by teeing at a 
cmnnwn point. This will allO\Y one-third of 1he 
circuits terminating at a D.P. to be connected 
direct to the Exchange and �rds to be teed with 
other D.P.'s. The ratio, how�ver, may be 
modified, if necessary, to suit local conditions. 
This method should generally give sufficient 
interconnection of the D.P. 's in a group to en
sure that, before any D.P. area is regarded as 
closed to further orders, approximately <JO'j{, of 
the circuits in the main cable to the Exchange 
will have been brought into use. 

The full capacity of the cables serving each 
D.P. \\ill lw carriPd forward towards the Ex
clwngl' tn a common point for each g·rnup from 
which point approximately i}rds of the capacity 
will be continued towards the Exchange, the 
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balance being teed at this point. The number of 
D.l'.'s to be interconnected will depend to some 
extent on the geographical relation of the D.P. 's 
tu each other, a grqup being made up of D.P.'s 
which are reasonably close to each other. The 
primary essential, h<rn:ever, is that a fair number 
of D.P.'s be included in the group, say 5 to ro, 
so as to giye the flexibility of a large D.P. 

For example, a 50 pair cable might be pro
Yided tu take intu the Exchange 75 D.P. ends, or 
100 pairs to take in 150 ends. Teed circuits from 

each D.P. shuuld be spread over a reasonable 
number of other D. P. 's in the group and, 
although it is not proposed to connect each D.P. 
to eYery other D.P. in the group, the D.P.'s with 

;\t D.P.'s, in addition to the ordinary number
ing of pairs, the teed circuits should be marked 
by means of lead collets (compo piping) slipped 
over the leads and soldered in position so as to 
avoid the risk of being accidentally cut off when 
the leads are shortened. 

The lead collets should be stamped with the 
letter " T " before being placed in position. 

Examples of teeing are given in the attached 
diagrams, Figs. I and 2. 

Fig-. I illustrates a typical case where new 
plant is to be provided, the total capacity of the 
branches being carried forward from the D.P. 's 
to the first teeing point, TJ l, from which 100 pairs 
in the main cable go forward to the Exchange. 

TEEi NG DIAGRAM NR I. 

which it is interconnected should be teed to other 
D.P.'s so that it may have access directly or in
directly to all D.P.'s in the group. 

The teeing point for each group should be at a 
convenient junction of the main and distributing 
cables. 

Two long branches should not be teed to
gether, a long branch should generally be con
nected to a short branch in order to minimise loss 
in transmission. 

It is necessary that the ends of the leads of 
all teed circuits at D.P.'s should be carefully 
insulated by means of paper sleeves and lead 
caps soldered in position both initially and at 
any time when changes are made. 

DIRECT CIRCUITS 
T TEED 

D.P. DISTRIBUTION POINT NUMBER 
NH NUMBER OF CIRCUITS TEED 
T.J. TEED JOI NT 

Similar! y at points TJ 2 and T J 3 an additional 
roo pairs go fon\'ard to the Exchange to serve 
each of these groups in which there are 135 and 
140 ends respectively. 

The diagram is thus divided up into several 
small groups each served by roo pairs through 
to tbe Exchange, teeing being effected generally 
between D.P.'s within each group. 

The roo pairs serving the first group will pro
vide 50 Direct and 50 Teed circuits, each teed 
pair being available to two D.P.'s, the difference 
in the number of pairs at the D. P .'s and the 
number taken through to the Exchange being 
150 - roo = 50. From the group of D.P.'s 
there will, therefore, be 50 ends taken direct to 
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the Exchange and 100 ends teed, giving at each 
D.P. J direct and irds teed. 

Each Teed circuit has to be made available at 
t\vo points in the group, and in order to do this, 
the group should be divided into two portions 
having the same number of teed ends in each. 

In the group served from TJ1 there are 150 
ends, the Teed circuits can therefore be divided 
equally between the two halves of the group by 
taking half the total ends, in this case 75. 

The first portion of the group will embrace 
D. P. 's 1 to 5 and the second portion D.P. 's 6 
to 10; the requirements will therefore be met if 
50 ends in the first portion are teed with 50 ends 
in the SE'cond portion. 

The allocation of the Teed circuits is then made 
as before. 

The last D.P., No. 23, is provided for entirely 
by Teed circuits from the groups already dealt 
with, taking a number of pairs from each group. 

The effect of this is to reduce the number of 
direct pairs in each group; for example, in group 
No. I the number of direct pairs is reduced 
from 50 to 44, the differencE', 6, being teed out
side the group to D.P. 23. 

The necessary adjustments of the figures are 
made at the D.P .'s concerned, as shown in the 
diagram. 

It will be evident, therefore, that 450 pairs 
spread over the grouped D.P.'s are available on 

TEEING DIAGRAM Nq 2 
0.P.4 FULL. ©PEN NEW D.P.4•. TEED TO D.P's. l,2,ANo3. 

'4A' \ .. rJ 

I 
I 
15. 
I'!! 
I 
I 

2 

from £xchan9e'-----�------.�--'-: ..__::>_��--'-----=----.---....--__.____,,....---1 
I pc pc 75 pc pc. 25pc 

In the example, this has been consecutively at 
D.P.'s 1, 2, 3, 4 and 5 by giving not less than 
two circuits to D.P.'s in the second half, in pro
portion to the size of the D.P .'s in the latter 
portion. 

(t will be seen that in the second group there 
are 135 loops taken into the Exchange on roo 
pairs, carrying 35 Teed within the group, rn 

Teed outside the group, and SS Direct circuits. 
In this case the division of the group into two 
halves necessitates the division of D.P. 13 into 
two portions, I 7 circuits of the 25 pairs at this 
D.P. are considered as belonging to the first half 
of the group, and 8 circuits to the second half. 

($)_ 015TRIBUTION POINT, EXISTING {WITH NUMBER) 

(�} " , PROPOSED 

D DIRECT CIRCUITS 
T TEED 

0.P. DISTRIBUTION POINT NUMBER 
NRT. NUMBER OF CIRCUITS TEED 
T.J. TEED JOINT 

the 300 pair main cable at the Exchange. With 
this arrangement it may reasonably be ant1c1-
pated that the whole of the capacity in the branch 
cable to anv D.P. will be available to meet 
development without re-distributing· at the joints. 

\\'here the total capacity of a group of D.P.'s 
is small, in addition to providing intercommuni
cation between D.P .'s in each group, increased 
flexibility will be obtained by providing Teed 
circuits from some D.P.'s in this group to D.P.'s 
in another group on the same main cable, thus 
in effect making two small groups into one larger 
group. 

Diagram :\To, 2 indicates a method of teeing 
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designed for GlSf'S wherf' urgent relief is required 
in a D.P. area. 

In this case it is assumed that all the available 
circuits on D.P.4 are working and that im
mediate relief is necessary. Sufficient spares 
exist in the main cable serving D.P.'s l, 2 and 3 
and a new D.P.+\ is therefore opened with a 
capacity of 15 pairs which are teed over D.P.'s l, 

2 and 3. The distribution of these teed pairs is 
shown on the diagram and it will be seen ·that 
relief is afforded without the provision of any 
additional cable in the main route. The method 
illustrated might be adopted with advantage in 
cases \vhere an individual D.P. area requires to 
be relieved, as the work im-olved generally would 
be less costly than the prm·ision of additional 
circuits in the mains. 

Records.-Prm·ision is made on tlw D.P. 

card (T.E. (i31) for recording Teed circuits and 
no difficulty is anticipated in making a complete 
and accurate record. 

For each Teeing scheml' a diagram similar to 
Fig·. I will be necessary, and in addition, a 

schedule should lw prepared for each Teed joint 
giving details of the disposition of each main 
cable pair in that joi nt which will be numbered 
in the ordinan· wav. 

The diagram and the schedules will be filed 
together, and retained as a permanent record. 

Teeing systems have been under consideration 
at Headquarters for a considerable period, and 
it is felt that the last word on this subject has 

not vet been uttered. The success of teeing as 
described is thought to be largely on the 
shoulders of the officers deputed to handle the 
actual \\·ork, and a great deal depends upon the 
accuracy of the plant records, particularly those 
contained on Cards T.E. 630 and 63r. 

Reference has alreadv been made to the 
"\uxiliary Joint method to obtain increased 
flexibility. 

This system has been tried with success in 
London. 

Briefly, the scheme is to stump out a selected 
joint, a number of pairs, say 25% to 30% of the 
capacity of the main cable feeding that joint. 
These pairs are numbered and left sealed in the 
stump until r<:>quirecl. The remainder of the 
pairs in the main cable art' distributed amongst 
the respectin� D.P. 's in the usual manner. The 
spare pairs in tlw branch cables from the D.P .'s 
to the same point are also collected in another 
stump so that the two stumps can be brought 
tog·ether to form a separate joint. 

\\Then relief is required at one or more D.P.'s 
the stumps are opened, and an auxiliary joint is 
made, the neccssar�- pairs being joined through 
according· to the D.P.'s needing relief. Varia
tions in tlw requirements of individual D.P.'s 
are met by opening· the auxiliary joint and re
distributing the pairs as required. 

Details of this method are given in �Ir. 
Harvey-Smith's paper read before the London 
Centre, January, H)26. 

THE 1927-28 CABLE INSTRUCTION COURSE. 

A. �!ORRIS, M.J.E.E., and G. \\T. HoDGE. 

F
ROM October, 1<)27, to January, 1928, an 

instructional course was held in the Re
search Section of the Engineer-in-Chief's 

Office for the purpose of training officers of the 
Department in the capacity balancing and main
tenance testing of underground cables. 

One or more officers attended from almost all 
the Engineering Districts. The officers were 
drawn from the ranks of the Department's In
spectors, Probationary Inspectors, Repeater 
Officers and Skilled \Vorkmen, the total number 
being 26. 

In a pn-�vious article* particulars of similar 
courses which have been held in the past were 
describt�d. The JC)27/28 course was conducted 
along the same general lines as those described 
in the above-mentioned article. The course was 
divided into three parts in accordance with the 
subjects dealt \Yith, namely:-

1' " The training of officers of the British Post 
Office Engineering Department in Precision 
Tesling of Underground Cables": Journal 
I.P.O.E.E., Vol. I9, part 2, July, r926. 



THE H)2j-28 C\ BLE INSTR UCTIO:\' C<H:RSE. 4i 

Part .\. 

" B. 

,, c. 

:\fathematical Introduction and Ele
mentary .\lternating Current Theory. 

Cable Balancing and AccPptance 
Tests. 

Cable :\faintenance Tests and Locali
sation of Faults. 

Part A, which was the first stag·e of the course, 
was taken b,· all the officers. The instruction 
g·iven in this part was directed entirely towards 
the requirements of the subsequent lectures g·ivPn 
in Parts B and C. 

Certain of the officers had attended preYious 
courses in either parts B or C and consequently 
wPre not requirPd to attend that part of the course 
in which they had preYiously receivPd instruction. 

di vid ual members of the class were encouraged 
to discuss and clear up the difficulties of previous 
lectures. 

Upon corn pletion of each of tlw sPries of 
lectures im·olved in parts B and C, a period of 
practical instruction was giyen for the purpose 
of familiarising the officprs with the operation of 
the various piect's of apparatus and the testing 
methods described in the rPSfJPCtive course of 
lectures. 

The following schedules, which enumerate the 
tests and measurements actually made by each 
officer in parts B and C, will givP some idea of 
the scope of the practical instruction which was 
gn·en during· the course. 

T11E 1<)2j-28 CABLE INSTRPCTION Cl.ASS. 

The syllabus for each part of tlw course 
followed verv closelv that describPd in the article 

. . 

previouslv mentioned. 
The instruction was afforded in the first in

stance by means of a series of lectures, one 

lecture pPr day being normally given. During 

the progress of each lecture the officers made 

rough notes, which they subsequently trans
ferred in full to the note-books furnished for this 

purpose. :'\iotes of the more important features 
of some of the lectures were dictated to tlw 

officers. During the intervals between lectures, 
members of the teaching staff were in attendance 

in the class-room for the purpose of giving addi

tional information and assistance, as well as help 

in the working of examples. In this \\"a\" in-

Par/ H. 
Ii) The making of a quadruple selPction for a 

J8 pair cable, comnwncing with the 
measured unbalances and proceeding in 
the usual manner to the calculation of the 
unbalance characteristics, the selection of 
cores to be jointed together and type of 
cross to be employed, the preparation of 
the jointing schedule and the application 
of the residual check. 

(ii) Upon drum lengths of 308120 l\l.T. cabl<' 
and by the use of standard testing sets: -

(a) The measurement of within-core and 
between - core capacity unbalance. 
The initial balancing of the capacity 
unbalance set. The use of addi-
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Part C. 

tional condensers for measurement 
purposes. 

(b) The measurement of within-core and 
between-core cross-talk in the open 

and terminated conditions. 
(c) The measurement of loop resistance 

and resistance unbalance. 

(i) Bv means of a trunk cable resistance test
ing· set with Unipivot galvanometer, and 
making use of artificial networks repre
senting cable faults : -

(a) Localisation of earth fault and con
tact on long and short lines by 
Varley and .Murray tests respec
tively. 

( b) Localisation of conductor resistance 
fault on a long line by Reid test. 

(ii) By means of four dial \Vheatstone bridge, 
reflecting galvanometer and auxiliary 
apparatus, and making use of artificial 
networks representing cable faults:-

(a) Setting up apparatus, testing for 
leakage from set and determining 

constant of galvanometer. 
(b) Measurement of insulation resist

ance. 
(c) Localisation of dielectric fault of high 

resistance (i.e., of an incipient fault) 

fault on a short line by double-ended 
. Varley test. 

(iii) By means of a 1000 ohm slide wire, re
flecting galvanometer and auxiliary appar
atus:-· 

(a) Localisation of incipient dielectric 
fault on a short line by double-ended 
l\I urray test. 

( b) Localisation of disconnection in a 
long line by capacity charge and dis
charge methods. 

As the various parts of the course were com
pleted, each officer's fair note book \vas handed 
in for reading through and correction where 
necessary by the teaching staff. 

\\Tith regard to part A previous knowledge of 
the subjects dealt with varied considerably in 
extent amongst the various members of the 
course. During the time allowed for the whole 
work it was impossible in the form of lectures to 

deal sufficiently fully with the subjects contained 
in this part, to meet the individual needs of all 
the officers. It is thought, however, that the 
lecture notes, supplemented by individual private 
study, have enabled the members of the course to 
obtain a good understanding of parts B and C. 

c\n interesting memento of the course in the 
form of a group photograph is reproduced on 
the preceding page. 
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TRANSATLANTIC RADIO DEMONSTRATION. 

JOINT MEETING OF THE INSTITUTION OF ELECTRICAL ENGINEERS AND 
THE AMERICAN INSTITUTION OF ELECTRICAL ENGINEERS. 

A 
SIMULTANEOUS meeting of the two 
institutions was held on Thursday, 16th 
February, 1928, in London and in Xew 

York, the Transatlantic radio service forming the 
connecting link between the two gatherings. 
The London meeting began at 3 o'clock when a 
film entitled '' Voices across the sea '' was shown 
to a very large gathering in the large hall. The 
American Institution was holding its mid-winter 
convention in the Auditorium of the Institution 
in New York and at 3.25 p.m. (rn.25 a.m. New 
York time) Mr. \Vaterson, of the A.I.E.E., con
cluded the reading· of a paper on Transatlantic 
telephony. J\Ir. Charlesworth then explained 
the position in London to the New York meet
ing, while Col. Purves in the following words 
performed a similar service to the London 
audience : -

Col. Purves said : - " Mr. President and 
Gentlemen,-The American Institute of Elec
trical Engineers is holding to-day its mid-winter 
Convention in the Auditorium of the Institute in 
New York. Two papers on the subject of Trans
atlantic telephony are being presented there and 
Mr. \V aterson, of the American Telephone and 
Telegraph Company, is now just on the point of 
completing the reading of the first of these 
papers. The joint meeting of the two institu
tions, in London and New York, will be held as 
soon as he has finished. We are using for the 
purpose the Transatlantic telephone system be
tween Great Britain and the United States which 
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has been in operation since January of last year 
and which provides regular public telephone 
service between the whole of the United States 
and a large portion of Canada on the one side, 
and the whole of Great Britain and several of the 
continental nations of Europe on the other. To
day we shall be using the Transatlantic radio 
link of about 3000 miles, and about 1200 miles of 
land line. The land line on this side connects us 
with our radio transmitting station at Rugby and 
with our receiving station at Cupar, in the 
Scottish Kingdom of Fife. On the other side it 
connects New York with the transmitting station 
Rocky Point, Long Island, and with the receiv
ing station at Houlton, Maine. The local 
arrangements made at New York are exactly 
similar to those made here. Two loud speaking 
receivers are provided on each side, so that the 
audiences may heart h e  whole of the proceedings. 
The photograph of each speaker will appear upon 
the screen in the auditorium while he is speaking. 
I will now leave the control of the line and 
apparatus in the hands of Mr. Charlesworth, in 
New York, and he will place Mr. Gherardi, the 
President of the American Institute, in com
munication with our President, Mr. Page, here." 

At 3.30 p.m. :\Ir. Charlesworth, having been 
connected to London, said " Good morning, 
Colonel Lee, is l\Ir. Page ready to talk? " Col. 
Lee replied "Good afternoon, Mr. Charlesworth. 
Mr. Page is ready to talk and I will hand the 
microphone to him." 

D 
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M1L ,\RClllBALD PAGE. 

l'rPsident of the Institution of Electrical EnginPPl"s. 
Chnirm:111 of the Joint MePting. 

(The photo is b)• Elliot (� Fr.v. The block has bem lent 
In 11s b_v " Tl1r Elrctriral Review.") 

Mr. Ghernrdi: " Good morning, Mr. Page." 
Mr. Page: " (;ood afternoon, Mr. Gherardi." 
Mr. Gherardi: " Mr. Page, it would give us 

great pleasure if, as President of the Institution 
of Electrical Engineers-the senior Society, 
founded in 18i1-you would act as Chairman of 
this joint meeting." 

Mr. Page: " I regard it as a great honour to 
be asked to take the chair on this historic occa
sion; it is also a gracious compliment to our Insti
tution, and in accepting, which I do gladly, I 
desire to thank you, Mr. President, and the mem
bers of the American Institute of Electrical 
Engineers, must heartily. 

I welcome all present at the meeting now in 
session, and venture to predict that the proceed
ings will prove exceedingly interesting and likely 
to live not only in our memories, but to be quoted 
by succeeding generations of Electrical En
gineers as marking an important milestone in the 

advancement of eleclerical science. I am sure I 
interpret the desire of those assembled if I requf'st 
Mr. Cherardi to address us, which l now do." 

Mr. Gherardi: " :\1r. President and Members 
of the l nstitution of Electrical Engineers; on be
half of the American Institute of Electrical Engi
neers, I extend to you greetings and our bi>st 
wishes. \Ve are meeting here in New York at 
our mid-winter Convention. In the auditorium 
of the Engineering Society's building in New 
York City, from which I am speaking, there 
are assembled about one thousand members 
of our organization from all parts of the 
United States, from Canada, and from otlwr 
parts of the �ew \Vorld. It is with the 
greatest satisfaction that, as a rt->sult of the 
accumulated work of tlw scientist, the in
ventor and the electrical t->ngineer, it is possible 
for us to hold this joint met:>ting-the first of its 
kind. It is with feelin�gs of deep appreciation 
and respect that \\'t-' think of the mt->n who have 
ex<,mplied tlw idt->as of your organization-Fara
day, .\lax\\·ell, Keh·in, and of the many others, 
past and prt->st->nt, who ha\'f' contributed to electri
cal engineering and to tlw scientific foundations 
upon which it rests. These develupnwnts have 
bet>n notable and have contributed in the greatest 
degree to the welfare of mankind. One of these 
developments is the agt-> of elt->ctrical communica
tion-the electric telegraph and the telephont->. 
These have made communication independent of 
transportation and no longer subject to all of its 
difficulties and delays. By the tt->lephone, dis
tance has not only been annihilated, but com
munication by means of the spoken word has be
come possible. Starting in 187() with instru
ments and line which, with difficutly, permitted 
communication over distances limited to a few 
miles, the telephone has been improved year by 
year until continents have been spanned, and at 
last even the limitations of the Atlantic Ocean 
have been overcome, and to-day telephone con
versation between the two great capitals of the 
English speaking world is a reality. \Ve are 
gratified that Transatlantic communication has 
made this meeting possible; it has added one 
more to the many ties existing between our two 
Institutions, and has added still another oppor
tunity for friendly communication between us." 

Mr. Page responded as follows: " i\fr. 
Gherardi and gentlemen. Please regard me for 
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the time being, not as chairman, but rather as 
representing the 13,000 members of the Institu
tion of Electrical Engineers. 

�Iy first desire is to thank you, Sir, for your 
most kind message of good will to us all. In 
turn we hail the President and l\Iembers of the 
American Institute of Electrical Engineers with 
feelings of the utmost warmth and of everything 
included in the term of good comradeship. 
Owing to the hour at which it has been necessary 
to hold this meeting falling within the period 
when the bulk of our members have to be on duty 
elsewhere, we have perforce had to content our
selves with a smaller gathering in London than 
that composing your Convention. It is, however, 
of a thoroughly representative character, con
sisting of specially invited distinguished guests, 
the Council of the Institution, many of whom 
have travelled long distances to be present, and 
a large percentage of the members of our \Vire
less Section. The telephone must rank as one of 
the greatest inventions of the 19th century, and 
it has transformed the daily life of all civilised 
people. Our indebtedness to Graham Bell for 
the boon he has conferred upon us increases with 
the years, and his memory, along with that of 
Franklin and Henry, will be cherished as be
comes such benefactors of mankind. It would 
indeed be a gigantic task to attempt to exhaust 
the list of those of your Society who have con
tributed so largely to the progress of Electrical 
Science and I must content myself by paying 
tribute to a great Institution which has given 
proof time and again that Engineering is truly 
International. 

It cannot be questioned that \Ve are living in a 
period of extraordinary change due to scientific 
discovery, and in no field has the advance been 
more marked than in that of the Communication 
Engineer. 

The Commercial Radio services thus placed at 
our disposal assure closer and closer association 
between the English speaking races, a new spice 
is added to life and the bonds of friendship 
materially strengthened. I rejoice that our two 
Institutions can combine in the future even more 
effectively than in the past and that this is the 
outcome of the splendid work done in one of the 
branches of our own profession. 

I will now resume my Chairmanship and call 
upon Dr. Jewett, who is one of the Vice-Presi-

dents of the American Telephone and Telegraph 
Company and a past President of the American 
1 nstitute of Electrical Engineers." 

Dr. Jewett said: " Ylr. Chairman, Mr. 
Gherardi, and fellow members of the Institution 
of Electrical Engineers and of the American 

Institute of Electrical Engineers, the opportunity 
which this occasion offers of addressing jointly 
two widely separated groups of engineers, who in 
times past have addressed each other vis-a-vis in 
London and New York, affords me the liveliest 
satisfaction. 

I am gratified to participate in an event which 
marks both a notable advance in electrical com
munication and a pioneer demonstration of a 
wider use for electrical communication. I am 
franklv pleased that in common with numerous 
associ�tes on both sides of the Atlantic it has 
been my good fortune to play a part in the 
development work which has made this occasion 
possible. 

Col. Purves and Mr. Gherardi will remember 
and the rest of you will be interested to know 
that when in London more than a year ago we 
were engaged in a final consideration preliminary 
to the opening of commercial Transatlantic Tele
phony, we discussed details of just such a meet
ing as this. That our discussion should have 
been serious and not a pleasant mental diversion 
at a time when the channels of communication 
were not in operation is a striking evidence of the 
sound basis which underlies present day elec
trical engineering. The fact that we saw and 
appraised the many obstacles to be overcome did 
not in the least diminish the assurance with 
which we talked of and planned for a distant 
event. 

While, therefore, the present occasion is 
highly gratifying to the engineers whose work 
has made it possible, it is in no sense a surprise. 

Success of this occasion is significant also in 
that it is the tangible evidence of a co-operation 
both intimate and full between men so situated 
as to make co-operation difficult. On behalf of 
my associates in America, I salute our associates 
in England.'' 

The Chairman then called upon Col. Purves, 
Vice-President of the Institution of Electrical 

Engineers and Engineer-in-Chief of the British 
Post Office. 

Col. Purves said:-" Mr. President, Mr. 
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Gherardi, Dr. Jewett, and Gentlemen: It is an 
honour and a privilege to be associated with this 
notable event, which, one can justly feel, is 
breaking new ground in the advance of nations 
towards closer relationship. It is a great thing 
that two large assemblies separated by wide ex
panses of ocean, can join tlwrnselves together as 
we are doing now and interchange their thoughts 
and ideas by the simple and natural medium of 
direct speech to a combined audience. It opens 
up the prospect of results which thrill the 
imagination and which are bound to be bene
ficient, and to conduce, by the way of clearer 
mutual understanding, to the good of mankind. 
On this first occasion it is inevitable that the 
many professional interests which our two insti
tutions share-and which we should dearly like 
to talk over \Vith each other-should be pushed 
a little into the background, and that we should 
find ourselves preoccupied mainly with the 
wonder of the thing itself. At our meeting here 
in London we have just been shown a motion 
picture which illustrates in a very vivid and 
interesting way the initiation and progress of a 
Transatlantic telephone conversation between 
San Francisco on the Pacific Ocean and Ply
mouth in old England. \Ve were not able-not 
yet able-to place it simultaneously before the 
eyes of you who are sitting there in �ew York, 
but some of you, at least, have seen it already. 
The greater part of it was made on your side and 
I have to thank your President very heartily for 
letting us have the completed film. It helps one 
to recall, and to visualise, the remarkable series 
of new electrical developments-most of them 
things of only yesterday-which have combined 
to make this evening possible. 

The Radio art has given us its essential basic 
principles and the high-power amplifying tubes, 
which over here we call " Valves " ; long
distance telephony has contributed a host of 
new devices which are equally essential; and 
specialised broadcasting has given us the loud
speaking receiver. 

As we sit and talk to each other our speech is 
launched into the air, by the radio transmitting 
stations at Rugby and at Rocky Point, with an 
electro-magnetic \Vave energy of more than So 

horsepower, and I may add that the combined 
effect of the various refinements and special 
devices included in the transmitting and receiv-

ing systems is to make the speech-carrying 
efficiency of each unit of this power many 
thousands of times greater than that of an equi
valent amount of power radiated by an ordinary 
broadcasting station. :VIany further improve
ments are still being studied. 

I should like to express the feelings of great 
personal pleasure with which I am listening this 
evening to the voices of my old and valued 
friends of the .\merican Telephone & Telegraph 
Co., :\Jr. Gherardi, Dr. Jewett and General 
Carty, and to assure them and their colleagues 
both on my own behalf and on behalf of the 
rngineering staff of the British Post Office, that 
the increased opportunities of co-operation with 
them which the development of the Transatlantic 
telephone system has afforded us, are appre
ciated in a very high degree. \Ve have to thank 
them for much helpful counsel, in this and in 
many other matters, and we look forward with 
great pleasun" to a continuance of our close 
association with them on the long road forward, 
over \\'hich we still ha ye to travel together." 

The Chairman said:-" \Ve are delighted to 
have with us in New York, General John J. 
Carty, Vice-President of the American Tele
phone & Telegraph Company and a past Presi
dent of the American Institute of Electrical 
Engineers. General Carty is ,videly regarded as 
the doyen (or, to he more correct, the dean) of 
the telephone engineering profession, and we 
shall be glad if he will say a few words and pro
pose a resolution on the subject of our joint 
meeting.'' 

General Carty then proposed the following 
motion:-

" \Yhereas on this sixteenth day of February, 
1928, the members of the Institute of Electrical 
Engineers assembled in London, and the mem
bers of the American Institute of Electrical En
gineers assembled in New York, have held, 
through the instrumentality of the Transatlantic 
Telephone, a joint meeting at which those in 
attendance in both cities were able to participate 
in the proceedings and hear all that was said 
although the two gatherings were separated by 
the Atlantic Ocean; and as this meeting, the 
first of its kind, has been rendered possible by 
engineering developments in the application of 
electricity to communication by telephone; there
fore; 
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Be it resolved that this meeting wishes to 
express its feelings of deep satisfaction that, by 
the electrical transmission of the spoken vmrd, 
these two national societies have been brought 
together in this ne\\ form of International 
Assembly, which should prove to b e a powerful 
agency in the increase of g ood will and under
standing among the nation s ; 

And be it further resolved that a record of this 
epoch-making event be inscribed in the minutes 
of each society.'' 

The Chairman : '' Sir Oliver Lodge, who 
needs no introduction, is sitting beside me, and 
I have asked him to second the motion." 

Sir Oliver Lodge said: " It is surely right and 
fitting that a record of the transmission of human 
speech across the Atlantic be placed upon the 
;\linutes of those Societies whose members have 
been instrumental in making such an achieve
ment possible, and J second the proposal that has 
just been made from :\ merica. 

All those ,,·ho in any degree have contributed 
to such a result-from ::\Iaxwell and Hertz down
wards, including all past members of the old 
British Society of Telegr aph Engineers-will 
rejoice at this further development of the power 
of long distance communication. ;\lan y causes 
have contributed to make it possible:-

That spe ech is transmissible at all is due to 
the invention of the telephone. That speech can 
be transmitted by ether waws is due to the in
vention of the valve and the harnessing of elec
trons for that purpose. That ether waves are 

constrained by the atmosphere to follow the 
cur\·ature of the earth's surface is an unexpected 
bonus on the part of Providence, such as is some
times vouchsafed in furtherance of human effort. 

The actual achievement of to-day at which we 
rejoice, and which posterity will utilise, must be 
accredit ed to the enthusiastic co-operation and to 
the scientific and engineering skill of many 
workers in the background whose names are not 
familiar to the public, as well as to those who are 
well known. 

The union and permanent friendliness of all 
branches of the English-speaking race, now let 
us hope more firmly established than ever, is an 
asset of incalculable value to the whole of 
humanitv. Let no words of hostility be ever 
spoken." 

The Chairman: " Gentlemen, you have heard 
the l\lotion proposed by General Carty and 
seconded by Sir Oliver Lodge. I now put it to 
the Joint .Meeting. 

Those in favour. All. 
Contrary. None. 
Carried unanimously. 

The Chairman : " I suggest, Mr. Gherardi, 
that we now adjourn the meeting. I feel that it 
has been eminently successful and that we should 
regard it as the forerunner of many more to 
con1e.'' 

J\I r. G herarcl i agreed. 
The Chairman : '' That is all the business, 

gentlemen. The meeting is adjourned. Good
bye. " 

THE LONGEST TELEPHONE CIRCUIT-VIA TRANSATLANTIC SERVICE. 

D 
UR I:'\(; a recent Yisi t to Stock h ol 111 in 
;:;mnection . \\i�h dw ext,ens iun of the 
I ransatlanttc SerYtce tu Sweden , a long 

dis tance tes t call was arranged by the L ondon 
T.\T e ngin eers in conjunction with the .\ .T. & 
T. Co. engineers in :\'e\\' Yor k. The trial was 
intended to determine the po s si b ilities uf inter
connecti ng long \\ire circuits with the TAT 
cir c uit, and to find if there were an\· limit to such 
connections on accou nt of transient phenomena. 
,\ccordingly, a circuit was built up which \\·as 
routed from Stockholm - Berlin - London -New 
York-Los :\n geles-;\e \\ York-Chicago-New 

York. The technical features of this circuit in
clude: -

Stoch lz of m-H crli 11-Lo nd o 11. 

1050 miles .+-wire LI /C ext r a  light-loaded 
cable. 

270 miles 2-wire O/H. 
roo miles .+-wire sea cable (Baltic Sea) . 

lJS miles 2-wire sea cable (North Sea). 

This circuit includes 25 four-wire repeaters 
with cord repeaters at London and Berlin, and 
,,ith tmi echo suppressors. 
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SrocxHOLM - N£J¥ YoNK - 13.840 MILES 

N.cw YoRx - Sroc1<HOt../I? • 13,960 M1us 

Telephone 
Extension on 

Avlo Exch<fn(le 
Rody Point Cvpar ldtnbvrqh 

LosAnqe!es 2 � 70 

7AT terminal 2 % -1ao 

ria cord �pea/er z �H 130 

Hovi/on 

New York (hi�qo 

New York 

London-New York (TAT). 

This is a 4-wire circuit with 
440 miles U /G medium-loaded 

cable New York 
120 miles U /G extra light- to London 

loaded cable 
3200 miles radio circuit 

570 miles U /G extra 
loaded cable 

130 miles O/H 
2920 miles radio circuit 

light- ) 
I London to 
1·,'\Tew York 

There are C) two-wire repeaters toward London, 
ro toward � ew York, 2 four-wire terminal re
peaters and there is an echo suppressor at each 
end of the circuit. 

New York Exension. 

The special loop in the United States, com
prising a Los Angeles loop and a Chicago loop, 
included:-

4844 miles extra light-loaded cable. 
3864 miles open wire carrier. 

90 four-wire repeaters. 
16 intermediate carrier repeaters. 

8 terminal carrier repeaters. 
4 cord circuit repeaters. 
-t echo suppressors. 

5000 " 
TRANSATLANTIC (1RCUIT 

sooo A 

2 )!0438 

2 % 84 

4 . /(, . '""' • 411/t�s, vnder9rovnd. mi/ea9e. 

This means that the total circuit length was 
some 13,980 miles toward Stockholm and 13,840 
toward New York. There was a total of l l 5 
four-wire repeaters, 24 carrier repeaters, 6 cord 
repeaters in the wire circuits, and 2 four-wire and 
H) t\vo-wire repeaters in the Tc\ T circuit. The 
circuit included 8 echo suppressors, and finally 
there were the two radio transmitters and the 
radio receivers. 

The overall circuit was approximately cali
brated to be 20 TU, or 2.3 (31, and under the 
fairly good radio conditions existing at the time 
of the call the circuit was sufficienth· stable for 
the recognition of persons by their voices. There 
was no marked trouble from transients, \vhich, if 
present, are ah\'ays emphasised by the false 
operation of the special switching devices at 
London and New York on the 'L\T circuit. In 
view of this result there \Yould seem to be no 
reason \vhy a similar composite circuit as was 
extended on the TAT circuit in ::'\ew York could 
nut be added at the London terminal. If so, we 
have reached the stage when telt>phone conversa
tion with high grade lines or carrier systems, 
interlinked if necessary by radio-telephone cir
cuits, is possible over a range of 21,000 miles 
at least. 
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THE " EMPIRADIO" BEAM ST A TI ONS. 

A 
FEvV years ago the detached observer 
mig·ht well have formed the opinion that 
the stage was set for a long controversy 

as to the relative advantages of long wave and 
slwrt wave telegraphy for long distance radio 
communications. There was a serious danger 
that the continued advancement of this countrv 
in the forefront of radio progress would be 
jeopardized by a failure to realise that for 
particular purposes each was invaluable, and 
that the two extremes of the art of radio com
munication were in fact complementary. 

Fortunately, however, following the comple
tion of the Rugby High Power, Long Wave 
Radio Station, it was decided to proceed with the 
" Empiradio " Beam Stations. 

The construction of the group of stations in 
this country operating on tlw Beam system for 
communication with Canada, South Africa, 
India and ,\ustralia, is the outcome of an agree
ment made between the Postmaster-General and 
!\larconi's \\'ireless Telegraph Co. in July, 1924, 
in which a guarantee was given that effective 
spl'eds both of sending and receiving simul
taneously at 100 words per minute during a daily 
an•rage of 18, l l, l 2 and 7 hours respectively 
would be obtained. 

The grouping of the stations is in two pairs. 
Budmin is a two-beam transmitting station for 
Canada and South Africa with its corresponding 
recei\·ing station at Bridgwater, while Grimsby 
and Skegness are similarly the transmitting and 
receiving stations for India and Australia. 

In deterrni nin g the location of the stations con
sideration was first given to the practicabilitv of 
combining all the transmitters at one site and the 
receivers at another. The conditions to be met, 
on the one hand, of avoiding possible inter
ference with broadcasting and other services, 
and on the other, of ensuring a free path in the 
immediate proximity of the aerial svstem clear of 
trees, buildings an

·
d hills were t�o onerous to 

permit this ideal solution to be found. To meet 
the latter condition it \Vas stipulated that there 
should be no obstruction in front of the aerial 
subtending an angle of more than six degrees 
above the horizontal. 

A further consideration \\'as the necessity of 

locating the receiving station a sufficient distance 
from the transmitting station, and clear of the 
direct path of the outgoing beam, to avoid inter
ference from this source. The selection ulti
mately made of locating the Canadian and South 
African Stations in the South-west of England 
gives a very short travel overland in the direction 
of the distant stations before clearing the coast 
line. The same conditions apply for the Indian 
and Australian Stations on the 1\orth-east coast, 
except that in the case of Australia as propaga
tion is made alternatiYeh· in two directions l8o0 
apart one path is necessarily across England. 
During the period approximately midday to 
midnight transmission to .\ustralia is in an 
easterly direction, i .c., the shorter great circle 
path, whilst from midnight to midday transmis
sion is in the opposite direction, which, although 
longer, is chiefly over sea. 

All of the sites meet the conditions of being 
flat, free from woods and buildings or from 
abrupt changes of contour in the immediate area. 

Alternative wave-lengths are used for each 
transmitter except that for Australia. Those at 
present employed are:-

To Canada lG.574 m. 32.397 m. 
,, S. ,\frica l6.q6 m. 3+013 m. 

,, India 16.216 m. 34.168 m. 

,, .\ustralia 25.906 m. 
From Canada l(l.501 m. 32.128 111. 

,, S. :\frica... 16.077 111. 33.708 m. 
,, India 16.286 m. 3+483 m. 
,, Australia . . 25.728 m. 

Buildings.-The main buildings at Bodmin, 
which are steel framed with concrete walls, are 
divided into three sections (a) Power House, 
Battery room and offices, 1 16' by 571 ; ( b) Trans
mitter room, 38' by 34'; (c) c\bsorber and oil 
pump house, 261 by 161• The latter is used to 
accommodate the absorber resistances, Sturtevant 
blowers for cooling these resistances, blowers for 
cooling the seals of the :\Iain Valves, pumps for 
the circulation of paraffin through the jackets of 
.\fain Valves. 

The Transmitter room is connected to the 
Power House by a short con•red passage, the 
continuity between the two buildings being 
broken in order to avoid tl1e transmission of 
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vibration from the engines and machine to the 
transmitters. 

The buildings al Grimsby ar, constructed of 
brick and are similar to those at Boclmin, with 
the exception that accommodation is not requir d 
for oil engines and a separate building is pro
vided tor terminating tbe outside power upply. 

t the Bodmin Station the main power supply 
is provided by thr e Ruston and Hornsby, three
cylinder, vertical, heavy-oil engines, ach giving 
165 B.H .P. at 300 r vs. per minute and directly 
coupled to a 92 K.W. compound-wound dynamo 

three 83 K.V.A. single phase transformers. The 
auxiliary machines at G rimsby are driven by 
induction type motors, .+oo ,·ol t, 3-phase, 50-
cycles. 

\\Tith the exception of the power supply th · 
transmitter detail.· are similar at both stations. 

The receiving stations are each equipped with 
two r8 H.l. two c;·lincler, petrol-paraffin engines 
direct coupled to 10 K . \V. Dynamos, supplying· 
power at 165/ 110 volts for battery charging and 
lighting. The general design of all the receivers 
is the same, with the exception already noted 

Fie. 1.-BoornN l3utLDtNGS 11No SouT11 t\F1uc.1N illASTs. 

delivering D.C. al -+-+O volts. These engines, 
which have special 7 ton flywheels, are mou n tee! 
on a large concrete block supported on cork pads 
to minimize the transmission of Yibration and 
carried on a concrete raft. The engines are 
started up by means of two air compressors 
driven by small auxiliary petro-paraffin engines , 
air being stored in two containers at 300 lbs . per 
sq. inch. 

The G rimsby Station obtains its power supply 
from the G ri msb_v Corporation Elect ricity vVork.s 
at 6000/6600 \"Olts, 3-phase, 50-cycles, which is 
transformed to .+Oo volts, 3-phase, by means of 

that provision is only made fur one wave-length 
reception from . \ uslral ia. 

The essential differences bet\\·een the stations 
h�1ving been noted above, the detailed description 
will be confined to the Canadian and South 
:\frican groups. 

Site.-The Bodmin transmitting station is 
about 4} miles from Bodmin and borders lhe 
·main road from there to Truro. The total ar a 
enclosed for the buildings and aerial system is 
about -+3 acres. 

f<ig. I shows the buildings and the Soulh 
.\frican masts. 
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Water Supply.-\Vater for engine cooling and 
domestic purposes is obtained from two bore 
holes on the site. 

Storage capacity and cooling is provided for 
by a ferro-concrete reservoir having a capacity 
of 30,000 gals. 

Power.-All the auxiliary generators are 
driven by 440-volt direct current motors. Thev 
comprise:-

1. Three alternators, each having an output 
of 50 K. V . i\ . single phase, woo volts, 
300 cycles, which supply the main high 
tension power at jooo to w,ooo volts to 

the Rectifying Panels. The 500 volts 
is transformed down to 11-12 volts. 

4. Two " magnifier filament " generators, 
each having an output of 18 K.\V. D.C. 
at 24 volts to supply the filaments of 
all the oscillator valves in the main 
oscillators, No. 2 Magnifier, and the 
Main and Sub-Absorber Valves. 

5. Two D.C. generators, each having an 
output of 8 K.\V. at 100/165 volts for 
lighting and control circuits. 

Fig. 2 shows the layout of the engine and 
machine room. 

FIG. 2.-BoDMIN ENGINE AND MACHINE Ro,oM. 

the anodes of the transmitting \'al\'es 
after transformation and rectification. 

2. Three alternators, each having an output 
of 1.2 K.V.A., single phase at 220 volts, 
500 cycles, for high tension supply at 
2000 volts to the anodes of the valves in 
the drive or master oscillators, and the 
first amplifier stage. 

3. Two " rectifier filament " alternators, 
each having an output of 20 K.V.A. 
single phase at 500 volts, 300 cycles, for 
heating the filaments of the valves in 

Ualleries.-ln addition to a stand-by lighting 
battery, special filament lighting batteries are in· 
stalled for the master oscillator and No. 3 magni
fier. These batteries are provided with a dis
charging resistance and are only put on load over 
the flat portion of the discharge curve, to ensure 
constancv in the master oscillator. 

400 volt, 5 amp.-hour batteries are supplied 
for negative grid voltage to the magnifier and 
sub-absorber valves. 

Rectifiers.-One main rectifier and one drive 
rectifier is provided for each transmitter. Each 



THE " E:\l PIRADIO '' BEA :\1 STATIONS. 

main rectifier comprises 16 :Vl arconi i\IR 7 A 
vah·es associated ,,·ith smoothing chokes and 
condensers and step-up transformer for convNt
ing from 1000 volts at 300 cycles to 10,000 volts. 

The drive rectifiers mm pr ise 2 :\larrnni :\1 R 
j:\ \·alves and supply u p to 3000 volts D.C. 

Fig. 3 shm\·s the Rt>ciilit·r panels. The trans
formers and smoothing plant an· mounted be
hind the rectifiers, and thl' \\hole is contained 
in a " high tension enclosure " in a cornt•r oft he 
i\lachine Room. 

Transmillers.-Fig:. 4 s lH ms the Canadian 
transmitter on rnw side and the South .\frican 

FJc;. 3.-BOl>MIX. 

transmitter on the other, \\ it h the Control table 
in the centre. 

The transmitters as shmrn in the photograph 
have the protective screen i ng in front of the 
panels removed. 

The transmitters a re spec i al I y desi g·rwd to ('11-

su re stab i l it y of wa\ ·e-length and are cuntrolkd 
by Master oscillators. Constancy of wan·

length is obtained (a) by careful screeni ng· of the 
master oscillator; (/J) by a bridge method of 
connecting the amplifiers \\ ' hereby the i nternal 
capacity between the grills anu anudes uf the 

valves is  balanced, eitlwr b\ · parallel i ng· with a 
second vah·e acting in push-

.
pull as i n  tlw second 

and final stages of amplificat i on, or with a 
balancing condenser as i n  the case of the first 
stage; (c) and by an absorbing cirrnit which 
t>nsu n-s constanc.'· of load on t lw po\\·t·r supply 
during both marking and spacing. 

The :\foster osci llator, \\·hich has an anodt• in
put of 1(io \\ " < t i ts , is scn·erwd i n  a copper box. 
The vah·e, \\·hich is air cooled of type T.250, is 
self-oscillating and drin·s the g-ri·d circuit of :\'o. 
3 magnifier. 

:\'o. 3 :Vfog·nilier, \\ li ich prm·idt·s tlw ·first stage 

RECTIFIEHS. 

of amplification. operates on an anode input of 
2000 volts and a feed current of 90 mill iamperes. 
The valve, which is a .:\larconi .:\l.T.10, is effec
ti\·ely screened in a similar manner to the master 
oscillator and is cou pied to � o. 2 .:\l agn ifier. 

:\'o. 2 :\lagnitier, \\ hich suppl ies power tu tlH· 
gr i ds of �u. 1 :\lagnifier has two M.T.9F air
cooled valves, the anode supply being· taken from 
the ro,ooo volts D.<.·. supply through re
si stances. ln the marki ng condition the anode 
w11tage is about 5,500 and t he feed 150 rnilli
arnperes. ln the spacing condition the high 
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FIG. 4.-BODMIN. CANADIAN AND SOUTH AFHICAN TR,\NS�llTTERS. 

tension supply is shunted through the absorber 
circuits and the oscillation is so reduced that 
No. r nlagnifier does not oscillate. The normal 
grid bias of No. 2 amplifier is approximately 200 
volts. 

No. 1 :Magnifier, the final stage of amplifica
tion, has two �Jarconi type C.A .T.2 Metal
Glass, oil-cooled valves, the filament voltage 
being about 20 volts and a current of 50 amperes 
per valve, \\·hich is supplied from a 2..J- Yolt D.C. 

� Iotor Generator. 
The high tension D.C. Supply is at from iOOO 

to 10,000 volts, the feed current being about 1.1 

amperes per ,·alve, and the negative grid bias 
approximately 400 volts under normal working. 

The valve seals are cooled by air blast and the 
anodes are cooled by a closed circulating system 
of paraffin oil. About 300 gallons of oil, per 
valve per hour, is circulated and this is cooled by 
means of coils submersed in water tanks. 

The C . .-\.T.2 Cooled :\node Valves are rated 
to take an input of 10 K.\V. at 15,000 anode volts 
and are specially designed for short wave trans
mission, in particular characterised by high in
sulation and low inter-electrode capacity. 

59 

Fig. 5 shows (a) Master oscillator (bottom 
right); (b) No. 3 Magnifier (bottom left); (c) No. 
2 Magnifier (upper half of panel). Flu. 5.-M.isTER Osc1LL.1Tu1i, l\us. , .11\u 3 J\l.1u.�1F1ERS. 
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Eeying.-Fig. 6 is a diagram of a complete· 
Transmitter. 

The keying arrangements are designed to keep 
the load on the power supply constant, for which 
purpose main and sub-absorbing circuits are 
provided, which shunt the high tension supply 
by means of l\rn type C.:\.i\l.2 oil-cooled, metal
glass vah·es in parallel through resistances dur
ing the spacing periods, and simultaneously drop 
the voltage on No. 2 magni fi er to about 600 

volts. 

The land line signals pass through an A.T.i\I. 

relay, and the spacing and marking currents are 
arranged to make the grid of the C.A.i\l.2 Valves 
conductive or non-condu ctive by throwing their 
grids positive or negative. These effects are 
stepped up through a circuit called the Sub
absorber which has two type D.E.T. r Valves in 
parallel. 

The main absorber resistances are housed in a 

separate room and are air cooled by Sturte\·ant 
blowers. These resistances are designed to dis
sipate from 20 to 2-1- K. \ \T. of energy. 

Conlrols. - The control tables, which are 
shown in the centre of the Transmitter room, 
carry three potentiometer type regulators for the 

control of the voltage of each main power alter
nator, and also three similar regulators con

trolling the voltage of the dri,·c power alter

nators. Jn addition variable resistances are 
provided to control the filament current to the 
valves. 

Feeder Syslern.-A completely ·independent 
feeder system is used for each wave-length on 

each transmitter. Fig. 7 shows the two feeders 
serving the South African aerials at Bodmin. 
Two bays are allocated to the aerial system for 
each wa,·e band, and one feeder runs from the 
transmitter room to the centre point of each pair of 
bays. At this point there is a junction box which 
divides into two branches, one going to the 
centre of each bay. Here there is another junc
tion box and the feeder is again divided equally 
and branches as before, the process being re
peated until there is one branch for each pair of 
aerial wires. This arrangement ensures that tlw 
length of feeder from the transmitter to each 
aerial wire on one particular aerial system is 
exactly the same. The feeder terminates at an 
aerial coupling box containing an auto-trans

former, from which an individual feed is made 
to each aerial wire. 

I 
-

Fit.:. 7.-UuuMIN. FEEDERS FUI{ SuuT11 t\Fi{l<.:AN .\E1u11L . 
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Fig. 8 shows a typical layout of the feeder 
system for wave-lengths of 30-35 metres. 

The aerials and feeders are so balanced and 
adjusted that the sum of the system acts as a 
pure resistance load on the transmitter so that 
tlwre is no reflt>ctlng wave up and down the feeder 
system. To ensure this condition, at a point 
near the transmitter house t wn loops of feeder 
tubt> are so arranged that 3 high frequency 
thermo-arnmeters come into proximity although 
situated at distances 32 feet apart along the 
fet>der. Rt>flected \Vaves are indicated hy 

At the Transmitting Station the outer tubes 
vary from 3t to 2� inch internal diameter and 
the inner tubes from 7 /8 to l l / 16 inch outside 
diameter. 

Jiasts and A erials.-Ten masts have been 
erected at Bodmin and Bridgwater, five being 
used for the service to Canada and five for South 
Africa, t\vo bays being utilised for each wave
length. 

At Grimsby and Skegness eight masts have 
been constructed, as only one wave-length is pro
vided for communication with Australia. 

FIG. 8.-SC!!EMATIC DIAGR.\M OF FEEDERS, LO!';G WAVE BAYS. 

different readings on the 3 ammeters. The 
feeders consist of t\yo concentric copper tubes air
insulated, the outer being earthed and carried on 
iron standards driven into the ground, whilst the 
inner is insulated by means of porcelain spacing 
insulators. 

Spt>cial precautions have been taken to provide 
for expansion due to variations of temperature. 
Spun metal expansion joints are inserted everv 
r6 ft. on the outer tubes and special boxes ar

.
e 

prm·ided at every 160 ft. to allow for t>xpansion 
on the inner tubes. 

Each row of 
right angles to 
distant station. 

masts is arranged in a line at 
the great circle bearing of the 

The masts are of steel-lattice 
construction with an overall height of 287 feet, 
except in the case of the Australian masts which 
are 260 ft. The cross arms are 90 ft. long and 
also of steel-lattice construction. 

Each masts has four legs and cross bracing of 
angle section, the vertical members being made 
up of 511 by 5" by f' angles. The legs are 
attached by holding down bolts to concrete 
blocks, each 8 ft. square. The centres of the 
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concr te blocks art> 12 fl. apart and the masts are 
12 ft. square throughout their lt>ngth. 

The masts :ire spaced at 650 ft. and each is 
provided with one set of -1- stays attached at 216 
ft. above the ground. 

The end masts have al o 4 back stay to 
balance the strain of the triatics. 

The aerial and reflector wires consist of a 
number of vertical wires of o. 16 S.\V.G. 

copper clad steel, suspended from triatics which 
are attached to the cross arms, the aerial wires 
being in front of the mast and the reflector wires 
behind in the direction of propagation. 

Inductances are inserted in the aerial wires, 
and the reflector wires are broken up into in
sulated :ections, the number of wires, their 
distance apart and the number of inductances be
ino· dependent on the wave-length employed. 

:\s  a typical example the following are the 
particulars of the Canadian short-wave bays : -

There are 2-1- aerial wires paced at 19' 
o

" apart 
and twice the number of reflector wires; the 
latter are spaced at 91 6" and staggered in respect 
to the a rials so that the projection of an aerial 
wire on the reflector plane i midway between 
two wires. 

FH:. 9.-BooMI:-<. C.\N.\DIAN AERIALS AND BALANCE \V1ma1T SvsTEM. 

The triatics are suspended on the double 
catenary suspension system, and tails or

' 
,·arying 

length are inserted between the triatics and the 
aerial and reflector wires lo allow for sag in the 
t riatics and to ensure that the average height of the 
wires follows the contour of the ground surface. 

1 \ wi II be seen from Fig. 9 each vertical wire 
is brought down to a point within a few feet from 
the ground, and balance weights are provided to 
en ure an even tension on ach individual wire 
and to minimise the movement of the wires dur
ing high winds. 

The distance between the line of aerial and 
reflector wires is -1-0 ft., or slightly greater than 
:1 of a \\'ave-length. In the case of the long r 
waves the distance is reduced to about ! wave
length. Each vertical aerial is divided into three 
straight sections separated by phasing induct
ance . These lengths are unequal and vary from 
# of a wave-length at the top to about 1! wave
length from the bottom inductance to the auto-
tran former. 

· 

The reflector wires are divided into 8 insulated 
section , each approx. ;z wave-length in length. 
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The Australian beam system of reflectors is 
somewhat different, in this case the wires are in 
one uninterrupted length earthed at the bottom. 

Recei•vcrs.-The aerial and transmission lines 
for the receivers are nearly identical with those 
used for the transmitters. The huildings for 
housing the rf'ceiver are in two sections, the 
engine room, and the recf'iving room and offices, 
which are joined by a short covered passage but 
with the continuity broken to avoid the trans
mission of vibration from the engines to the 
receivers. 

The special characteristics of the receiver are 
the constancy of the output of rectified current to 
the line relay under varying amplitude of signal 
and slight clianges of frequency. 

It comprist>s TO units, each contained in a 

copper scret>ned hox. 

Fu;. 10.-T\\"o <"••m'LETE RECEI\'EH�. 

Fig. 10 shows two complete Receivers. The 
units are:-

r. Feeder Terminal Unit. (In duplicate). 
2. Modulator. 
3. Incoming short-wave circuits and first 

hetrodyne. 
4. First filter amplifier. 
5. First rectifier, second hetrodyne and first 

listening circuit. 
6. Second filter amplifier. 
1• Additional second filter amplifier. 
8. :.\lain rectifier and second listening cir

cuit. 
<J. Recorder and limiting circuits. 

10. Switchboard for valve testing. 

The units are mounted on a vertical iron rack, 
connections between the units being made at the 
back, all tuning controls and switches being 
arranged on the front. 

Fig. II is a diagram of a complete Receiver. 
The feeder terminal unit, where the aerial 

system is joined to the recei,·er, has two tuned 
intPrmediate circuits which can be weakly 
coupled together. The second intermediate cir
cuit has a ,·ariable coupling to the input circuit 
of the receiver, which is tuned to the frequency 
of the transmitted wave and is connected to 
two modulating valves worked in push-pull. 
Coupled to this circuit is the first hetrodyne cir
cuit ,,·IJich produces a lwat wave of about 1600 

metres. The signal on the new frequency has 
three stages of high frequency push-pull amplifi
cation, dc>signed to giYe a constant amplifi
cation O\'('r a IO,ooo cyclt> band \\"ith a sharp 
rnt-off outside tlw band. Following the three 
stag;es of high frequency amplification, the 
signals an· r<'ctitied and ag·;11n lwtrodyned. 
This St'cond hetrod\·n(• is used alternati,·ely 
lw means of a switch for gi,·ing an audible 
bt>at fr(•qtwncy or for changing the wm·e
leng·th to about 10,000 lllt'tres. .\ further three 
stages of high freqtwncy amplification follows at 
tlw 10,000 nwtn· wan�-length. This filter ampli
lit•r is similar to tlw tirst, ("Xct>pt that the band 
\ridth is only 5,rn;o cych·s. Two additional 
stages of am plitication can lw added at this fre
qtwncy if nl'cessary. ,\fter thl' second amplifier 
the sig· nals are aga i n rectified and the outputs of 
the rt>ct itied Yal\"es work in parallel into limit
ing val\"e through a milliammeter which in
dicates the signal strength. The limiting valve 
is adjusted to give about J--1- milliamps of plate 
current when the current in the plate circuit of 
the rectifier valvt� is zero. The minimum record
ing signal strength is that which reduces the 
plate current of the limiting Yalve to zero. Any 
signals of a greater intensity are dissipated in a 
resistance, so that the energy supplied to a direct 
current bridge which provides marking and 
spacing currents for operating the relay is con
stant. Means are provided for listening to the 
signal by superimposing an audible frequency 
oscillator of 1200 cycles from a valve generator 
on the first hetrodyne. 

Land Line Circuits .-The actual operation of 
the services is carried out at the Central Tele-
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FIG. 11.-DIAGRAM OF RECEIVER. 

graph Office, two \Vheatstone circuits being 
allotted to each transmitting station and receiv
ing station. 

In addition one double current speaker is pro
vided for each service, the transmitting Station 
and receiving Station being omnibus on the same 
line. 

In order to check the land line signals at the 
Beam Station a \Vheatstone receiver or undu
lator is connected in circuit on each line and 
constant supervision kept of the quality of 
the signals. 

At the transmitting station a pick-up set with 
\Vheatstone receiver is coupled to No. 1 Magni
fier on each transmitter so that the signals pass
ing to the aerial can be kept under observation. 

The theoretical gain obtained from the use of 
Reflectors and l\Iultiple Aerials both for the 
transmitting and receiving stations as employed 
in the '' Beam '' System is beyond the scope of 
this article. It involves the consideration of the 
intensity of field in the horizontal plane, i.e., the 
polar diagram in that plane, and also the angle 
of propagation in the vertical plane. 

In the specification governing the Beam 
Stations the only stipulations were that " the 
aerial systems to be so designed as to concentrate 
the emitted waves within an angle of 15° on either 
side of the axis of transmission; the energy of the 
radiations beyond this angle not to exceed 5 % of 
those on the axis; the receiving stations to have 
a similar aerial system designed to have its maxi-
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mum receiving power in the direction of the 
desired stations.'' 

In this connection, Fig. 12 is of interest as 

Polar Curve Bodmi0. 

2&·066 metre.> �2" 
-- ��--
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,, 
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Th1cK l11i� ob!>er'.lt.d . 

TaKcn at radiu5 of 6217 ft. 

FIG. 12.-BODMI� I'OLAR CURVES. 

indicating the field strengths which were 
measured at Bodmin at a distance of 62 I 7 ft. from 
the centre of the system with the original aerials 
operating on a \vave-length of 26.086 metres. 

In addition to the gain obtained by concentrat
ing the energy in the required direction from the 
transmitter, the use of the beam aerial system for 
the receiver has other apparent advantages. The 
signal strength is increased proportionately to 
the wave front intercepted by the aerials and to 
the reinforcement from the reflectors, whilst the 
effects of fading, so pronounced at certain periods 
on short waves, is minimised to some extent. 

The successful introduction of the Short-\Vave 
Beam System over long distances and on a com
mercial basis has been an undertaking of a 
pioneer nature and of such far-reaching conse
quences as to reflect great credit on the initiative 
and enterprise of the .Marconi Coy. 

The inauguration of the Empiradio service be
tween this country and the Dominions has been 
followed by the adoption of short-wave directive 
system on the " beam " principle by many other 
countries, and has undoubtedly marked a great 
advance in the art of long distance communica
tion. 

The photographs and drawings illustrating 
this article have been supplied by the courtesy of 
:\Iarconi's \\Tireless Telegraph Coy., Ltd., to 
whom generous acknowledgement is made. 

A.S.A. 

SEAFORTH RADIO STATION 

CONVERSION OF SPARK TRANSMITTER TO CONTINUOUS \VAVE AND 
INTERRUPTED CONTI)JUOUS \VAVE TRANSMITTER. 

\V. M. OSBORN, A.M.l.E.E. 

A
N important event in the history of the 

British Coast Radio Stations took place 
on the r6th August last, when the system 

of transmission by Interrupted Continuous 
Waves was brought into use at Seaforth Radio 
Station in place of the Spark system, which has 
been the system in general use for normal ship 
and shore communication since the inception of 
the service. 

This innovation initiated a scheme, fore-

VOL. XXI, 

shadowed in an article by Mr. E. H. Shaugh
nessy on the '' Post Office Wireless Services '' 
which appeared in Volume 19, Part r, of this 
Journal, for the equipment of the British Coast 
Radio Stations with Valve Transmitters in 
anticipation of the probability, which has since 
been realised, that the next International Radio
telegraph Conference would prohibit the use of 
Spark in favour of the Interrupted Continuous 
Wave system. The International Radiotele-

E 
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graph Conference heid at \Vashington, U.S.A., 
in October last agreed, subject to ratification by 
the Governments represented, to prohibit the use 
of the Spark system by land stations after 
January lSt, 1935, and by ship and all other 
stations after January l st, lC).:j.O, ex et> pt stations 
using less than 300 watts primary power. 

The Interrupted Continuous \Vave system is 
the equivalent of the Spark system in so far that 
both systems employ types of emissions which 
can he received on a cn•stal receiver or on an 
ordinary valve receiver without a heterodyne. 
Interrupted Continuous \Vave transmission 
causes much less interference to broadcast and 
other services than Spark transmission ; this is 
due to the sharper resonance curve obtained with 
the former <is compared with the latter trans
m1ss10n. 

It was considered desirable to gain some ex
perience of the suitability of Valve Transmitters 
for the operating and range requirements of the 
Coast Station Service before proceeding with the 
general replacement of the Spark Transmitters 
at the Coast Stations; the Seaforth Station was 
selected for this purpose in view of the small 
amount of structural alterations required to 
accommodate the new plant and also on account 
of the desirability of minimising the interference 
to broadcast reception experienced in the thicklv 
populated area around Liverpool. The Seaforth 
Station is situated only 4 miles, approximately, 
from the centre of Liverpool. 

The Spark Transmitter at Seaforth Radio 
Station was a l} K. \V. Set of the Radio Com
munication Coy.'s standard type and was in
stalled by the Company in IC)22. A contract 
based upon a spt>cification prepared in the Post 
Office Engineering Department was placed with 
the Radio Communication Cov. for the conver
sion of the Spark Transmitter .to a Valve Trans
mitter adapted for Continuous \Vave and Inter
rupted Continuous \\Tave telegraphv. The con
tract provided for the utilisation', as far as 
possible, of the existing apparatus and for the 
work to be carried out without interruption to 
the activities of the station. 

Provision has been made for Continuous 
\Vave and Interrupted Continuous \Vave equip
ment in anticipation that the Continuous Wave 
system will at some time be utilised for some 
purposes in ship and shore communication; the 

Interrupted Continuous \Vave system may ulti
mately he reserwd for calling and distress pur
poses. 

General Dcscriptio11. - The new equipment 
comprises Main l� K.\\T. and Emergency roo 
watt coupled circuit Valve Transmittt'rs. The 
:\Iain Transmitter is equipped for operation on 
220, 600 and 800 metre waves and, in addition, 
prn,·ision is madt> for continous change of waves 
between 780 and 820 metres. The changes in 
wave and variations in power are effected from 
the operator's position by a Bowden wire system 
of remote control. The Emergency Transmitter is 
equipped for operation on a 600 metre wave only. 

·For Interrupted Continuous \Vave transmis
sion both Transmitters are designed for a note 
frequency of rooo per second. 

The main aerial of " umbrella " type, sup
ported by a mast l50 feet high, is used for the 
(100/820 metres wave range. The insulation of 
this aerial was improved, prior to the conversion 
of the transmitter, by the replacement of the old 
type rubber strop insulators by porcelain rod in
sulators; this was desirable in view of the high 
standard of aerial insulation required for satis
factory valve transmission. For the 220 metres 
transmission a separate aerial consisting of a 
single wire, approximately 80 feet in length sus
pended from a pole 80 feet high, has been pro
vided. 

Power for operating the l\Iain Transmitter is 
taken from the 460 volts D.C. public supply 
service; the Emergency Transmitter is arranged 
for operation from a battery of secondary cells, 
to ensure that the station shall not be corn pletely 
out of action if the power supply service fails or 
for other similar reason. 

Lay-out. - The duplicate motor-alternators, 
main transformer and power panel which formed 
part of the Spark installation have been retained. 
The motor-alternators and a motor-generator for 
the Emergency Transmitter are accommodated 
in the l\lachine Room adjoining the Operating 
Room; the pmver panel and the transmitting 
plant are installed in the Operating Room. The 
Transmitters are assembled behind a protecting 
lattice screen on an apparatus bench near the 
operator's position; the indicating instruments 
associated with the Transmitters are under the 
operator's observation and all control of the plant 
is effected from the operator's position. 
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Control.-Bowden wire controls working over 
a system of pulleys are provided for switching 
over either aerial to the Main or Emergency 
Transmitters and for wave changing. The 
change-over from Continuous Wave to Inter-

FIG. !.-SEAFORTH RADIO STATION. 

rupted Continuous Wave and vice ·versa with 
either Transmitter is effected by hand-operated 
switches; an automatic starter with press button 
control for the motor-alternators and a hand
operated switch for the control of the emergency 
motor-generator are provided, and the change-

5�Af"ORTN RADIO STf\TION 
I 1''2 K.W. c.w.-1r:.w. TRANSMITTER 

Sct1£MATIG DIA<iRAM. 

over of the aerial in use from the Transmitter to 
the Receiver is also effected electrically by a 
switch at the operator's position. 

The Transmitters operate in conjunction with 
the Station's Valve Receiving plant and are 
associated with that plant by means of a " Send
Receive " switch which provides for the isolation 
and protection of the Receiver from the Trans
mitter when the latter is in operation. 

Fig. 1 is a photograph of the new transmitting 
equipment as installed at Seaforth with the pro
tecting screen removed and without the power 
panel. The Bowden wire control panel can be 
seen mounted on the wall over the operating 
bench on the extreme left of Fig. 1 ; the Main 
Transmitter is shown on the left and the Emer
gency Transmitter on the right assembled with 
their component parts on the apparatus bench; 
the leading-in insulators and the switching acces
sories can be seen mounted on the wall over the 
apparatus bench. 

The two transmitting keys shown in Fig. 1 on 
the left of the operating bench are associated 
with the Main and Emergency Transmitters 
respectively. The ammeter shown immediately 
behind the transmitting keys indicates the aerial 
current for both Transmitters, and is of the mov
ing coil type shunted across a thermo-junction 
in the aerial circuit. 

r·- --. 
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FIG. 2. 



08 SEAFORTH RADIO STATION. 

Figs. 2 and 3, respective! y, are schematic dia
grams of connections of the Main and Emer
gency Transmitters. 

Main Transmitter.-The Main Transmitter is 
of the Radio Communication Cov.'s standard 
type modified to meet the Post Office specifica
tion requirements. 

The Transmitter consists of an angle iron 
structure with enclosing side panels and a hinged 
front gate, which is fitted with a safety switch so 
that the H .T. transformer circuit is broken when 
the gate is open. 

The 5000 volts H.T.D.C. supply for the oscil
lating valve is obtained from a motor-alternator 

wave transmission the smoothing unit is disc<m
nected, when the waves generated by the oscil
lating valve are modulated at the frequency of 
the rectified H.T. supply, viz., 1000 per second, 
which is the emitted note frequency of the Inter
ruped Continuous \Vave Transmitter. 

The oscillating valve is of glass type rated at 
300 watts anode dissipation. 

The filaments of the oscillating and rectifying 
valves are heated by the 200 volts A.C. supply 
transformed down to the required filament volt
ages. Variable chokes for regulating the bril
lianc,· of the oscillator and rectifier filaments and 
an adjustable compensating choke for the pur-

5EAFORTH RADIO STATION. 
100 WATT [M£.li'G-E.NCY CW.-1.C.W. Tli'-'NSMITTE.R. 
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FIG. 3. 

and transformer associated with rectifying valves 
as indicated in Fig. 2. The motor-alternators 
are rated for an output of l! K.\V. at 200 volts 
at a periodicity of 500 cycles per second. The 
rectifying unit employing two glass valves rated 
at 150 watts anode dissipation is of standard 
" full-wave " type, thus producing a ripple in 
the H.T.D.C. supply at a frequency of 1000 
cycles per second. ·

The rectified H.T. supply is smoothed for con
tinuous wave transmission by means of choke 
and condenser units; for interrupted continuous 

FCCD 
�N&C.R. 
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pose of maintaining the brilliancy of the fila
ments during the intermittent keying load are in
cluded in the primary circuit of the transformer; 
for simplification, these chokes are not shown 
in Fig. 2. 

The oscillating valve is associated with a closed 
oscillatory circuit loosely coupled to the aerial 
circuit. 

The closed circuit and aerial tuning induct
ances are of plated copper strip wound edgewise 
on grooved insulating supports to which con
nections and wave-change tappings are made by 
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spring clips. Variomett>rs are includt>d in the 
closed and �wrial circuits for continuous wave 
change between 780 and 820 metres. 

The condt>nst>rs enbodied in tlw Transmitter 
are of the mica di-elt>ctric type. 

From Fig. 2 it will be seen that the signalling 
key and a power switch regulable to l / 16, i and 
full power are included in the main transformer 
primary circuit; the power switch is provided 
to facilitate compliance with the Operating 
Regulation calling for the use of minimum power 
for effective communication. 

Emergency Tra nsmilter.-The Emergency 
Transmitter is,a self-contained unit of the panel 
type and is desig·ned to operate with a total power 
input of 100 watts from a 12 volt battery of 
secondary cells of 120 ampere-hour capacity. 

From Fig. 3 it \vill be seen that two valves are 
employed with their filaments in series and that 
the battery supplies current for the filaments and 
also for the motor-generator which supplies the 
H.T.D.C. power to the anodes of the vaiYes. 

The motor-generator is designed for an input 
of 80 watts and an output of approximately 40 
milli-amperes at 1000 volts D.C. 

The Transmitter employs two glass valves as 
oscillators, connected in parallel; the vaiYes are 
of the dull emitter type capable of dissipating 40 
watts at the anodes. 

The circuit employed is that of the well known 
Hartley oscillatory circuit associated with a 
coupled circuit. 

For Interrupted Continuous \\'ave transmis
sion, the valve oscillations are interrupted by 
making and breaking the grid and anode circuits 
at audible frequency by means of a rotary inter
rupter mounted on the shaft of the • motor
generator and re,·olving at the same speed as 
that machine. In operation, the oscillations 
generated by the valves are interrupted at a 
frequency determined by the speed of the motor
generator and the number of insulating segments 
in the rotary interrupter. 

For Continuous YVave transmission the 
brushes of the interrupter are short-circuited by 
a switch. 

Tesl Results. - The valve equipment has 
proved eminently satisfactory as regards re
liability, facility of operation and transmission 
range; experience has shown that l/16 power is 
sufficient for the major portion of the traffic re-

quirements of the Station. 
On test, the flank Stations at Portpatrick and 

Fishguard reported a definite increase in signal 
strength over the old Spark signals, and it is 
generally agreed by other Stations that the Inter
rupted Continuous \Vave transmission is very 
sharply tuned and that the note is clear and 
steady. \\"ith l/16 power in use satisfactory 
tests with crystal reception have been obtained at 
sea ranges of m·er l 50 miles from Seaforth. 

Opinions from reliable sources are generally 
in agreement that a definite diminution in the 
interference to broadcast reception has resulted 
from the change-over from Spark to Interrupted 
Continuous \Vave transmission at the Seaforth 
Station, especially in the case of receiving 
stations situated within one mile of the Station. 
In this connection it is of interest to note that 
\Vireless Operators in vessels approaching the 
Port of Liverpool could formerly listen-in to 

the Liverpool Broadcast Station's programmes 
(6LV, 297 metres) and at the same time receive 
Seaforth 's Spark signals on 600 metres, but since 
the change-over the closer tuning required for the 
reception of the Interrupted Continuous \Vave 
transmission renders impossible the simul
taneous reception of Seaforth's signals and the 
Liverpool broadcast. 

Developme n t.-Following on the successful 
installation of the Valve Transmitter at Seaforth 
Radio Station, arrangements are in train for the 
general adoption of this type of Transmitter at 
all other Coast Radio Stations in place of the 
existing Spark Transmitters. This reorganisa
tion scheme will provide for l} K.\V. Trans
mitters at the Niton (Isle of \Vight), Fishguard, 
Portpatrick, Cullercoats and North Foreland 
Stations, a 3 K.YV. Transmitter at the \\Tick 
Station and, probably, two 6 K.\V. Transmitters 
at the Land's End Station. 

Provision will be made for flank Coast Stations 
to have different note frequencies to avoid the 
possibility of confusion which might occur to 
ships stations receiving signals of equal strength 
from two Coast Stations having notes of the same 
characteristic and frequency. 

The installation of the new plant will im·olve 
the re-modelling of the Station buildings. The 
,\Jorth Foreland Station is to be removed to a new 
site at St. Peters, Broadstairs, and at Cullercoats 
a new building is to be erected on the existing site. 
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The " Humber " Radio Station at Grimsby 
was removed to a new site at Mablethorpe on the 
6th December last; the new Station is equipped 
with a 1� K.W. Transmitter of similar pattern to 
that installed at Seaforth. It is hoped to give a 
descripion of the new " Humber " Station in a 
future issue of this Journal. 

It is interesting to recall that the last compre
hensive re-organisation of the Coast Radio 
Stations took place over 15 years ago and was 
described in an article by �Iessrs. E. S. Perrin 
and F. \V. Davey, published in Volume 6, Part 4 
(Jan. , 19 1 4), of this Journal. 

NEW DISCOVERIES, NEW TOOLS, NEW PROBLEMS. 

A BRIEF REVIEW. OF SOME OF THE RECENT :\DVANCES IN PHYSICS. 

vV. G. RADLEY, B. Sc. (Hons. ), A.1\1. I. E.E. 

NEW DISCOVERIES. 

B
Y the year 1895 a certain degree of 

completeness had been given to the 
edifice of physics. A perfectly satis-

factory explanation had been found for the 
great majority of phenomena which had been 
observed in the laboratory. Following on the 
experiments of Faraday, Maxwell had deve
loped a theory of light which, by presenting a 
value for the speed of the imagined electro
magnetic waves determined exclusively from 
measurements upon magnetic and electric fields, 
had united at one swift stroke two hitherto sepa
rate branches of physics. Newton's old corpus
cular theory of radiation seemed to have passed 
finally into the limbo of forgotten things. As 
far as we could see, everything was in order. 
But our vision vvas limited by the microscope. 
And in that same year Rontgen, looking for 
some form of radiation which should have a 
greater power of penetration than visible light, 
discovered X-rays. A year later and Henri 
Becquerel had made the discovery of the curious 
property of radio-activity in uranium and its 
compounds. 

The tools which these two discoveries put into 
the hands of modern scientists have led to great 
and amazing advances in our knowledge of 
matter. And very much of the new knowledge 
-both of matter and of radiation-has proved to 
be incapable of explanation in terms of the old 
familiar theories. Ideas have had to be revised. 
In more ways than one, new facts which have 
come to light liave rn�cessitated a n·volutionarr 
change in outlook. 

. 

During the same period immense technical 

advances in the art of communication-the appli
cation of the thermionic valve to both cable and 
radio circuits to take only one example-have 
absorbed the full attention of the telephone engi
neer, and have left him little opportunity to keep 
abreast of those rapid developments in pure 
science on which the whole art of engineering is 
ultimately based. Perhaps, therefore, a very 
brief sketch of the broad outlines of modern 
development may be of interest to readers. 

NEW TOOLS. 
(i) The X-ray Method. The principal 

significance of Rontgen 's discovery lay in 
the fact that it was to provide a means of 
vision which should enable us to see greater 
detail in the structure of matter. During the 
lapse of more than two hundred years that had 
passed since its invention, the compound micro
scope had been perfected almost up to its theo
retical limit. This is such that, using ordinary 
light, we can never hope to distinguish by its aid 
the shape of a body much smaller than a wave 
length of light, i.e., about . 0005 millimetre. 
The wave-length of the rays emitted by an X-ray 
tube with a tungsten target are approximately 
1/5000 of this, that is, of the same order as the 
size of atoms. An X-ray microscope is not yet 
available; but suppose a piece of material to be 
irradiated by a beam of X-rays. Each atom 
will act as a scattering centre for the X-ray waves 
falling upon it. \Ve cannot detect the waves 
scattered by a single atom. However, if there is 
any regularity about the arrangement of the 
atoms throughout the body of the material, along 
certain directions for rays of one definite wave 
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length wan·s scalter·d by a large number of 
atoms will be in phase \\'ith one another. They 
will then reinforce each other and produce a 
reAecled ra\· of such intensitv that it can be de-

. . 

tected on a photographic plate. The principle 
is exactly the same as that emplo_,·ecl by the ex
p<.:'ri111enter with ,·isible light, when by means of 
a closel�· ruled grating he splits up a beam of 
light into its spectral colours. If no\\·, instead 
of employing a heterogeneous beam of X-rays of 
all wa,·e lengths, we arrange that the beam shall 
contain rays of one \\·a,·e length only (A), reAec
tion will nol take place unless certain critical 
relationships are fullilled. These are such that, 
if the atoms be arranged on a regular series of 
planes distant d apart. both incident and reAected 
rays must make \\'ith these planes an angle () 
"·hich satislies the equation, 

11,\ = 2d sin H . . . . . . . . . . . . . . . . . . . . . . . . •  ( I) 

n b'ing any whole number. 

i;IG. 1. 

Fie. 2 

This at once gi,·es us a means b\· \\·hich \l·e are 
able to interpret the ;1rran<re111ent of <rroups of :-., ::-, 

alums tra,·ersecl b,· a be<lm of X-ra,·s, almost as 
exacll_,. as if "-� had an X-ray. microscope. 
Instead of !!uessini::>· the internal arranrrement of <...7 ._� b 

its atoms from the out\\'arcl form assumed lw a 
crystal, we find ourseh·cs able to measure .the 
actual c.lisu1nce from atom to atom. 

The ori g·i na I experi men ls "·ere mac.le al 
.\lunich bv ,. Laue se,·enteen ,-pars· after till' 
first discO\·.er�· of X-rays. \ ' er_ , . 1�wch of the sub
sequent de,·eloprnent of the method is due to Sir 
'William and \\!. IJ. 13ragg-. This method of 

a na I ysis has prO\·ecl to be wonclerfu II y useful. 
:\ol only can it be applied "·hen the material is 
in the form of a single crystal; it yields results 
whenever there is the slightest regularity about 
the structural arrangement, even if each separate 
element of regularity is ultra-microscopic in size. 
Fig. I. for example, is a reproduction of an X-ray 
spectrogram taken in the Re ·earch Section from 
carbon granules oul of a telephone transmitter. 
Contrary lo li 111e-honou reel ideas lh is carbon is 
not slricll)· amorphous, that is, without the ele
ments of a cn·stalline structure. The fact that 
X-rays of one \\'ave-length were reAectecl from it 
more strong! y at certain angles than at others re
,· ea ls that it has a clefl n i le struclu ral pattern. 
.\ ncl this pattern is the same as that of graphite, 
because the angles al which reAection occurs are 
tile same for the t\\'o materials. The result ob
tained when graphite is subslilulecl for the car
bon granules is sho\\'n in Fig. 2. It will be seen 
that t Ill' rl'nections correspond, thuugh the pal-

tern obtained on Fig. l is Yery much more ill
deli.necl, and only just beginning to appear as il 
\\·ere. This is explained ven· perfectlv bv the 
fact that the homogeneous rrag·men ls or' gr;ph i te 
crystal in the amorphous granules are still ex
ceedingly minute. 

To the metallurgist the method of X-ray an<:lly
sis is invaluable. Deformation of the structural 
arrangement clue to too vigorous cold-rolling or 
stressing, flbreing , or the effect of annealing in 
causing grO\\"lh of the little elements of regularity 
-all are revealed. It enables him to follow <:ln 
ato111ic re-arrangement takin<r place \\·ithin a 
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metal as its temperature is raised. For instance, 
in a series of experiments \Vestgren found that for 
an iron wire at ordinary temperatures the 
arrangement of the atoms was as in Fig. 3. He 
heated the wire to a temperature just over goo°C, 
and the atoms re-arranged themselves according 
to Fig. 4. Iron, when heated to a high tempera
ture, becomes non-magnetic. But we have not 
by chance stumbled on the secret of ferro
magnetism. The change in atomic structure 
cannot be made to explain the loss in magnetic 
properties. One does not take place until 200° C 
after the other with pure iron. Besides, al-

f------ 2·86 -- -----1 -----�60 ----� 
- < _, 

Di.mer�s.i.Dns in An2&trom Units : I Angstrom Uni..t ,. 10 cm.. 

FIGS. 3 Mm 4. 

though iron at normal temperatures regularly 
crystallises according to the pattern shown in 
Fig. 3, nickel and cobalt, the other two strongly 
magnetic elements, are magnetic when found in 
the pattern shown in Fig. 4. .\t the most, both 
changes which occur when the iron wire is heated 
can only be th�· result of internal changes taking 
place within the atom itself. 

(ii) The use of Alpha particles. The interior 
of the atom has not been nearly so completely 
explored. Indeed, had it not been for Bec
querel's discovery of the radio-active elements, 
the interior might have remained completely un
known right up to the present day, for radio
active elements are the source of alpha particles. 
And a vast amount of theory about the internal 
structure of the atom rests solely on the evidence 
of experiments which have been conducted with 
the aid of these fast flying particles. It is as if 
the advance guard of an army of discoverers 
having arrived at last before the walls of the 
atomic citadel Kature had handed out to them 
just the projectiles needed to batter down those 
walls and disclose what was inside. 

It was thought at first that the effect produced 

by radioactive compounds on a photographic 
plate held near them was due to their emitting 
some new kind of ray. They were firing off 
something of even greater value-positively 
electrified particles of matter with an initial 
velocity of over I09 ems. per second. Later, the 
mass of one of these particles was found to be 
equal to that of the helium atom, the electro
static charge carried by it to + 2e. * Losing an 
alpha particle, a radio-active atom transmutes 
itself into an atom of the element lying t\vo places 
further do>Yn the periodic table. Each atom of 
radium gives up five of these alpha particles be
fore it finally appears as lead; but so enormous 
is the velocity with which they are fired off that a 
single one of them is capable of producing a dis
tinct scintillation when it hits a phosphorescent 
screen. 

When alpha particles are fired into a gas, each 
one of them leaves behind it a trail of ionised 
atoms. If this takes place in a supersaturated 
atmosphere each ion formed will become the 
centre of a minute drop of water; so that when 
they are illuminated a photograph can be ob
tained of the track of the alpha-particle. Strik
ing photographs taken in this way show that 
the tracks of the great majority of the alpha 
particles are perfectly straight from beginning to 
end; but an occasional one will show an abrupt 
change of direction, just as if the flying particle 
had come into collision with some heavy mass. 
Not only will the alpha particle ordinarily take 
an undeviating course through hundreds of 
thousands of gas molecules, but more remarkable 
still, it will pass through thin sheets of metal foil. 
There is obviously only a very small part of each 
atom which is impenetrable to these swiftly fly
ing particles. The original experiments of Sir 
Ernest Rutherford along these lines established 
the amazing fact that the interior of the atom was 
mostly empty space. 

The fact that a certain proportion of the alpha 
particles which fell upon the metal foil were 
scattered through definite angles gave Ruther
ford some e\·idence of the size of the impenetrable 
nucleus. His latest estimate of the diameter of 
the nucleus of the lighter atoms is approximately 
5 x 10-13 ems. vVhen we remember that the 
diameter of most atoms is round about w-s ems., 

�' e = 4.774 x rn-10 absolu/e electrostatic units. 
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or 20,000 times the diameter of the nucleus, the 
amazing emptiness of the atom at once becomes 
apparent. 

The nucleus is positively charged. That this 
positive charge, measured as a multiple of the 
natural unit charge, "is the same as the number 
of the place occupied by the element in the 
periodic table " was Moseley's splendid idea. 
It had been knmvn for some time that the wave
length of X-rays should be of the order of I0-8 

or w-" ems. To construct a ruled grating with a 
spacing suitable for the measurement of such tiny 
wave-lengths was unthinkable. But it had just 
been shown that the regular spacing of the 
atoms in a crystal would act as such a grating
as we have already seen. This enabled l\foseley 
to measure the wave-length of the lines in the 
X-ray spectra of a large number of the elements. 
The simplicity and regularity of the steps, as he 
went from one element to the next, gave him in
valuable evidence of the correctness of his theory. 
A great amount of subsequent work in every 
direction has gone to strengthen that theory. 
lJ nder its guidance all the elements have fallen 
into an ordered procession which, extending 
from hydrogen with unit nuclear charge to 
uranium with a nuclear charge of ninety-two 
units, has now remaining only two vacant places. 
These correspond to the atomic numbers of 85 
and 87. The atomic number has become of more 
fundamental importance than the atomic weight 
of the chemists. It specifies the positive charge 
on the nucleus, and the nuclear charge deter
mines all the chemical and electrodynamical pro
perties of the atom. 

Curiously enough, Aston has recently shown 
that, expressed on the scale on which the atomic 
weight of oxygen is 16, the atomic weights of 
practically all the elements are whole numbers. 
The existence of an apparent! y fractional atomic 
weight, such as that of chlorine (35.46), is ex
plained by the fact that this gas is in reality a 
mixture of two isotopes, each having a nuclear 
charge of I 7 units and exactly identical in 
chemical properties but having atomic \veights 
of 35 and 37. All chemical methods, such as 
those employing diffusion, entirely fail to separate 
these two isotopes. Aston's method was to 
cause ionised atoms of chlorine to pass succes
sively through an electric and a magnetic field. 
Each of these fields deflects the flying atoms, the 

deflection given to each atom depending on its 
mass and also on the nett electrostatic charge 
carried by it. ln this way atoms with a mass of 
35 can be made to strike a photographic plate at 
a different point from those carrying the same 
charge but with a mass of 37. .\st<m's achieve
ment was not to measure the mean atomic weight 
of a mixture of thousands of millions of atoms. 
His apparatus recorded the weight uf individual 
atoms. 

In the neutral atom of atomic number Z, the 
total positive charge on the central nucleus (Ze) 
is balanced by Z electrons each carrying a nega
tive charge equal to - e. The existence of these 
electrons has been known experimentally since 
just before the beginning of the present century. 
Sir J. J. Thomson was th'eir discoverer. He first 
observed their presence in a tube filled with a 
rarefied gas through which an electric discharge 
was being passed. It has since been shown that 
they can be coaxed o�t of all matter. They must 
therefore form a universal ingredient to every 
atom made up by Xature. This is revealed by 
experiment. 

An individual electron can be captured on a 
droplet of oil, or on a minute solid particle, and 
the amount of its charge determined. �Iillikan, 
as a result of a series of most delicate measure
ments, gives this amount as 4.77..j. x w-10 electru
static units. It never varies. It is the natural 
unit of charge, and by convention is always de
noted by the letter e. \\Then a magnetic field 
is applied to a stream of electrons all moving 
with the same speed, the electrons are all de
flected to the same degree, which shows that they 
all have the same mass. This is practically 

equal to <J x 10-28 grammes, which is about -1-
1840 

of the mass of the hydrogen atom-tlw lightest 
atom known. 

It would take about one thousand million 
million iron atoms to make up a grain of dust 
just visible tu the naked eye. If \\e were to con
struct a scale model of one of those iron atoms as 
big as the dome of St. Paul's Cathedral, we 
should still haw some difficulty in finding the 26 

electrons which are disposed somehow in the 
empty space about the nucleus. They would 
sti11 be scarcely as large as pin-heads. The 
capture of one of those electrons and the accurate 
measurement of its charge and mass has been 
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one of the most brilliant achievements of 
twentieth century science. 

NEW PROBLE:\JS. 

The existence of the electron 1s a defi
nitely proved experimental fact; its mass 
and charge are known with a high degree of 
accuracy. So, too, has experiment more or less 
definitely established the fact that the space 
occupied by the atom is almost entirely empty. 
The disposition of the electrons within that 
empty atomic interior is a problem which has 
given a considerable amount of trouble to phy
s1c1sts. Even now all is still conjecture. It is 
comparatively easy to fire alpha particles through 
atoms and prove that they are mostly empty in
side, or even to tear atoms to pieces in an electric 
discharge and so discover their constituent parts. 
It is when an attempt is made to fit the parts 
together again that the dispute arises. \\That is 
needed is not merely an advance in present 
technique, but another discovery opening· up 
completely new g·rnund, as did that of Laue. 
And the principle of the new discovery must be 
that of an ultra X-ray microscope-possibly one 
working on a high speed cinematograph 
principle th<•t will not only reveal to us tlw exact 
positions of nucleus and t>lectrons, but also their 
relative motions. 

For it seems highly probable that the t>lectrons 
are in rapid rotation round the nucleus. They 
cannot readily be imagined to be at rest. lf 
they were, the force of attraction bel\\·t>en unlike 
electric charges \rnuld rapidly cause tlw tiny 
negative electrons to fall into the more massive 
positive nucleus. Of course, we may assume 
that at the very small distances vvl1ich exist within 
the atom the ordinarv laws of electrostatic att rac
tion and repulsion no longer hold. Hut many 
experiments, such as those performed by Ruther
ford, tend to the conclusion that at distances very 
much less indeed than the diameter of the atom 
the im·erse square law of repulsion is perfectly 
valid. More acceptable is the idea. that the 
electrons rot<He, and that the force of attraction 
which would draw them inwards is just balanced 
by centrifug·al force acting· outwards. Indeed, 
the idea of a very minute sun and planets system 
-the nucleus, a sun around which the electrons 
planet-like run their courses-is very alluring. 
Unfortunately, the laws of t-lectromagnt'tic radia-

tion forbid it. :\ccording to these laws radia
tion of energy continually goes on from an 
accelerated electrified particle; and how then is 
the electron to continue giving out energy with
out slowly depleting its own store and spiralling 
its way to rest in the nucleus? If he is left with 
no more than the classical ideas of radiation to 
help him, the dilemma of the physicist is com
plete. 

Here it becomes necessary to say a few words 
about that same subject of radiation; but only to 
point out that the idea that light consists of a 
wave motion is not sufficient to explain all the 
phenomena that are known of it to-day. In the 
year I<)OO Planck published the results of his 
researches on the character of the radiation with
in an enclosed cavit,·. His results could not be 
explained in terms of the wave theory. They 
were entirely foreign to it. It \vas as if radiant 
energy of any frequency v were concentrated into 
little packets, or units, of mag·nitude hv, h being 
a constant; and that these little packets were 
emitted, journeyed through space and were 
absorbed entire. Such was Planck's suggestion. 
lt had nothing to recommend it to a generation 
of scientists who had witnessed a series of 
beautiful and striking experiments founded on 
the wave theory as their basis. It has nothing 
to recommend it to-day, except the fact that it is 
apparently true. For it is the only explanation 
there is to offer for an ever increasing number 
of phenomena, which range from the law of 
action of the feebly illuminated photo-electric 
cell to the peculiar character of the emission from 
the targ·et of an X-ray tube bombarded. with elec
trons at tens of thousands of volts. Disguised 
as fast flying quanta Newton's light-bearing 
corpuscles have made their re-appearance. But 
the new quantum theory involves the wave 
theory at its root; for the magnitude of the little 
packet of energy \Vhich is shot through space is 
h multiplied by its frequency, and the frequency 
is the speed of light divided by a wave-length. 
Thus have the two prevailing ideas of radiation, 
so apparently contradictory the one to the other, 
become inextricably interwoven. 

This little digression on radiation is justified 
by the fact that there is something very character
istic about the radiation given out by excited 
atoms. It is restricted to certain definite fre
quencies, giving the familiar series of bright 
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lines in the spectrum. And it does not matter 
whether this radiation has its source in the ex
perimenter's laboratory or is flashed across 
millions of miles of space from the stars, the 
intricate pattern of glowing spectral lines 
peculiar to any particular elem<:'nt remains un
altered. For many of the elements these lines 
have been found to fall into groups. And some
times a very simple numerical law can be found 
connecting together all the lines in a group. 
Balmer measured the wave-length of a number of 
lines in the spectrum of hydrogen, and found 
that the frequency of the radiation corresponding 
to each of these lines could be expressed by the 
formula:-

v = R ( ��-- - �0 ) .................... (2) 
n1- n-

where n, equals 2, and n is given one of the whole 
number values 3, 4, 5, 6 . .. etc., R being a 
constant. 

Is it possible that the whole secret of the 
arrangement of the nucleus and the el<:'ctrons 
within the atom may be revealed through an 
intricate pattern of sp<:'ctral lines recorded on a 
photographic plate'! It seems very probable. 
For the whole of our modern ideas of atomic 
architecture-of microcosmic solar systems in 
which each electron traces out a 

. 
definitely 

assigned orbit-dates from 1913, when Nihls 
Bohr, of Copenhagen, discovered a way of inter
preting spectra. 

Bohr's interpretation was based on three 
assumptions. They were : -

(i) That within the atom electrons can cir
culate in closed orbits without radiat
ing energy al all. 

(ii) That an electron can only circulate in a 
limited number of orbits permitted by 
certain conditions. The condition 
usually quoted is that the orbit must 
be such that the angular momentum of 
the electron in it is an integer multiple 

of h · Thus for a given atomic 
271' 

system, a series of energy values Eu 
E2, E3 • • •  alone is possible, each 
energy value corresponding to one of 
the permitted orbits. 

(iii) That when an electron jumps from an 
orbit in which the energy value of the 

svstem 1s E to another in which the 
energy is E" E, being less than E, it 
radiates an amount of energy equal to 
E - E1; and the frequency of the 
radiation is given by : -

hv = E - E, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (3) 

Tlwse were Bohr's assumptions. The fact that 
the model of the atom, which he has constructed 
on them, has pnwed remarkably successful in a 
certain limited field has caused them to be widely 
accepted. But, if anyone could think of a reason
able explanation why an electron should only be 
able to rotate in certain orbits and not in others, 
or why, for that matter, it should be able to rotate 
at all without radiating energy, the present day 
atom model would be immensely fortified. 

Let us look for a moment at the model con
structed by Bohr for the atom of hydrogen 
(Fig. 5). Hydrogen 1s the first element 

\ v m,-e 

Fw. 5. 

m the periodic table. Its nucleus carnes 
a positiYC• charge of- one ur\ll, so that one 
electron onlv 1s needed to complete the 
atom. Suppose that this electron, of mass 
m and charge - e, is rotating with a 
velocitv 7' in a circular orbit of radius r. The 
kinetic energy of the electron is � mv2• Reckon
ing the potential energy of the electron when it is 
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completely removed from the atom as zero, its 
potential energy >vhen it is at a distance r from 

e2 the nucleus is equal to - - . Therefore the 
1' 

total energy ( E) is given by : -

e2 
E = - - + tmv2 . . . . . . . . . . . . . . . . . . . . .  (4) 

r 

Bv equating the centrifugal force to the 
electrostatic attraction we have, 

e2 mv2 
- ................................. (5) 

r rz 

so that, 

e2 
E = - _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (6) 

2r 

Again, from Bohr's second assumption the 
angular momentum of the electron is equal to 

nh 

27!' 

:. 2rrmvr=nh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (7) 

where n is a whole number. It is termed the 
quantum number of the orbit. 

\Vith (S) and (6) equation (7) gives:-

2rr2me4 I , 
E = - ·---�-- • - .................... (8) 

hz n2 

Suppose now that the electron returns from an 
orbit of quantum number n to another orbit, 
nearer the nucleus, of quantum number 111• The 
difference in energy between the two states of 
the atom is given by : -

E _ 1, _ 2rr2rne1 ( 1 I ) 
( ) 'l - ------ -- - - ..... <) 

h2· n12 n2 

But by Bohr's third hypothesis this difference 
of energy is radiated away from the atom as 
energy of frequency v, where 

so that, 

v = 

hv = E - E, 

--- ---- ............ (10) 
2rr2me4 ( 1 1 ) 

h" n,
·� n2 

If n1 is put equal to 2, and n to 3, -b S ... 
etc., a striking similarity is at once apparent 
between the form of this equation and Balmer's 
experimental formula for the frequency of the 

·lines in the hydrogen spectrum, given at (2). 

But this is not all, nor the strongest evidence for 
Bohr's assumptions. The value of each one of 
the constants on the right hand side of equation 
( ro) outside the bracket had been previously 
determined. If these values, for e, h, m, etc., 
are inserted, the new constant formed agrees 
almost exactly with Balmer's experimental con
stant R. "\gain, if n, is put equal to 1, 3 or 4, 
new series of spectral lines should be obtained. 
And these have actually been found. They had 
been overlooked because one, the Lyman series, 
lies right out in the ultra-violet and the other two 
in the infra-red part of the spectrum. 

Not for all the elements will Bohr's scheme 
predict so simply the results to be expected from 
experiment. Many of the heavier atoms with 
whole families of electrons surrounding the 
nucleus have proved quite unamenable to calcula
tion. Nor indeed does the scheme unmodified ex
plain such phenomena as are observed, for 
instance, when the radiating atoms are subjected 
to a magnetic field. To explain these and other 
facts of experience mathematical theorists have 
elaborated and embellished the scheme, until 
some of their hypermysterious specifications for 
the atom remind one irresistibly of the recipes 
of the old alchemists. 

But, while this strange and yet fascinating idea 
of Nature arranging on the smallest possible 
scale solar systems of the same pattern as our 
own big one is still unproved by direct experi
ment, it is as well to emphasise again what is the 
sum of the definite new knowledge added to our 
store during the past two or three decades. The 
electron and the nucleus ha\'!' both been estab
lished as definite physical realities. Experiment 
has shown that the nucleus of any atom has a 
mass which is an integral multiple of the mass 
of the nucleus of the hydrogen atom. In order 
to build up the nucleus of any atom we need only 
two different kinds of bricks-protons, which are 
the nuclei of hydrogen atoms, and electrons. 
Then again much recent \Vork on the measure
ment of critical potentials has shown that there 
exist within the atom different energy states; 
such as, when we turn to theory, we associate 
with the orbits in Bohr's model. Lastly, 
Planck's constant, " h," mysterious and enig
matic, has taken its place as a definite physical 
constant called for in the expression of physical 
reality, and to become as familiar in the future 
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as is Newton's " g " to-day. There have been 
giants in the land of physics in these days. 

* * * * * * 

To the engineer, as well as to the physicist, 
the progress of discovery should be of thrilling 
interest. For where the experimental physicist 
stands to-day the engineer will probably be estab
lished to-morrow. True, the smallest piece of 
material which even the telephone engineer has 
to deal with consists of millions and millions of 
atoms, his smallest amount of energy to many 
billions of quanta. But our whole conception of 
the actio� of the photo-electric cell depends upon 
the new-born quantum ideas of radiation. And 
it seems as if the communications engineer of the 
future will be very profoundly interested in 
the action of the photo-electric cell. Again, 
although many of the properties which the en
gineer recognises in his materials, such as 
strength or elasticity, are not the properties of 
individual atoms; some, which are the electrical 
engineer's most vital concern, do appear to be 
the properties, if not of single atoms, at the most 
of very small groups of atoms. Magnetism is an 
example. \Ve know practically nothing about 
the real physical nature of the change that takes 
place in a steel bar when it is magnetised. By 
alloying nickel and iron together Elmen chanced 
upon a material, permalloy, which in feeble 

magnetic fields is tremendously more magnetic 
than either of these metals alone. There may be 
other alloys which will give equally startling 
properties. To the me1'tllllurgist who would set 
out to investigate them one by one the possible 
number of alloys becomes absolutely over
whelming. Did we but know what it is that 
makes all the difference between atoms of the 
three succeeding elements, iron, cobalt and 
nickel, and those of every other element, it would 
perhaps be possible to prepare an alloy having 
any desired magnetic properties to specification. 
This is only one problem. By loading the con
ductors with a wrapping of permalloy tape we 
have seen the speed of an Atlantic cable increased 
fourfold. But the real problem of the cable
that of the dielectric-remains unsolved. And 
the study of the properties of matter in a feeble 
electric field is practically an unexplored country 
for the physicist. 

To-day the whole realm of physics is strewn 
with unsolved problems. But, looking back 
only to the beginning of the century, one cannot 
but be impressed by the confidence and success 
with which the scientist of to-day attacks prob
lems which then would hardly have been thought 
capable of solution. It is by the solution of some 
of these problems that revolutionary changes in 
the art of engineering may be brought about. 



HISTORY OF THE POST OFFICE 
ENGINEERI�G DEPc\RTl\IENT. 

T
HE Council of the Institution has

. 

had 
under consideration the question of 
arranging for the compilation of a 

History of the Post Office Engineering Depart
ment, but came to the conclusion that it was not 
possible to undertake such a task at the present 
time. The Council feels, however, that it would 
be very unfortunate if information of historical 
value which is at present available should be lost 
merely through the lack of any organisation for 
the collection of such valuable literary material. 
The Council wishes to announce, therefore, that 
it has decided to arrange for the filing and in
dexing of any memoirs or information of his
torical value which mav be offered to the Institu
tion. 

The period in regard to which information is 
most valuable is that preceding the publication 
of the l.P.O.E.E. Journal, i.e., prior to 1908. 

Any document of the nature referred to which 
is considered of historical value, or any notes on 
any particular question of historical interest will 
be gladly received by the Secretary,of the Institu
tion, Dr. R. V. Hansford, E.-in-

'
c.o., G.P .0. 

(Alder House), London, E.C.r. 

THE POST OFFICE (LONDON) 
RAIL\VAY. 

This tube railway, some 6t miles long, extend
ing from the Eastern District Post Office in the 
east to the Paddington District in the west, has 
been constructed with a view to accelerating the 

letter and parcel service and at the' same time to 
relieve to some extent the street traffic congestion 
in the neighbourhood of the busy offices. In 
addition to the terminal stations, connections are 
made with Liverpool Street Station, King Edward 
Building (G.P.O.), l\Iount Pleasant, \Vestern 
Central Office, \\T estern District and \Vestern 
District Parcel Post. It is the intention to ex
tend the system later northwards from Mount 
Pleasant to the Northern District Office and to 
the main northern railway stations at Kings 
Cross, St. Pancras and Euston, while towards 
the south a loop line will run from King Edward 
Building to London Bridge Station, thence via 
the South Eastern District Office and Parcel 
Office to \Vaterloo Station and on to the South 
\Vestern District Office, from which the line nm

ning north-easterly will join the main line at the 
\ V estern Central Office. 

The whole of the operation of the trains is 
automatic, starting and stopping control being 
effected from switch cabins at each station ; no 
drivers are required. The rolling stock consists 
of steel motor wagons, made up into trains of 
two or three wagons, each wagon being capable 
of carrying a Ioad of half a ton. The electrical 
equipmentoCthe wagons consists of two 22-H.p., 
440 volt D.C. series motors, in parallel, and a set 
of electrically operated braking equipment and 
reverser. The motors are energised in the usual 
way from the conductor rail. 

}Iajor H. C. Gunton, Principal Power En
gineer, who, in conjunction with Mr. H. H. 
Dalrymple-Hay, Sir John Snell and Mr. A. M. 
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Sellar, Consultants, has been responsible for the 
construction and equipment of the raih\·ay, will 
furnish our readt>rs with a full technical descrip
tion in our July issue. 

In the Journal of the Franklin Institute for 
Dect>mbt>r, I<)2/, H. Nakamoura, of the Research 
Laboratory, Tokyo Electric Coy., Ltd., passes 
" Some Criticisms on Electric Resistance and its 
Derivative." There are confusions, he says, 
between electric resistance and differential electric 
resistance. In one e<tSf' resistance means original 
electric resistance and in another case it means 
differential resistance. Jn the paper he discusses 
distinctions between them and concludes as fol
lows : ( 1) Ordinary resistance is a mere quotient 
of the instantaneous value of the component 
which is in phase with currt>nt of the potential 
difference of any two points to the instantanous 
value of the current passing through these and 
has no vectorial sense. Differential resistance, 
however, is the first partial derivative of the 
former with respect to the latter and has sense 
and magnitude. (2) \Vheatstone Bridge and its 
varieties, unless balancing the galvanometer or 
telephone circuit by constant equipotential, 
measure the differential resistance and not the 
ordinary one. (3) Alternating current bridge 
generally measures differential effective resist
ance. \Vhen the current is small or its effective 
resistance, differential effective resistance numeri
cally approaches to ordinary effective resistance. 

The Director of the U.S. Bureau of Standards 
communicates interesting notes on the Seventh 
International Conference on \Veights and 
Measures (held at Paris last September) in the 
same issue of the Franklin Institute Journal. 
The United States delegates were hopeful that 
the conference would adopt a definite relation be
tween the yard and the \.vave-length of light, or 
between the yard and the metre. It appears that 
a different relation is used in this country and in 
the U.S.A., the difference between the British 
and American yard being of the order of a few 
millionths of an inch. Even such a small 
difference is of importance in the manufacture of 
precision tools. It was agreed that the two 
countries should settle the matter between them. 
The question of the dimensions of electrical units 
received considerable attention, \Vhen the in-

ternational units were adopted, certain kinds of 
concrete standards were accepted as a means of 
maintaining the values of the units, such as a 
column of mercury of specified dimensions for 
the ohm and a voltanwter in which the amount 
of silver deposited in a second by a current is 
used as a measure of the ampere. \Ve now 
know that the international ohm is one-t wen tiet h 
of 1 per cent. too large. Jn order to advise tlw 
international committee as to whether the old 
value of the ohm should be maintained or be 
adjusted to accord with mechanical measure
ments as originally intended, a special technical 
commission of ten members, including represen
tatives appointed by the several national labora
tories, was appointed to report by l\Iarch, H)2C). 

Annales des Posies, 'Nl1igraphes et Tele
phones, of January, H)28, contains among· other 
interesting subjects the following articles:

The adaptation of the French system to the 
universal telephonic service, by H . .:\Iilon, 22 
pages. 

Search for an international 5-unit Telegraph 
alphabet, by E. i\!Iontoriol, i pages. 

Belt Conveyors in Central Telegraph Office, 
Paris, by Jean Jacob, 15 pages. 

The February number contains the following 
articles:-

"\erial Post, by l\l. Lebon. Seventeen pages 
with three maps, showing routes of French lines 
in Europe, proposed routes in France and the 
connection of French routes with other European 
routes. 

The choice of a single type of apparatus for the 
international telegraph service, by E. Montoriol, 
14 pages. The author advocates the use of the 
Baudot system with Quadruple simplex, Triple 
duplex and Sextuple simplex, according to traffic 
needs. 

The connection of underground and aerial 
sections of telephone lines, by Marcel Moine, 28 
pages. 

The characteristics of transmission on long 
distance cables, by Kupfmuller. (Translation 
from an article \Vhich appeared in the Euro
paischer Fernsprechdienst of July 5th, IC)2i), 33 
pages. 

An important article on :'-Jew Preservatives 
for Telegraph Poles appeared in the Telegraph 
and Telephone Age of the r6th December, 1927. 
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The article describes the results of experiments 
carried out by Dr. L. P. Curtin, chemist o_f the 
\Vestern Union Telegraph Coy. The new pre
sen·atives developed by Dr. Curtin are founded 
upon an entirely new theory of wood preserva
tion, and are claimed to be more permanent in 
the wood than any materials previously em
ployed. They are inorganic salts, non-volatile 
and insoluble as limestone. The foundation of 
the developments lies in the discovery that the 
fungous organisms most active in rotting wood 
evolve acidic substances. This property has 
been utilised to bring into solution toxic salts 
insoluble in water and ordinarily inert. \Vhen 
brought into solution by the fungous acids, the 
materials become fatal to the fungus. The 
action is the same as that of paris green, lead 
arsenate, etc., in poisoning insect life. Several 
treatments based on this discovery have been 
tested, the most promising being the Zinc 
Arsenite treatment. Zinc chloride has already 
been used for preserving purposes and arsenic 
has long been employed in the manufacture of 
insecticidal compounds, but the combination of 
zinc-arsenic is new and its toxicity is higher than 
either creosote or zinc chloride. The solution is 
made by dissolving the chemicals in water and 
when ready for use is clear and nearly colourless. 
It is used cold and penetrates the wood nearly 
twice as easily as creosote, while leaving the 

timber practically unchanged in appearance. As 
soon as the treated \vood is exposed to the air, 
the evaporation of the solution brings about the 
necessary chemical changes and precipitates the 
solution within the wood, where it remains in
soluble and permanent. It is immune to loss 
from all weathering influences, but is ready to 
put an end to any infection or fungus spores that 
may appear. One of the outstanding character
istics of this solution is that it is not corrosive to 
steel treating equipment; in fact, the solution 
seems to be a definite inhibitor of corrosion. 

Compounds of copper with arsenic have also 
been used, but these copper solutions are corro
sive to steel and leave the wood light green in 
colour. Another substance, which operates on 
a different principle than either the zinc arsenite 
or the copper arsenic compounds, is barium 
carbonate. Inasmuch as the fungi produce 
acidic substances they can exist only in acidic 
environment. Barium carbonate, being alkaline 
in nature, tends to neutralise any acids with 
which it comes in contact and if present in wood 
in sufficient concentration it will completely 
neutralise the acids produced by fungous organ
ism and thus make it impossible for the fungus 
to live. The treating solution is a clear, colour
less water solution of barium hydroxide which 
penetrates wood with great ease. On exposing 
the treated wood the carbonic acid of the air con
verts the soluble barium hydroxide to insoluble 
barium carbonate, precipitating the latter within 
the wood structure where it will remain in
definitely, non-volatile and insoluble in water. 

Results of the tests are given in the article and 
also descriptions of the treatment methods and 
plant. It is claimed that the Zinc Arsenite treat
ment costs only one-fourth of the creosote treat
ment, and also reduces the weight and being 
clean simplifies handling. The poles so treated 
can be painted with ordinary paints and can thus 
be used in city streets without risk to passers-by. 
Wood so treated will not support combustion and 
does not increase in electric conductivity. 

Owing to the limited accommodation at our dis
posal, the Board of Editors is compelled to 
announce that single copies of Journals up to 
Vol. XIX. cannot be supplied after December 
31st, 1928. A number of copies will b.e retained 
to make up volumes for sale, but it is regretted 
that only a few complete sets of volumes will be 
available, as several issues have been entirely 
sold out. 
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EXCHANGE DEVELOPMENTS. 

The following works have been completed:--

Exchange. 

Burslcm 
Chatham 
Chesterton 
Edinboro' Central 
Exeter 
Hanley 
Longton 
Newcastle-under-Lyne 
Rainham 
Snodland 
Stoke 
Southport 
Southwick 
Strood 
Trentham 
Topsham 

Shrewsbury 

Leek 
Mary hill 
Toll London 

Finchley 
Giffnock 
Sale 
Salisbury 
Waterloo (Lvpl.) 
African & Eastern 
Brin tons 
Brvsilka 
De\vhursts 
Electra House 
Electrical Federation 
Heinemans 

Jaeger Ltd. 
Nelson Corporation 
Philips, J. & A. 
Vickers & Sons 
West Bromwich Union 
Wood Grcrn Council 
Wolverhampton Union 

Type. i No. of Lines. 
__ 

I 
_______ _ 

)./ew :\uto. 

I Auto. Extn. 
1 Ne\v 

1\Ianual 

,, 
Manual 

Extn. 

, , 

P.A.B.X. 

990 
1330 

JOO 

S720 
1990 
2335 

6So 
490 
140 
130 
700 

3000 
110 
320 
200 

90 

300 

5So 
4So 

Positions. 

1740 
Soo 
420 
460 
960 

60 
40 
20 
30 

170 
So 
30 
10 
60 
30 
30 
60 
40 
30 

Orders have been placed for the following 
ne\v works : -

Exchange. 

Ard wick 
Colchester 
Collyhurst 
Mitcham 
National 

Cheltenham 
Paisley 
Paigntoril 
Torqua!Y 

VOL. XXI. 

I 
I 

Type. 

New Auto. 

Auto. Extn. 

I No. of Lines. 

3045 
II40 
1913 
1480 
9400 

535 
S6o 
290 
570 

Exchange. Type. No. of Lines. 
--------------- , 

New 
Byfleet Manual 700 
Camberley 260 
Canford Cliffs S20 
Hornchurch S8o 
Valentine 

,, 1500 
Manual 

Ealing Extn. 2050 
Hatch End 300 
Margate S20 

New Cross 900 
Northwich 180 
Old Swan (Lvpl.) J050 
Port Talbot 

" 
300 

Speedwell 2480 
Sydenham 
Tandem 

" 
400 

"Wallasey 3620 
Willesden 

" 
1700 

Woolwich 
" 480 

Worthing 
" S6o 

Arm,·trong Sidddey ... P.A.B.X. 125 
Dunlop Rubber 

" 
20 

Hnlifax Corporation ... 
" 50 

Pe<irson Dormnn & Long (B) Modfcns. 
Pearson Dorman & Long (S) 

" 
40 

Southport Corporation JOO 

St. Helen's Corporation 
" 

So 

A very successful gathering took place at the 
Manchester Hotel on Tuesday evening, 3rd 
January, in connection with the second annual 
dinner and dance of the Headquarters Equip
ment Section Swimming Club. 

;\!together 96 members and friends assembled, 
being welcomed on arrival by the President, 
\V. J. Bailey, Esq., and ".VIiss Bailey. 

At the conclusion of an appetising menu the 
toast of the King and Royal family was loyally 
responded to and was followed by toasts of The 
Club; The Visitors; The Committee; The Hon. 
Photographer; The Hon. Secretary, Mr. G. 
Brown; the Ladies and the Gentlemen. 

Mrs. G. Brown graciously presented the prizes 
which had been won by the following members 
after a keen competition : -

44 Y ds. Handicap. 
rst, �fr. Hollinghurst, a cigarette case. 
2nd, Mr. S. D. Hull, case of knives. 
3rd, l\Ir. S. J. Husband, book on gardening. 

Diving. 
rst, Mr. J. Reading, pipe. 
2nd, �lr. H. A. Ashdown, egg boiler. 

F 
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3rd, Mr. M. C. Cooper, Eversharp pencil; 
and Mr. S. A. \Vaters, jam jar. 

Novices' Race. 

Mr. R. \V. Sawyer, rose bowl. 

Two violin solos were pleasingly rendered by 
Mr. L. V. Gorman, who also acted as .M.C. for 
the dance which followed and lasted until mid
night. The orchestra carried out its duties very 
ably and responded to repeated encores. 

The Swimming Club, apart from its beneficial 
effects to the individual member and its encour
agement of the acquirement of a most useful art, 
has developed the sporting spirit in its best sense 
and has been the means of facilitating social life 
and intercourse outside official hours of duty and 
during the summer organised a pleasurable 
healthgiving outing to the Surrey Hills. 

Professor Jarvis has been appointed Instructor 
and swimming practice is held summer and 

winter on Wednesday evenings, at the \Vest
minster Baths, Great Smith Street. 

It is suggested that other Sections might well 
follow their lead. 

ONE HUNDRED "-\UTOMATIC 
EXCHANGES. 

\Vith the opening of Armley Exchange in the 
Leeds Area on Saturday, roth lVlarch, 1928, the 
number of public Automatic Exchanges brought 
into service in Great Britain reached a total of 
roo. A list of the exchanges in the order of 
opening is given below. 

(In the case of Hereford, which appears twice 
in the table, the original Lorimer installation has 
been replaced by Messrs. Siemens No. 16 type 
equipment). 

It will be seen that initial multiple capacity has 
been provided for 179,360 lines with an ultimate 
capacity of 257,915. 

Multiple 
Exchange. Contractor. 

lJate of Capacity. 
openiHg. 

Initial. Ultimate. 
----· 

I 
-- --- -- -------------�--

Epsom A.T.M. Co. I 18. 5· 12 IIOO 1500 
2 i Hereford (see later entry n) Lorimer I. 8.14 
3 Darlington W.E. Co. IO. 10.14 I2oo 2800 
4 Accrington A.T.lVL Co. 13. 3· 15 1200 1500 
5 Chepstow A.T.M. Co. 7· 7. 15 200 200 
6 Newport A.T.M. Co. 14. 8.15 2600 3500 
7 

I 
Portsmouth A.T.M. Co. 29. 4.16 5200 7000 

8 Paisley .\.T.M. Co. 15. 7· 16 1700 2600 
9 Dudley W.E. Co. 9· 9.I6 800 1600 

10 Blackburn A.T.M. Co. 14. IO. 16 3400 4400 
II Leeds A.T.M. Co. 18. 5· I8 96oo 15000 
12 Grimsby Siemens '4· 9· 8. 3000 3300 
13 Stockport Siemens 23. 8.19 2400 2400 
14 Ramsey Siemens 24. I0.2 I 80 80 
I5 Hurley Siemens 20.12.21 80 80 
I6 Southampton Relay 15. 7.22 480 920 
I7 Fleetwood . Siemens 30. 6.23. 3500 5600 
I8 Hadleigh A.T.M. Co. I6. 2.24 125 125 
I9 Dundee G.E. Co. 15. 3·24 4500 4500 
20 Broughty FPrry G.E. Co. 15. 3.24 600 IOOO 

21 Marton A.T.M. Co. 22. 3.24 300 500 
22 Blockley A.T.M. Co. 28. 3·24 2" " 50 
23 Swansea Siemens 9· 8.24 3500 5800 
24 Sketty Siemens 9· 8.24 470 500 
25 York A.T.M. Co. 15.11.24 1600 2000 
26 Rise a A.T.M. Co. 16. 6.25 IOO 100 
27 Cwmbran A.T.M. Co. 16. 6.25 100 100 
28 Kirkcaldy Siemens 27. 6.25 700 1400 
29 Torquay A.T.M. Co. 31.rn.25 2300 3000 
30 Paignton .\.T.M. Co. JI.I0.25 700 1400 
31 Chapelt0\\"11 .\.T.M. Co. 8.11.25 2100 2100 
32 Roundhay .\.T.M. Co. 8.11.25 2100 2100 
33 Headingley A.T.M. Co. 8.11.25 2000 2400 
34 Stanningley . .\.T.M. Co. 8. I 1.2., 1000 1600 
35 Shrewsbury . .\.T.M. Co . 9· 1.26 1300 1800 
36 Hayling Island A.T.M. Co. 13. 1.26 200 260 
37 Gosport A.T.M. Co. 13. 1.26 600 Soo 
38 Ipswich .\.T.M. Co. 20. 3.26 2000 3300 

-----



39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
6z 
63 
64 
65 
66 
67 
68 

2a 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
So 
81 
82 
83 
84 
85 
86 
87 
88 
S9 
90 
91 
92 
93 
94 
95 
q6 
97 
q8 
99 

JOO 
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Exrhange. 

Morriston 
Cheltenham 
West Hartlepool 
Hartlepool 
Chesterfield 
Staveley 
Bedford 
Edinburgh 
Morningside 
Murravfielcl 
Newington 
Coventry 
Foleshill 
Cosham 
Oxford 
Gloucester 
Harrogate 
Sheffield 
Broomhill 
Sharrow 
Attercliffe 
Beauchief 
Owlerton 
Ecclesfield 
\Voodhouse 
Oughtibridge 

' Halifax 
Colwyn Bay 
Llandudno 
Burnley 
Hereford 
\V"k�tield 
Scindal 
Fforestfach 
Brighton 
Hove 
Preston 
Portslade 
Rottingdean 
Holborn 
Exeter 
Topsham 
Hanley 
Burslem 
Longton 
Stoke-on-Trent 
Newcastle-u-Lynf' 
Trentham 
Chesterton 
Southport 
Birkdale 
Churchtown 
Southwick 
Nottingham 
Arkwright 
Basford 
Sherwood 
Leicester (Advance portion) ... 
Wigston 
Western Park 
Syston 
Bishopsgate 
Armley 

Contractor. 

Siemens 
A.T.M. Co. 
Siemens 
Sif'mens 
Siemf'ns 
Siemens 
S.T. & C. Co. 
Siemens 
Skmens 
Sif'mens 
Siemens 
G.E. Co. 
G.E. Co. 
A.T.M. Co. 
S.T. & C. Co. 
A.T.M. Co. 
G.E. Co. 
Siemens 
Siemens 
Si<>mens 
Siemens 
Siemens 
Siemens 
Siemens 
Siemens 
Si<>mens 
S.T. & C. Co. 
Siemens 
SiPmens 
G.E. Co. 
Si<>mens 
SiPmens 
Siemens 
Sif'mens 
Si<>mens 
Siemens 
Siemens 
Siemens 
Siem<>ns 
A.T.M. Co. 
G.E. Co. 
G.E. Co. 
G.E. Co. 
G.E. Co. 
G.E. Co. 
G.E. Co. 
G.E. Co. 
G.E. Co. 
G.E. Co. 
A.T.M. Co. 
A.T.M. Co. 
A.T.M. Co. 
Si<>mens 
A.T.M. Co. 
A.T.M. Co. 
A.T.M. Co. 
A.T.M. Co. 
Siemens 
Siemens 
Skmens 
Sif'mens 
A.T.M. Co. 
.\.T.M. Co. 

Date of 
opening. 

Multiple 
Capacity. 

Initial. 
-- ---- ------

!CJ. 6.26 
2S. S.26 
25. 9.26 
25. 9.26 
25. 9.26 
25. <) .26 

2. 10.20 
2. 10.26 
2. 10.26 
2.10.26 
2.10.26 

20. I 1.26 
20. I 1.26 

s. 12.26 
11.12.26 
12. 2.27 
26. 2.27 

o· 3·27 
5· 3.z7 
5· 3.z7 
5· 3·27 
5· 3·27 
5· 3.27 
5· 3.27 
5· 3.z7 
5· 3.27 

1S. 6.27 
q. 7·27 
9· 7.z7 

20. S.27 
JO, 9·27 
15.rn.z7 
15.rn.27 
29. IQ.27 
12.11.27 
12.II.27 
12.11.27 
12.11.27 
12. I I .27 
12.11.27 
19. I I.27 
IQ. I I.2/ 
26.11.27 
26.11.27 
26.11.27 
26.11.27 
26.11.27 
26.11.27 
26. I 1.27 

3· 12.27 
3.12.z7 
3· 1z.27 

16.12.z7 
2S. 1.28 
28. I .28 
28. 1.28 
28. 1.28 
18. 2.28 
18. 2.28 
18. 2.28 
18. 2.28 

3· 3.28 
JO. 3.27 

300 
1700 
1200 

200 
1000 

JOO 

1500 
9300 
2500 
1700 
2100 
3300 

700 
200 

2500 
1500 
2900 
6300 
2800 
1Soo 
!OOO 

1200 
Soo 
300 
200 
JOO 

3400 
1400 
1200 
2300 

Soo 
!OOO 

300 
JOO 

4700 
4200 
!OOO 

400 
200 

9Soo 
2100 

200 
1300 
1100 

700 
900 
700 
200 
JOO 

3700 
1600 
1000 

200 
7500 
1000 
1400 
1200 
3400 

400 
300 
_,oo 

8500 
700 

j�imate.
_ 

I 
500 

2Soo 
1900 

300 
1Soo 

200 
2Soo 

14600 
4400 
2900 
3600 
5400 
!OOO 

200 
2500 
3000 
5500 
9000 
3500 
2600 
1500 
1900 
1200 

300 
300 
JOO 

4000 
i700 
2000 
3600 
1100 
i8oo 

500 
200 

6900 
6200 
i400 

600 
400 

!0000 
3500 

400 
2000 
2200 
1100 
1500 
!OOO 

500 
200 

5400 
2500 
2000 

400 
14000 

1500 
2200 
3200 

700 
400 
500 

10000 
1200 
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THE LATE .MR. \Y. BROWN. 
There are still manv readers who remember 

Mr. William Brown, Head of the Telephone 
Section at Headquarters from 1901 to 191 l, who 
was laid to rest in Highgate Cemetery on the 
nth January last. Able references to l\Tr. 
Brown's work and responsibility in connection 
with the establishment of telephone service with 
Paris-opened in 11arch, 1891 ; with the acquisi
tion of the Trunk Lines bv the Postmaster
General in 1896; with the introduction of Post 
Office Local Common Battery Exchanges; anq 
finally in 191 l with the acquisition of the 
National Telephone· Coy. 's plant-appeared in 
the Journal for January, 1912, on the occasion of 
his retirement. His service with the Post Office 
commenced at the transfer of the Telegraphs to 
the State in 1870 when he was appointed tele
graphist at Newcastle-on-Tyne. In his junior 
position he soon began to show that close and 
continual application to work which distin
guished him throughout his life. He was 
chosen as a member of what was then known as 
the Local Special Staff, a group of officers 
selected on account of proficiency to attend on 
occasions when large volumes of telegraph work 
had to be expeditiously disposed of-at New
castle and elsewhere. He took keen interest at 
this early stage, in the electrical and mechanical 
principles and arrangement of apparatus with 
which he had to deal-at a time when information 
was not easy to obtain, and when few troubled 
about it. When in the course of a few years the 
telephone appeared he quickly became associated 
with the operation of the Post Office Exchange 
at Newcastle, which for a long period was a 
prominent feature of the system of the country. 
His marked ability in this duty at once won for 
him favourable notice and appreciation in the 
Engineer-in-Chief's Office at Headquarters, with 

the result that in the early " Eighties" he was 
called to London to join that Staff, and he re
mained upon it, latterly and for many years the 
head of that important branch of work, to the 
end of his official life. He threw himself with 
energy into taking his share in the administra
tion, working, and development of the Telephone 
System : a duty which at times placed a very 
heavy load of responsibility upon him. He was 
aided hy a remarkably good memory, which 
made a master of detail in complicated systems 
of telephone work and in their history. For 
extended periods he worked long hours daily. 
with little leisure even at week-ends-a devotion 
to duty which probably did harm to his health, 
and contributed to his extraordinary susceptibility 
to frequent attacks of epidemic influenza. In 
whatever work he engaged, he secured the full 
confidence of those under whom, or with whom 
he served-successive Engineers-in-Chief, col
leagues of his own rank, and officers and men of 
all g-rades. He made friends all over the 
country. A trusted and genial friend himself, 
a real worker, thoroughly informed and helpful, 
he was widely esteemed: and those who were 
intimate with him and survive him will cherish 
the memory of his sterling qualities and remem
ber him with affectionate regard to the end of 
their lives. E.C. 

We regret to announce the death, which 
occurred on Sunday, the 26th February last, of 
Mr. F. H. Bailev, who, for many vears was 
Executive Engine�r, in charge of tl�e ·E.-in-C.'s 
General Testing Branch, Studd Street Depot. 
Mr. Bailey, who retired at the age of 60 years in 
1924, has suffered indifferent health for some con
siderable time, hut the news of his dealh will he 
received with regret bv his manv friends and 
colleagues. 

J. M. G. TREZISE. 

AFTER completing his engineering education 
at King's College and being associated with the 
late Sir William Preece in the pioneer davs of 
electric lighting, Mr. Trezise entered the. Post 
Office on the 15th December, 1890, and thus 

completed 37 years st>rvice on his retirement on 
the 31st December, H)2/. /\s showing the great 
developments during this period, his first em
ployment was in charge of a steam-driven electric 
lig·ht station capable of a maximum output of 
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i\11<. J. i\I. G. THEZISE. 

L20 K. \V. al 1 JO \'oils Direcl Current, while the 
Headquarlers sub-station al the elate of his retire-
11ent had a full load capacity alone of 3000 kilo-
1valls, lhe input being al 11,000 \·oils lhree-phase 
so periods. 

fllr. Trezise's abilil)· was quickly recognised 
tnd in June, 18<JJ, lw \\'�1s lransferred from the 
·harge of lhe small slalion �1l lhe G.P.O. lo be 
n charge of lhc Electric Light and Power Staff 
1l .Mount Pleasant, from which date commenced 
1is long and productive associat ion with the lale 
.\Jr. �.J. F. Roberts. Promotion to a seconcl
Jass engineership came in �overnber, 1897, after 
which he took rapid strides to li.rsl-class engineer 
n Jaliuary. 1898, second-class technical officer in 
Dccem ber, 1 902, assistan t-su peri ntendi ng-engi
ieer in .\lay, 1908, first-class staff engineer in 
: . .kt·ober, L<JU<.J, and Superintending Engineer in 
;harge of the :\ letrupolitan Power District in 
December, 1910, which appoinlment he relainecl 
rnt·il the date of his retirement. 

During· his stay at Muunl Pleasanl he \\·as 
·espunsible under .\lr. Roberts for the design of 

i\Iount Pleasant and also the Savings Bank 
steam-generating stations, of which the former 
was at that elate the largest in the Post Office, 
and as large as man.1· in considerable-sized towns. 
Ha\·ing seen these cleYelopments, as well as the 
electric lighling and power equipment of the 
associated bu i lcli ngs, broug·h t to successful com
pletion , he was transferred to the Engineer-in
Chief's Office in December, i902, after which he 
was soon selected to accom pan�· Mr. Roberts on 
a Continental tour of inspection of High-Tension 
Power Stations and Transmission Lines , which 
were in a more forward state of development than 
in Great Britain owing to cheap water power and 
the long distance to be covered. This tour was 
arranged to obtain information in connection 
with the projected Post Office Power Station on 
the river-side at Blackfriars. On his return in 
September, i904, Mr. Roberts and himself re
ceived the thanks of the Postmaster-General for 
lheir report and recommendations, the soundness 
of which is sliown by lhe fact that they were 
adopled and lhe Blackfriars Power Station was 
built and successfully operalecl for 15 years , 

when economic conditions and the development of 

large power stations necess i tated closing it clown. 
During these busy years Mr. Trezise found 

lime to pursue his favourite hobby of Photometry 
and as early as 1896 had already produced an 
illumination photometer which was in advance of 
the time, and would bear comparison with many 
in use at this elate; by 1914 he had developed a 
photometer including a device which he patented 
for giving a clear and distinct screen which could 
be largely magnified without introducing errors. 
The intervenlion of the \Var prevenlecl the ex
ploitation of this photomeler , but it has not been 
imprO\·ecl upon to this day. 

During the post-war period Mr. Trezise has 
taken a large interest in the work of the British 
Engineering Standards Association and has 
acted as the Post Office representative on many 
Committees. As evidence of the value of this 
\1·ork the Association has invited him to continue 
as Chairman in his persmrnl capacity of those 
Commiltees for which he formerly acted in his 
official capacity. 

His authoritative knowledge of illumination 
was recognised by liis selection by the Institution 
of Electrical Engineers to represent lhem on the 
Nalional Illumination Commission of Great 
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Britain, a pos1t1on he still holds and in which 
capacity he attended the International Commis
sion on Illumination at Geneva in HJ24. 

Sufficient has perhaps now been said of .Mr. 
Trezise's technical achievements; suffice it to say 
that as a man of a somewhat reserved and un
assuming disposition he was yet the staunch 
friend of those fortunate enough to gain his con-

fidence, though he could be a doughty opponent 
when the necessity arose. 

l\Ir. Trezise is taking a well-earned rest in the 
South of France and Pyrenees for the benefit of 
his own and his daughter's health, and the best 
wishes of his friends for good health and happi
ness in his retirement will go with him. 

E.H.\V. 

LONDON DISTRICT NOTES. 

Telephones.-The changes in the number of 
exchange lines, extensions and stations during 
the quarter and the totals on 31st December, 
1927, were as follows:-

Incr€aS€ Total 

Exchange Lines 7,858 326,932 
Extensions 5,092 276,467 
Stations I I, 7 28 549,912 

Exchange Works.-Bishopsgate automatic ex
change-the second of the '' Director '' type
was opened on March 3rd, 1,325 subscribers and 
1 ,846 junctions being transferred from the exist
ing manual exchange. On March rnth, 3,300 
subscribers were transferred from Avenue, Cen
tral, City, Clerkenwell, Clissold, East, London 
\Vall and North exchanges. The equipment, 
for 8,ooo subscribers immediately and 9,400 
ultirnatel y, was installed by the � \ utomatic Tele
phone l\Ianufacturing Company to a specifica
tion prepared by the Engineer-in-Chief, and is 
similar to that of the Holborn Exchange 
described on page 1 7. 

At Hatch End a new exchange (C.B. l\o. rn) 
was opened on the 7th December last and at 
l\Ierstham a new exchange of similar type was 
brought into use on the 21st December. 

At Barnes a new C.B. exchange, known as 
Prospect, was opened on March q.th when 700 
subscribers were transferred from Richmond Ex
change, 300 of whom already had Prospect 
numbers. 

At E<lg\Yare a new C.B. exchange, installed 
in the building· which, lakr, will accommodate 
an automatic exchange, was opened on .:\larch 
8th. 

The temporary Terminus exchange situated in 
the old Holborn building was opened on March 
7th and the temporary Ambassador exchange in 
the Paddington premises is nearing completion. 

At Finchley an extension of 1 ,300 lines was 
corn pleted during February. Other extensions 
are nearing completion at Chiswick, Riverside 
and \Vanstead. 

Pneumatic Tubes.-ln Lloyd's imposing new 
building in Leadenhall Street, E.C., opened by 
His .:\Iajesty the King on l\Iarch 26th, a pneu
matic tube service has been installed between the 
telegraph room on the ground floor, adjoining 
the magnificent marble l\Iarket Hall and Thread
needle Street Branch Office. The tube passes 
through the floor to the night telegraph room in 
the basement, through a diverting switch and 
thence to the street and the instrument room at 
the Branch Office. Separate power plant has 
not been provided as power for the service in both 
directions is uhtaind from the exhaust of the 
C.T.O. tubes at the Branch Office, being con
nected to the terminal via a system of valves. 
The night service is operated from the night 
telegraph room in the basement direct to the in
strument room at the C.T.O. by means of the 
diverting switch referred to above and a similar 
switch in the day tube connecting the Branch 
Office to the C.T.O., power then being obtained 
from the mains at the C.T.O. 

A diverting switch has been fitted on a C.T.O. 
-\Vest Strand-\\Tar Office trunk tube, i.e., an 
" up " tube to the \\Tar Office Centre. By turn
ing this switch from its normal position, and 
applying vacuum at the \Var Office, "up" 
working can be maintained in the event of a 
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failure of power at the C.T.O., thus rendering 
the \Var Office Centre independent of the C.T.O. 
power supply. 

Two docket tubes, power driven, have been 
installed recently at Branch Offices; one at 
Harrow and tbe other at Dover Street. Both 
tubes are operated by " Fans, Centrifugal," and 
are controlled by switches at either end which 
enable the power to be cut off when the tube 
is not working, thereby effecting appreciable 
economy. "\ t Dover Street the tube replaced a 
Gipe Carrier, the last of this type in service in 
London. 

External Plant.-The changes in mileage dur
ing the three months ended 31st December, 1927, 
and the totals on tbat date were as follows : -

Pole Line 
Pipe Line 

Line .vlileage. 

Increase Total 
Miles. Miles. 

45 
187 

Telegraphs 

Single Wire 1\1ileage. 

Overhead Underground Total 
Miles. Miles. Miles. 

Telephones (Ex.) . . .  314 
194 

7 l ,883 

2,574 

24,983 
2, IC)4,or5 

69,675 
104,246 

,, (Trunk). 84 
Spare* 

London readers will be sorry to hear of the 
death of l\lr. J. L. Brown, formerly Executive 
Engineer in the London District, who retired on 
pension some two years ago. Mr. Brown died 
at his home in Alexandra Road, St. John's 
\Vood, on the 2oth February, and was buried in 
Hampstead Cemetery on the 24th. '' Jock,'' as 
he was known to his colleagues, came over with 
the Company in 1912 and was greatly esteemed 
for his personal qualities, not only by his old 
colleagues but by the many friends he made in 
the P.O. service. 

* i.e., excluding small gauge local conductors. 

LOCAL CENTRE NOTES. 

LONDON CENTRE. 
The Session was opened on the l l th October 

by Mr. F. I. Ray, B.Sc., F.H.D., A.M.I.E.E., 
who read a paper on '' Satellite working in Auto
matic Areas." The paper dealt with the develop
ment of Satellite working and was illustrated by 
slides and demonstration apparatus. There was 
a large attendance and a good discussion. 

On the 8th �ovember .\[essrs. T. Fewster and 
F. Johnston, .\ .C.I.S., of the Northern Centre, 
gave a paper on " :\ccounting as a Function of 
.\Ianagement." Various phases of Accounting 
were considered and particular reference was 
made to th_e Department's costing systems. A 

good discussion followed and the many points 
raised \Vere suitably replied to by l\lr. Fe\vster. 

On the l3th December l\Iessrs. :\. H. J acquest, 
.\ .l\I.I.E.E., and L. H. Harris, .\I.Sc. (Lond.), 
A.C.G.I., gave a paper entitled " Sparking and 
Arcing at Relay Contacts and the use of Spark 
Quench Circuits." The paper was illustrated by 
slides and there was a good discussion, manv 
visitors making Yaluable contributions based 
upon the experience of manufacturers. 

The meeting of wth January was unique. Mr. 
F. A. B. Lord, of Messrs. Dennis & Co., ex
hibiting films showing" Cable .'.Vlanufacture and 
the Laying of the Anglo-Dutch Cable " by 
l\[essrs. Felton & Guilleaume. There was a 
record attendance and the interested audience 
showed its appreciation. 

On 7th February .\lessrs. C. \V. Brown, 
,\ . .\I.I.E.E., and R. J. Hines, B.Sc., gave a 
paper entitled " The Problem of the P .B.X. con
nected to a Public Automatic Exchange." The 
paper was illustrated and a good discussion en
sued. l\Ir. Brown replied with his accustomed 
facility. 

biFOR�IAL .\lEETDIGS. 

The Informal .\[eetings have so far been Yery 
successful. They deal with the more humanistic 
features of the Profession and the interest aroused 
by these subjects and the freedom of discussion 
has been evidenced by the increased attendances. 

The tirst of these meetings was held on the 
25th October and was opened by Capt. J. G. 
Hines, '.\I.1.E.E., the subject being " The Tele
phone Engineer and his job." The discussion 
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was of sustained interest throughout and only 
the strict enforcement of a time limit enabled the 
meeting to close at the usual time. 

On 22nd November l\Iajor Brown, O.B.E., 
opened a discussion with the intriguing title 
'' Some things we all think we know.'' 

Fresh from his visit to Sweden, Major Brown 
dealt with the different methods of carrying out 
Construction work and the consequent saving in 
time as compared with this country. The sub
ject was dealt with fearlessly and yet moderately. 
The subsequent discussion was very keen and 
the opinions expressed very varied. 

On 24th January l\1r. G. T. Evans opened a 
discussion on '' Some small Current Rectifiers 
and their Characteristics." The talk dealt with 
valve rectification and the application of rectifiers 
for the elimination of batteries in connection with 
vVireless Receivers. The consequent discussion 
centred on the latter aspect of the subject, many 
speakers being desirous of obtaining information 
about inexpensive methods of obtaining suitable 
current from either D.C. or A.C. Mains. 

VISITS. 

Successful visits have been made to 
H.l\l.T.S. " Monarch." 
W. T. Henley's Telegraph Co.'s Works, 

Gravesend. 
The Mullard Radio Valve Co., Ltd. 

For the success of these visits the Committee 
desires to place on record its appreciation of the 
courtesy of those who made the visits so instruc-
tive and enjoyable. T.H. 

SOUTH EASTERN CENTRE. 

;\lr. C. T. Crisp, Executive Engineer, Brigh
ton N orl h Section, South Eastern District, 
retired on t lie 23rd February, T<J28, haYing com

pleted 43 years' Established Service. Prior to 
his appointment as Sectional Engineer in charge 
of the Old Brighton Section he passed through 
the following grades:-

(1) Sorting Clerk and Telegraphist, Ipswich. 
(2) Relay Clerk, Eastdean and North \Val-

sham. 
(3) Engineer, Second Class, l\letropolitan 

:'-Jort h District. 
.\lr. Crisp is a man of fine and strong 

character, with a high sense of duty, and knows 

what he thinks and acts on it. He exerted a 
great and good influence on all members of his 
staff, who regarded him with high esteem and 
much affection. In times of emergency his quiet 
and unruffled manner dispelled feelings of funk, 
calmed the " windy " and inspired confidence 
which enabled serious difficulties to be overcome 
without fuss or friction. 

�Ir. Crisp has left behind him at Brighton a 
record of work performed which will be a lasting 
memorial to his whole-hearted devotion to duty 
and an example to the younger generation of 
engineering officers to emulate .. 

He always took a very keen interest in the 
affairs of the Institution of Post Office Electrical 
Engineers, and contributed several articles to 
the Journal. As a result of his personal efforts 
a record sale of the Journal was reached in the 
Brighton Section. 

::\fr. Crisp was presented by Mr. F. Tandy, 
Superintending Engineer, with a fine gramo
phone and library of records on behalf of the 
staff at a gathering on the 23rd February. · Mr. 
\V. McCormack, Executive Engineer, Brighton 
South, and ;'.\[r. E. Armstrong, Assistant En
gineer, spoke of i\Tr. Crisp's good qualities of 
heart and mind. Mr. Crisp replied in a charac
teristic manner. 

SOUTH WESTERN CENTRE. 

RETIREl\IENT OF ::\IR. ,:\. E. CHAP:\IAN, l\I.I.E.E., 
BRISTOL. 

On February 29th, r928, l\fr. A. E. Chapman, 
the senior ..:\ssistant Superintending Engineer of 
the South \Vestern District, retired from the 
Service on attaining the age limit. 

Mr. Chapman entered the service as a Tele
g-raphist 1n the ('(•ntral Telegraph Office, 
London , on tlw 25th i\larch, 1882, where 

ht� n·rnained until 18()!, when he was pro
moted lo North \\'alsham, the first Post Office 
Hughes Repeater Station in this country. In 
December, 1895, :\1r. Chapman took up the 
position of 211d Class Engineer at Holloway 
Factory, where he was engaged in testing the 

first Trunk Switch Sections. In September, 
l 8q6, lw \\"aS I ransfc�rred to Leicester. Here the 

substitution of Quad G.P. cables by paper core 
cables was successfully effected. 

Promoted to 1st Class Engineer in July, 1903, 
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he remained at Leicester until llJOS, when he was 
transferred to Nottingham, on the amalgamation 
of the Nottingham and Grantham Sections. In 
�fay, HJOlJ, as a result of a severe illness, 
aggravated hy exposure to severe climatic con
ditions, during an exknsive breakdown of the 
Department's plant, he was transferred to the 
newly-formed South \Vestern District, \Vith 
headquarters at Yeovil, where he remained until 
the acquisition of the National Telephone Co. 
System in I<Jl2, when the Headquarters of the 
Section was transferred to Bournemouth. 

In Novembe�, l<Jl3, l\Ir. Chapman was ap
pointed "\ssistant Superintending Engineer at 
Bristol, where he remained until the elate of his 
retirement. During the \Var, 1\1 r. Chapman 
spent the period June, HJ16-June, 1918, at 
Reading, where he was closely associated with 
the Superintending Engineer of the South :\Iid
land District in the provision of l\Iilitary, ?\aval 
and Air Force Svstems of communications. 

\Vith the retirement of }[r. Chapman, the 
Dtipartment loses a valuable officer and the South 
\Vestern District a good friend. His genial and 
generous nature appealed to all g-racles of the 
staff. Endowed with all the instincts of a true 
gentleman, no one has ever had to cultivate a 
" thick-hide," as a shield against his control. 
His uniformly courteous and genial disposition 
and his readiness with which he afforded his 
colleagues and others the benefit of his wide and 
varied experience, secured for him a large 
measure of esteem. In short, he was a gentle
man first and an official afterwards, and in his 
retirement we sincerelv trust that he and :\lrs. 
Chapman will have many years of \n>ll-earned 
leisure and happiness in their new home at 
Bournemouth, whither he has already removed. 

Prior to his rPtirement from the Sen'ice :\lr. 
Chapman \\as entertained by his colleagues and 
friends at a Smoking ( 'oncert held at the Rotary 
Club, Bristol. 

l\Ir. A. Gray, ,\ssistant Superintending En
gineer, presided cffer a very largEJ company and 
among those present were Mr. E. J. Eldridge-
as alert and young looking as ever-and other 
friends of the various Departments of the Post 
Office. 

The Chairman, after extending a hearty \\el
come to the visitors, especially the ladies, read 
letters of apology for absence and expressions 

of good wishes from l\Iessrs. Pugh (Postmaster
Surveyor), J\[illar (District �lanag·er), Fish (Dis
trict Survyor, Office of \Vorks)) Pink (Sectional 
Engineer, Bristol), \Vise (Sectional Engineer, 
Exeter), Rattue (Sectional Engineer, Canter
bury), Major Cottle (Assistant Engineer, Ply
mouth) and others. During the evening a large 
and varied programme of music-vocal and 
instrumental-arrangd by J\Iessrs. H. H. Brown 
and Emlyn Jones, Senr., was carried through, 
the gentlemen taking part being Messrs. Emlyn 
Jones, Ellis, Hodge, Chivers, Sleigh, Baker, 
Drew, Hall, "\lexander, Hargreaves, Turner, 
Ross, Saunders, .\ickin, Grant and the Chertsey 
Glee Singers, with J\Iessrs. Emlyn Jones, Jnr., 
and Sutton as accompanists. 

In an interval in the prog·ramme, the Super
intending Engineer, J\Iajor Batchelor, D.S.O., 
:\l.C., in a very humourous and appropriate 

speech made the presentation, which comprised 
a Columbia Cabinet gramophone, suitably in
scribed, and ,\mplion Cone Loud Speaker and a 
case of bowls. 

:\lr. Chapman, who \\·as obviouslv affected by 
the \varmth of his reception, in thanking the staff 
on behalf of himself and his wife, said lw had a 
difficulty in expressing in adequate words the 
many kindnesses that had been shmrn him by the 
presentation or such handsome and useful 
mementoes. He bad, he said, been in the ser
vice of the Department for upwards of ..J.6 \'ears 
and in that time had seen many changes: In 
again thanking the staff, he expressed the hope 
that the future might hold much prosperity for 
them all. 

The concert \\aS uncloubt('cl]y one of the most 
successful in the annals of tlw South \Vestern 
District and the ('0111111ittce of :\Ianagement 
(:\lessrs. \\'eir. H. H. Bro wn, Cockslwtt and 
.\lt>xander) is to lw congratulatt'd on tlH' admir
ahk sucn'SS attending its arrange n w n t s. 

The catering arrangements in the hands of 
}lessrs. Bennett, Buckley and Bell were also of 
a high order. A.G. 

SOL1TH �1 lDL\ND CEl\TRE. 

:\t the opening meeting of tlw 1927-28 Session 
a lecture, " Satellite working in Automatic 
Areas," was delivered by }lr. F. I. Ray. The 
lecturer did not read from his typed notes, copies 
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of which had been circulated. ;\t the outset he 
defined a " Satellite Exchange," explained the 
application of that definition and stated that at 
the end of 192i the satellite exchang·es should 
number 63 with a total capacity of about roo,ooo 
lines. 

The arrangements at I\'ewport, i\lon., with its 
two satellites at Risca and Cwmbran were ex
plained. In this area all calls from Risca and 
Cwmbran, including those from one subscriber 
at Risca or Cwmbran to another connected with 
the same exchange were completed by means of 
the junctions to and from Newport. 

From the comparatively simple conditions in 
the Newport area the lecturer passed on to the 
more complex systems where it was possible to 
discriminate in the selection of junctions for (a) 
multi-exchange and (b) trunk calls. It was 
shown that extreme care was necessary before a 
numbering scheme for a particular area was 
adopted. 

Seven distinct schemes of working, each of 
which had been designed for a different require
ment, were described and details of the methods 
in use at Leeds and Hanley were outlined. 

The limitations of the Brighton l\I ulti-office 
Exchange area, which consisted of two main and 
four satellite exchanges where the names of the 
six exchanges in the area are printed on the dial, 
were explained. 

The scheme designed by the Post Office staff, 
known as the " Post Office Discriminating 
Selector Repeater " system, was described and 
its working shown by means of a demonstration 
set. The lecture \ms illustrated h \· 2 r lantern 
slides. 

l\Ir. l\Ic::\Iullen, of Southampton, who \\'as 
unable to be present, sent a written list of ques
tions relating to the Portsmouth area, and 
l\Iessrs. \Vakefield, Halton, Lewis, Atkins, 
Capt. Linsell and �Jr. Bolton contributed to the 
discussion. 

After the points raised by ::\lr. .:\lci\lullen and 
the verbal enquiries had been answered, the 
Chairman passed on to ::\lr. Ray the hearty 
thanks of the audience. 

The November meeting was devoted tu a paper 
by l\Ir. ] . Innes entitled " Edinburgh Auto. 
Multi-office Transfer." This helpful paper was 
full of pracical methods of overcoming difficulties 
of the change of sysern, but as it is to be printed 

there is no need to make a detailed record here. 
The slides were much appreciated. 

The time left for discussion was too short to 
enable all members who were interested to take 
part, but the Lecturer briefly replied to the points 
raised by ::\Iajor Harris, }lessrs. Atkins, Halton, 
Nichols, and T. :Martin. 

There \\as enthusiastic applause at the end of 
the lecture and the Chairman thanked Mr. Innes 
on behalf of the members present. 

The comparatively small attendance at the 
meeting held on the 2rst December was probably 
due to the proximity of the Christmas holidays. 
l\Ir. V. Smith read a paper on " Electrolytic 
Action." It was stated in the introduction that 
r 30 cases of cable damage by corrosion had 
occurred in the South l\lidland District during 
the past twelve months. 

Part I. of the paper dealt with damage by 
chemical action. The four chief causes of 
damage due to soil constituents were outlined, 
and it was maintained that the main safeguards 
against the trouble are dry conduits, the liberal 
application of petroleum jelly and the use of 
specially protected cables. Hints on the selec
tion and packing of samples for analysis were 
given, and this section of the paper concluded 
with a description of unusual and interesting 
cases. 

In part I I. the general use of Tester Nu. 36 
for measuring the strength of a current in a 
cable sheath was described. The methods and 
difficulties experienced in detecting leakages 
from tramway systems were explained and then 
the procedure \\·hen electric lighting mains were 
suspected \\as set out. Leakages from the De
partment's own plant were next to receive atten
tion. They were mainly due, it was shown, to 
the earth plates at Exchanges being of com
parative! y high resistance. 

The lecture \vas well illustrated by a number 
of diagrams. 

Twelve members, ::\Iessrs. Traviss, Goclfre,-, 
Ree\-es, Bolton, Roach, lh,:yer, Halton, l\Iaj�r 
Harris, :\lessrs. \Yakefield, H. \Y. Peck, 
l\Iullens and the Chairman took part in the dis
cussion <luring which several points of difficulty 
appeared to be elucidated. 

The Chairman, describing the paper as a good 
and practical one, thanked l\Ir. Smith for his 
work. 
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On January 25th, the subject taken by Mr. \V. 

H. Arnold was " Thrust Borers and Thrust 
Boring." The .\cting Chairman in introducing 
the lecturer thanked J\Ir. Arnold for his zeal in 
undertaking at short notice to read his paper 
two months earlier than the date arranged for it 
in the programme. 

It was contended that the use of thrust borers 
in suitable situations will frequently save expen
diture. The advantages of the borer were 
greatest when conduits had to be laid under rail
way level crossings or in congested thorough
fares. The bvst results are obtained when a man 
with practical experience of the machine travels 
with it and supervises its use. It was fore
shadowed that boring would be resorted to in 
future even under inexpensive surfaces in rural 
areas. 

Conclusions drawn from experience were given 
about the types of soil encountered and the 
method of overcoming obstructions. 

A description of the machine known as the 
;\Jangnall Irving type G.r was given. The 
successive operations were explained in connec
tion with excavating for the pits, inspecting the 
machine before use, lowering into pit, fixing the 
pilot bar, the rough and afterwards the fine 
setting of the machine, launching the pilot, bor
ing the hole and drawing in the pipes. 

The paper was illustrated by twelve slides. 
In the discussion ;\lessrs. Gilpin, Lewis, V. 

Smith, Logan, Halton, Summers, ;\lajor Harris, 
;\Iessrs. S. E. Naylor, \Vakfield, Roach and 
Capt. Linsell took part. 

The proceedings ended with hearty applause 
for ;\lr. Arnold. A.\\T.L. 

SCOTLAND \VEST CEKTRE. 

The fourth meeting of the current session was 
f.ield in the Royal Technical College, Glasgow, 
on the 22nd February, the lecturer for the 
day being :\Ir. F. I. Ray, B.Sc., D.F.H., 

A.J\1.1.E.E., who took for his subject" Satellite 
\Vorking· in .\ utomatic Areas." 

The lecture proved to be one of the most inter
esting and instructive fixtures held locally for 
some time. The subject was illustrated by 
means of lantern slides, and demonstrations were 
given on the working apparatus which had been 
set up. On conclusion of the lecture several 

questions were put which \\ere productive of 
further information, and an opportunity was 
given for examination of the apparatus. 

H. C. J\IAcC. 

I'\ORTH \\r ALES CEXTRE. 

The following is the Committee for the H)2j-
28 Session : -

Chairman-J\Ir. R. :\. \\Teaver, ;\I.1.E.E. 
Vice-Chairman - ;\lr. C. ;\. Jackson, 

;\.J\I.1.E.E. 
Executin� Engineers-;\J r. G. Richardson, 

:\ . .\I .l.E.E. 
.\ssistant Engineers-;\Jr. H.P. Lloyd. 
Chief Inspectors-:\Ir. J. Frost. 
Clerical Staff-J\lr. G. H. Carrier. 
Inspectors-;\lr. J. C. Spiers. 
Draughtsmen-;\lr. A. \\T. Allport. 
Local Secretary and Librarian-;\lr. J. G. 

K. Donaldson. 
The session \vas opened on the r2th October, 

ICJ2j, \\'hen :\lr. R. T. Robinson, A.?\l.l.E.E., 
of the Engineer-in-Chief's Office, read a paper 
on " ;\lotor Transport in the Engineering De
partment." The lecturer, after an historical sur
vey of the early experiments in motor transport, 
enlarged on the post-war expansion of this 
particular activity and on the various types of 
vehicle which have been developed in later years 
to meet the peculiar requirements of the En
gineering Department. 

The second meeting was held on the ()th 
November, \\hen .\Ir. J. Ree, of the .\Iullard 
\\Tireless Sen,ice Co., Ltd., read a paper entitled 
" Thermionic Valves and Distortion less .\mplifi
cation." The lecture, which \vas illustrated by 
a series of slides, dealt largely with the require
ments in valncs and couplings for good reception 
and particularly with respect to the comparative 
impedances of vah,es and transformers. 

The third meeting was held on the 8th Decem
ber at Birmingham, and \ms preceded by a visit 
of inspection to the :\lidland Exchange. On this 
occasion Captain J. Coxon, c\ . .\1.1.E.E., was the 
lecturer and the subject of the paper was " Ex
change l\J\\er Plant.'' The field covered was a 
very extensive one and despite a prompt start it 
was found necessary to curtail the lecture some
what, in order that some time might be left for 
the ensuing discussion. 
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On the I rth January, H)28, }lr. C. G. A. 
l\IcDonald read a paper entitled " The running 
of a large \\'ireless Station," opening with a 
description of the plant at Leafield and of the 
difficulties which have been experienced in 
operating the arc transmitter. Subsequently he 
described the short wave transmitters at Lea
field and also certain experiments which have 
been made in screening and focussing the trans
missions so as to obtain beam effects. 

The fifth meeting was held on rst February, 
1928, the subject of the paper being " Satellite 
\Vorking in Automatic ,-\reas," by l\Ir. F. I. 
Ray, B.Sc., D.F.H., "\.l\I.I.E.E., of the En
gineer-in-Chief's Office. The lecture �was illus
trated by an unit demonstration set showing all 
the operations between a parent and two satellite 
exchanges, and with the aid of this and numerous 
slides J\Ir. Ray provided a very clear exposition 
of the discriminating schemes in Director and 
Non-Director areas. 

The sixth meeting was held on 22nd February, 
IC)28, when }lr. R. Sheppard read a paper en
titled " Exe ha nge Const ruction." In this paper 
a survey of the field of the Department's Staffs 
was made with a collection of notes on the lay
out and planning of small exchanges, transfer 
arrangements, construction details, contract 

. works and contractors organisations. 
The keen interest taken in the meetings has 

been marked by the discussions, which have been 
well maintained on each occasion. 

The attendances have been from 80 to 100. 

SOUTH L\NC\SHIRE CENTRE. 

An account of the opening meeting uf the 
Session appeared in the January issue of the 
Journal. Four other well-attended meetings 
have since been held and the interest in the pro
ceedings bas been fully maintained. 

On November 14th, 1927, :\lr. C. \V. Brown, 
A.l\I.I.E.E., of the Engineer-in-Chief's Auto
matic Training School, read a paper on " The 
Director-Its applications and I he functions per
formed." A particularly dear outline of the 
working of the Director equipment was given 
and the reasons were stated for its adoption in the 
densely telephoned area of l\Ianchester. Keen 
interest was displayed by the larger number of 
members and visitors present, and, in the discus-

sion which followed, manv points were cleared 
up by the lecturer. 

On December 12th, Il)2/, a paper was read by 
:\Ir. T. Cornfoot, i\Ll.E.E., entitled " Tbe 
Administration of an Engineer's Section." 
This g«1ve an interesting account of the various 
duties of administration and the difficulties 
attendant upon the organisation of staff, control 
of expenditure, etc. Several lantern slides were 
shO\\n dealing more particularly with the pro
cedure adopted in the Liverpool External Sec
tion, and the general information given in the 
paper was greatly appreciated by the members 
present. 

"\t a meeting held on January 24th, 1928, 
members of the North \Vestern Centre of the 
Institution of Electrical Engineers were present 
by invitation, together with several members of 
the Postmaster's staff. A joint meeting of 
the local Centres of the two Insitutions has now 
become an annual feature and has done much to 
strengthen the cordial relations between the 
memberships of the respective Institutions in the 
locality. On this occasion a paper entitled 
" Recent Den·lopments in Power Engineering 
in His l\Tajesty's Post Office " was read by Mr. 
H. C. Gunton, '.\I.B.E., '.\l.l.E.E., Chief Power 
Engineer of the Post Office. The paper proved 
to lw exceedingly interesting, and a good dis
cussion followed. An expression of thanks was 
moved, on behalf of the visitors, by Mr. A. B. 
'.\lallinson, ;\l.I.E.E., Chairman of the N.VI. 
centre of the Institution of Elecrical Engineers. 

On February (Jth, I<J28, the fifth meeting of the 
session, a paper entitled " "\ccounting· as a 
Function of .\ lanag·enwnt, " was presented by its 
joint authors, '.\lessrs. T. Fewster and F. John
stc)ll, .\.C.l.S., of the Northern Centre of the 
Institution. The paper was read by l\lr. John
sfc)ll, \\·ho dealt very fully with the subject, and 
certain modifications of present practice, sug
gested in the paper, provoked a spirited discus
sion. Subsequently :\I r. Fewster ven' ably 
replied to the puints raised by the various 
speakers. 

NORTH \\'ESTERX CE�TRE. 

The third meeting of the 1<)27-28 Session was 
held al Preston on the 16th January, Il)28, when 
a paper entitled '' Traffic ,\rrangements as they 
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apply to Automatic Exchange Transfers " was 
read by Mr. A. L. Barclay (Telephone Traffic 
Superintendent). 

Mr. Shackleton presided over a good attend
ance which included the District :'.\fanag·er (:\fr. 
S. 0. r\llen) and a number of his staff. 

Mr. Barclay took as an example the actual 
arrangements made in connection with the rt'cent 
Southport Automatic Exchange Transfer and 
covered the following items: - Preliminary 
Traffic Data, Staffing, Control Sheets, Distribu
tion Lists, Switchboard Lay-out, Co-operation 
with the Engineering Department, Visiting Sub
scribers' Premises,· Demonstration Set, Advance 
Transfer, Call Offices, Main Transfer, Post 
Transfer, Service Inspections, etc. The lecture 
was illustrated by specially prepared diagrams. 

On the l3th February, I<J28, a paper entitled 
" Rebalancing a Cable " was read by Mr. T. 
\Voodhouse, A.M.I.E.E. 

Mr. Woodhouse opened his lecture with a re
view of the sources from which interference can 
be traced and indicated means of eliminating the 
trouble. The question of the necessity for re
balancing a cable was fully dealt with and the 
various tests described at length. The paper 
was illustrated by diagrams and schedules and 
was followed by a useful discussion. 

D. BARRATT. 

DEATH OF MR. R. A. Jmms. 

It is with deep regret we record the death of 
Mr. Robert Alexander Jones, Executive Officer 
Higher Grade (Staff Officer), of the Superintend
ing Engineer's Office, North \Vestern District, 
which occurred in a Nursing Horne on the l3th 
February, after an urgent operation. .Mr. Jones 
was taking a few days Annual Leave at his home 
in Southport when his sudden illness occurred, 
and the news of this followed quickly by the 
announcement of his death came as a great shock 
to his colleagues and friends in the North 
\V estern District. 

Born on the l7th April, 1869, and appointed 
Sorting Clerk and Telegraphist at Liverpool in 
June, 1885, he had completed nearly 43 years' 
service, and his death adds yet another to the sad 
list of zealous members of the staff who have 
fallen out of the ranks within hailing distance of 
retirement. 

He was promoted to the position of Junior 

Clerk in the Engineering Department in July, 
r8<Jl, and commenced his engineering career in 
:\Janchester, the headquarters of the old North 
\Vestern District. Passing uninterruptedly 
through the various clerical grades, and serving 
in many Districts (X orth Eastern, :;\; orth \Vales, 
:\'orth :\lidland), he was back again in the North 
\ V estern District, at :\Janchester, as Chief Clerk 
in the beginning of 1904. In November, H)ll, 

he moved to Preston, the Headquarters of the 
new North \\'estern District, where he found full 
scope for his outstanding organising and admin
istrative abilities, and where he served the De
partment for the past 16 years. 

In his official life, R.A.J., as one of his many 
friends in a letter of condolence remarks, stood 
for a great tradition; he was first and foremost 
a Department's man, but in his dealings with his 
staff his high sense of justice \\'aS tempered by 
strong human sympathy, which had its founda
tions in his deep religious convictions. 

He served on the Local Committee of the 
I.P .O.E.E., and from time to time contributed 
interesting and useful papers, notably his recent 
paper entitled " Accidents on Duty " and his 
last paper read during the last session, '' Some 
Curiosities of Official Literature." 

In his unofficial life he found time for many 
public activities. He was a \Varden and Coun
cillor of St. Luke's Church, Southport, and past
Chairman of the Southport Branch of the 
English Church Union. He also took an active 
interest in the Bov Scout movement. ;\ master 
of pure English and possessing a keen sense of 
humour he was a pleasant conversationalist. 

The funeral took place on February l6th. 
The service was held at St. Luke's Church, 
Southport, and the burial was at \Vallasey. In 
addition to the Superintending Engineer and 
Assistant Superintending Engineer and repre
sentatives of the Surveyor's Department and all 
ranks of the Engineering Staff, the funeral was 
attended by many representative public men, 
including the l\layor of Southport. 

He leaves a widow and son and daughter and 
the heartfelt sympathy of his many colleagues 
and friends throughout the Service will be added 
to that which goes out to them from ·within the 
District in their sad bereavement. 

May he rest in peace. 
s.u. 
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EASTERN CENTRE. 

MR. J.E.!\. SORRELL. 

MR. J. E. A. SOllllELL. 

Bv the retirement of :\1r. J. E .. \. Sorrell, 
another well known and popular officer is lost 
to the Telegraph side of the Engineering Depart
ment. Entering the Post Office service as Tele
graphist at the C.T.O. in January, 1884, he 
proceeded to qual.ify himself for technical duties 
and was a pupil of Sir \Villiam Slingo. 

After considerable experience on telegraph re
peater work in the C.T.O. he was transferred to 

the Engineering Department as a Relay Clerk 
(Lower Section) in 1894, serving for a short time 
at East Dean, after which he was stationed at 
Llanfair P.G. (Anglesey). 

In March, 1900, he was appointed to the En
gineer-in-Chief's Office as 2nd Class Engineer. 
r\ fter only a year's service in this capacity he 
returned to the repeater service for private 
reasons and was stationed at North \Valsham. 
!\lay, 1905, saw him promoted to Relay Clerk 
(Upper Section) and placed in charge at North 
\Valsham. Here many strenuous years were 
spent in telegraph experiments between England 
and Germany that resulted in replacing Hughes 
by duplex Baudot working. 1 n 1910 he was 
appointed a member of the ,\ nglo-German Com
mission, a position for which, by virtue of his 
extensi ,·e experience, he was especial 1 y suitable. 

The cessation of :\nglo- German communica
tion at the outbreak of \Var in 1914 resulted in 
the closing down of North \Valsham Repeater 
Station, and Mr. Sorrell was sent to take charge 
at \Varrington, where a telegraph Repeater 
Station had been established. November 1st, 
1915, saw him back again on the East coast as 
officer-in-charge of the Lowestoft Repeater 
Station, where he remained until his retirement 
on the 18th October, 1927. 

During the last two years of his service the 
Repeater Station was removed to a new build
ing, and he had the pri,·ilege of being in charge 
of the most up-to-date station in the country. 

:Mr. Sorrell's activities in his leisure hours were 
numerous and he will not find the years of his 
retirement hang heavy. 

His many colleagues past and present wish 
him health and happiness in his retirement. He 
will always be remembered as a keen servant of 
the Deparment y t at the same time a considerate 
and kindly chief. 

J.A.S.M. 
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BOOK 

" Wireless Direction Finding and Directional 
Reception." By R. Keen, B.Eng. (Hons.), 
Sheffield, A . .:\I.I.E.E. The \Vireless \\'orlcl, 
Iliffe & Sons, Ltd. 490 p.p. 21 /-. 

This book is a second edition of a book first 
published in 1922 under the title of " Direction 
and Position Finding by \Vireless." The 
present edition is expanded to form a compre
hensive treatise on all svstems of directional 

reception. The \Vireless Direction Finder has 
furnished the seaman \vith a valuable auxiliary 
to the appliances on which he relies to navigate 
his ship. \Vith the increasing use of radio as a 
means of telegraphic communication, the pro
perties of directional reception have become of 
great importance to the Radio Engineer. 

The author's treatment of the theoretical side 
of the subject is ample for the purposes of the 
book; a comprehensive Bibliog-raphy, to which 
appropriate references by numbers are made in 
the text, appears at the end of the book, and 
furnishes a useful guide to those who wish to 
make a more intensive study of the subject, 
The author deals with the practical side of the 
subject in the fullest and clearest manner. The 
book is singularly free from error, which gives 
evidence of careful preparation and proof read
ing, and can be confidently recommended to all 
those interested in the subject dealt with. 

Chapters devoted to '' maps '' and '' Notes on 
Field and Nautical Astronomy " \vill be found 
of especial use to those responsible for installing 
direction finding installations, and a chapter on 
" Fault clearing and .Maintenance " should 
prove useful to those responsible for the mainten
ance of the plant, although this last chapter is 
particularly applicable to the Bellini Tosi sys
tem as developed by the l\larconi Co. 

F.\V.D. 

'' History of Radio Telegraphy and Tele
phony." By G. G. Blake, l\1.I.E.E., F.lnst.P. 
Publishers : l\Iessrs. Chapman & Hall, Ltd. 
25/- nett. 

The compass of this book includes both a 
brief historical review of the history of wireless 
and a compendium of inventions, schemes and 

REVIEWS. 

proposals which have been concerned in the 
devt>lopnwnt of radio telegraphy and telephony. 

Both SE'ctions of the work are valuable by the 
extensive references given to the published 
articles, procet'dings of various societies and 
patent specifications which deal \vith the subjt>ct 
matter outlined by the author. 

The references, which total 1, 1 25, are con
veniently tabulatt>d in one list, and there is a 
good index. 

Some instances may be noticed where the 
original article describing an improvement or 
invention might advantageously have been 
quoted instead of or in addition to later publica
tions on tlw subject. In this connection original 
papers in the ,\merican Institution of Electrical 
Engineers on " \Vired \Vireless " and " Bever
age Antenn�es '' has not been referred to, but 
later articles on the same subject are noted. The 
most prominent patents in modern wireless and 
the earlier invention and " disclosures " which 
are of g-reat interest and importance to the 
designer and user are included in the review. 
One notable omission is that of Lee and Hogan's 
adaptation of the Fessenden Heterodyne Re
ceiver which is not mentioned. 

The method of cross-reference is generally 
clear, but a few obscurities or errors occur. In 
describing the Bellini and Tosi Direction Find
ing l\Iethod it is stated that an account of their 
work appeared in HJOi, but the references given 
are to publications in HJ19 and 1920 and an 
original article by Bellini published in the 
Electrician in 1914 is oYerlooked. 

The book can be recommended to the student 
of wire less history, as well as to those interested 
in the application of patents which have now 
lapsed or are still in force. 

A.S.A. 

" Practical Radio Telegraphy." By Nilson 
and Hornung. J\lcGraw Hill Publishing Coy., 
Ltd. Price 15/-. 

This work which is of American origin is in
tended to serve as a text book for students who 
wish to pass the examination for a Radio Opera
tor's License in the U .S.A. 
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The earlier part of the book deals briefly with 
the elementary principles of the subject, and the 
later chapters are confined to descriptions of 
ships' wireless equipments peculiar to modern 
American practice. 

The authors state in their preface that the 
trend in the design of modern radio equipment 
is from the spark to the valve type; one could 
have wished therefore that a good deal of the 
considerable space devoted to spark might have 
been cut down to make room for some extension 
of the chapters on valve transmitters. The 
chapter on Direction Finding Equipment might 
also have been usefully extended to include 
further technical details of the receivers : no 
diagrams of either of the types described were 
given. 

The book is profusely illustrated and for those 
who are interested in ships' wireless equipment 
can be recommended as giving a comprehensive 
survey of American maritime wireless practice. 

H.B.T. 

" The Call Indicator System of Automatic 
Telephony." (A. G. Freestone). Sir Isaac 
Pitman & Sons, Ltd. 6/-. 

This book embodies concise and clear exposi
tions of the circuit arrangements employed in 
this secondary, but very important, part of the 
scheme for the conversion of a metropolitan area 
to automatic working. 

The descriptions are not over-burdened with 
detail and the uniformity of method adopted in 
presenting the various facilities and circuit func
tions is very helpful to a proper appreciation of 
the sequence of operations. 

It is unfortunate, however, that the inset 
diagrams have been placed without sufficient re
gard to the need for continuous reference between 
them and the letter press, and before settling 
down to a study of the book readers would be well 
advised to remove the diagrams to the end of 
the respective circuit descriptions. 

There are no material errors to record, and, 
apart from the reference to the intermittent click 
facility (p. 57), which has not been provided, the 
subject matter is thoroughly up to date. 

With the exception, perhaps, of a few minor 
modifications either already adopted or in con
templation, the utility of the book is not likely 
to decrease with the lapse of time and its acquisi-

tion can be recommended both to students who 
desire to improve their acquaintance with the 
application of machine switching principles to 
modern circuit problems and also to those others, 
whose interest is of a more practical nature. 

J.R. 

" \Vireless Principles and Practice." By L. 
S. Palmer, 1\1.Sc., Ph.D. London: Longmans 
Green & Co. 504 pp. 18/-. 

The volume under consideration is stated to 
be specially intended for the student and for the 
Electrical Engineer who wishes to become con
versant with wireless. 

The work is divided into twelve chapters, the 
first five being concerned with the principles of 
Radio, while the remaining seven deal with 
practical applications. 

The first and second chapters on Wave Motion 
and \Vireless and on High Frequency Alter
native Currents and Oscillatory circuits respec
tively give concise but adequate treatment of the 
subject. 

Chapter three is devoted to \Vireless Circuits 
and Aerials for Transmission and reception. It 
deals with circuit components, wavemeters, 
decrement and selectivity and aerials and radiat
ing systems, including a few words on the 
measurements of aerial constants. \Ve should 
expect to find some reference to wave antenn� 
beyond a solitary reference in the Bibliography. 

The following chapter is on the subject of 
Special Circuits, which are dealt with under 
three headings, viz. : Rejector and Acceptor 
Circuits, Coupled Circuits, and circuits for 
Duplex and Dual operation. The first and third 
are dealt with fairly briefly, the second very 
thoroughly. It is perhaps a matter of regret 
that the subject of filters does not receive more 
adequate treatment in vie\v of the importance of 
such circuits in modern practice. Reference to 
the most informative source of information on 
filters, viz., The Bell Technical Journal, is 
also omitted from the Bibliography. 

Chapter five is devoted to the theory of the 
wireless valve and contains sections on conduc
tion through gases, electron emission from hot 
bodies, the two electrode valve characteristics, 
valve design and manufacture and finally four 
electrode ya]ve characteristics. 

Chapter six deals with spark arc and alter-



BOOK REVIEWS. 

natur methods for the g·eneration of high fre
quency currents. It is noticed that the author 
falls into the popular error that the use of a spac
ing wave tends to interfere unnecessarily with 
other stations, where;is actual practice tends to 
indicate the reverse, owing to the absence of key 
clicks. 

In the section on alternators it is surprising to 
find no reference to the Bethenod-Latour alter
nator used so widelv in France at St. Assize, 
Lvons and Bordeaux. 

The following chapter is devoted to the sub
ject of the three electrode valve oscillator, while 
chapters 9 and ro deal respectively with the 
detection and amplification of oscillatory cur
rents. A description is given of a two wire 
telephone repeater; the author's figures for the 
normal spacing of repeaters are far too high. 

\Vireless Telephony is next dealt with, while a 
final chapter on Directional \Vireless completes 
the work. Jn describing the single sidehand 
suppressed carrier system of telephony the reader 
is rather led tu infer that the main object of this 
svstem is to reduce distortion whereas the 
primary consideration is of course the reduction 
of the frequency band utilised. 

The book gives a well-balanced and compre
hensive survey of the whole field of radio com
munication, unnecessary elementary sections on 
electricity and magnetism, which so frequently 
form a goodly proportion of the contents of 
books on Radio communication, are absent, and 
the writer does not hesitate to use mathematics 
where the subjects call for it. 

One of the most valuable features is the in
clusion of a Bibliography at the end of every 
chapter divided into sections corresponding to 
the sections of the chapter. The Bibliography 
gives references only to articles in periodicals or 
proceedings of scientific societies, but does not 
give references to published books. In many 
cases references to such works would be useful 
to readers. 

The book is undoubtedly the most up-to-date 
on the subject and it will have a wide sphere of 
usefulness as a work of reference for engineers 
and as a text book for students. 

A.J.G. 

" The Principles of Electric Power Trans
mission by .\lternating· Currents." By H. 
\Vaddic<>t, B.Sc., A.l\l.l.E.E., A.A.1.E.E. 
Published by l\Iessrs. Chapman & Hall, Ltd. 
2 I/- net. 

This book, which is published at a very oppor
tune time in view of the many power distribution 
schemes now proposed or being put in hand, 
deals with the electrical problems that occur in 
designing alternating current transmission lines. 
l t  is primarily intended to be a suitable text book 
for students pursuing this subject, but at the 
same time the prnblems have been treated prac
tically and it will also be found useful to 
designers and engineers in charge of power 
transmission systems. Throughout the book 
the reader will find a large number of practical 
examples worked out in detail, both mathematical 
and graphical methods being used where pos
sible. 

.\fter considering· t•lementary principles the 
author deals with the electrical problems involved 
in short and long transmission lines. As the 
book is written to deal with the electrical prob
lems of transmission the mechanical construction 
of tlw line is only slightly dealt with, but it is 
thought that the value of the book for general 
use would be improved if the chapter on over
head construction were amplified In future 
editions from this point of view. 

Following the consideration of insulation of 
the line the method of maintaining constant the 
terminal voltage of the line with varying loads 
by installing idle running synchronous motors 
and modifying the power factor by varying the 
t·xcitation is dealt with fully. This chapter is 
followed by the consideration of underground 
mains and an exposition of the economic prin
ciples of design, the final chapters dealing with 
problems caused in operation by normal and 
abnormal conditions, surge5, lightning, etc., 
and the various protective devices necessitated 
and employed. 

The book is \\ell illustrated and useful refer
ences are given at the end of each chapter, to a 
larger number of technical papers dealing with 
aspects of the subject. 

J.McG. 
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STAFF CH.\NGES. 

STAFF CHANGES. 

POST OFFICE ENGINEERING DEPARTMENT. 

PROMOTIONS. 

Grade. 

.\ssistant Engineer, N. :\lid. District. 
Inspector. Testing Branch. 

Inspector, S. \Vestern District. 

Inspector, London l)istrict. 

Inspector, S. Lanes. District. 

Draughtsman, Chi,;s 11., Lein. Dis!. 
S.\V. l., S. \Vestern District. 
S.\V. !., S. \Vestern District. 
S.\V.I., S. \Vestcrn District. 

\Vayleave Officer, N.E. District. 
S. \V. I., "!\'. Eastern District. 

S.\V.l., Northern District. 
S.\\'.J., 1'.'orthcrn District. 
S.\V.J., :\'ortlwrn District. 
S.\V.I., i\ortlwrn District. 

S.\\'.I. ,  N. Wales District. 
S.\V.l., :\'. \Vales District. 
S. W.1. , N. Wales District. 
S.\V.I., >.·. \Vales District. 
S.\\'.l., N. Wales District. 
S.\V.I., :\. Wales District. 

S.W.I., N. Eastern District. 
S.\V.l., :\'. Eastern District. 

S.W.I., Eastern District . 
Tel. C.T.O. 

S.C. & T., Bristol. 

Probntionary Inspector, E.-in-C.O. 
Probationary Inspector, London Dist. 
Prob:itionary Inspector, N. Mid. Dist. 
Probationary Inspector, Loncion Dist. 
Probationary Inspector, London Dist. 
Probationary Inspector, London Dist. 
Probationary Inspector, London Dist. 
Probationary I nspector, London Dist. 

Probationary Inspector, "'-'. Dist. 
Probationary Inspector, S. Mid. Dist. 

Probationary Inspector, S.\V. Dist. 
Prob:itionary Inspect or, London Dist. 

Probationary Inspector, ,\l. Dist. 
P robationary Inspector , London Dist. 
Probationary Inspector, London Dist. 

Probationary Inspector, N. Dist. 
Proba tionary Inspector, S.\V. Dist. 

Probationary Inspector, London Dist. 
Probationary Inspector, .\l. E. Dist. 

Probationary lnspctor, S. Mid. Dist. 
Probationary Inspector, London Dist. 

Probat iona1·y lnspcct01-, E.-in-C. 0. 
l'robat ionary I ns1wctor, S. l\licl. Dist. 

TRANSFER. 

From . 

Promoted to. 

ExPcut i\e Engineer, :\. �lid. Di,t. 
( 'hief Inspector, E.-in-C. 0. 

Chief lnspctor, S. \\'estern !)i,t rict. 

Chier Inspector, E.-in-C.0. 

Chief Inspector, E.-in-C.0. 

Chief Inspector, E.-in-C.O. 
Inspector, S. \Vestern District. 
Inspector, S. \Vestern District. 
Inspector, S. \Vestern District. 
Inspector, :\. Eastern District. 
Inspectrn·, :\. E:istern District. 

I n�1wctor, >; urt hern I )i�trict. 
l nspecto1·, :\orthern District. 
Inspector, :\orthern District. 
ln:-q)Pctor, �, ortlH'rn l)i:-.trict. 
Inspector, :\. \\'ales District. 
Inspector, :\. \V<tles Dist rict. 
Inspector, N. \\'ales District. 
Inspector, :\. \\'ales District. 
Inspector, :\'. \Vales District. 
Inspector , :\. \\'ales District. 

Inspector, :\. Eastern District. 
Inspector, :\. Eastern District. 

Inspector, Eaqern Di�trict. 
Repeater Oflicer. Class I I.,  :\ orth 

] \Val sham. 

I 
Repcatn Oflicer, Class II., Lm,·cstoft. 

i 
I 

Inspector, E.-in-C.O. 
Inspector, Lon cl on District. 

Inspect01-, :\. Midland District. 
Inspector, London District. 
Inspector, London District. 
I nspector, London District. 
Inspector, I ,ornlon District. 
Inspector, London District. 

Inspector, :\ ortlwrn District, 
Inspector, S. Midland District. 
Inspector, S. vVestern District. 

Inspector, London District. 
Inspector, "!\'orthern District. 

Inspector, London Disirict. 
Inspector, Lond on District . 

Inspector, :\onlwrn District. 
Inspector, S. \\'pstern District. 

Inspector, London District. 
Inspector, :-./. Eastern Di,trict. 
Inspector, S. :\Iidland District. 

lnspPctor, London District. 
Inspector, E.-in-C.O. 

Inspector, S. :\iidland District. 

To. 

Inspector, N. vVales District. 

Date. 

1-2-2� 
1-10-2 7 

To he lixed 
later. 

,To be fix<><l 
1 later. 
To lie fixed 

later. 
22-12-27 

28-1-2fi 
2·)-1-2,..., 

2 1-1-28 
1-2-28 

To lie fixed 
later. 

7-10-27 
7-10-27 
7-10-27 
l0-6-27 

20-I 1-2/ 
24-10-27 

1-t.-28 
25-2-28 

24-10-27 
J-I-28 
3-2-28 

I 2- I0-27 
28-8-27 

12-12-27 

To be fixed 
I later. 
I 

15-1-28 



Name. 

Chapman, .\. E. 
Crisp, C. T. 
!'Anson, R. 
De\·onshire, T. E. 

Homfray, F. \V . . .. 
Crampton, G. H. 
Manion, J. 
Clwpman, 0. E . . . .  
D:il"idson, c;. 

. \shbee, .\. W. 
Childs, P. J. 
Evans, J. W. 
Pagan, D. 

J ackm;m, .\. J. 
l\fac\\-hirter, R. 
Barron, D. ,\. 
Holmes, :vI. (;. 
Dallow, J. E. 
Birch, S. ... 

!\" arne. 

Name. 

Joyce, R. M. 
Stevens, E C. C. 
\Vootten, L. G. 
Partridge, F. \' . . . .  
LeP, ,\. 
Thorogooc!, E. .\. 
Challoner, \V. 
Collett, W. A. 
Evans, T . ... 
Sharpe, H. T. :\. 
l\lcDoL,gald, F. :vr, 
Barker, H. 
Hall, L. L. 
Stanton, E. P. 
Pun·is, C . . . . 
Ed\\·ards, H. F. 
Cladze, C. vV. 
Ward, W. C. 
Cn!veley, C. E. 
Sheppnrd, J. c\. 
Jackson, G. 
Morley, J. E. 
Hawkins, C. F. \V 
Farren, P. E. 
J:igo, W. B. 

Nmne. 

Adams, H. G. 

----i--

... 
I 

STAFF CHANGES. 

RETIREMENTS. 

District. Grade. I Date. 

------------ 1 -

S. \\iestern. 
S. Eastern. 
N. l\1idland. 
S. Midland. 
S. Midland. 
S. Midland. 
N. Eastern. 

Eastern. 
N. Eastern. 

DEATHS. 

District. 

S. \Vestern . 
London. 
London. 

Scotland East. 

APPOINTMENTS. 

Assistant Superintending Engineer. 

,\ppuinted to :-

Executive Engineer. 
Executive Engineer. 
Assistant Engineer. 

Chief I nspctor. 
Inspector. 
Inspector. 
Inspector. 
Inspector. 

Grade. 

Chief Inspector. 
Assistant Engineer. 

Inspector. 
Inspector. 

l'robat::n;1ry .\ss:�tant En:ineer. } Open CompNition. 

Probation:iry Inspector, London Dist. 
London Dist. 
London Dist. 
E. -in-C.O. 

29-2-28 
23-2-28 
31-1-28 

31-12-27 
18-2-28 

31-12-27 
31-12-27 

3-1-28 
5-10-27 

f _ Date. 

I ! 24-11-27 
8-2-28 

I l-1-28 
8-1-28 

N. Wales Dist. 
London Dist. 
"i. Wales Dist. 
London Dist. 
S. Lanes. Dist. 
"i. \Vales Dist. 
S. Lanes. Di st. 
London Dist. 

Limited Competition. 

" " :.I. :\!id. Dist. 
Probntionary Inspector. · 

Open Competition. 

CLERICAL ESTABLISH!lfENT. 

TJ1ANSFRRS 

Rank. From To 
----- -----

Dntc. 

Higher Clericnl Officer I Ireland, N. District Eastern District I-l-28 
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I 00 STAFF CHANGES. 

0T!IER CB.\l\GES. 

'.:anw. Rank. I ])i,t rict. CausP. 

� ' ---

Jones, R. A. 
McCullagli, H. J. 

Staff Officer 
Higher Clerical Officer 

BOARD OF EDITORS. 
B. 0. ANSON, M.I.E.E., Chairman. 

E. H. SHAUGHNESSY, O. B.E. , M. I .E.E. , M . l.R.E. 
Lieut.-Col. A. C. BoOTH, M.l.E.E. 
J. w. ATKINSON, M.I.E.E. 
P. G. HAY, F.S.I., M.I.E.E. 
H. LONGLEY. 
\V. CRUICKSHANK, 1\1.1.E.E., �Ianaging Editor. 
J. J. McK1CHAN, 0. B. E. , M.I.E.E., Assistant Editor. 

COMMUNICATIONS. 

All Remittances and Communications should be addressed 
to the MANAGING EDITOR, P.O.E.E. JOURNAL, Engineer-in
Chief's Office, Alder House, London, E.C. I. 

Binding COYPrs nnd copi s of the Contents for Vol. 3 to 20 
are available, and may be obtained from the local agents for 
is. 6d. and Jd. respectively. Subscribers can have their copies 
of Vol. 20 bound, \\·ith index included, at a cost of 3s. by 
sending the JOURNALS to the local agents. Orders for bind
ings, Vols. 1-I9, should indicate whether the original binding 
with black lettering, or the latea: pattern in gold, is required. 
Covers with gold lettering will be the only type stocked from 
\' ol. 20 onwards. 

The price of the JOURNAL is 1s. 3d (1s. 6d. post free) per 
copy, or 6s. per annum, post free. All back numbers 2s. each. 

THE INSTITUTION OF P.O. ELECTRICAL ENGINEERS. 
Officers of Colonial and Foreign Telegraph Administrations 

who are engaged in Electrical Engineering Works may be 
admitted as Colonial and Foreign Corresponding Members 
respectively, after application. 

Subscription payable annually in advance on ISt April in 
each year: 

Colonial Members £1 o o 
Foreign ,, £1 IO o 

These sums include Annual Subscription to the Journal of 
P.O. Electrical Engineers and the supply of all Professional 
Papers issued during the period covered by subscription. 

Forms of application for Colonial and Foreign Membership 
can be obtained on application to 

The Secretary, 
Institution of P.O.E. Engineers, 

G.P.O. , Alder House, E.C.1. 

N. Western 
Eastern 

Death 
Retired 

13-2-28 
I-2-28 

CENTRAL LIBRARY. 
The following books have been added to the Central Library. 

Applications for the loan of same should be addressed to the 
Librarian, Institution of P.O. Electrical Engineers, Alder 
House, E.C.1. 

No. Title. 
LisT Ill. 

850 Ind us t rial Ps)Thology in 1;re<1t 
Author. 

Britain C. S. Myers. 
851 Introduction to Pract ical Mathe-

860 

IC)2 
516 

1natic-:; 
Exponentiab '11ade Easy ... 
Electric Rectifiers and Valves 

Sound 
.\lternaring Cun-ent 1-:lectric;il En

gineering 
O,·erhead Electric Po\\"er Trans

n1ission EnginePring 
Present Stare of Long Distance 

Cable Telephony in Europe 
Der \ "erband Deutsclwr Elektro

kedniker, 1893-1918 
C<--lhlP and \Vire1es� Con1munica

l ion of the \Vorld . . . 
Call Indicator System Autom:itic 

Telephony 
B.13.C. Handbook 
Magneto Manual 
Reinforced Concrete Construction 
Wireless Principles and Practice 
Continuous Current Electrical En-

gineering 
Telegraphy Aeronautics and \Var 

IVe""' Editions. 

Propagation of Electric Currents 
Elementary Practical Mathi>matics 

for Technical Students ... 
Alternating Current Rectification ... 
Pocket Book of Electrical Rules 

and Tables 
Electric Circuit Theory and Cnlcu

lations 

F. '11. S;ixelby. 
(;henry De Bray. 
l'rof. ,\. liunthei"s-

chalze. 
E. (;. Rich:irdc-on. 

P. Kempe. 

\\". T. Taylor. 

I'. F. Erikson. 

F. T. Bn)\Yll. 

H. (i. Freesto1w. 

H. R. Lungman. 
H. Adams. 
L. S. Palmer. 

,\. Hay. 
C. Bright. 

J . . \. Fleming. 

F. Castle. 
L. B. Jolly. 
Munro and 

Jamieson. 

\V. P. Maycock. 
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