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SllllPLIFmD 

l'IRITISlt MAOK 

DEStG ED by technicians who have made a special study 

of the service and maintenance engineers' problems, the Model 7 

Universal AvoMeter is acknowledged throughout the world as 

the one indispensable combination testing instrument. A single 

meter, yet at the touch of two simple switches it provides for any 

one of the 46 ranges of measurements for testing and tracing 

all electrical faults. 

Entirely self-contained, the Model 7 Universal AvoMeter is 

essentially portable and, above all, simple to use. Jt is dead-beat 

in action, has a 5-inch hand-calibrated scale with anti-parallax 

mirror, and conforms to B.S. lst  Grade accuracy requirements. 

It is fully protected by an automatic cul-out against damage 

through overload. 

16 G ns. Model 7 RtSIS· 
u.nce ranee Extension Unit 
(for mtasuremenu down to 
I IOOth. ohm.) ••• ... ... 11 6 

Also tht lt.-ranc• Universal 
AvoMtter ... 13 Gns. 

22-rance O.C. AvoMtter 9 Gns. 

Luther Carrylnc Case ... 15s. 

• Write for fully descriptive pamphlet. 

Sole Proprietors and Monu(octur<rs : 

The Automatic Coil Winder & Electrical Equipment Co., Ltd., 

Winder House, Douglas .Street, London. S.W. I. Telephone: Victoria 340-4[7 

S E R V I C I N G 
MAI NTENANCE 
& FAULT FINDING 

46 Ban1:es 
of 

Direct 

Readings 

• 

VOLTAGE 

A.C. 
o.c. 

Value per 

0-

0-

0- 100 

0- 200 

0- 100 

0- 500 .. 

0-1,000 

A.C. 

Value per 

division 

SOmV. 

100 .. 

SOO .. 

I Volt 

2 .. 

4 

s 
10 

Rance. division 
0- SO mV 0.5 mV 

(I mA ranee) 
0- IOOmV I 

(1 mA ranee) 
0- SOO mV S 
0- I Volt 10 
0- s .. 50 .. 
0- 10 100 
0- 50 .. SOO .. 
O· 100 .. I Volt 
0- 200 2 
0-100 .. 4 
0- SOO .. s 
0-1,000 10 

CURRENT 

o.c. 
Value per Value per 

division 
10,,.A 
20 .. 
so .. 

100 .. 
500 .. 

Rane•. 
0- S mA 
0- 10 .. 
0- so .. 
0-100 .. 
0-500 .. 
0- I Amp. 
0- 5 .. 
0- 10 .. 

division 
so ,,.A 

100 .. 
SOO .. 

I mA 
s .. 

10 
so .. 

100 .. 

Rane• 
0- I mA 
0- 2 .. 
0- 5 .. 
0- 10 .. 
0- so .. 
0-100 .. 
0-SOO .. 
0- I Amp. 
0- s .. 
0- 10 .. 

RESISTANCE 
Rance. First Indication. 

I mA 
5 .. 

10 
so .. 

100 .. 

0-10,000 ohms 0.5 ohms } 
0-100,000 .. s " uslnc Internal II-volt cell. 

0- I me1ohm SO uslnc Internal 9-volt battery. 
0-10 500 I usln1 external source of 
0-40 2,000 :: f A.C. or O.C. voluce. 

CAPACITY POWER DECIBELS 
0 to 20 mFd. In 4,000 n reference level 

First Indication 
0.01 mFd. 

Internal resistance SO mW 

0 tO 4 Witts 
First Indication 

l mW 

-10 Ob. to 
+ISOb. 

Electrical Measuring Instrument 
.7 
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A NEW EDITION 

DESCRIPTIVE PAMPHLET NO. 11 H 

All telecommunication engineers need this book 

which has been considerably enlarged and revised. 

The principles of many circuits used in tele­

communication are described, and the book also 

deals with the design of power units for radio 

transmitters, carrier equipment and telephone 

and telegraph apparatus. 

COPPER-OXIDE 

Rectifiers for Telecommunication 
Write for your copy to Dept. P.O.E.J. 

WESTINGHOUSE BRAKE & SIGNAL CO. LTD., 82 York Way, King's Cross, London, N.I 
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GREAT ER llt\PACT STREMGTH 

10 

8 

6 

-4 

2 

IMPACT STRENGTH 

� 
� . 
..., � 
� ... 
).. � 
I:> ... 

� 
� 

t' ,. 
THICKNESS INCHES 

Nomlnal 
N.P.L. Thlckntu Strlklnc Enercy Enercy 

Enc. Otpt. of Distance of blow 
Test Mark Material 

absorbed 

Inch Inch ft.-lb. ft.-lb. 
GLCllA I 4•97 �6 6•7 
GLCllB I 4•95 lN ,., 
GLCllD I OS ll•6 6"6 

1GLCllA 

t 
219 1-0 l'9 

GLC13B 2'49 10 l'8 
GLC13C 2'49 10 1· 1 

Chart showlnr resulu of tesu for Impact •trenrth 
mode by the Nat/ono/ Phy•lca/ Laboratory on standard 
.ampler of this material. 

Asbestos Electrical 

INSULATING BOARDS 
-EBONY GRADE-

EMSURES 

IMCREASED 

RELIABILITY 
Engineers know only too well the risk of breakdown from lines of weakness in 

heavy duty panels. The importance of selecting an insulating material which 

will carry heavy duty switchgear and at the same time provide adequate 

insulation, cannot be overstated. "SI NDANYO" Asbestos Electrical 

Insulating Boards, Ebony Grade, are homogeneous throughout, non-hygroscopic, 

possess high di-electric strength and can be relied upon where hard usage and 

rigorous conditions prevail. They have been in use for twenty years and to-day 

stand supreme in their class. They are recommended where small machined 

parts are required having high electrical properties. They can be drilled, 

screwed and tapped with ease and will hold ordinary wood screws securely. 

The illustration above shows a hand-operated airbreak D.C. circuit breaker 

for 10,000 amps. mounted on" SI NDANYO " Boards, Ebony Grade, by Messrs. 

Whipp & Bourne Ltd., the manufacturers, to whom we are indebted for per­
mission to reproduce the photograph. Messrs. Whipp & Bourne Ltd. are 

responsible for the supply of the whole of the switchgear for the " QUEEN 

MARY," "QUEEN ELIZABETH," and "MAURETANIA," to name only 

three recent ships where " Sindanyo " Boards, Ebony Grade, are employed. 

TURNERS ASBESTOS CEMENT co. ( Branc� ofTur•ucN<iwall Lu.l TRAFFORD PARK' MAN c HESTER 

S.E.6 



vi 

u My learning is play} and 

THE STROWGER TWO-MOTION DECIMAL 

SYSTEM STANDS SUPREME 
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my play zs learning n 

-Van Alphen 

Tryis aphorism of a Dutch philosopher is never more 
apt than when applied to the twentieth-century 

child, as he first takes an interest in a Strowger 

automatic telephone. He has been learning to 

count with the ten rows of ten beads on his play­

room abacus, but little does he realise that its 

principle forms the basis upon which the telephone 

switches operate in response to the movements of 

the little dial. 

One day he may learn that this is not coincidence, 

but that Strowger automatic telephones employ 

the decimal system of subscriber selection because 

it is the most logical, the most efficient and the most 

easily capable of adaptation to every new require­

ment in automatic telephone switching. This 

fundamental soundness of principle has greatly 

helped to make Strowger Automatic Telephony 

the world's standard to-day. Three out of every 

four of the automatic telephones in use throughout 

the world are Strowger and they are providing the 

highest possible standard of service under the most 

diverse conditions imaginable, for they are in use 

in some 70 different countries, each of which has its 

own peculiar climatic and operating characteristics. 

The latest, and greatest improvement in Strowger 
telephony. 

The Strowger 32A Selector (B.P.O. Type 2000) has 

a number of advantages covering both operating 

characteristics and construction. It hunts at a much 

increased speed. It operates over wider limits of 

impulse speed and ratio variation. Its cubic capacity 

is just over half that of the previous model, yet it can 

accommodate many more contact banks and is even 

more robust. It can be removed and replaced with 

ease ... and-it operates on the decimal basis which 

has emerged triumphant from all attempts to find 

another principle capable of supplanting it. 

THE STROWGER 32A SELECTOR 
We count in tens because our ancestors counted on their fingers. 
Whilst this served for the purpose of making rough reckonings 
it was of no use for recording numbers, and to make a permanent 
note of numbers some kind of mark or tally became necessary 
and has been necessary right through the ages. To-day we use 
a series of figures commonly described as " Arabic," Qut in 
past ages all sorts of queer symbols were used. One or two 
comparative examples of very early figure characters arc shown 
below. 

SYR.IA( PALMYP.ENE PHOE.NIC IAN HIERATI( HIERO�LYPHK 

I I I I ?.W I 

2 t' II II 1(� II 

3 ri Ill ,,, II( "1 Ill 

4 l'I' //JI \Ill 4"1"'1 1111 
5 ..:::::. .:::::. y 11111 1,1 11111 
6 ,� t!J 111111 't t 111111 
7 ,.,� llY \ 111 111 ,,z.i 1111111 

8 t'i=> 1118 111111/1 90. 11111111 
9 }',.,:::::> 1111� 111111/J{ '\. � 111111111 
10 7 / / h ,<. >-. n 

AUTOMATIC TELEPHONE & ELECTRIC co. Im.--

MELBO URNE HOUSE, ALDWYCH, lO NDON, W.C.2 'l'hone Temple llar �306 'Gttm1 'Srro,.&er. ulrand. London' 

E.t,.rr S.lt11 NOllfOlK HOUSE, NORFOLK ST., STRAND, W.C.2 'Phone Temple Bar 9262 '6ram1 'Aultlco, &!rand, London' 

STROWGEU WORKS, LIVEllPOOl, 7 'Phont Uld Swan S3U ·u,.mr ·srrol'&er. li•upool' 
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"Admirably compiled . . . . . well \\'Orth waiting for . . . . . one of the most authoritative 
standard works of its kind. "-Electrical Engineer. 

TELEPHONY Vol.11. 
(AUTOMATIC TELEPHONY) 

By T. E. HERBERT, M.I.E.E., 
former Superintending Engineer to the G.P.O. : and 

W. S. PROCTER, A.M.I.E.E., 
Regional Engineer, Post Office Engineering Department. 

The first volume of this work is now universally regarded as the standard textbook on manual 
systems of telephony. The new Volume II deals with Automatic Telephony, providing an exhaustive 
account of modern practice in this more recent branch of the subject. Electrical engineers and all 
concerned with telephony will find it invaluable for reference, and it is an indispensable textbook 
for candidates for the Post Office Engineering Department. Together with the first volwne it covers 
the complete syllabus of the Preliminary and Intermediate examinations of the City and Guilds of 
London Institute, and provides much of the information required for the Final Grade. 738 pages. 
440 illustrations. 20/- net (by post 20/7). 

Volume I: MANUAL SWITCIDNG SYSTEMS AND LINE PLANT. 1,212 pp. 20/- net. 

Order from a bookseller or direct from 

IR f AAC PIT M A N  & SONS, LTD., Parker Street, Kingsway, London, W.C.2 

Su 11 ivan-Griffiths 

DIRECT READING Universal 

PRECISION INDUCTANCE BRIDGE 

Range I µH to I 00 H. 

Direct ReadingAccuracybetterthan 0· 1%or0· I 1.1.H. 

No frequency error. (0-10000 c.p.s.) 

Direct Reading Measurements of 
RESISTANCE O·OI n to 10 Mn 

and by means of simple attachments 

IRON CORED INDUCTANCES 

with superposed D.C. up to 300 mA. 

CAPACITANCE 10µµ.F to I µF. 

Both D. C. and AC. resistance tests may be made 
on the one bridge without handling the coll. 

Li.t No. A.C.1100 
Accuracy is unaffected by temperature (30°F- I 30°F) 
owing to temperature compensated standard inductances. 

H. W. SULLIVAN LIMITED 
LONDON, S.E.15 

14 

'----����� ���-lu., a��·������ 

Tel•phone• 
NEW CROSS 2911 (3 Ion ) 

Teleitrams : 
STANDELECT PECK LONDON. 
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LET ME HELP 
YOU 

INTO A KEY 
POSITION 

SUBJECTS 
Accountancy Examinations Drau1htamanshlp. All Branches 
Advertlsln1 and Sales Mana1ement En1lneerln1. All Branches, subjects 
Aariculture and examinations 
A.M.1. Fire E. Examination General Education 
Applied Mechanics G.P.O. En1. Dept. 
Army Certificates Heatlns and Ventllatln1 
AuctlonHrt and Estate Arenu Industrial Chemistry 
Aviation En1lneerln1 Institute of Housln1 
Bankln1 Insurance 
Boller• Journalism 
Book-keeplnc, Accountancy, and Mathematics 

Modern Buslneu Methods Matriculation 
B.Sc. (Enr.) Metallur11 
B.Sc. (Estate Manacement) Mlnlnc. All subjects 
Bulldert' Quantities Mlnlns, Electrical En1ineerin1 
Bulldlnc, Architecture, and Clerk Motor En1lneerln1 

of Works Motor Trade 
CambrldreSenlorSchoolCertlficate Municipal and County Enclneers 
Civil En1ineerln1 Naval Architecture 
Clvll Service Novel Wrltin1 
Commercial Subject., All Pattern Makins 
Commercial Art Play Wrltlnr 
Concrete and Structural En1ineerin1 Police, Special Course 

Preceptors, Coller• of 
Preu Tool Work 
Pumps and Pumpln1 Machinery 
Radio Service En1lneerln1 
Radio Communication 
Road Makins and Maintenance 
Salesmanship, l.S.M.A. 
Sanitation 
School Attendance Officer 
Secretarial Exams. 
Sheet Metal Work 
Shlpbulldln1 
Shorthand (Pitman's) 
Short Story Wrltlnc 
Speaklnr In Public 
Structural En1lneerin1 
Surveyln1 
Teachers of Handicrafts 
Telephony and Telecraphy 
Transport Inst. Exama. 
Wel1ht1 and Measures Inspector 
Weldinr 
Wlrele11 Tele1raphy and Telephony 
Works Manacers 

/( you do not see your own requirements above write to us on any subject. Full particulars free. 

StudyatHome in your Spare Time 

.. 

CAX YOU CHAXGI:. 
MY EXPRESSION? 

IF SO. YOU MAY BE THE 
ARTIST THAT COMMERCE 

IS WAJTING FOR. 
Ju'l try it !or your<elf. Trace 
or draw the outline ,111d then put 

in the fraturcs. 
There are hundreds of openings in connection 
with Rwnoroua Papers. Advertisement Draw­
ings, Posters. CaJendan, Catalogues, Tutile 
Designs, Book Illuatrationa, etc. 

<><> per cent. o! Commerdal Art Work is done by 
" Free Lance Artists," who do their work at 
home and sell 1t to the highe.i bidden;. Many 
Commndal Artisti, draw "retaining ftts 11 

from ,·anous '-OUrtC\, oth<'rs prefer co work 
!ull-tin11• employmrnt or partnrrh>ip arrange­
ment. \l'r teach you not only how to draw what 
is wanted, but how to make buyer• want what 
you draw. MJny of our 'tudenl• who onginally 
took up lommcrcial Art "' .1 hobby have sincr 
tumrd it into a lull-time paying profession with 
"itudio and c.,tafJ of ai,\i�tant artists i there is no 
l11ni1 to thr J».,'lbilitics. Let us send lull particula"' 
for .1 FREE TRIAL and drtaib or <'Ur coun;e for 
your in!iopc'ftion. You will l)(' und('r no obligation 
wh.Hr\1 r. 

� ... � ART DEPT. 24 

YOU CANNOT MAKE M ONEY 
BY SAVING 

If you save 10s. per week for 10 years you 
have only got £260, but if you spend 2s. 6d. 
per week for 12 or 18 months on a corres­
pondence course, you give your brains a 
chance to earn thousands of pounds ; then 
there is no need to save. 

Savings are likely to vanish, but earning 
c1pacity is a permanent investment. 

I HAVE H ELPED THOUSANDS 
OF OTHERS 

And when I say thousands, I do not exag­
gerate, as I can produce well over 10,000 
unsolicited testimonials from grateful students 
who, through our Postal Training, have 

achieved their life's tJvAJ.. � 
ambition. / ;cr�l'(J--

Dept. 24 

THE BENNETT COLLEGE, SHEFFIELD 

EVERY DEPARTMENT IS A COMPLETE 

COLLEGE : EVERY STUDENT IS A 

CLASS TO BlllSELF 

JO URNALISM 
Short Story, Novel and Play Wrltln1 

There is money and pleasure in journalism 
and in Story Writing. Xo apprenticeship, 
no pupil�r, no examinations, no outfit 
necessary. Writing !or newspapers, novels 
or pictures, is not a gift ; it Is a science that 
can be acquired by diligent .1pplication nnd 
proper guidance. It is the mo<;t fascinatio� 
way o! making pastime profitable. Trained 
abiLity only is required ; we do the training 
by post. Let us tell you nil nbout it. 
DEPARTMENT OF LITERATURE 14 

II you attend to this now, it may make 
a wond&rlnl dllference to your fulnr 

To Dept. 14, THE BENNETT 
COLLEGE, LTD., SHEFFIELD 

Please send me (free of ch•r1•) 

Particulars of ......................................... . 
Your privnc advice about 

(Cross out line whteh does not •pply.) 

.... PLEASE. wi\fre . . ,.N. '8i:CicK:. 0LEii'1is ... . 

N•m• .................................................. . 

Address ............................................... . 
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CONTRACTORS FOR THE 

M ANUFACTU RE AN D LAYIN G OF 

TELEPHONE CABLES 
AERIAL • UNDERGROUND • SUBMARINE 

LOADING COILS 

WITH CONTINUOUS 

OR COIL LOADING 

LAYING LONDON TO BRIGHTON TRUNK CABLE 

Consisting of 4 screened pairs 40 lbs., 384 pairs 20 lbs. conductors, P.C.Q.T. 

To the Order of the British Post Office 



MADE IN 

ACCORDANCE 

WITH LATE ST 

B. P. 0. 

SPECIFICATIONS 

xi 

�OADING COIL PoT 
CONT A.INING .., 384 COILS FOR 

""..ONDON-BRIGHTON.., TELEPHONE 
CABLE 

SIEMENS BROTHERS & CO. LTD. 

WOOLWICH, LONDON, S.E.18 

Telephone: WOOL WI CH 2020 



llDI MmllD 
THE ALTON BATTERY CO. LTD. 

Incorporating 

C [ (I R Accumuloror Co. ( 1926) Lrd .. 

AL TON . HANTS 
Telephone: 2267 & 2268 Al1011 

Telegrams : " Bafle1y, A 11011 " 

xii 

lllustratio11 shows battery of 120 "BRPG 19" type ALTON cells installed at 
S/angkop Wireless Station, which is the 111ai11 " Coast-to-Ship " radiogram 

station for the U11io11 of South Africa. 

ACTION ..... 

" Can do " is easily carried about. 

Walter Scott. 

In matters relating to stationary batteries for all 

purposes, the Alton organisation by virtue of its 

experience and competence is able to carry out all 

conceivable normal requirements. This applies, too, to 

rcplating-whether the original battery be of Alton or 

other manufacture. There are, in short, few stationary 

battery problems for which the Alton organisation 

cannot provide a solution. If action is possible, then 

Alton "can do." 
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I ' " ' "T W " X" ,�,� G<AU co. c.o.. I I I ALBEMARLE STREET . LONDON . W.I II - -ta 

TURNER DIFFERENTIAL 
MILLIAMMETERS 
G.P .0. No. 17 
& No.18 

exacting demands 

for balancing currents 

in multiplex telegraph circuits. 

------- A quality 

product of ou tsta n di n g  

merit----------

xiv 

For All the Latest News and 
Technical Data about the 

Telephone Field-READ 

TELEPHONY 
The best investment a telephone man can 
make is TO INVEST IN HIMSELF. Whether 
you are new in the business or an old-timer, 
TELEPHONY will give you practical and 
up-to-the-minute ideas for doing your work 
better. There is no other magazine covering 
every department of the telephone business 
as comprehensively. Know all the latest 
approved telephone practices and all the 
current telephone news. Read TELEPHONY. 
Subscription price $5.00 per year. Published 
since 1901. 

TELEPHONY 
Addreu: Odham• Pre11, Ltd., Technical Book 
Dept., 85 Loni Acre, London, W.C.1 (Telephone: 
Temple Bar 1448) for a a:ample copy of 

TELEPHONY, or write direct to: 

TELEPHONY PUBLISHING CORPN. 
608 S. Dearborn Street, Chlca10, Ill., U.S.A. 

FULL SIZE 

Also manufacturers of G.P.O. 
Detector No. 4, and a compre­
hensive line of instruments for 
precision electrical measure-

ERNEST TURNER ELECTRICAL INSTRUMENTS, Ltd. 

ments. 

CHILTERN WORKS, 
55.73 TOTTERIDGE AVENUE, 

Telephone: Hlsh Wycombe 301. 
Tel..,.ams : Gorseou1, Hl1h WycemM. 

HIGH WY COM BE, 
BUCKS, ENGLAND 



MODEL N91T. MORSE TAPE PRINTER . 

X\' 

MODEL N9 65. 

T!LEPRINHR AUTO TAPE TRANSMlnER 

JLLUSTRATED are some 

of the instruments manu­

factured to 

telegraph 

provide printing 

machines to meet 

all modern communication 

requirements. 

CREED & co. LTD. 

Teltphonc:­
Crvydon 2121 

Telegraph House Te/ex:-

CROYDON Cr0f(do11Te/ex1082 
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Power from 1!xi�e-lronda� 
speeds up material-handling 

Yo lJ SA VE time, save trouble and save money when you install Exide­

I ronclad Batteries. The rca�on ?-because Exide-Ironclads have more vitality, 
and never lo�c their drive. They do tremendously hard work year after year 
without loss of power. That'!. why Exide-Ironclad� arc such a dependable aid 
to smooth production. And, moreover, they have very long life in relation to 
price - they reduce maintenance cost. 
And don't forget that Exide-Ironclads are made by Chloride- the biggest 
battery maker' in the British Empire, with expert!> !>tationcd all over the 

country to give free \crvicc to Exide­
I ronclad uc.,cr\. 

BATTERIES 
RELIED ON BY 600 BRITISH FIRMS IN 50 INDUSTRIES 

e if yo11 towlt f11rthcr derails about electric vehicles plcu.1c tvrlf<' ro The Chloride Electrical Storage Co. Ltd., Battery Tmction Dept., 

Exide Works, Clifton Junction, near Manrhc,ter, or r37 Victoria Street, London, S. \X'. l 



INFALLIBLE 
11 

RELIABILITY 

THE NAME THAT CARRIES WEICiHl 

AGAl and again important Government Depart­
ments have shown their dependence upon the 

thorough reliability of Brockhouse productions by 
ordering trailers and emi-trailers such as tho e we 
illustrate on this page. 

Jt is well known that Brockhouse i the large t work 
of its kind in the country and all types of trailer and 
articulated vehicles are built there in 1heir e111ire1r. 

This is important, for these trailers are assured o( a 
longer life of efficient service because Brockhou e 
actually make their own axles, chassis, springs, fittings 
and all other important components. 

The experienced Brockhouse taff of de igners is able 
to advi e on all problems appertaining to this form 
of transport. 

TRAILERS & 

SEMI ·TRAILERS 
by 

J. BROCKHOUSE & co LTD 
WEST BROMWICH STAFFS 

This trailer transports the 
drum to the spot a11d assists 
i11 the operation of laying 
electrical cables. 

BROCKHOUSE 1 KWIKFIKS ' 

TRAVELLlllG POST OFFICE 

The chassis of this 
111a11amvrable 1111it is a 
Brockhouse ·· Kwikfiks" 
Articulated Attachment, 
which is saring time and 
money 011 transport in 
a/11105/ erery industry. 

London : Australia House, Strand, W.C.2. Scotland: Livingstone St., Clydebank, Glasgow. 

Holdtnr 



AC 
-

Olf 

� 
ON 

Automulc Battery Charcer and Control 
Unit (The Control Unit is normally mounted 

Inside the moln set). 

"' 

xvi ii 

e 
-� 

• 
Ml (JIAllll 

e Designed to maintain any type of battery 

between two voltage limits for long 

periods without attention. 

e Unaffected by vibration. 

e No exposed contacts. 

e 1ncorporatin"g the Stand:ud Selenium 

Rectifier, this charger provides the ideal 

means for keeping batteries used for 

intermittent service in good condition. 

e The Control Unit shown is normally 

mounted inside the set and can be 

instantly removed for calibration. 

e Bulletin S.R. I 5 I gladly supplied upon 

request. 

MANUF ACTURED 

AT OUR 

NEW SOUTHGATE 

FACTORY 

Stafldard Telepftottes afld Cahles limited 
OAKLEIGH ROAD, NEW SOUTHGATE, LONDON, N. I I 

Telephone: ENTERPRISE 1234 



THE POST OFFICE 

ELECTRICAL ENGINEERS' JOURNAL 
Vol. XXXll April, 1939 Part I 

A Mobile Automatic Telephone Exchange 
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The Post Office has built a standard Unit Automatic Exchange No. 12 for 100 lines in a vehicle which can be towed to rural 
sites for temporary service. This experimental mobile exchange is self-contained, and the authors describe the construction 
of the trailer, the transport and telephone facilities, and the alternative arrangements for charging the batteries from the 

petrol engine charging set or from a public A.C. supply. 

J11troductio11. 

A
N automatic telephone exchange suggests 
to the mind a permanent building housing an 
assembly of equipment and power plant for 

the purpose of controlling the switching of circuits 
within an area and thus providing a continuous 
telephone service for a period of years. The time 
taken for the provision of a small automatic exchange 
of the unit type may vary from six months, when 
suitable accommodation is available, to over a year, 
when difficulties in obtaining a site occur. The 
desirability of being able to provide an exchange at 
very short notice has led the Post Office to design and 
build experimentally a trailer vehicle completely 
equipped as a small unit automatic exchange for not 
more than 100 subscribers. 

The need for the urgent provision of a rural or 
small urban exchange occurs more often than is 
generally realised, and some of the special circum­
stances for which a temporary unit is required to 
serve an area until permanent plant can be installed 
are: -

(a) Replacement of a small manual exchange 
following the sudden termination of the service 
of a caretaker-operator by death or other 
unforeseen circumstance. 

(b) Replacement of a unit automatic exchange while 
it is being replaced by one of a larger size 
within the confines of the original permanent 
building. 

(c) Replacement of a small automatic or manual 
exchange which has been damaged by fire 
or flood. 

(d) Provision of a new exchange to meet unexpected 
development such as in connection with the 
defence services. 

(e) Provision of exchange service to cover unavoid­
able delays in the scheduled erection or extension 
of a U.A.X. building or in the acquisition of 
a suitable site. 

(f) Relief to a non-director automatic exchange. 

It will be realised that the provision of an exchange 
may require the finding and negotiation of a site ; 
the renting or erection of a building ; the delivery of 
exchange equipment ; the cabling of the units ; 
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the provision of the power plant ; and the final 
acceptance testing of the exchange as a whole. 

l:nder emergency conditions, any scheme which 
would enable a telephone service to be provided 
in the shortest possible time is of advantage to the 
public as well as to the Post Office revenue and 
prestige. The provision of an exchange complete in 
every detail, and the reduction of the site problem 
to one of negotiation for vehicle parking space, 
materially reduce the time required to provide service 
and permit the normal procedure to be followed for 
the subsequent provision of the permanent exchange. 

The modification of the subscribers' instruments and 
lines is work which would be necessary in any conver­
sion from manual to automatic working and this 
work can be commenced before the mobile unit arrives. 

Ge11eral Design. 
The first step towards the jmwision of a mobile 

exchange was taken in the Scottish Region where 
urgent service was provided successfully by installing 
a unit automatic exchange in a trailer caravan. 
The trailer was not built for carrying any great load 
and it was necessary to install the equipment after 
the vehicle had been positioned on site, hut the 
success of the experiment was such as to justify the 
building of an exchange that would be fully mobile 
and completely self-contained. It was originally 
suggested that a mobile exchange unit should be 
designed with capacity for 25 subscribers and should 
be capable of being transported either by road 
or by rail. After protracted discussions, it was finally 
decided in April, 1938, that the provision of a single 
exchange of this type should be produced experi­
mentally by the Circuit Laboratory of the Engineer­
in-Chief's Office, no precise specification being given. 
In the first place, rail transport had to be ruled out 
because it was desired to use standard U .A.X. units 
which are 6 ft. 10 in. high, and would therefore 
involve difficulties in keeping within the limits of the 
railway loading gauge, and in transferring this 
heavy equipment to road transport, to complete 
the journey to some rural site. 

Lack of time precluded any attempt to design a 
vehicle specially to accommodate exchange equipment, 
and it was decided to utilise the basic design of a 
4-wheeled trailer vehicle used by the Defence Services. 

This defined the principal dimensions, the floor area 
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FIG. 1.-GENERAL Vrnw OF THE VEHICLE AND EQUIPMENT. 

being approximately equal to that of the equivalent 
standard U.A.X. No. 12 brick building, but it was 
necessary to rearrange the layout to provide balanced 
distribution of weight and low centre of gravity, 
and to meet other requirements of a road vehicle. 
A full-size model was constructed on the laboratory 
floor in canvas and timber in order to study the 
maximum amount of equipment which could be 
housed under these limitations. Some of the automatic 
exchange equipment was available for use in this 
model, and the remainder was simulated by rough 
shapes constructed mainly of cardboard. After 
many re-arrangements and practical tests for 
accessibility, it was found that the floor area of 
15 ft. 9 in. X 7 ft. with a maximum height of 7 ft. 
was sufficient to house symmetrically a completely 
equipped U.A.X. No. 12 equipment for 90 subscribers 
and 10 junctions, together with duplicate batteries, 
duplicate charging plant (A.C. rectifier and petrol 
engine charging set), and all other standard facilities 
required in such an exchange. The final arrangement 
is shown in Figs. 1 and 2. The necessary departures 
from standard equipment were limited to certain 
items of the power plant and were:-

(1) The adoption of traction type batteries (which 
are smaller) and the enclosing of these batteries 
in two lockers at floor level, so that they do not 
seriously impede access to the exchange units. 
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(2) The abandonment of full accessibility to the 
petrol engine from within the bodywork, access 
to one side being from the outside of the 
vehicle. 

(3) The adoption of radiator cooling for the petrol 
engine in place of tank cooling. 

Al this stage, a provisional specification for the 
vehicle was prepared but some details of the bodywork 
had to be settled in co-operation with the contractor 
while erection was proceeding. After completion 
of the bodywork the empty vehicle was brought to the 
West Postal Yard in King Edward Building where the 
exchange equipment was installed, cabled, and 
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finally tested out. On completion the vehicle was 
inaugurated by the Postmaster-General at a ceremony 
described previously in this JouRNAL1. 

Chassis. 

The 4-whecl torsion bar trailer chassis. Fig. 3, 
was supplied by Messrs. ]. Brockhou e & Co., Ltd., 
West Bromwich, and is the same as that commonly 
employed by the Royal Air Force for carrying special 

FIG. 3.-TORSION BAR TRAILER CHASSIS. 

signalling equipment at speed over rough country. 
The independent springing con ists of four torsion 
bars, one for each wheel. The bars arc about 5 ft. 
long and 1 i in. in diameter, and are of silico mangane e 
spring steel, oil - hardened and tempered, with an 
ultimate frnsile strength of 85-100 tons per square 
inch. Each one is encased in a tube extending across 
the whole width of the chassi and one end is anchored 
to the chassis by a splined sleeve. The other end 
passes through a bearing and is then splined to a 
tubular crank arm, termed the " oscillating arm," 
at the extremity of which is a stub axle on which the 
wheel is mounted. The load on the wheel is therefore 
taken up by the twisting of the torsion bar and this 
provides a system of springing which is very smooth, 
completely adjustable and capable of following the 
contour of rough ground with a minimum of distur­
bance to the level of the bod\' of the vehicle. 

The two front wheels are mounted on a turn-table 
with freedom to rotate 45° on either side of the 
straight-forward position, and the draw bar attached 
to this turn-table terminates at a steel coupling eye. 

Ministry of Transport regulations limit the speed of 
a 4-wheel trailer lo 20 m.p.h. and also demand that 
there shall be independent control of the trailer brake 
when po itive control by the driver of the towing 
unit is not provided. Over-run brake y terns are not 
permitted on heavy trailers. 

As it is not known what type of tractor will be hired 
on the occasions when the exchange is lo be moved, it 
is essential to have facilities for independent control 
by a brakeman, for whom a cabin is provided on the 
trailer as seen in Fig. 4. In addition to the brake lever 
in this cabin, there is a second brake lever located on 
the near side of one of the main chassis members for 
use as a parking brake when the trailer is being 
manceuvred into position by hand. 

Each of these brakes will operate, independently, 
the Lockheed hydraulic brake system on the four 
wheels. 

1P.O.l!.E..j., Vol. 31, p. 285. 

As the weiglit of the complete vehicle, when 
loaded, is 5 tons 14 cwt. it is not possible to manreuvre 
it by hand except on concrete or similar level surfaces, 
and, even then, about twelve men are required for the 
purpose. When the mobile exchange has arrived at 
the temporary exchange site, it is desirable that the 
pneumatic tyred wheels should be removed to a place 
of safety, if only to avoid the damaging effects of the 
weather on the rubber, and the more usual �ystem of 
jacking up the chassis has been abandoned in favour 
of the provision of heavy steel feet which can be bolted 
on to the axles in place of the wheels. These feet, 
or dummy wheels, can be seen in use in Fig. 1, and 
are normally carried on the vehicle. This scheme of 
supporting the weight on the axles instead of on the 
main chassis members has the advantages that 
distortion of the chassis and bodv is reduced if the 
foundation is uneven, the material for supports is 
always to hand, and the operation can be carried out 
by one man. 

Bodywork. 

The body was supplied by Messrs. E. G. Brown & 
Co., Ltd., Tottenham, and, although the general 
construction i in agreement with the standard 
de igns previously producerl by that company the 
arrangement of the steel channel members forming 
the framework has bcm altered to suit the 
particular location of the telephone exchange equip­
ment. All joints in this framework are welded in 
order to obtain the advantage of strength and 
freedom from bolts or rivets which might rust or 
become loose. A further protection against distortion 
is the addition of small webs of heavy sheet steel 

FIG. 4.-VIEW SHOWING .J3RAKEMAN'S CABIN. 
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welded into the angles at the top and bottom of 
each vertical member. (Fig. 1). The floor framework is 
5pecially strengthened where securing bolt,: for 
equipment are required, and the floor itself consists, 
first of sheet steel laid on the frame members, then 
a l in. layer of insulating cork, then a second covering 
of sheet steel, and finally a covering of -ls in. rubber, 
which is provided mainly as a protection against 
electric shock from the A.C. power supplies. The 
floor covering is turned up where it meets the side 
walls so that there are no sharp angles or corners to 
collect clust. To maintain a low centre of gravity, the 
floor is built as near as possible to the chassis 
mcmlwrs. This necessitates wheel arches rising fj in. 
above floor level to provide wheel clearance. These 
wheel arches are, however, arranged with fiat tops 
and are covered with rubber, in the same wav as the 
rest of the flooring, in order that thev can .be used 
as an effoctivc part of the available floor area. 

The whole of the walls and roof are similarlv 
constructed with l in. of cork insulation between tl1c 
steel sheets but no rubber insulation was considered 
ncccsqry·. Special steps were taken to guard against 
rust, the screws securing the steel panels being 
tinned and treated with an additional rust-resisting 
preparation. The door is located on the near side in 
a position selected with reference to the problem 
of getting the exchange units into the vehicle. The 
door itself is also constructed of metal panels and 
cork insulation and the edges arc specially designed 
to make a weather-proof joint when the door is 
shut. A Yale type standard U.A.X. lock is fitted and 
a letter box has also been incorporated for use 
when it is necessary to send official correspondence or 
instructions direct to the mobile exchange at the site 
which it may be occupying. For access at the doorwa\", 
a flight of steel steps is provided for bolting into 
position when the unit is on site. ·when travelling, 
the steps are housed in a simple fixing underneath the 
main chassis members. 

The brakeman's cabin encroaches considcrablv 
on the space available inside the body, but, b�· 
careful arrangement of the accessories mounted in 
the forward end of the vehicle, and by using the 
space underneath the brakeman's seat for a tool locker, 
accessible from the inside, the loss of effective space 
has been reduced to an absolute minimum. The 
walls between the brakeman's seat and the interior 
of the vehicle contain cork insulation, but no such 
insulation is necessarv in the other boundaries of the 
cabin. The cabin is �1ccessible only from the outside, 
the door being opened and folded back flush with the 
forward wall of the body when the vehicle is travelling. 
On arrival at site, the cabin door is shut and locked 
with a standard V .A.X. lock and it was specially 
arranged that the brake lever in the cabin has to 
be in the " ON " position before the cabin door can 
be shut. 

The window beside the brakeman is capable of 
being opened in order that hand signals can be 
given to following traffic, but the four windows in 
the main part of the vehicle are permanently shut 
in order to reduce the risk of dust entering the tele­
phone exchange equipment. These windows are 
provided with sliding steel shutters on the inside 
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so that thev can be closed while the vehicle is 
unattended and will prevent damage to the equipment 
even if a window should be smashed accidentally 
or otherwise. This precaution is taken in addition to 
the provision of Triplex glass. Ventilation is provided 
by five ventilators. two on each side and one at the 
rear end, each being fitted with a gauze filter and an 
adjustable shutter to control the aperture. The 
outside face of each ventilator is covered bv louvred 
panelling to exclude rain. -

A locker, with access onlv from the outside, is 
built underneath the floor at -the rear end to accom­
modate the four steel feet and other heavv tackle 
associated with the transport aspect of the- vehicle. 
Two interior lockers, one of which is provided 
with drawers to accommodate small tools, are built 
into the forward end of the bodywork, Fig. 5, one 
underneath the brakeman's scat, and the other 
in the opposite corner, where it forms a support for 
some of the power switchgear. The most important 
of the lockccs arc those for housing the batteries, 
the weight of which is such that a symmetrical 
arrangement is essential. The two batteries, weighing 
approximately t ton each, are, therefore, housed 
,.;eparately, one above each of the rear wheel arches, 
Figs. 1 and 6. This also keeps the centre of gravity as 
low as possible. The steelwork in these lockers has 
been specially treated with anti-corrosive paint, and 
the cells themselves stand on wood blocks. The lockers 
enclose the batteries completely and arc provided 
with their own small ventilators, giving direct access 
to the outside air. Since none of the lockers can form 
a table as normally provided in a unit automatic 
exchange, and also as space is not available for a 
fixed table, a folding table and seat are provided under 
one of the windows where they obstruct the gangway 
onlv when in actual use. Figs. 5 and 6 arc photographs 
tak-en before the exchange units were installed, but the 
two girders on which the units are to be mounted can 
be seen. 

Provision had to be made for the following cable 
entries through the floor or walls of the bodywork. 

(I) Entry through the floor at the forward end for 
an underground electric supply cable, and for 
an earth wire for connection to the supply 
company's switch gear. 

(2) Entry through the top of the forward end wall 
for an overhead electric supply cable. 

(3) Entry through the floor at the rear end foi an 
earth wire for connection to the bodywork 
and telephone equipment, independently of 
the power supply earth. 

(4) Entry through the floor at the rear end for an 
underground telephone cable. 

The telephone cable required special consideration, 
and it has been arranged for the cable to be protected 
between the ground and the underside of the vehicle 
bv a 2 in. diameter flexible metal tube which can 
be attached by a screwed coupling. 

The complete vehicle is painted the standard 
Post Office green on the outside, with the addition of 
the G.P.0. monogram and the inscription " Mobile 
Automatic Telephone Exchange " on the two sides 



Fie. 5.-INTERIOR Vrnw-FRONT END. 

and on the rear panel. Up to shoulder level the 
interior is painted a light grey to match the telephone 
exchange units and to give as much reflected light as 
possible. Lockers and metal fittings are painted 
green, and the roof, together with the upper part of 
the walls, is painted white in order to help in obtaining 
adequate natural light under conditions of plant 
congestion. 

Six bulkhead lighting fittings of an attractive type, 
supplied by Messrs. Holophane, are spaced three on 
each side wall, the four corner fittings (60 watts each) 
being connected to the electric supply mains, and the 
two centre units (25 watts each) being connected 
to the exchange battery. Each of these lighting 
systems is provided with a time switch to guard 
against the lights being left on when the vehicle is 
unattended. Local switches in the circuits permit 
either set of lights to be operated at will, and all 
wiring is enclosed in steel conduit. 

Power upplies. 

The duplicate secondary batteries each consist of 
twenty-five 72 ampere-hour cells of the traction type, 
manufactured by the D.P. Battery Co. The principal 
battery charging equipment from the point of view of 
accommodation in the vehicle is the petrol engine 
set, which is a standard unit as supplied to the 
Post Office by Messrs. Petters of Yeovil for all small 
unit automatic exchanges. It consists of a 2 h.p. 
water-cooled single cylinder petrol engine directly 
coupled to a 500 watt D.C. generator, and is mounted 
centrally on the floor at the forward end (Fig. 5) on 
rubber anti-vibration washers and a galvanised steel 
tray with drainage for surplus water or oil which 
otherwise might collect. 

Fie. 6.-lNTERIOR Vrnw-REAR END. 

There is, however, an important difference from the 
standard U.A.X. equipment in that radiator cooling 
has been adopted in place of tank cooling in order to 
save space and weight. A pulley, fitted at the forward 
end of the petrol engine, is coupled by a whittle 
belt to the fan associated with the large radiator 
immediately above the engine. Access for inspection 
of this belt and of other parts of the engine on that 
side is facilitated by a door in the wall of the vehicle. 
Incidentally, this door is used as the means of entry 
for the engine during installation or replacement. 
The radiator fan draws air through louvres in the 
forward end of the vehicle, force this air through 
the radiator and discharges the heated air through 
an enclosed duct. This air duct terminates at louvres 
high up in the end wall and prevents the hot air from 
circulating in the main body of the mobile exchange. 

The engine runs unattended until the automatic 
trip comes into operation when the battery is fully 
charged, and one of the disadvantages of radiator 
cooling under these circumstances is the greater risk 
of overheating as compared with the more usual 
tank cooling system. Special steps are, therefore, 
necessary to reduce the risk of the radiator being 
short of water, and, for this purpose, arrangements 
are made to store water in a tank below the floor so 
that it can be pumped as required by a semi-rotary 
pump into the radiator until water is een lo spill 
from the overflow pipe on to the tray underneath the 
engine. As a further precaution, and in view of the 
difficulty of obtaining a supply of water in country 
districts, the rainwater gutters at the sides of the roof 
are connected by 1 in. pipes to the storage tank. It 
is, therefore, expected that there will usually be a 
supply of rainwater in the tank, and the instructions 
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to the maintenance man are that he 
should always operate the hand pump to 
ensure that the radiator is quite full before 
starting the engine. The storage tank 
has a water level gauge, an overflow vent, 
and an additional orifice on the outside so 
that it can be filled from a bucket when 
necessary. A two-gallon petrol tank, 
accessible only from the outside, is built 
into the near side front comer of the floor 
and a petrol gauge is provided. 

A Tungar rectifier for charging from 
the A.C. supply mains, when available, 
is also fitted at the forward end and 
charge-discharge working of the batteries 
is adopted no matter which type of 
charging unit is in use. The rear wall of 
the hrakeman's cabin is utilised for two 
wood panels, one for mounting the supply 
company's main fuses and meters, and 
the other for the main switches and fuses 
controlling the Tungar rectifier and the 
lighting units. 

Telephone Equipment. 

. 
The exchange equipment (U:A.X. No. 12) is housed 

m five totally enclosed units which are standard 
in every respect2 except that the individual steel 
channel iron feet and wood mounting blocks have 
been replaced by two lengths of heavy channel iron 
extending the whole length of the five units. Rigidity 
is provided by bracing the tops of the units to 
both sides of the body. Each unit is constructed 
of a mild steel framework surrounded by a sheet 
steel cavity-walled cabinet and the removable doors 
at the front and back are clamped against rubber 
cord to make the unit airtight. The complete suite 
of five units forms a rectangular block 8 ft. 10 in. x 
l ft. 9 in. X 6 ft. 4 in. high, leaving 2 ft. 6 in. gangways 
at the front and back, 2 ft. at the ends and 8 in. 
clearance below the roof of the vehicle. 

The units are in the following order, commencing 
from the rear end of the vehicle:-

Auxiliary Unit (to which the telephone cable is 
connected). 

A Unit (for 25 subscribers) 
B Unit (for 20 subscribers) 
A Unit (for 25 subscribers) 
B Unit (for 20 subscribers) 

Each of the subscribers' units is complete with 
a p�oportion�te amount of junction equipment. The 
auxiliary umt has permanently connected to it a 
short length of telephone cable extending under the 
floor and terminating at a position on the rear wall 
adjacent to the incoming cable (Figs. 1and6). On this 
wall is a demountable joint in which the pairs in the 
incoming cable can be jointed to those in the exchange 
cable, the whole being sealed against the ingress of 

1P.O.E.E.j. Vol. 28, p. 105. 
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FIG. 7.-?llOBILE U.A.X. ON SITE. 

moisture without the employment of plumbing 
operations. As this joint will be made and re-made 
fairly frequently, the end of the exchange cable will 
gradually have to be cut back, so the joint is bolted to 
a pair of vertical channel members extending from 
�oor to ceiling. As first supplied, the exchange cable 
1s of such a length that the joint is made near the 
ceiling, and as the exchange cable becomes shorter, the 
position of the joint is adjusted by two bolts. At some 
distant date, when the exchange cable has become too 
short, a new length of exchange cable will have to be 
installed. Fig. 1 also shows the shelf provided to 
accommodate the service telephone instrument. 

Service. 

The present mobile automatic exchange is defmitelv 
exper

.
ime1

.
1�al, and for the .purpose of proving th

"
e 

practicability of such a vehicle. Its first service has 
been the urgent replacement of a rural manual 
exchange at North Weald, Essex. Fig. 7 is a photo­
graph of the Mobile U.A.X. on site and shows on the 
left, the overhead power supply, and on the right, the 
exchange distribution pole from which the lines are 
connected to the vehicle by a short length of under­
groun? cable. The replaced manual exchange was in 
the village Post Office, which is just visible on the 
left. 

Although the first mobile automatic telephone 
exchange has been a product of the Post Office 
Circuit Laboratory, a special acknowledgment is 
made to Messrs. E. G. Brown & Co. for their contri­
bution of ideas and interest in the many problems of 
meeting conflicting requirements. It will also be 
appreciated that the design of a self-contained 
mobile automatic. telephone exchange has required 
the co-operation of many specialists, without whose 
willing assistance the work would have been seriously 
hampered. 
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In this article, which is contirwed from the January issue, the cutting and lapping processes, by which quartz plates of the 
required dimensions are obtained from the raw material, are described together with details of the means adopted to determine 
accurately the directions of the crystallographic axes. In addition details of the resonator mounting system are given. 

THE CurrrNG PROCESS 
General. 

B
EFORE discussing the development of the 
cutting technique practised in the Post Office 
Engineering Department, it must be indicated 

that, for various reasons, the method differs con­
siderably from the system employed by the lapidary 
and the optical worker. The lapidary makes a cut 
approximating to the desired plane and the required 
accuracy is obtained by manual or automatic grinding 
of the surface to the final form. With this svtem a 
high degree of cutting accuracy is not called for, the 
cutting operation is intermediate in obtaining the 
desired result, and the machine is of simple form and 
is comparatively rough ; a gravity feed is employed 
usually and the spindle speed is quite low, 300-
350 r.p.m. 

For the quartz crystal application the problem was 
considered to require a very different solution, 
economy of Jabour and material being primary con­
siderations. To enlarge upon these two factors it was 
thought to be essential to obtain the highest accuracy 
practicable with a machine so that the ma,ximum 
number of slices could be obtained from the slab and 
that individual trueing to the crystallographic axes 
of each slice-by lapping-would be eliminated. Two 
methods of cutting are practicable, the first using a 
soft metal saw continuously fed with the cutting 
material-generally carborundum granules-and the 
second using diamond fragments firmly embedded in 
the saw periphery. It was decided to use a lubricated 
diamond-charged saw, as it appeared that the applica­
tion of abrasive material to a rapidly moving disc 
would not give the required precision. 

A small lapidary's cutting machine was purchased 
in order to obtain the necessary experience, and the 
results of tests with this machine enabled an approxi­
mate specification for a high grade machine to be 
drawn up. Many cutting lubricants were tried in the 
preliminary tests and the final selection was a mixture 
of machine-bearing oil and paraffin oil in equal 
proportions. 

Having drawn up a specification for a machine, 
which to the best of the authors' knowledge could not 
be obtained as a standard product, it was necessary 
to find a suitable machine into which the desired 
features could be built. After a prolonged search a 
plain hand-feed surface grinder was selected having 
a maximum capacity of 35 cm. by 15 cm. when using 
a grinding wheel 20 cm. diameter by 2 cm. wide. 

The conversion of the surface grinder was carried 
out by the manufacturers to the Post Office specifica­
tion, the work entailed being briefly as follows :­

The spindle was fitted with a special pulley incor­
porating a light spring-loaded friction device and 

driven at 1,500 r.p.m. This speed was much in excess 
of the value normally employed, but the initial 
experiments had shown that the increase would give 
an improved performance. A positive feed system 
was incorporated, the feed being adjustable in steps. 
It should be appreciated that, as far as the authors 
were aware, the idea of a positive feed was revolu­
tionary at the time, but it was felt that precision 
cutting could be accomplished only if such a feed 
was employed. 

Precision C1,tti11g M achi11e. 
The machine was designed to deal with crystals 

up to 10 cm. across the m faces and 20 cm. long, and 
to slice blocks of 12 sq. cm. cross section into plates 
l ·O mm. thick and smaller blocks of 7 sq. cm. cross 
section into plates 0·5 mm. thick. A general view 
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of the machine is given in Fig. 13 and other more 
detailed views in Figs. 14 and 15. The main casting 
carries a ! h.p. driving motor in the enlarged base, 
and the motor switch, of the push-button type, is 
mounted at the top of the column in a position for 
easy control by the operator. 

The dovetail slides for the knee carrying the table 
and carriage are machined on the front surface of the 
column and the elevating . screw supporting these 
parts passes through the forward projection of the 
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Fie. l4.-Curr1Ne z SLABS. 

base upon which the elevating nut rests. This nut is • 

fitted with two handles for manipulation and is 
divided around the outer edge to show the elevation 
in thousandths of an inch. The longitudinal move­
ment of the table which is used to bring the carriage 
and work up to the saw in preparation for cutting is 
operated by the large hand-wheel seen on the right 
(Fig. 13) by a spiral rack and pinion. The transver e 
movement which controls the position of the cut, or 
in the process of slicing, the thickness of the slice, is 
operated by a feed screw controlled by the hand-wheel 
in the front of the machine and a micrometer collar 
on the screw indicates the movement in thousandths 
of an inch. Means are provided for locking all the 
movements of the table. 

The spindle extension is fitted with loose packing 
collars to enable the position of the saw along the 
spindle to be varied. The spindle is of high grade 
steel running in substantial ball bearings, and is 
accurately ground parallel for the application of a 
precision spirit level in the process of setting up work 
on the carriage. The spindle runs at 1,500 r.p.m. and 
is driven through a friction device in which is incor­
porated the pulley for driving the carriage feed 
mechanism. 

The table supporting the carriage and associated 
mechani m is deeply grooved around the top surface 
to drain away the used cutting lubricant, the grooves 
being sloped down to the back right-hand corner in 

Fie. 15.-CurrINe X PLATES. 

which is situated a well and drain cock. The slide 
ways for the carriage are milled and ground on the 
top surface and take the form of a vee and flat. 

The feed is controlled by an eight-speed gearbox, 
the eight feeds being arranged in geometrical pro­
gression from l to 5 inches per hour. The feed screw 
drive is obtained from the main spin<lle via a counter­
shaft and a telescopic shaft, and in the event of the 
saw binding in the cut the friction clutch in the main 
spindle drive is operated and the feed is automatically 
stopped. The feed screw is driven from the gearbox 
through a multiple dog clutch which may be dis­
engaged by the small lever seen on the right of the 
gearbox, or by an automatic stop mechanism. This 
mechanism may be set to operate at any point in the 
range of traverse of the carriage. 

The carriage is of robust construction with a true 
,;urface grooved for accurate location of the angle 
bracket carrying the fixtures. The remaining portion 
of the upper surface is shaped for rapid <lraining of 
the cutting oil into the grooves in each side of the 
table. The machine is fitted with ::i. splash guard for 
the cutting disc and a complete circulating system 
for the lubricant. 

The fixtures, Fig. 16, for holding the work, were 
designed to facilitate accurate positioning in three 

(a) Z SLAB IN FIXTURE. 

(b) FIXTURE .PARTS AND z SLAB MOUNTED ON GLASS Disc. 

F1e. 16.-FIXTURES FOR HOLD!Ne THE WORK. 



Fie. 17.-(HECKl:>G :\[ACHINE SPINDLE LEVEL WITH 

CLI1\0�IETF.R. 

planes mutually perpendicular to each other, as the 
surfaces of practically all plates and slabs are thus 
related. This condition was satisfied by making the 
fixture square_ and successively registering its sides 
agamst _a h?nzontal shoulder on the angle bracket 
supporl1�1g 1t, and by locating the angle bracket in 
two pos1t1ons mutually at right angles. Accurate 
positioning of the angle bracket was assured bv a 
tongue on its base fitting into grooves cut in -the 
upper surface of the carriage of the cutting machine. 
To enable an initial adjustment of the work in the 
fixture lo be made and permit of angular cutting it 
w_as a

.
rranged to mount the work on a plate-glass 

disc fitted mto a recess in the fixture bodv and 
secured by a circular clamping ring. Thus the quartz 
slab �oulcl be rotated until its crystallographic axes 
were m the desired relation to the sides of the fixture 
and therefore to the cutting planes. The fixture 
l?aded with a Z slab is illustrated in Fig. 16a, and the 
fixture components with a Z slab mounted on a glass 
disc are shown in fig. 16b. 

The.method whi�h has been adopted for setting up 
work m the machme makes reference direct to the 
spindle axis, thus obviating the use of intermediate 
surfaces which may in time lose their initial accuracy. 
·1:1ic process is illustrated in figs. 17 and 18. In 
hg. 17 the level of the spindle is being measured by 

FIG. 18.-::.ETTING t:P Z SLABS WITH CLINOMETER. 

� se�sitive spirit �eve] fitted to a divided arc reading 
m mmutes. In Fig. 18 the level is being applied to a 

surface of the work which is very lightly clamped in 
the fixture. The base of the level has been turned 
through the required angle as read off from the 
vernier of the divided arc, and while the level base is 
held against the work they are both gently rotated 
until the bubble comes to rest between the two index 
lines. The clamping ring screws arc then tightrned 
and the work is accurately set to ± 0° 10'. 

Per/ ormance of the Machine. 
The performance obtained with the machine 

demo�strated the value of the high spindle speed, 
and_ 1t would appear from cxperimcn t that an 
optunum value has been attained. The rate of 
cutting when using a 16·5 cm. saw enables a cut 
4·5 cm. by l cm. to he made in 15 minutes and a 
2·5 cm. by 2·5 cm. cut in 10 minutes, the quartz in 
each case being backed at the extremities of the cut 
with glass strips 4 mm. thick. The cut is l mm. wide 
�or the �6·5 .cm. saw and is alwavs slightly tapered 
m the direction of feed because the saw clearance is 
small an cl slight vibrations or inaccuracies in the disc 
cause it to rub on the sicks of the cut and so to 
p�odu�e a tapered cut. The effect of l his wear upon 
slices 1s to make them wedge-�haped with the thickest 
end at the edge attached to the glass disc, the order 
of taper being some 0·01 mm. per I cm. depth of cut. 

The thinnest 25 mm. square slice that has been 
cul measured 0·3 mm., but this is not considered a 
workable thickness as the material on either side of 
the cut is damaged by minute cracks which in such 
a thin slice may penetrate to the centre. l t  has been 
found good practice to adopt O·U mm. as the minimum 

(a) X PL\TES 1:-: Z SuB 1>11u:cT F1m�1 CuTTI:><; 

?\L\(llI:>E. 

(bf X PLATES REMOVEU FROM Z SLAB Al'IJ CLEANED. 

FIG. 19.-SOME ExA�IPLES OF CuTTI:>G. 
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thickness, as when this is reduced to 0·4 mm. by 
lapping both faces, all imperfections are removed and, 
in addition, this thickness has been found sufficient to 
keep the breakage loss during cutting to an economic 
level. The surface of a cut is smooth and on close 
examination is found to be covered with fine saw 
marks which are very uniform due to the regularity of 
the mechanical feed. Some examples of cutting are 
shown in Fig. 19. Fig. 19a shows a prepared block 
from a Z slab mounted on a glass disc and com­
pletely sliced into X cut plates. The plates are still 
attached to the glass disc by the ceresine wax which 
is used to fix the Z slab to the glass disc and the glass 
strips u ed to steady the saw and hold the plate while 
the saw completes the cut are clearly shown. In 
Fig. 19b a similarly sliced block is illustrated ; the 
plates and end pieces have been removed and cleaned, 
and the uniform penetration of the saw into the glass 
disc demonstrates the action of the automatic stop. 

To summarise, the performance of the machine 
was found to be excellent in every way and the 
advantage of the precision over the lapidary's 
machine showed that the application of precision 
engineering methods to the problem had provided an 
excellent solution. 

Production of Charged Saws. 

Tests had shown that the saw material must be 
soft enough to enable it to be impregnated with 
diamond fragments without breaking the diamond 
and stiff enough to stand up to the work without fear of 
buckling. The thickness of the saw is limited due 
to the wastage of the material in the saw-cut ; this 
is particularly so in the process where plates are being 
sliced from Z slabs. l t  is thus necessary to effect a 
compromi e between diameter, thickness and material 
of the saw. Many materials were tried before best­
quality tinplate-tinned mild steel-was selecte<l, 
the main factors governing the choice being the 
con istent high quality of " Primes " tin plate, its 
relative oftne s and the ease with which it could be 
workP.d. 

a 

Needless to say, several of the commercial "long 
life " type saws, i.e. saws in the form of flat discs 
with built-up rims, homogeneously impregnated with 
diamond dust, of thickness slightly greater than the 
disc thickness and some 1 to 2 cm. deep, were tested 
before the decision to produce saws was taken. 
All the early long-life saws failed due to lack of 
flatness; recently, however, a new type has become 
available. The saw has distinct possibilities ; it is 
said to have a life of several thousand square cm. of 
quartz and a cutting speed of about 5 sq. cm. per 
minute. 

For a given diameter of disc there is an optimum 
thickness which gives sufficient stiffness to maintain 
accuracy in cutting with reasonable economy of 
diamond and quartz. Experience has shown that the 
thickness for a 22·5 cm. diameter mild steel disc is 
about 0·70 mm., and for a 16·5 cm. diameter mild 
steel disc about 0·55 mm., using clamping plates, 
7 ·5 cm. in diameter, in each case. In the early experi­
ments much difficulty was experienced in producing 
true flat discs before the art of planishing was mastered. 

Charging the discs with diamond was the subject of 
much experiment ; initially the diamond was applied 
and pressed into the periphery with a hard steel 
pestle, but discs so charged had a very short life and 
the lives of consecutive charges varied considerably. 
The life was not much increased by the substitution 
of a rolling process using a hardened steel roller, as 
the diamond was crushed too fine by the pressure 
applied. Both methods gave only a very small 
" set " to the saw, i.e. increase of periphery thickness, 
which soon wore off and caused the saw to bind in 
deep cuts. An attempt to provide more clearance 
was made by manually impressing fine radial notches 
round the periphery, the displaced metal projecting 
on each side, forming clearance, and the notches 
serving to hold a greater charge. The improved 
performance given by the notching indicated that 
more work should be done on these lines, and it was 
decided to make a machine to perform this operation. 

The machine is illustrated by the photograph 

RECOL SPRINC. 

PITCH ADJUSTMENT 

�DRIVE PULLEY 

FIG. 20.-NOTCHINC OPERATION. 
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(Fig. 20} arnl the diagram (Fig. 21). In principle it 
consists of a reciprocating cutter which is clrivcn into 
the edge of the disc, thereby making a vee-shaped 
notch. The cutter is then drawn hack readv for the 
next impulse, and the saw is automatically rotated 
slightly. When the next notch is made some of the 
metal displaced partly closes thc previous one, which 
thus becomes more parallel-sided and is better suited 
to retain the diamond fragmcnts. This procedure is 
repeated until the saw is completely notched. The 
pitch of the notches is continuously adjustable. 
The photo micrograph, Fig. 22, illustrates examples 

t{11 't' ·�" �r�r-·r'fVv\r1"'1'11i"'� ... .. ..  MN I . . 
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FIG. 22.-:\0TCl!ED SAWS {8 l'IMES HILL SIZE) . 

of notching magnified 8 diameters, three different 
pitches arc shown and the partial closing of the notch 
may be seen. The regularity and uniformity of 
notching produced is clearly shown. 

The charging operation, as practised at present 
consists of notching the saw, preparing the diamond 
fragments, applying them to the saw, and partially 
dosing the notches to retain the charge. If it is 
desired to recharge an old saw, the notching process 
is not carried out until the old charge has been 
removed. In the preparation of the diamond frag­
ments it is important to ensure that they arc unifonn 
in size and suited to the diameter and thickness of the 
saw. The fragments are mixed with petroleum jelly 
for convenience of application and are well pressed 
into the notches, the surplus being co11ected and 
re-applied. When it is considered that sufficient 
diamond is retained by the notches the edge is rolled 
with a hard steel roller as shown in Fig. 23. The two 
large flanges hetween which the saw is held prevent 

HAND REST 

FIG. 23.�lJL\MOND CHARGING OPERATION. 

buckling and hold the saw true. During the rolling 
operation the notches arc partially closed, thereby 
gripping the diamond fragments and at the same time 
a slight spreading of the edge occurs wl1ich increases 
thr side clearance of the cutting edge, i.c. the sct of 
the saw. 

THE LAPPl:\G PROCESS 
Grneral. 

The art of lapping is a highly skilled onr which can 
be mastered only by long and arduous practice. It is 
not proposer\ to discuss the many artifices which 
must be used hy the operator in producing true, fiat 
surfaces. It can be statrcl, however, that optical flats 
which arc necessary for certain proces�cs practised in 
the Crvstal Laboratorv can now be ma<lc without 
undne cliflicultv. 

• 

Circular do;c-grainccl soft cast-iron lapping !)]ates 
were standardised, and hoth rotary and fixed laps arc 
employed. Several cutting abrasivrs were used in 
the prc\iminary stage before the most suitable was 
adopted. To minimise erosion of the laps a weak 
soda solution is used as the lubricant. Rotary laps 
(Fig. 24) arc used for rough work and the hand laps 

FIG. 24.-GRJNDING SLAB ON l<OTARY LAP. 
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for finishing. The methods employed in lapping the 
resonators to the specified dimensions are outline<l in 
the section dealing with Production. 

M aintenancc �f Lapping Plates. 

The maintenance of a truly flat surface on the 
lapping plate is cs ential for accurate work. With 
constant use the plate tends to become hollow in the 
centre due to the motion of the work over it, and in 
practice this is counteracted by the use of a suitable 
stroke. The proportions of the stroke can be decided 
only by experience which will show the modifications 
which produce a concave or convex surface, and the 
intermediate stroke may then be adopted. 

The truing of the lapping plates may be accom­
plished by arranging them in sets of thrrc which are 
then lapped together in pairs until they are all flat. 
The order of lapping, numbering the plates l ,  2 and 3, 
is as follows :-

2 on l, 3 on 1 ; 3 on 2, l on 2 ; l on 3, 2 on 3, etc., 
etc. This is repeated, using a fine abrasive, until any 
pair of plates show contact all over when rubbed 
together dry. 

DETERMINATION OF THE DIRECTIONS OF THE 
CRYSTALLOGRAPHIC AXES 

It is essential in the production of resonators that 
the plate orientation with reference to the crystallo­
graphic axes agrees with the specified orientation 
within very narrow limits. l n  consequence a tech­
nique for the precise detennination of the directions 
of the axes is a necessary part of the process. 

Determination of the Z Axis 

Reference has already been made to the fixity of 
the inter-facial angles of the natural crystal, and 
when a crystal possesses at least three clean unstepped 
R andjor z faces the Z plane is obtained within fairly 
close limits by reference to these faces. The angle 
which the R and z faces subtend to the Z axis is 
3 ° 13'. For crystals which do not possess the pyramid 
faces, and the employment of such crystals increases 
greatly the supply of raw material, another reference 
system based on the bi-refractive property of quartz is 
employed. 

A curious phenomenon is observed when a slab with 
polished ends truly perpendicular to the Z axis is 
examined in convergent polarised light. If a mono­
chromatic light source is employed and the nicols are 
crossed then, when the slab is inserted in the field, 
the Z axis of the slab being coincident with P, the 
axis of the instrument, the quartz is iJ.Juminated due 
to the rotation of the plane of polarisation and, in 
addition, a series of dark rings appear, the rings being 
crossed by two dark bands at right angles (Fig. 25a). 
Rotation of the cry5tal about its Z axis h1.s no effect 
on the figures which remain stationary. Rotation of 
the analvser, however, causes the cross to rotate in 
unison, and the concentric ring system expands or 
contracts according to the direction of analyser 
rotation and to the hand of the quartz. 

. hould the slab be tilted slightly to displace the 
central incident ray from parallelism with the Z axis, 
the centre of the ring system moves away from the 
axis of the instrument along the line of intersection of 
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(a) L.H. OR R.H. CRYSTALS 

(SINGLE LIGHT TRANSMISSION) 

(b) L.H. CRYSTAL (DOUBLE 

LIGHT TRANSMISSION). 
(c) RII. CRYSTAL (DOUBLE 

LIGHT TRANSMISSION). 

FIG. 25.-INTERFERENCE PATTERNS FOR TRUED Z SLABS 1:-; 

POLARISED CONVERGENT MONOCHROMATIC LIGHT. 

the ZP plane (the plane containing the Zand Paxes), 
with the slab and at the same time the pattern is 
distorted, being closed up in this line. When an untrue 
slab, i.e. a slab in which the axis Z' is not parallel to 
the true Z axis of the crystal, is examined, similar 
effects are observed, and the direction of the ZZ' plane 
can be determined. Rotation of the untrue slab about 
its Z' axis causes the rings to move slightly, owing to 
their eccentricity and distortion, the amount of 
movement being a function of the angle ZZ'. Thus if 
the instrument axis is parallel with the Z axis of the 
slab a stationary pattern is obtained when the slab 
is rotated about its Z axis ; but should the two axe 
not be coincident the pattern moves on rotation of 
the slab about its Z' axis, and an optical system of 
axis determination is available. 

It is beyond the scope of this article to embark on 
a detailed discussion of these properties. Briefly, a 
plane polarised ray incident on the slab in any 
direction, other than along the Z axis or at right 
angles to it, is split into two components, owing to 
the two refractive indices of quartz, w and € for 
vibrations parallel to and at right angles to the Z 
axis. Each of the components suffers a retardation 
proportional to its refractive index and the concentric 
dark rings are produced by the interference of the two 
rays. The two components of the dark cross indicate 
the directions of the vibrating planes of the analyser. 

To obtain the maximum sensitivity a modified 
form of the optical system which has been described 
is employed (Fig. 26). Convergent plane polarised 
monochromatic light incident on the test slab is 
reflected back through the slab to the analyser. The 
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FIG. 26.-POLARISCOPE-CONVERGENT LIGHT SYSTEM. 

instrument uses a sodiwn vapour lamp light source, 
and nicols are employed for both polarisations. The 
sodium light is passed through the nicol polariser to 
a 45° transparent screen from which it is reflected on 
to the specimen. The necessary convergence is given 
by a condenser placed between the screen and 
specimen. The light is reflected from the underside 
of the slab by a mirror and is transmitted through the 
lens system and screen to the nicol analyser through 
which the interference pattern is observed. The 
specimens and mirror are mounted on a rotatable 
table and the condenser is movable in a vertical direc­
tion to allow the convergent ray to be focused on the 
mirror. The light traverses the slab twice, in opposite 
directions, and the resulting pattern is identical with 
that obtained when two trued slabs of the same 
thickness and of R. and L.H. quartz respectively 
placed one on the other are examined in apparatus 
described previously. The pattern is the well-known 
Airy's spirals. Figs. 25b and c show the patterns for 
L.H. and R.H. crvstals. When the slab and instru­
ment axes are pa�allel, the pattern possesses quad­
ragonal symmetry about Z, and rotation of the slab 
about Z has no effect upon the figure. 

If the two axes are not parallel the pattern is 
distorted and rotation of the slab causes the pattern 
to move. The direction and sense of an error can 
readily be determined by tilting the slab until the 
true pattern is obtained. The accuracy of the 
instrument is demonstrated in a beautiful manner by 
the photographs of Fig. 27, which show the patterns 
of a true slab, 2 cm. thick, as the slab is tilted from 
the position of parallelism for Z and P to three 

ANGLE OF TILT: ZERO. ANGLE OF TILT: 10 i\hNUTES. 

A:<:GLE OF TILT: 20 MINUTES. ANGLE OF TILT: l DEGREE. 

F1c. 27.-lNTERFERENCE PATTERNS FOR A TRUED Z SLAO 

IN POLARISED CONVERGENT ;\lONOCllROMATIC LIGHT. 

positions giving angles of 0° 10', 0° 20' and l 0 O' 

between Zand P. The order of accuracy to which it 
is possible to define Z is within ± 0° 5'. 

Procedure of Truei11g a Z lab to the Z A;iis. 
The Z' planes of the slab which have been made 

accurate to within some ±0° 30' in the cutting process 
are lapped flat and approximately parallel. The 
slab is mounted between thin glass plates wetted with 
toluol-it is not practicable to use a bath-and is set 
on the table of the instrument. The approximate 
order of the slab's inaccuracy is then observed by 
rotating it about Z'. The slab is next set in one of the 
two positions in which an imaginary line crossing the 
pattern in the direction of least distortion is parallel 
to the zero line marked on the table and is rotated 
about this line until the true pattern is obtained. The 
amount of the rotation is a function of the slab's 
error, and the Z' plane nearer to the mirror is lapped in 
successive stages to correct the inaccuracy. When 
the Z' axis of the slab approaches parallelism with the 
instrument 's axis, it is advisable, before the final 
adjustment is made, to true the other Z' plane of the 
slab, i.e. to make the two Z' planes parallel. If this is 
not done at this stage, then although the two axes 
are parallel, the pattern will rotate with rotation of 
the slab due to the different lengths of the corres­
ponding light paths in the slab. 

Specimens with z dimensions in the range 0·2 to 
10 cm. are successfully handled by the instrument. 
It is not practicable to work with thinner slabs, 
owing to the large spacings which are obtained 
between the concentric rings of the pattern. The 
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operation is not affected appreciably by a small 
amount of optical twinning, which merely breaks up 
the pattern locally and gives rise to a slight "blurr." 
The time of the process is dependent on the skill of 
the operator, but in general it is less than 20 minutes. 

Determination of the X Axes. 

This presents a much more difficult problem than 
that for obtaining the Z axis, although several methods 
of approach are available. The first is one in which 
the X axes are referred to the m crystal faces, and is, 
of course, applicable only to crystals which possess 
?nc, and preferably more, good prism faces. Even 
111 Z slabs from the most irregular crystals, at least 
one, and usually three ?r more of the horizontal edges 
of the m faces are straight and good, and the X axis 
direction is determinable from these edges to within 
± 0° 10'. 

In the second method, the trued Z slab is etched 
on a Z plane. The etch pattern of an untwinned slab 
comprises a mosaic of small rhombohedra, the axes 
and faces of which are fixed with reference to the 
crystallographic axes so that corresponding rhom­
bohedral faces arc set in parallel planes. The slab is 
mounted on a table, capable of rotation, with the 
etched plane upwards, and a beam of light parallel 
to the Z axis of the slab is arranged to fall on the 
etched plane. The light is reflected from the three 
sets of elementary rhomboltedral face£ to form three 
beams 120° apart. Thus when the table, which is 
fitted with an anguJar scale, is rotated, three positions 
of maximum intensity, 120° apart, are apparent to a 
fixed observer, each one of these directions being 
parallel to a Y axis. Unfortunately it has not been 
possible to obtain a high order of accuracy with this 
system because the rhombohedral faces are slightly 
curved, the amount of the curvature being dependent 
on the rate and period of etching. The directions of 
maximum reflection arc thus effected by the etching 
process. 

The third method, which is no doubt capable of a 
very precise determination, employs an X-ray 
spectrometer to locate definite crystal planes by th'e 
reflection of X-rays at these planes. To the present, 
the authors have not employed this svstem, and in 
their opinion the complicated nature of the equipment 
renders the production of an instrument capable of 
being used by semi-skilled labour, i.e. a workshop 
tool, an extremely difficult problem. 

The fourth method, which in the opinion of the 
authors is the best and most practicable, employs the 
pronounced cleavage which exists in a thin Z slice. 
When the specimen is fractured by mechanical stress 
set up by temperature gradients, three distinct 
cleavage planes are obtained which are respectively 
parallel to the m faces, and the X axes are determin­
able to within ± 0° 5' by reference to these directions. 
It. is then a relatively simple matter to replace the 
slice on the natural crystal and so determine its X 
axes without further question of accuracy. 

Gold· 

Determination of the Y Axes. su .. r 

Oootull 

As the X, Y and Z axes form a system of right­
hand rectangular co-ordinates, the Y axis is known 
when the other two are known. 
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RESONATOR HOLDER 

The oscillation frequency of a quartz vibrator is 
detern�ine� primarily by the constants of its equiva­
lent circuit, although the mounting system has a 
secondary effect on the frequency, inasmuch as it 
changes this equivalent circuit. Thus, in order to 
take. f�ll �dvantage

. 
of the high order of constancy 

obta�mng � the equivalent circuit of the crystal, due 
cons1deratioi:i must be �iven to the holder design to 
ensure that it does not mtroduce either a variable or 
appreciable damping into the circuit. 

In the filter application it is desirable to fix rigidly 
the value of the capacitance across the resonator and 
t�is is accomplished by making the electrodes

' 
con­

tiguous to the X plane surfaces. The comparatively 
large nu.mber of resonators required, 1,40 including 
spares, m the first instance, rising to some 10,000 
when the London-Birmingham coaxial cable is com­
pletely equipped, made it necessary to consider the 
possibility of obtaining a mass production article in 
accordance with the following design considerations : 

(a) The design to be identical for all the resonators, 
to be compact and to permit of panel mounting. 

(b) The plate to be clamped in such a way as not 
to affect appreciably the decrement of the 
equivalent circuit and the clamping system to 
be sufficiently robust to permit of transport of 
the mounted resonator. 

(c) The design to permit the holder to be hermetic­
ally sealed to avoid a breakdown of the insula­
tion between the two electrodes. 

(d) The design to enable the series resonant 
frequency of the plate to be adjusted to within 

± 10 c/s of the specified value, the final 
frequency adjustment being made on the 
mounted resonator. 

Several types of holder were constructed and tested 
before the final design was evolved, although they 
were all alike insomuch that the plate was clamped 
in its nodal plane between spring contacts, the spring 
and contacts being used to provide the electrode 
connections. The final design is shown in Fig. 28. 

The plate is clamped between four hemispherical gold­
silver contacts, riveted on two split phosphor­
bronze springs, the springs being split to allow of the 
automatic alignment of the contacts. The springs are 

FIG. 28.-HOLOER FOR CRYSTAL FILTER PLATES, 60-100 KC/S. 
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moulded in a trolitul disc which is mounted in a spun 
copper container; a bayonet fitting is employed, and 
the spring projections through the disc serve as 
soldering tags. Brass lugs soldered to the base of the 
case enable the holder to be mounted on the vertical 
panel so that the X plane surfaces of the crystal a1e 
horizontal. 

It will be observed that the nodal plane of the Y 

wave is not parallel to the Z axis of the plate but 
subtends an angle of Hl0 to this axis ; it is parallel to 
the X axis and bisects the X plane faces. It is, of 
course, possible to set the resonator in the holder so 
that the angle between the Z axis and the contact line 
is in the wrong sense. When the sign of the angle is 
incorrect, however, the effect on the decrement of 
the plate is obvious, and it is usual to determine the 
correct position by trial. 

The design is compact and accommodates the 
entire range of resonators, the external dimensions of 
the case being 2·75 cm. diameter by 6 cm. long. The 
mounting system allows the series resonant frequency 
to be adjusted to within ± 10 c/s of the specified 
value and permits the final frequency adjustment, 
obtained by lapping the y dimension, to be accom-

plished while the resonator is mounted. The contact 
pressure on the crystal is adjusted so that normal jars 
and vibrations do not cause it to move relative to the 
contacts. 

Much trouble was experienced in the initial experi­
ments from the deposition of moisture on the Z and 
Y plane faces which has been known to reduce the 
insulation resistance between electrodes to less than 
1 megohm, as measured with a 10-volt battery and 
a micro-ammeter. The minimum working value of 
this resistance was found to be some 100 megohms 
and many sealing systems were tried before a satis­
factorv seal was obtained. The resonator and 
holder are carcfullv dried, the mounted resonator is 
located and locked in the case, and a special scaling 
compound is poured into the top of the holder which 
is completely flooded. When the compound is 
partially set, the holder is inverted and dipped into a 
bath of the compound to a distance of about 0·5 cm. 
below the top of the case, the top of the tags being 
protected during the latter part of the process. This 
method gives a clean positive seal of the mould in the 
case and also serves to seal any faulty soldering of the 
bayonet pins in the case. 
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Rugby Radio Station J. A. GRACIE B.Sc., A.M.l.E.E. 

U.D.C. 621.397.71 
The growth '?f services carried o!lt thro�gh the f'.ost Office radio station at Rugby is reviewed. A brief description is given 
of the plant mstalled at the station, which now 1f!cludes thirteen radio transmitters and over forty aerials. Some notes on 

possible future developments are added. 

I ntroductio11. 

T
HE Rugby Radio Station was described soon 
after it cam_e into being, in a paper presented to 
the I.E.E. m 19261. At that time, the station 

housed <_mly one transmitter. Since 1926, the scope of 
the services through the Rugby Station has so increased 
that the station now contains no fewer than 13 trans­
mitters of various types. Although articles have been 
published from time to time, dealing with individual 
aspects o� these installations, an up-to-date review 
of the mam features of the station may be of interest. 

Growth of Services Operated Through the Rugby 
Station. 

T�1e Rugby station . w'.1-s opened on January lst, 
192u, for the transm1ss1on, on a long wavelength 
and with extremely high-powered equipment, of 
telegraph1� messages to the more remote parts of the 
world, winch could not _be. reached by the then existing 
lower-powered transn11ttmg eqmpments installed at 
the Post Office stations at Leatield and Northolt. 
This service of telegraphic messages is still continued 
and includes, among other items, transmissions of the 
official British Foreign Office pre-;s and other b.-oad­
cast news bulletins to the colonies and to manv of the 
pri�1cipal countries in the world, standard time-signals 
winch are relayed from Greenwich Observatorv and 
which are intercepted by ships of all natiorni.lities, 
and tcleg�ams to _ships in all seas. To supplement this 
telegrapl11c s�rv1ce over shorter ranges, a lower­
powered medmm-wavelength transmitter was added 
in l ll28, and is principally employed in sending 
telegrams to continental countries. 
. 

A year aft<_·r the R�1gby station was opened, an 
unportant milestone m the development of tele­
communicat�on services was passed by the opening 
to the public of a telephone service to the U.S.A. 
This was rendered possible in part by the installation 
of a P?Werful long-w�ve radio transmitter at Rugby, 
?Y winch the speech signals from telephone subscribers 
m tins country were relayed across the Atlantic. 
At that time, the technical position of the radio art 
was such that only long wave-lengths could be used for 
such .transmissions ; but investigations into the 
behav10ur of short waves, coupled with a demand for 
more than one " trunk" telephone circuit to New 
York, resulted in the addition in Hl28 and 1929 of 
three additional short-wave transmitters, by which 
three further circuits were provided. The successful 
employment of short-wave radio telephonv to 
U .S.A . . led to an investigation of the possibility of 
exten_dmg the telephon� service to the principal 
colomes and to other important countries which 
could not, for technical and economic reasous be 
provided with a service by submarine cable. As a 
result, in 1930, services were opened to Australia, to 
'l.E.E.j., June, 1926. 
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South America and also to certain liners on the North 
Atlantic �oute ; in 1932, services were opened to 
South Afnca, Canada and Egypt, and further services 
were inaugurated to India (Hl3:3), Japan (1935), 
Iceland (1935), Kenya (1936), and Portugal (I 9:37), this 
last arising from interruption of the normal land-line 
telephone circuits due to political trouble in Spain. 
A further service to China, which was envisaged for 
1937, has not been brought into use as a result of the 
disturbances in China. These various services were 
pro_vided by the addition, in the years l!l:JO-Hl34, 
of flve further transmitters at Rugby, all operating on 
short wavelengths. It will be apparent that the 
number of services initiated considerably exceeded 
�?� number of transmitters which was provided. 
l lns was rendered possible by the fact that over­

lapping business periods in Britain and Eastern 
count.ries (�Cc'.-1r during the morning (British time) 
and m Bntam and \Vestern countries <luring the 
afternoon. As a result, it was possible to utilise 
a transmitte� for sending messages for example, 
to Japan durmg the morning and to South America 
during the afternoon and evening. This arrangement 
led to considera?le s'.Lvings in plant ; but more recently 
general expans10n m telephone traffic gave rise to 
demands from certain colonies for longer-period 
ser\'lccs than could be provided by only part-time 
use of the necessary equipment. At the same time, 
further advances in technique had revealed the 
possibilitv, for the short-wave circuits to New York 
of ntilisirlg the single sideband system of transmission : 
which, in addition to improving the grade of service, 
also opened up the possibility of sending two con­
versations simultaneously from a single transmitter. 
These circumstances resulted in a decision to erect two 
further transmitters at Rugby in lll37 and 1938 
designed to operate on the single sideband system '. 
each equipped for simultaneously handling two 
conversations. The introduction of these into service 
permitted the diversion of two of the older, single­
channel transmitters, formerlv used on the U .S.A. 
service, to extend the periods of service given to other 
countries. 

An important and increasing service, which is 
carried out by the short-wave telephone plant, is the 
distribution of programmes to the colonies and to 
other countries for re-broadcasting in these countries. 
The programmes are transmitted over the commercial 
circuit to the appropriate receiving station on short­
wave-lengths, and from there are passed to the local 
medium-wave broadcasting transmitters. 

The result of the expansion is that, through the 
Rugby station, in addition to the telegraph facilities 
afforded, it is possible for a telephone subscriber in 
this country to establish speech contact with about 
25 million other telephone subscribers situated in 
extra-European regions. As an indication of the 
amount of traffic handled, it might be mentioned that, 
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FIG. 1.-SITE PLAN, 

<luring the week ended October lst, 1938, 1,881 over­
seas telephone calls, totalling about 11,400 minutes' 
traffic time, 6a,ooo words of press and over 3,200 
radio telegrams, in addition to numerous time-signals, 
etc., were passed through the station. In addition, 
:J 4 special programmes destined for re-broadcasting 
in other countries, and occupying a period of 629 
minutes, were transmitted. 

Site a11d Buildinr.s. 
The site has an area of approximately 900 acres 

situated four miles to the south-cast of Rugby town. 
Two main buildings arc provided. The first contains 
the long and medium-wan� transmitters and two 
short-wave transmitters in an annexe. The second 
houses the remaining short-wave transmitters. The 
layout of the sit!' is shown in Fig. I. 

Power Supplies. 
Electric power is obtained from the Leicestershire 

and \Varwickshirc Electric Power Company through 
12,000 V, 3-phase, uncler�rotmd cables. In order to 

minimise the risk of a power failure, separate feeders, 
each capable of supplying the whole load of the station. 
are provided from the Company's two stations at 
Hincklcv and \Varwick. Before use, the incoming 
supply Is stepped down either to 2,200 V or 416 V, 
the former being used to operate four large 
s�·nchronous motors, which drive the high tension 
D.C. generators used in conjunction with the long­
wavc transmitters, and the latter for all the remaining 
miscellaneous supplies. By suitably over-exciting the 
synchronous motors, they arc caused to take a leading 
current which balances the lag produced by the 
numerous induction motors, transformers, etc., on 
the station, thus giving an overall power factor of 
unity for the station. The total annual power 
rnnsumed is about :).fi00,000 units. 

- - ·-
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An important requirement 
at the station is an adequate 
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total of some iOO kilowatts 
in heat \\·hen all equipments 
arc transmitting simultane­
ously. Owing to the adverse 
action of impurities in water 
on the anodes of transmitting 
valves, clistillecl water is used 
for circulation through the 
valve water-jackets. This dis­
t illcd water is in turn passed 
through coolers, where the 
heat is extracted by the cir­
culation of water at the rate of 
some 140 galls per minute from 
a rese1Toir containing some 
;;oo,ooo gallons which was 
constructed on the site. 

Tra11smitter Power Supplies. 

High-tension D.C. Systems. 
The valves in the various 

stages of the transmitters utilise anode D.C. voltages 
which vary from l;')O V for the small receiving type of 
valves in the frequency-generating stages to 12, 000 V 
for some of the larger-powered amplifying valves. 
Although, in some of the later transmitters, copper­
oxide rectifiers arc used, in conjunction with constant 
voltage transformers and suitable output smoothing 
filters, to provide voltages up to :J,000 V, such 
voltages arc obtained in the majority of cases from 
D.C. machines, which arc provided with choke­
condenscr filters to reduce fluctuations due to com­
mutator ripple. For the long-wave transmitters, the 
12,000 V D.C. voltage required for the main valves 
is also obtained from D.C. generators. One such 
machine, used with the long-wave telephone trans­
mitter, consists of a 640kVA, 2,2 00V, 3-phasc, 
synchronous motor, which is directly coupled to two 
250 kW, 0,000 V, D.C. generators, the outputs of 

which are connected in series. The D.C. machines are 
prO\·ided with specially-designed high-speed circuit­
breakcrs, as high-powered transmitting valves arc 
subject on occasions to" flash-arc " discharges, under 
which conditions the normally high insulation resis­
tanre between anode and cathode completely breaks 
down and the valve in consequence acts as a short­
circuit across the high-tension D.C. anode supply. 
Although normally snch a condition is taken care of 
11" the circuit-breakers, it is of interest to note that 
t i1e J>.C. machines arc thernsch·es designed to with­
stand without damage, a dead short-circuit, under 
which condition the normal full-load current may 
increase tenfold. 

The medium-wave transmitter and all the short­
wave transmitters utilise A.C. rectifying systems to 
provide the high tension supply, each transmitter 
being equipped with its own rectifier. Some of the 
older equipments use water-cooled diodes in a 
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hexaphase connection as rectifying agents. The later 
transmitters utilise either hot-cathode mercurv­
vapour tubes or glass envelope cold-cathode mercu�y 
arc bulbs, the main advantage of these systems lying 
in the lower anode potential required to give satura­
tion current, with consequent improved efficiency 
and greatly improved voltage-regulation, compared 
with that of the cyarnatcd thermionic diode device. 
Since it is convenient to have the rnltag\' of the main 
high tension D.C. sup1)ly variable, the transformers 
supplying the thermionic and mercury-vapour valve 
rectifiers are fitted, on the primary side, with induc­
tion regulators ; while in the mercury arc rectifiers, 
regulation is effected by A.C. voltage control on 
grids which arc inserted between the anodes and the 
mercury-pool cat hone, this having the effect of limiting 
the period during which current passes. A photograph 
of a mercury arc rectifier is shown in Fig. 2. This 
rectifier is rated to deliver a normal output of about 
60 kW at 12,000 V, with a conversion efficiency, 
including that o[ the associated transformer o( about 
94 per cent. and a voltage regulation, from no load 
to fu'.l load, of only 3.5 per cent. 

Grid Bias Supplies. The grid bias supplies to the 
transmitting valves arc normally provided from 
motor-generators, since voltages up to 600 V may he 
required and an appreciable current may be passed 
when the transmitting valves are fully excited. 

Filament Supplies. The filaments of the valves in 
the long-wave transmitters arc heated by alternating 
current, regulators being provided to prevent 
fluctuations on the incoming supply voltage being 
reflected in the voltage supplied to the filaments. The 
filaments of the transmitting valves in the short-wavP 
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telephone equipments arc heated ln· direct current 
supplied from motor generators. 

Tra11smitti11f, Valves. 

" Sealed-off" Valvt's. All th� transmitters on tht· 
station employ thermionic valves throughout i11 
the high-frequency stages. The majority of thesv 
valves arc of the conventional pattern which, after 
the air has been evacuated, arc permanently sealed. 
They range from small receiving-type valves, handling 
a power of a few milliwatts, to large power amplifying 
valves, capable of converting D.C. powers in excess 
of 100 kW into high-frequency energy. The largest 
radiation-cooled valves employed arc capable of 
dissipating a power of I ·5 kW at the anode and hav(' 
envelopes of special heat-resisting glass. Above this 
power, the anodes arc cooled by the circulation of 
water. by which means a power of 100 kW can safch· 
he dissipated at the anodes in some of the largr�t 
valves employed. 

Demountable Valves. A feature of the Rugb\· 
station is the use, in sevrral high-power amplifier;, 
of valves of demountable type. In this class of valw. 
which was developed by Messrs. Metropolitan Vicker:'. 
Electrical Co., Ltd.2 in collaboration with the Post 
Office, the electrodes arc supported from fiat annular 
rings of copper, which are optically-ground flat. 
In order to obtain the necessary insulation between 
electrodes, cylinders of porcelain are interposed 
between the electrodes and the whole is assembled bv 
stacking the electrode-supporting rings and insulating­
spaccrs, one above the other, on a base below whicl1 
is mounted the air pumping equipment. The joints 
arc smeared with a special, low vapour pressurt· 
grease, this providing a satisfactory pressure tight 
joint, and the air is continuously evacuated by a 

condensation pump, using special low vapour pressurt' 
oil as distillant, which, unlike the usual mercury pump 
which requires liquid air for condensation, can be 
condensed by a circulation of cold water round tlw 
pump jacket. The condensation pump is backed by a 
coarse mechanical pump, and a valve, after being open 
to atmospheric pressure, can be evacuated to a pressure 
of IO-fl mm. of mercurv in the course of about 2 hours. 
The advantage of this.type of valve is that, when the 
filament burns out, the valve is not scrapped as with 
a normal "sealed-off" valve, but can be dismantled. 
the filament replaced, re-assembled, re-evacuated, and 
thus restored to service. One demountable triode in 
use at the station is capable of handling, on long waves, 
a power of about 250 k\V. Another type of demoun­
table valve used in the later short-wave transmitters, 
is of the 4-clectro<le type, each valve of this type being 
capable of handling a power of some uO kW on short 
waves and two such valves being mounted on a 
common pumping equipment. A photograph of onl' 
of these valves, in situ in a short-waw transmitter, 
is shown in Fig. 3. 

Long-wave and M edimn-wavc: Telegraph Transmitter�. 

The main long-wave telegraph transmitter--call­
sign GBR-working on a wavelength of 18,750 
metres (16 kc.p.s.) was described in detail in the 

21.E.E . .f. July, 1935. 



FIG. 3.-DEMOUNTABLE VALVE l:\ 5HORT-\\'A\'E 

TRANSMITTER. 

I.E.E. paper on H.ugby already mentioned, and ha .... 
only been modified in small detail . This tran miller. 
which was designed and constructed by the Post 
Office Engineering Department, and which is capable 
o{ delivering a high-frequency power of about 500 kW 
to the aerial, is believed still to be the highest­
powered radio telegraph transmitter in the world 
using thermionic valve power amplifiers. The main 
features of this transmitter are the u e of a valve­
driven tuning-fork to generate a standard frequency 
from which the emitted radio-frequency is derived, 
and the use of two or, at times, three 
banks of l water-cooled 10 kW valves 
in parallel in the final amplifier. A" an 
altemat ive to one of the banks of J, 

water-cooled valves, a single valve of 
demountable type, capable of handling a 
power o{ 250 kW, is used. It is of 
interest to note that the ratio of output 
power to input power in the chain of 
amplifiers operating on the final radio 
frequency is of the order of 50,000,000: 
1-77 db.-without recourse to special 
neutralising circuits in the amplifiers. 
The radiation o( the signals during 
" keying " is controlled entirely by a 
small relay inserted in the grid circuit of 
a valve at a point where the radio 
frequency power-level is less than I watt. 

(iH kr.p.s.), and is equipped with facilities for high 
...,peed transmission. Only three water-cooled valve-. 
arc u. eel in the final output amplifier, the frequenc� 
being again derived from a valve-driven tuning fork. 

It is perhaps noteworthy that the two telegraph 
tran milters, although situated in different rooms, are 
attended by only one man who, from his control­
desk, is able to monitor the output of each transmitter 
and assure himself of the proper functioning of the 
equipments. Fig. 4 hows one of the banks of valves 
used in the high-power amplifier of the GBR 

transmitter, and Fig. 5 shows the variable aerial 
tuning inductance. It is interesting to compare thes<' 
\\'i�h the corresponding units in Fig. 6 which shows .1 

part of the power-amplifying stage of a short-wav1· 
transmitter. 

Long-Wave Telephone Transmitter. 
This tran mitter, installed by tandard Telephones 

iX Cables Co., Ltd., to the order o{ the Post Office, 
operates on the inglc-sideband system, wherein the· 
carrier wave and one set of sideband frequencie-. 
re ulting from speech modulation of the carrier-wave. 
arc suppressed. This is effected by a double process of 
modulation, whereby the speech-frequencies arc first 
translated to a frequency band o{ 30-33 kc.p.s. and 
then modulated by a frequency of $>9·5 kc.p.s. B\ 

this means, the three products of modulation, i.e .. 
upper sideband, carrier-wave and lower sideband 
arc separated sufficiently to allow the unwantl:'<l 
carrier-wave and the upper sideband to be simpl� 
filtered out while the lower idcband, having a mid 
band frequency of 6 kc.p. . corresponding to .1 

wavelength of 4412m, is amplified and passed to tlw 
aerial. The net result of this svstem is that the full 
maximum power output of the transmitter can be 

utilised for the transmission of energy in one sidcbancl 
only, which means that the effective speech energy i..., 
tran mittcd at a level corresponding to 6 db. aboVl' 
that which would be possible if the carrier and both 
sidebands were radiated. The final amplifier, which 
was equipped initially to operate with twenty-four 

The medium-wave telegraph trans­
mitter is to some degree a miniature 
replica o{ the GBR set. It is of con­
siderably lower power output (30 kW}, 
works on a wavelength of 3,846 metres 

Frc. 4.-BANK OF VALVES u:..i.D IN THE HIGH-POWER A�lPLlFlER OF TllE 

GBR TRANSMITTER. 
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FIG. 5.-VARIABLE AERIAL TUNING INDUCTANCE. 

LO kW valves, is now normally operated with three 
100 kW valves, which number can be increased to six 
if radio conditions warrant the use of increased power. 
The peak output power of the transmitter is normally 
of the order of 0 kW. A difficulty associated with 
the transmission of speech on long wavelengths is 
that the output circuits and aerial system, if to be 
efficient and undue expenditure in mast height is to be 
avoided, are necessarily of low decrement and there­
fore sharply resonant. Thus it is difficult to secure 
transmission of all necessary speech frequencies at a 
sensibly uniform amplitude. Special provision had to 
be made in the transmitter design to broaden the 
overall frequency response curve by the use of special 
couplings between the stages and between the output 
stage and aerial. The actual frequency-response curve 
of the long-wave transmitter is shown in Fig. 7. 
This response, although wide enough for the trans­
mission of commercial speech without undue loss of 
intelligibility, is too narrow in terms of a modem 
good-quality telephone circuit. This, combined with 
the extreme difficulty in obtaining additional fre­
quency-bands in the long-wave portion of the rether 
spectrum, and coupled with the relatively high level 
of static on these wavelengths which, in turn, 
necessitates the use of an extremely powerful and 
costly transmitter, were the factors which caused the 
possible use of short wavelengths for radio-telephone 
services to be actively investigated. 

Short-Wave Transmilfers. 
Double Sideband Type. Of the short-wave trans­

mitters installed in the station, eight are of the 
conventional radiated carrier, double-sideband type, 
whereas the latest two are designed for single side-
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band operation. Four of the former and the two 
latter are of Post Office design and construction, 
the remainder being installed by Messrs. Standard 
Telephones & Cables Ltd. to Post Office order. A 
photograph and a schematic layout of one of the 
double sideband equipments, which are all designed 
on similar lines, are given in Figs. 8 and 9. Some 
transmitters are constructed to operate on four and 
others on six selected frequencies lying usually between 
5 Mc.p.s. and 20 Mc.p.s.-corresponding to wave­
lengths of 60-15 metres. These frequencies are derived 
from quartz crystal plates which, mounted in thermo­
statically heat-controlled ovens, form the grid-cathode 
resonant circuit of a valve which oscillates at the 
natural frequency of the quartz plate when the anode 
circuit is tuned to approximately the same frequency3. 
Normally, the quartz plates, from considerations of 
mechanical strength, are ground to a natural frequency 
of transverse vibration of the order of 3 Mc.p.s. 
and it is therefore necessary to follow the crystal 
driven oscillators by one or more frequency multi­
plying stages, these consisting of single screen grid 
valves, operating as class C amplifiers, but with the 
plate circuit tuned to double the frequency of the 
grid A.C. voltage. After the actual carrier-frequency 
has been generated in this manner, the power is 
stepped up by three or, in some transmitters, four 
stages of amplification in cascade. These stages are 
installed in separate screened cubicles, and neutralised 
circuits are used to prevent self-oscillation in any 
stage due to feed-back from anode to grid circuits 
through the inter-electrode capacitance of the valves. 

3J.E.E.J. August, 1935. 

FIG. 6.-PART OF POWER AMPLIFYING STAGE, SHORT-WA\'!': 
TRANSMITTER. 
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this time by simple t u11cd 
radio-frequency circuits, and 
the remaining sideband, ron­
taining the products of the two 
incomi:1g conversations, now 
occupies the correct position in 
the radio-frequency spectrum. 
Fin· stages of amplification. 
using valws ranging from 75 
watt air-cooled pentacles to 
60 k\\" water-cooled ckmount­
ablc tetrocles, amplify the 
power so that the maximum 

FREQUENCY IN C. P. S. 

FIG. 7. -.-\,11'1.1n·p1·:-F1rn1Jl'J·:NcY CURVE OF l{EcTIFIED OuTPt"T FRO'! TELEPHONE 
TRANS�!ITTERS. output cleli\-crcd to the 

antenna, under conditions of peak modulation on 
both channels. is about 70 kW. 

The modulation is introduced at a point where the 
high-frequcnc�- power level is of the order of :iO watts. 
using a conventional " Heising " choke coupling. 
Amplifiers suhsequent to this stage, for reasons of 
efficiency and resulting economy in power consump­
tion, arc operated as class B amplifiers. The final 
amplifying stages arc equipped with four 15 kW, 
water-cooled valves, and arc capable of giving, under 
normal operating conditions, an unmodulated carrier 
power of 15 k\V and a maximum power output, 
under conditions of peak modulation, of approximately 
50 kW. Facilities arc provided on each transmitter 
for checking the carrier power output, the degree of 
modulation, and the total percentage of harmonic 
distortion in the output wave form when the carrier 
wave is modulated by pure sinusoidal tone. The 
overall frcqnmcy-rcsponsc of a typical transmitter 
is shown in Fig. 7. 

Single Sideha11d type. The single sideband trans­
mitters, in addition to possessing the fundamental 
advantage of increasing the effective speech power 
radiated by concentrating the available power output 
from the transmitter in sideband energy, are equipp�d 
for sending two conversations simultaneously without 
occupying a wider band of radio-frequencies than is 
used by a conventional single-channel, double sideband 
transmitter. To achieve this, three stages of modula­
tion arc used, the frequencies at which modulation is 
effected being governed by the economic considerations 
of filter design and the necessity of rapidly changing 
the final radio frequencies to suit diurnal and seasonal 
conditions. In the latest transmitter, the output from 
a 100 kc.p.s. crystal-controlled oscillator is modulated 
by speech from one incoming line in a balanced 
modulator circuit, and a crystal filter, having a band­
width of 6 kc.p.s. is used to separate out the upper 
sideband of modulation. Sp�cch from the other 
incoming line is applied to a similar modulator 
supplied with the same 100 kc.p.s. frequency, but in 
this case the lower sidcband of modulation is filtered 
out by a crystal-clement filter. These two products 
of modulation, differing in frequency, are combined 
and utilised to modulate a second crystal-controlled 
oscillator, having a frequency of 3 Mc.p.s. One 
sideband of the resulting multiplex modulation is 
again selected to the exclusion of the carrier-frequency 
and the remaining sideband, and is used to modulate a 
third crystal-controlled oscillator, which is tuned to 
the final radio-frequency ± 3· l Mc.p.s. Once again, 
the carrier-frequency and one sideband is suppressed 

In order to facilitate the replacement of the carrier­
frcquency at the reception point at the correct 
frequency, a small amount of power on the nominal 
carrier frequency is radiated. The level used is 15-
20 dh. below the peak sideband level, and thus only a 
verv small proportion of the available energy· is su 
utilised. 

To enable the wavelength of the transmitter to be 
changed rapidly, the coils in the tinal radio-frequency 
stages arc mounted on turntables and can be quickly 
rotated into position by external control. 
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Aerial Svstems. 
Long ·wmie. The long-wave aerials are suspended 

from staved steel masts of lattice construction, which 
have a height of 820 ft. and arc supported on insulating 
porcelain discs. The aerials are of the " sausage " 
type, consisting of a number of wires arranged 
circumferentially at a radius of six feet from a central 
steel rope which takes the tensile stress due to the 
weight of the system, and are designed to work without 
brush discharge at a very high voltage (which for 
the GBR aerial has a working value in excess of 
150,000 V).4 

Short iVm•c. The short-wave aeriab arc ncarlv all of 
directional ty·pe and arc mostly made up of a 11umbcr 
of horizontal radiating elements susp2ndcd from sclf­
supporting mast systems which vary in height from 
120 ft. to 180 ft. A schematic diagram of a typical 
aerial system is shown in Fig. lU. The radiating 
curtain consists of 24 horizontal elements which arc 
constructed to be electrically one half-wavelength 
long at the operating frequency ancl arc spaced one 
half-wavelength apart in the vertical plane. The 
curtain is fed from the transmitter by open-wire 
transmission lines, which consist of two solid copper 

•r.C.F . .f. \"ol. :!:!!.. p. :!OJ. 
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It will be apparent from the fore­
going that the aerial is only efficient 
at the frequency and in the direction 
(or which it is designed to operate, and 
thus it is necessary to have individual 
aerials Cor each wavelength used on 
each service. Actually no (ewer than 
.. rn directional aerials, designed for 
operation between 12·5 and 70 metres 
(2-1-,000 kc.p.s.-4,300 kc.p.s.) are in­
stalled. It is of interest to note that, 
in order to economise in mast costs, 
opportunity is often taken to suspend 
two aerial systems operating on different 
wavelengths from the same mast 
system. 

l>Ol'BLE !:>WEllANU ;:,110IU-\\',\VE TRANSMITTER. 

ome of the aerials at Rugby have 
as many as 6-1- elements in each curtain 
and thus have a considerably greater 
directivity than that described; whereas 
some othe1 s, principally on the longer 
wavelengths, arc rather less directive 
because of the greater space require­

wires approximately 0·16 in. in diameter mounted 
!I in. apart. 

The impedance of a pair of half-wavelength radiators 
is approximately 4,800 ohms but the surge impedance 
of each of the branches of the feeder system, and that 
of the main line, is approximately 600 ohms. Accor­
chngly reflections occur at every point where a radiator 
joins a transmission line and a series of standing 
waves then exist in the feeder system. When standing 
waves exi t, the impedances at points on the line 
,;ituated one half-wavelength apart are equal but the 
currents thereat are o( opposite phase. Advantage is 
taken of these facts to design the feeder system so that 
not onlv arc the currents in all radiators in the same 
phase but the impedance of the curtain as a whole, 
at the point where the main tran mission line branches 

·into the subsidiary feeders, is brought down to a value 
comparable to that of the surge impedance of the 
transmission line. Thus in the array shown in Fig. 10, 
the impedance of the curtain which is effectively 
that of twelve doublets in parallel is about 400 ohms. 
In order to secure maximum tran fer of energy 
from, and avoid reflection in, the main line, a trans­
ducer consisting of a line one-quarter wavelength 
long having a surge impedance equal to the geometric 
mean of the impedances of curtain and 
main line resp<:ctivrly. is in�erted to step 
up the impedance to GOO ohms at the 
point of junction with the main line. A 
curtain, similar to the radiating curtain, 
but normally energised by inductio•1, 
is suspended one quarter wavelength 
behind. The polar diagrams of radiation 
in the horizontal and vertical planes for 
the array described are shown in Figs. 
11 and 12. The effective radiation in 
the desired direction, compared with 
that of a single half-wave radiating 

ments and re ulting increased cost. The polar 
diagram of radiation in the vertical plane is governed 
by the number of elements stacked above each other 
and by the height of the lowest clement above the 
ground and this is adjusted to suit, as far as possible, 
the propagation path o( the service in qucstion.5 On 
long-distance ervices, it is usually desirable to produce 
as great radiation as possible at low angles, say 

0-12° to the horizontal. On shorter distance 
services, the main lobe of radiation can profitably 
be directed at a higher angle, say 12°-20° to the 
horizontal. 

For one or two transmissions it is desirable to be 
able to radiate either in a forward or backward 
direction, e.g., the service to Australia, which can be 
reached by the shorter great circle path in a N .E. 
direction, or over a longer path in a S.W. direction, 
dependent on the time of day. This i s  effected by 
providing separate transmission lines to feed the 
radiating and reflecting curtains, and supplying 
power to either curtain at will. In other transmissions 
e.g., to provide services to Rio de Janeiro and to 
Buenos Aires from the same aerial system, it is 
desirable to slew the radiation through a small angle, 

5f.E.l!.j . . June, l!J:H. 
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This is effected by providing separate transmission 
Imes to the two halves of the radiating curtain and 
reversing the phase of the currents in one bay relative 
to the other. 

Open-wire transmission lines are used throughout, 
the loss at radio frequencies being about 4 db. per 
mile. Some of the antenna: arc necessarily situated 
at a clistancc approaching one mile from the trans­
mitter. Arrangements arc provided, by a system of 
transmission lines between the buildings and inside 
each building, for any transmitter to be able to pick 
up any array. 

Future Developments. 
Owing to the fact that short-wave communication, 

which is effected over long distances by indirect 
rays which arc reflected from the ionosphere, tends to 
he unreliable when the ionosphere is affected by 
magnetic disturbances, plans were made for the 
installation of a second long-wave transmitter for use 
on the transatlantic telephone service. This trans­
mitter, thanks to the general advance in the radio 
;1rt since 1 !l2i, would have been an improvement over 
the existing long-wave telephone transmitter, both as 
regards the effective radiated power and the quality 
"f transmission, and its use would have meant that the 
husy service to ;.;-cw York would not be too seriously 
dislocated, even under the worst short-wave propaga­
tion conclitions. Recent advances in short-wave 
technique, howcwr. e.g., the use of single-sidcbanrl 
transmission, the increase in output power of trans-
1mttcrs and the reduction in fading by the use of 
1nult iple-rccciving antenna:, have indicated that it 
may be possible to reclucc the effects of ionosphere 
disturbances to a degree which will not seriously 
interrupt traftic operation. '.\Ioreover, such methods 
should prm·idc. cluring normal conditions, additional 
channel capacity which could not be achieved by the 
use of long wan·lengths. It is somewhat doubtful. 
therefore, whether the i)rojcct to install an additional 
long-wave transmitter will be carried into force. On 
the short-wave side, however, it is probable that the 
iuture will sec clcmancls for considerable expansion 
in the number of :ivailahle circuits, owing to the 

growth in the telephone traftic with other countries. 
This will invoke the problem of obhining sufficient 
wavelengths on which to operate these equipments, 
a clifficultv which is alreadv met with since the avail­
able alloc�tions in the short-wave bands arc already 
almost fully occupied. Expansion in circuits, there­
fore, will involve primarily the more effirirnt use of 
wavelengths which arc already available. This 
implies, tirstly, a more accurate control of the 
frequency of the transmitters, so that transmitters 
can be operated on more closely adjacent frequencies; 
sc�ondly, the use of single sidcbancl working, as by 
this means the effective frequency band required for 
transmission of the intelligence can be halved ; and 
thirdly, the use of multiplex working-say two, 
three or even more speech modulations on a single 
nominal carrier frequency, which will, in turn, require 
improved transmitter characteristics if cross-modula­
tion between the speech channels is to be avoided. 
Developments will also be concentrated on methods 
whereby the cost of running the transmit tcrs can be 
reduced, as this is a considerable item in the total 
cost of operation of a radio-telephone service. One 
possible method of achieving this, by the use of 
demountable valves-with low replacement costs­
in the high-power stages, has already been indicatecl. 
Another method mav lie in the use of more efficient 
directional aerial s):stems, by which the radiation 
can be concentrated into narrower " pencils" than 
at present, thus allowing a reduction in the power 
output from the transmitters, with corresponding 
reduction in valve size and power consumption. 
It is possible, therefore. that future equipments 
mav differ in certain radical features from those at 
pre�ent installed and that some of the existing 
apparatus may have to be rather drastically modified. 

Co11cl11sio11. 
In a review of this nature, it has not been possible 

to go into the detailed technical considerations of the 
design of various equipments. Some references to 
fuller descriptions have Leen given, and it is hoped 
that at future dates more detailed technical 
cl!'scriptions of some of the plant will be published. 
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A short wave single sideband radio receiver has been built for operation on the transatlantic telephone service. The 
receiver is designed to receive a transmission which incorporates two independent single sideband speech channels arranged 
in two frequency bands, one band being above and the other below the frequency of a pilot carrier. The two channels occupy 

approximately the bandwidth which would normally be occupied by one double sideband transmission. 

Introduction. 

M 
ORE than fifteen years ago ]. R. Carson 
of the Bell Telephone Laboratories 
demonstrated mathematically that only one 

sideband of a speech modulated carrier is necessary 
for the complete and accurate transmission of 
intelligence. In fact, certain advantages can be 
claimed for a single sideband system as opposed to 
a double sideband system with carrier. In brief these 
advantages are (I) a saving in frequency range, 
(2) an improvement in the signal-to-noise ratio 
obtainable for a given power transmitted and (3) 
reduced distortion due to wave interference. Radio 
and carrier engineers were quick to appreciate the 
advantages of the single sideband technique and the 
application to long-wave radio circuits and to wire 
carrier circuits proceeded rapidly. For instance, the 
long-wave transatlantic telephone circuit1 commenced 
commercial operation in 1927 using the frequency band 
58·550-61 ·250 kc/s for a single channel between New 
York and London, the same frequency band being 
used for transmission in both directions The trans­
mitted sicleband is hcteroclyned at the recC'iver with 
an oscillator of good frequC'ncy stability to yield 
audio frequencies corrC'sponding, within a few cycles 
per second, to those supplied to the distant trans­
mitter. 

The application of single sideband technique to 
short waves (100 to 12 metres, 3 Mc/s to 25 l\k/s) was, 
however, delayed for several years in spite of 
the advantages to be gained by its adoption. The 
major difficulties lay in the development of a 
sufficiently high degree of stability in the heterodyn­
ing oscillator usC'd in the recriver and in the frequency 
of tlw radiated carrier. This long period stability is 
required to be such that the audio frequency output 
of the receiver is never in error by more than about 
20 c/s for commercial quality speech (250-2,750 c/s) 
or by more than about 4 c/s if the channel is to be 
used for music transmission (50-6,000 c/s). The 
frequency stability required is, therefore, of the order 
of 1 part in 107. This is an extremely stringent require­
ment but it can be met by a laborat01y type crystal­
controllcd oscillator using a low temperature 
coefficient quartz crystal plate in conjunction with a 
precisely temperature-controlled oven. 

A more economical solution consists in arranging 
that one of the heterodyning oscillators of the 
receiver shall be automatically tuned to follow the 
frequency of the carrier radiated by the distant 
transmitt{'r. The stability of the frequencies of the 
heterodyning oscillator and the transmitted carrier 
is not critical and simpler and cheaper oscillators may 
then be used. In orclcr that the sense and amount of 
--------·-- -

1P.O.E.E.j.,Vol. 20, p. 52. 

24 

frequency correction necessary shall br made known 
to the automatic tuning apparatus, a pilot carrier is 
transmitted with the sideband. To economise in 
transmitted power the pilot carriC'r may be reduced 
to a level 16 to 2n db. bdow the peak sideband level. 
The pilot carrier after selection and amplification can 
be utilised for demodulation and also for the operation 
of the automatic gain control of the receiver. This is 
the method which has been used in the present receivrr 
and also in various other forms of short wave single 
sideband receivers operating on commercial radio 
telephone circuits2• 

Arb.Jan/ages of the Single Sideband System. 

For a given peak power uuLput from the trans­
mitter, the single sideband svstem shows a theoretical 
signal-to-noise advantage of 9 to 12 db. which is 
equivalent to raising the transmittecl power by from 
8 to 16 times, over the double side band system. 
assuming that the radio frequency noise comi)onents 
arc uniformly distributed over the frequency band 
occupied by the transmission. Of this improvement. 
I> db. is derived from not transmit.ting the carrier and 
3 db. from halving the frequency band occupied, 
and a further improvement of up to ;{ db. may hl' 
obtained since, when wave interference occurs, the 
corresponding components of the sidebands of a 

double sideban<l transmission do not retain symmetri­
cal phase relationships with respect to the carrier 
and so tend to add on a power and not a voltage 
basis. This signal-to-noise improvement is of 
considerable advantage in extending the timl' 
during which a circuit can be kept in operation during 
periods of disturbed radio conditions. Alternatively. 
the transmitted power can be reduced when condition,, 
arc favourable, so saving on valve and power cosb. 

Douhlc side band short wave radio telephone circuib 
arc subject to deterioration of quality clue to the 
effects of wave interference ; single sideban<l 
reception with high level carrier at the demodulator. 
corresponding to a low modulation depth, offers a 

considerable improvement in quality. Studies of 
pulse reception over the transatlantic path indicatl' 
that signal energy arrives at various clown-coming 
wave angles and is subject to various time delay 
differences up to ;� milliseconds brtween signals which 
have traversed cliffrrent ether paths. The interference 
between two or more signals with a time delay 
difference which is \'arying, results in the sclecti\'l· 
fading characteristic of most short wave circuib. 
Not only does the selective fading result in rapid 
changes of the apparent audio frequency characteristic 
of the circuit, but it also produces distortion by giving 
rise to a condition corre�pornling approximately t•• 
•J.E.1"·.J., Sept., l!J;J-1, l'roc. I.KE. July l!J;J5 anu hb., 19;Jb. 



over-modulation at the transmitter. This condition 
arises when the carrier fades below the combined 
level of the side frequencies. For economy the short 
wave telephone transmitter is deeply modulated in 
order to produce the highest possible signal-to-noise 
ratio at the receiver with a given peak power ; 
the effect is, thc1eforc, quite pronounced and is 
especially disturbing on a music channel. In single 
sideband reception it becomes possible to abstract 
the pilot carrier from the signal by a filter having a 
bandwidth of 200 c/s or less, to amplify the carrier 
separately and to insert it into the demodulator of 
the receiver at a considerably higher level than the 
peak sidcband leYCl, e.g. at about 10 : 1 ratio. 
In addition, the pilot carrier may be passed through 
a saturated amplifier so removing moduhtion and/or 
transmitter hum and enabling the carrier to be fod to 
the demodulator at substantially constant lcYcl, in 
spite of carrier fading. Alternatively, a local c<1rrier 
of suitable frequency may be used. Although 1t would 
lw possible to abstract the carrirr in a double sideband 
I ransmission and to supply it to the demodulator at 
high level, the audio output might be distorted since 
the phase of the carrier in such a transmission is of 
considerable importance. Also, it can be shown that, 
with double siclcband tra11smission, interference 
between signals with a time delay difference produces 
a condition of amplitude and phase asymmetry which 
results in the production of a second harmonic of the 
modulating frequency3• This cause of distortion 
is absent in single sideband transmission. 

The changing audio frequency response charac­
teristic of selective fading is present to about the 
same extent with single side band reception as with 
double sidcband reception ; it would appear that only 
a highly selective antenna system, steerable in the 
vertical plane containing the great circle path between 
transmitter and receiver, would be effective in 
reducing these changes. 

\Vith a view to confirming the advantages of the 
single sideband system in an objective manner, 
tests were commenced late in 1933 and continued in 
the early part of l 934, between the radio terminal, 
London and the Bell Telephone Laboratories, New 
York. these tests including articulation and intel­
ligibility tests. They confirmed the theoretical 
ad,·antages of the system from the standpoint of 
signal-to-noise r<1tio improvement and reduced 
distortion clue to wave interference. 

The saving in frequency range offered by the single 
sideband system is of great importance since it can 
be obtained in no other way. Providing that adequate 
carrier frequency stability is obtained, the number of 
radio telephone channels which can be placed in a 
given frequency range in the ether is doubled. The 
demand for frequency allocations continually increases 
and it is a matter of considerable importance that 
each frequency range allocated should be used to the 
best advantage. 

It was therefore decicled to proceed with an 
extension of the scheme whereby the speech signals 
from two independent callers arc arranged to be 
transmitted simultaneonsh; by a common radio 

•w. hng. uct . . 1n:w. 

transmitter and occupying approximately the sa111(' 
frequency bandwidth as would normally be occupied 
by one double sideband transmission. 

Freque11cy Spcctmm of tlze System. 

The transmitted frequency spectrum is determined 
by the privacy system adopted. A typical privac�· 
system used is a switched channel device in which one 
channel (A) occupies the band 250 to 2,750 c/s on one 
side of the carrier and the second channel (B) occupies 
the band 2,500 to 5,000 c/s on the other side of the 
carrier (Fig. 1). Speech in the A channel .adjacent 
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to the carrier is inverted and the channels arc inter­
changed at short time intervals. This equipment is 
located at the radio terminals, London and New York. 

The spacing of the channels by a frequrncy band 
approximately equal- to the speech bandwidth 
reduces crosstalk between the channels to a consider­
able degree since the intermodulation products of 
highest amplitude then fall outside the working 
frequency bands4• These intermodulation products 
arise principally in the final power amplifier stage of 
the transmitter since this stage has to be fully loaded 
for efficient working. 

The channel filters in the receiver have bandwidths 
corresponding approximately to a frequency range of 
() kc/s on either side of the pilot carrier, so permitting 
of various frequency dispositions of the working 
frequency bands. 

S'chematic of the Rccch•er. 
The receiver is a triple detection superhctcrodynl' 

receiver, the block schematic of which is shown in 
Fig. 2. The first intermediate frequency band is 
f>!:lO-filO kc/s ; this relatively high frequency enables 
an adequate image channel ratio to be obtained with 
three tuned circuits operating at signal frequency, 
i.e. two stages of high frequency amplification. 

The first beating oscillator of the receiver is con­
trolled in frequency by the control valve and the 
frequency control equipment so that the carrier at 
the first internwcliate frequency cannot differ from 

'l·:lcrtrirnl Co111111u11irat1011.<, Oct., l\J:l'i. 
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liUO kc/s by more than a few cycles per second. The 
tirst intermediate frequency filter introduces sufticiPnt 
Sl'lectivity in front of the first intermediate frequency 
amplifier to avoid cross-modulation hy strong 
transmissions on frequency allocations near to the 
wanted channel. The wanted second intermediate 
frequency band produced by the second frequency 
changers is 100-l Uti kc, s ; this rclativdv low frequency 
enables channel filters to be designed with suitable 
attenuation at frequencies corresponding to the 
adjoining channels combined with a suitable degree 
of flatness of pass hand. In addition, the image 
frequencies (400 and 800 kc/s) arc well remowd from 
the pass range of the first intermediate frequency 
filter. Two similar channel filters arc used for 
s1·parating the upper and lower sidebands of the 
transmission by arranging that the spccmd frequency 
changers arc supplied with ;"iOO kc/s feed for one 
c hannrl and 700 kc /s for the other. These feeds 
arc derived from the ;ith and 7th harmonics of the 
crystal controlled oscillator (lOO kc/s). This scheme 
was adopted for the receiver described, as it has the 
advantage that only one design of channel filter is 
necessary. Later single sidehand receivers incorporate 
channel filters having pass bands of !14-100 and 
I 00-1 OU kc/s. 

The pih;t carrier is selected from the transmission 
by the narrow hand carrier filter (100 kc/s ±(i0 c/s) 
and passed through two stages of linear amplification 
in the carrier amplifier. The output of the linear 
amplifier of the A channel branches to supply a 
,.;aturatcd stage, the automatic gain control rectifier, 
and also a valve which operates a relay in the frequency 
control unit. The pilot carrier, after passing through 
the saturated stage, is termecl " rpconclitionccl " 
earner. The saturated amplifier supplies recon-
2() 

ditioned carrier at suhstantiallv constant level to 
the frequency control equipment and to the channel 
demodulators. A separate carrier selecting circuit 
is arranged for the H channel in order that the pilot 
carrier applied to the channel demodulator shall be 
of correct frequency. Provision is made at the 
channel demodulator for the use of local carrier 
derived from the 100 kc is crvstal controllctl oscillator, 
when neccssarv. Loc;{J ctrrier has been found to 
yield a slight ·quality improvement when fading i,.; 
particularly severe and when the field strength i,.; 
low. The output of each channel demodulator passes 
to a constant volume amplifier ; a high-pass filter 
(2:i0 cis) and a low pass filter (:�,OOO c/s) arc available 
for tbc when the displaced hand privacy equipment 
is not in use and it is desired to improve the signal­
to-noise ratio by limiting the auclio frequency band­
width. Finallv the levd is raised to a suitable value 
(about -+-12 clb. relati\'e to I m\Y) for sending to 
line, by the line amplifier. TIH' audio output level is 
monitored continuously by volume irnlicators. 

A test oscillator covering the two intermediate 
frequency hands and fit tecl wit It a ra Ii lira ted at tcnnator 
is available for maintenance purposes. A D.C. supply 
for the heaters of the first beating oscillator a11<l control 
valve is used to avoid frequency moclulation. This 
supply is obtained from copper oxide rectifiers 
followed by a suitable smoothing circuit. 

Construction of Receiver. 

The layout is shown in Fig. 3. Three standard 
channel-section steel racks, Ii ft. (i in. liigh, accommo­
date the units of the main receivPr ; the constant 
volume amplifiers are accommodated on a separate 
rack not shown in the photograph. l'nits arc 
mounted on hoth back and front of the racks in 
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order to economise in space in the receiver building. 
In most of the units requiring controls mounted on 
the front panel, a horizontal shelf is incorporatc<l in 
the unit; Yalves, transformers and similar com­
ponrnts are mounted above and resistors and 
condensers are mounted below the shelf. Coil 
!>witching is arranged in the high frequency amplifier 
and beating oscillator units so that the frequency 
range 2·5-25 Mc/s may he covered in three ranges 
without manual coil changing (Fig. 4). The construc­
tion of the first brating oscillator is especially rigid 
to avoid microphony and instability of frequency ; 
thermal Jagging of the tuned circuit is incorporated 
in order that any frequency changes due to changes in 
the ambient temperature shall occur slowly. 

Power Supplies. 
The power suP.ply to the receiver is obtaine<l 

entirely from the A.C. supply mains, about 300 watts 

Re.\R \"ml\". 
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at 240 volts, 50 c/s, being 
required. Indirectly heated 
valves requiring a 4 volt 
heater supply are used ; the 
power consumption in the 
heater circuits is 230 watts . 
The high tension supply of 
about 320 milliamperes al 
:WO volts is derived from a 
full wave rectifier unit using 
mercury vapour valve rec­
tifiers. The high tension 
supply lo the first beating 
oscillator and the first fre­
quency changer is required 
to be extremely stable ; this 
is achieved bv the connection 
of two multi-gap neon 
stabiliser valves in tandem 
following a separate high 
tension rectifier unit. 
Frequency Control ystem. 

The first beating oscillator 
in the receiver is not crystal 
controlled and is, therefore, 
suhject to variations in fre­
quency due to temperature 
and heater supply voltage 
changes. These variations 
together with those of the 
transmitted carrier fre­
quencymay amount to kc/s 
at a working frequency of 
20 Mc/s ; the function of the 
frequency control system is 
to ensure that the carrier al 
the econd intermediate fre­
quency will not differ from 
the frequency of the 100kc1s 
crystal controlled oscillator 
by more than 10 c/s when 
local carrier is to be used at 
the demodulator. If re-
conditio.1ed carrier is to be 
used, the maximum tolerahle 

frequency error is limited only by the bandwidth of 
the carrier selecting filter. 

In the frequency control unit (Fig. 2), a JOO kc/s 
feed from the local oscillator is modulated with 
4·9 kc/s and the two side frequencies of 95·1 and 
104 ·9 kc/s are then selected by two bridge crystal 
filters. These side frequencies arc arranged to beat 
with the reconditioned carrier at a frequency of 
100 + 6. kc/s, where 6. is a few c/s, to yield two audio 
tones of frequency 4·9 + � and 4·9 - o kc/s. The 
audio tones are then applied separately to the 
sharply resonant tuned circuits L1C1, L2C2 (Fig. 5) : 
the tuned circuits have their maximum dynamic 
resistance at about 5 kc/s. The tuned circuits arc 
identical and therefore are subject to similar changes 
of resonant frequency due to temperature variations. 
As the error frequency 6. increases from zero the 
response of one tuned circuit rises and that of the 
other falls (Fig. 6a). The tones arc then amplified 
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and rectified, the output of the rectifiers being 
connected in series opposition. The difference 
voltage is applied to a two stage resistance and 
capacitance filter for smoothing before application 
to the control valve. The variation in amplitude and 
sign of the difference voltage as the error frequency 
passes through zero is shown in Fig. 6b. ot only is 
this smoothing necessary in order to prevent 
unwanted 4·() kc/s tone from being applied to the 
control valve but it also serves to prevent transient 
signals, i.e. static crashes, appearing in the carrier 
channel from affecting the beating oscillator frequency. 

The control valve is a high frequency pentode. the 
mutual conductance of which may be varied according 
to the bias applied to the suppressor grid. By the 
phase shifting circuit RC (Fig. 5) it can be arranged 
that the anode impedance of the control valve is 
substantially that of an inductance L = RC/m, 

5MJl 6MJ1. 

(a) (b) 

FIG. 6.-CHARACTERISTICS 01' FREQUENCY CONTROi. SYSTEM. 

where m is the control valve mutual conductance. 
This voltage controlled inductance is then used to 
vary the beating oscillator frequency over a range not 
exceeding ± 15 kc/s. During deep carrier fades, or 
when the transmitted carrier is interrupted, the 
control circuit is disconnected by the relay contact 
" 

a " and the beating oscillator frequency then varies 
extremely slowly, due to the discharge of the time 
constant circuit condensers through their leakage 
resistance. The sensitivity of the control system is 
about 1000 : I, i.e. a tendency of the first beating 
oscillator frequency to change by 5000 c/s from the 
correct tune frequency results in a final error frequency 
of about 5 c/s. A key (not shown) is provided so that 
the sign of the control voltage may be changed as 
the beating oscillator frequency is changed from a 
value above to a value below that of the signal. 
A control is provided so that the system may be 
balanced, i.e. so that zero error frequency may be 
made to give rise to zero control voltage. This control 
requires to be set only infrequently. Also the beat 
between the local and reconditioned carrier is arranged 
to be visible as a meter pointer vibration. 

The type of control system adopted has the advan­
tage that it operates independently of the drift of 
the local carrier or control tone oscillators ; in 
addition, no mechanically variable components are 
involved and the system may be made to operate 
independently of carrier amplitude variations over a 
wide range. 

It was found necessary to stabilise the high tension 
supply to the first beating oscillator and the first 
frequency changer since sudden changes of the 
supply voltage were liable to produce a rate of varia-

tion of frequency beyond 
the capabilities of the control 

CONTIUJi. YAL� f�! IUATlll'O 

OSCILLATOR 

ystem. Variations of fre­
quency due to the heater 
supply voltage variations 
arc necessarily slow and can 
be corrected." However, it 
was necessary to rectify and 
smooth the heater supply to 
avoid frequency modulation 
of the beating oscillator; 
this effect would become 
apparent as distortion when 
the local carrier was in 
use and degrade the opera­
tion of the frequency control 

Fie. 5.-FREQURNCY Co:-nROL SYSTEM. system. 
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FIG. 7. CIRCUIT OF CHANNEL FILTER. 

Channel Selecting Filters. 

Jn order that a sufficiently high degree of discrimi­
nation against adjacent channel transmi sions may 
be combined with uniform tran mission over the 
frequency range occupied by the wanted channel, the 
channel filters are of the type using quartz crystal 
plates as well as condensers and inductors.5 The filters 
are similar in principle to those employed in the 
London-Birmingham coaxial cable system6 but employ 
four lattice sections in place of the two used in the 
coaxial system (Fig. 7). The lattice se:::tion has the 
advantage that the resistive components of the 
impedances of the inductors used for broadening the 
pass band of the filters may be incorporated as the 
series elements of H attenuator pads at the junction 
of the lattice sections, so producing uniform trans­
mission in the pass band. The quartz crystal plates 
are X cut and utilise the Y wave ; gold electrodes are 
deposited on the plate, which is clamped at two 
points along the nodal line. The inductors used 
employ iron dust cores completely enclosing the 
windings ; the inductance is made variable over a 
limited range by a screw adjustment of a sliding 
portion of the core. The power factor is about 0·005. 
Both the fixed and the variable condensers which 
lune the quartz crystal plates employ ceramic 
dielectrics ; the bulk of the capacitance tuning the 
arms is located in the fixed condensers, which are of 
low temperature coefficient (40 parts in 106 per 0q. 
The balanced transformers located at the centre of 

&J:J.S.T.j., July, 1934. 
•P.O.E.E.J., Vol. 30, p. 272. 
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the filter serve to prevent the trans­
mission of currents flowing in phase 
along the arms of the filter; these 
longitudinal currents would othenvise 
impair the high values of attenuation 
obtained immediately out ide the pass 
band. 

The channel filter construction is 
shown in Fig. 8. The assembly is sealed 
in an airtight tin plate case and silica gel 
is enclosed within the case to absorb 
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CHANNEL FILTER. 

any moisture present. The construction 
provides electrical screening of each section 
from its neighbours. 

The measured insertion - loss/ frequency 
characteristic of a filter of this type is shown 
in Fig. 9. The pass band insertion loss is 
about 7 db., the irregularities in the pass 
band not exceeding ± ! db. relative to the 
mean response. In order that audio fre­
quencies down to 50 c/s shall be adequately 
tran mitted, some low frequency equalisation 
is provided in the line amplifier, so making 
('ither channel of the receiver available for 
use in a mu�ic channel. 

Carrier electing Filter. 

The carrier filter is a band-pass wave filter 
incorporating condensers and X cut quartz 
crystal plates similar to those used in the 
channel filter, but arranged in the two section 
ladder circuit shown in Fig. 10. In order 
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to loralisc the rapacitances associated with the 
series arms, double screening is used. Ceramic 
dielectric variable condensers arc used to tune the 
quartz crystal plates to yield the desired reactancc 
characteristics. The construction is shown in Fig. 11 : 
the filter is not susceptible to disturbance by a normal 
degree of humidity in the atmosphere so that sealing 
is not essential. The measured insertion loss charac­
teristic is shown in Fig. 12; the effective bandwidth 
is about 120 c/s. 

A 11/omalic Gai11 C1111lrol anti /he Constant Volume 

Amplifier. 

The automatic gain control circuit is of the 
clclaycd type operating from the pilot carrier ; the 
control operates on four amplifier stages in the receiver 
(two signal frequency and two first intermediate 
frequency stages). These amplifiers use variable 
mutual conductance characteristic H.F. pentode valves 
in which the signal amplitude is kept at a low level in 
order to keep cross modulation between channels to 
as low a level as possible. Fig.13 shows the automatic 
gain control characteristic as measured with two stan­
dard signal generators simulating a single sideband 
signal. 

When selective fading is present on the radio 
circuit, the level of the receiver pilot carrier is not. 
in general typical of the level of the side frequencies 
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for constant modulation depth at the transmitter. 
After considerable experimental work involving a 
wide range of automatic gain control time constants 
and radio circuit conditions it was decided that an 
automatic gain control system operating solely from 
the pilot carrier was not a completely satisfactory 
means of regulating the audio output level of the 

receiver. The latter is a matter of con­
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siderable importance in connection with 
the operation of voice operated switching 
equipment located at lhc radio terminal, 
London. 

Fie. 11. -C'.1RRIER F1LTF.R. 
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A solution was provided by a constant 
volume audio amplificr7 designed to 
maintain the output level constant to 
within ± 2 db. of 1 mW for input level 
variations of from - 15 to +5 db. relative 
to 1 mW. In the idle condition the 
constant volume amplifier reverts to zero 
gain, providing that the noise level is 
below about - 30 db. relative to 1 mW, 
so that the apparent signal-to-noise level 
will, on the average, be improved. In a 
high grade short wave receiver it is 
important that the inherent noise level in 
the receiver should be as low as possible. 
In practice a limit is set by the thermal 
agitation noise voltage present across the 
first tuned circuit of the receiver. 

1P.O.E.li.J., Vol. 31, p. 104. 
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which will producl' ;t uscablc circuit. Tlw 
error frvquc>nc>' (dilfrrence between till' 
frequencies of the rccomlitioned and local 
carriers ) is less than 10 c;s ncarl>' t lll' 
whole of the time. Little quality ditkr­
encc is apparent, on comnwrcial qualit\ 
SJlCL'Ch, hetween reception with local and 
with reconditioned carrier at the demodu­
lator. Carrier fa cling and static do not 
upset the opt·ration of the frequency con· 
trol system. 

s 
� • 

A/ITOMAT/C GAIN CONTROL 
CHARACTERISTIC 

The cha1111el-to-channd crosstalk rati" 
ch1t· to the rcccin•r alone. measured rn1 

tone ,  is better than ;jlJ clb. for the range of 
input signal lcvcb likeh· to be encountered 
in actual operation. 

ii 

� ' "' 10 so 60 70 
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l'aforma11cc. 
In the present rcceiYcr noise due to thermal agita­

tion in the first tmwd circuit predominates over all 
other noise generated in the receiver (mainly anode 
noise of the first valw) by more than 8 db. for all 
frequencies below 20 '.\fr /s. 

The ratio of the response at the image frcquencv to 
the response at the frequenc:\' of the wanted signal 
is more than i4 db. for all frequencies below 20 l\k:s. 

The frequency control system is capable of 
operating under the lowest field strmgth condition 

ao 

Co11cl11sio11. 
The recciYcr was i11'tallecl in Fehru;u\·. 

I !1:38, and since that date has hem in ust· 
almost cont inuoush· for t raftic circuit:-; and 
for broadcast siiecl:h circuits. 

:vlost of the time the expected signal-to-noise 
improvement of !I to 12 db. is realised; this signal­
to-noisc improvement has proYed extremely useful 
in extending the time period owr which the circuit 
can be maintained when radio conditions arc bad. 
This consideration becomes of increasing importann· 
as 1!140, possiblv a year of maximum sunspot actiYit\· 
and probably also of maximum disturbance of long 
distance radio circuits, approaches. 

The freedom of the circuit from distortion due to 
wave interference adrls considcrablv to its \'aluc hot Ii 
for normal traffic and for broadcast. circuit use. 

Annual Increase in Single Wire Mileage. All Services. 
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The Reduction of Crosstalk on Trunk 
Circuits, by the use of the Volume 
Range Compressor and Expander J. LAWTON, B.Sc. (Eng.) 

U.D.C. 621.395.648.2 621.395.8 
The operation of the compandor is explained and its application to cable circuits for the reduction of crosstalk is described. 

111trnd11ctio11. the circuit, crosstalk alone will be received by thl· 

T

HE volume range compressor-cxpa

. 

nder or 
" compandor " has been used on radio 
channels for the improvement of signal-to­

noise ratio for some years, but its application to lines 
is a recent development. 

The particular problem in wire transmission for 
which the compandor offers a solution is that of 
maintaining secrecy where crosstalk would normal]\· 
he of such a level as to give rise to intelligible over­
hearing. The compandor therefore enables circuits 
such as phantoms and super-phantoms to be put into 
trafllc where previously they would h�wc been 
unworkable. This enables an increa:-;ed revenue to he 
earned by the cable and is particularly useful with 
sea cables owing to their higher capital cost. 

An improvement in signal-to-noise ratio is readily 
obtainable in a trunk circuit by transmitting the 
signal to line on the disturbed circuit at an increased 
power level and correspondingly decreasing the gain 
of the receiving repeater at the distant end. Such a 
measure would reduce the crosstalk level, hut the 
repeaters would be seriously overloaded by loud 
signals, unless their power-handling capacity was 
increased. The object of the cornpandor is to raise 
the level of weak signals transmitted to line without 
correspondingly raising that of the loud signals. 
[n order to effect this the volume range of the signals 
in decilwls is compressed to a given fraction, say one­
half of its normal value. Stated another way, the 
lond signals pass to line with their len·l unchanged, 
but the weak signals receive an amplification inversely 
proportional to their level ; for example, a zero !en· I 
signal would receive no amplification, but a -- 40 db. 
signal would be amplified by 20 db. arnl be trans­
mitted to line at a level of - 20 db. 

The signal-to-noise ratio is thus considerably 
improved for the weaker speech sounds, where 
i mprowment is most required, without the risk of 
overloading the transmit repeaters on the loud 
speech sounds. An improvement in signal-to-noise 
ratio is unnecessary during loud signals, since these 
completely mask any interference present, for all 
reasonable crosstalk levels. 

:\t the receiving end of the circuit the volume 
range is restored to its original spread by a volume 
range expander which introduces a loss inw'rscly 
proportional to input level and equal to the additional 
gain introduced by the compressor at the transmitting 
rnd of the circuit. 

The expansion at the receiving end has no effect on 
the improved signal-to-noise ratio obtained by the 
action of the compressor, since the additional loss 
required to reduce the level of a compressed weak 
signal to its correct value also reduces the crosstalk 
level by the same amount. 

During a silent interval, when there is no signal on 

:12 

expander and will be expanded in the same manner 
as a signal element of the same level, and will there­
fore be reduced in level accordingly. 

The equipment is represented schematically in 
Fig. 1. 

The compressor consists of a speech amplifier, the 
gain of which is controllcll by the output from the 
control current amplifier-rectifier, the input of which 
is in turn derived from the output of the variable gain 
amplifier. The design of the equipment is such that 
the gain of the speech amplifier is inversely propor­
tional to the signal level across the output terminals. 

The expander consists of a loss network having a 
characteristic which is the exact inverse of that of thf' 

lnpul 
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Control Current -

Amp I itier -Rectifier 

COMPRESSOR UNIT 

Input 
- V•ri•ble Loss 
-

Network Oulput 

I 
Conlrol Current -

Amp I itier-Rectifier 

EXPANDER UNIT 

compressor speech amplifier. That. is to say, for equal 
signal levels at the output of the compressor and at 
the input to the expander , the gain in the former and 
the loss in the latter arc equal. The loss in this 
network is controlled by the output from an amplifier­
rcctifier identical to that of the compressor. 

Choice of Compression Law. 
By the term " compression law " is meant the 

relation between the input and output voltages of the 
compressor unit. 

Whatever shape of law is chosen, that for the 
expander must be complementary to that of the com­
pressor, in order that the former may correctly restorC' 
to its original value the compressed volume range. 

\Vithin reasonable limits any shape of compression 
law is effective, but for case of specification and 
matching by the expander a straight line law on 
logarithmic co-ordinates is usual. That is to say, the 



compression law is usually ----ZERO LOSS CIRCUIT----+ 
of the form log V1/V2 = 

k Jog v1/v2 where V1 and V2 
are the output voltages 
corresponding to input volt­
ages of v 1 and v 2 respec­
tively. If, in this expression, 
k is unity, the action of a 
linear amplifier is described, 
when k is less than unity a 
volume range compression 
is indicated and when k is 
greater than unity an expan­
sion is obtained. If the input 
power changes by l decibel, 
the output power will always 

�---------�------------[>---� 
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change by k decibels. 
A usual value for k is � 

for the compressor. and 
correspondingly 2 for the 
expander. (The product of 
the k values for the two 
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units of the compander must 
be unity to provide linear 
operation overall.) The 
considerations leading to 
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FIG. 3.-LEVEL DIAGRA�I OF CIRCUIT FITTED WITH A CoMPANDOR. 

the choice ot t for the k value of the compressor are 
that, with this fraction, an adequate reduction of cross­
talk is obtained, and at the same time the spurious 
frequency components introduced by the action of 
the compressor are not of sufficiently high level to be 
noticeable. 

The compression and expansion laws of the com­
pandor equipment used by the Post Office are 
illustrated in Fig. 2. 
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FIG. 2.---COMPRESSION AND EXPANSION LAWS. 
c 

Action of the Compamior in Reducin.rz .Voise and 
Crosstalk. 

Shown diagrammatically in Fig. 3 is a uni-directional 
circuit fitted with a compandor, together with a level 
diagram, which illustrates the compression and 
subsequent expansion of steady tone signals of various 
levels when each is applied separately. 

For the purposes of Fig. 3 ideal compression and 
expansion laws are assumed, and over a very large 
range they are taken as being linear. In actual 
practice, this is, of course, not practicable, the 
characteristic tending to fall away from the straight 
line as shown dotted in Fig. 2. 

It will be seen from the diagram that one particular 
level of signal element represented by SS' passes 
through the compressor and expander units without 
change of level. This will be referred to for convenience 
as " reference level " and should not be confused 
with " reference volume " or " reference telephonic 
power" as defined by the C.C.I.F. 

Assume that the line AB represents, for the purpose 
of explanation, the range of levels required for the 
effective transmission of speech. The compressor 
reduces this range to one half of AB by virtue of the 
characteristic of Fig. 2. The lines RR' and TT' 
represent signal elements of levels 20 and 40 db. 
below reference level which elements will, of course, 
in speech be of only momentary duration. It will be 
seen that, from the input of the compressor to the 
output of the expander, the circuit is linear and weak 
signals are in no way penalised, with respect to overall 
transmission equivalent. 

MN represents the volume range of an arbitrary 
level of crosstalk (actually a distant end measured 
value of 30 db.). When the crosstalk alone is received, 
i.e. during a silent interval on the circuit, expansion of 
the crosstalk volume range takes place to KL in 
accordance with the expander characteristic of Fig. 2. 
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In addition to the volume range of the crosstalk 
being doubled, its mean level is considerably reduced 
to an unintelligible level. 

The intelligibility of the crosstalk suffers little from 
the actual expansion of its volume range and this 
does not contribute any appreciable part of the 
reduction in intelligibility, the reduction of which is 
due solely to the lower level of the crosstalk signals. 

The loss introduced by the expander to restore the 
volume range of the signal elements to its original 
value is controlled by the total input to the expander 
i.e., signal plus crosstalk. The loss in the expander is 
therefore controlled by the larger of the two com­
ponents of the total input voltage, except when they 
arc of comparable level. It follows that when a signal 
clement of level RR' is on the circuit the crosstalk will, 
after passing through the expander, occupy the range 
of levels E F, and will receive no expansion, since the 
crosstalk voltages would be small compared with the 
accompanying signal voltage. Similarly the crosstalk 
volume range will occupy the range of levels G H. 
when in the presence of a signal element of level TT'. 

In the particular example illustrated, with no 
signal on the circuit, the average crosstalk level is 
reduced by .50 db. , owing to the action of the 
compandor. . . 

The foregoing has assumed that the d1sturhmg 
circuit is not equipped with a companclor. 

Suppose now that the disturbing circuit is thus 
equipped : the crosstalk volume range will now no 
longer be MN but half of this value, although its 
peak level will remain unchanged. The interference 
signal will therefore ?e represented

. 
by M'N' �nd .when 

there is no speech signal on the disturbed orcmt the 
crosstalk will be received as K'L' : with the levels 
RR' and TT' the crosstalk will be received as E'F' 
and G'H' respectively, instead of EF and GH as in 
the previous case considered. The reduction in the 
crosstalk level received during a silent interval on the 
disturbed circuit now becomes 30 db., when 
compandors are fitted on both the disturbing and 
disturbed circuits. It can thus be seen that by the use 
of a compression and expansion device with the 
characteristics shown in Fig. 2, the improvement in 
crosstalk attenuation to be expected under any 
particular known crosstalk conditions can be estimated 
from a consideration of the level diagram. 

Where speech is of the momentary level SS' there 
will be no reduction �f the crosstalk at the expander, 
but this is not necessary as the ratio of s11ccch to 
crosstalk is high. 

Special Conditions to be Satisjicd for S11ccessf11/ 
Operation 011 a Duplex Circuit. 

The principal technical factor which has in the past 
prevented the use of �o�pandor equipment <;m t�unk 
circuits where otherwise it would have been 1ust1ficd, 
has been the difficulty of obtaining an expander unit 
which accurately restored the compressed volume 
range and which at the same time was an economical 
proposition. If the expander law .is not. �n accurate 
inverse of that of the compressor, mstab1hty troubles 
are encountered on the one hand or weak subscribers 
are penalised on the other. Fig. 4 shows a 4-wire 
circuit equipped with compandors. The condition 
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fur the compressor and expander laws to be comple­
mentary is that the gain in the compressor (0 
and the loss in the expander (E) shall be equal for all 
signal levels. If the equipment is not ideal in this 
respect and, at some given level, the gain in the· 
compressor exceeds the loss in the expander by an 
appreciable amount, the circuit will tend to sing, the 
level of the oscillation building up until a level is. 
reached at which the difference between the gain and 
loss disappears. If the discrepancy is in the other 
direction and the loss in the expander exceeds the 
gain in the compressor, the transmission equivalent 
of the circuit will be increased. 

Since the circuit would be lined up with a relatively 
high level signal (1 milliwatt), these shortcomings 
of the equipment would manifest themselves at the 
lower levels and the increase of overall loss would 
thus penalise the weak level subscriber. Failure of 
the expander to restore accurately the volume range 
is less important with radio circuits, since these are 
effectively stabilised by the anti-singing device and 
all incoming subscribers' speech levels arc manually 
controlled to a given value. On trunk circuits, however. 
an accurate expander is an important requirement 
for successful operation. 

The second requirement is good equalisation of tlw 
circuit between the compressor and the expander. 
Reference to Fig. 2 shows that changes of input level 
to the expander are doubled at its output and 
consequently if, prior to the installation of the 
compandor, the circuit was equalised to within 1 <lb. 
of the 800 c.p.s. loss, the maximum deviation will 
become 2 db. after the compandor i..: fitted. If there­
fore, the equalisation of the circuit is to be within the 
prescribed limits, the equalisation of the section 
between the compressor and expander must be 
twice as good as the overall requirements. For the 
same reason variations of circuit attenuation tend to be 
emphasised, a variation of 0·5 db. appearing as 1 db. 
.·1 dvantages and Disadvantages of Transmi!tted Control' 

Current. 

The foregoing discussion has referred exclusively 
to the system shown in Fig. 1, which has recently been 
tried out by the Post Office. 

Another system, which has not so far been used in 
practice, varies from the arrangement of Fig. 1 in that 
the control current from the compressor control 
amplifier is transmitted over the circuit to the 
expander loss network, and no control amplifier at the 
expander end is required. The advantages of this 
�ystem arc principally : 

(1) Greater reduction of crosstalk level in silent 
intervals on the circuit. 

(2) Better restoration of signal volume range when 
the low level elements of the signal are com­
parable in level with crosstalk elements. 



and the principal disadvantage is: 
A somewhat greater complication in routing and 

maintenance of circuits since the control current 
must be transmitted. 

The reason for the increased reduction of crosstalk 
in the silent intervals is that the crosstalk, which is 
injected into the circuit after the compressor, cannot 
operate the control amplifier. The loss in the 
expander consequently remains at the high value 
corresponding to no signal input, no matter what 
level of crosstalk is received. Since the crosstalk has 
no influence on the operation of the control amplifier. 
better restoration of volume range will be obtained 
where the low level elements of the signal and the 
higher level elements of the crosstalk arc of com­
parable level. 

Although at first sight, the elimination of the control 
amplifier at the expander would appear to be a 
simplification, this may be more than offset by the 
complications involved in transmitting the control 
current over the circuit. 

It should be remembered that the control current 
is a modulated direct current, which would have 
important components within the frequency range 
between zero and the lowest frequency used for the 
transmission of speech. The repeaters arc, of course. 
unable to handle the very low frequency components 
of this control current, which therefore would have to 
be by-passed round each repeater. It is possible that 
to do this satisfactorily, conjugate high and low-pass 
filters would be required at each repeater. 

It would also be necessarv to ensure that the 
transmission times of the con1ponents of the control 
current and of the signal would not differ by an 
excessive amount, and with slow-speed circuits a 
certain amount of phase equalisation might have to 
be employed. 

An alternative method to the transmission of the 
actual control current would be to transmit a replica 
of it above the speech frequency band, by modulatin/.i 
a suitable carrier frequency. 

The second of these methods is unlikely to find any 
application in the Post Office, but the former method 
may be found justifiable in certain circumstances. 

The Relative Positions on the Compressor Volume 
Range Characteristic of Speech of a gi1•e11 level. 
and of a Milliwatt of Steady Tone. 

The effective range of instantaneous 
power levels concerned in the trans­
mission of speech is of the order of 
40 db. This, of course, is independent 
of the level of the speech. relative to 
Reference Telephonic Power (R.T.P.). 

Assuming speech of a given level 
relative to R.T.P. 1t is necessary to bl' 
able to design the compressor· so that 
the reference level will be in a pre­
determined position with respect to the 
range of levels occupied by the applied 
speech. 
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directly measured, in terms of steady state signals 
(e.g. a sinusoidal tone}, since on transient signals (of 
which speech is entirely composed) the operating 
time of the compressor is involved. 

For instance, suppose a steady tone of - 10 db. 
relative to reference level is applied to the com­
pressor and is then suddenly decreased in level to 
- 20 db. Provided the decrease in level is main­
tained for a sufficient time to allow the compressor 
to operate fully, the output level will change from 
- ;) db. to - 10 db. Kow suppose that the input 
level is suddenly reduced by 10 db. for a short time 
on!\·, after which it is restored to its original value. 
Th�re will not be time for the compressor to reach a 
new steady state condition, and consequently the 
average output level during the interval in which the 
input level is reduced, will decrease by more than 
;) db. and will approach the full 10 db. as the time 
interval is progressively shortened. 

It will therefore be seen that the compression law 
of 2 : 1 for steady state signals will approach 1 : 1 for 
those portions of the signal consisting of very rapid 
changes in level. 

A practical test is therefore required to determine 
what steady state power level is equivalent in its 
action upon the compressor to speech elements in a 
given position in the speech volume range. 

Suppose it were desired to compress the speech 
volume range about, say, its mean level point. In 

order that ;� compressor may be designed to achieve 
this it is necessary to know at what steady state power 
input the gain of the compressor is to be zero, i.e., 
it is necessary to know the reference level. 

.-\ method which can b� used to evaluate, wit lr 
�ufficicn t accurac�·. the reference level required, 
follows, and in this connection, consideration is 
confined to speech transmitted and received Oil 
commercial type instruments. It is found that speech 
remains quite intelligible after compression of its 
volume ran/,it'. and its a\·erage volume can readily 
be compared by ear with that of the normal speech. 

The assumption is made that, if the mean levels in 
the volume ranges of compressed and normal speech 
are equal the two speech signals will appear equally 
loud to the car. The actual test consists in applying 
speech of a known level relative to R.T.P., to the 
input of a compressor unit which has a rcferenCL' 
level of. sav, one milliwatt. The output from the 
compressor· is connected to all attenuator, which is 
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then adjusted until the compressed speech is 
apparently of the same level as the normal speech 
applied to the input of the compressor. If the input 
speech level is plotted against the loss in the attenua­
tor, which is a measure of the increase in average 
volume, a straight line is obtained as shown in Fig. 5, 
provided the compression law is linear, though the slope 
of this line will not necessarily be the same as that of 
the steady state compression Jaw, owing to the effect 
of the operating time. 

The graph of Fig. 5 shows that with an input level 
of approximately R.T.P., the apparent volumes of the 
normal and compressed speech are equal. Making 
the assumption stated above this is interpreted as 
indicating that the mean level of the speech elements 
composing the R.T.P. speech is equal to the reference 
level, and these elements receive neither gain nor loss 
on passing through the compressor. The volume range 
of R.T.P. speech is therefore symmetrically distributed 
on either side of the reference level. Therefore, 
assuming a 40 db. range of levels for the speech 
components, the whole of the effective volume range 
would occupy the 40 decibels below reference level 
when a speech input of 20 db. below R.T.P. was 
applied to the compressor. If this condition were 
required with a speech input of lO db. below R.T.P. 
then it would be necessary to design the compressor 
with a reference level of 10 db. above that of the 
unit giving the curve of Fig. 5, but it must have the 
same operating time characteristics. 

By the use of data obtained in the above manner 
it is possible to design the compressor to have a 
reference level suitable to the speech level to be 
handled. 

CHOICE OF THE REFERENCE LEVEL 

All Circuits in the Cable Equipped With Compandors. 
The term reference level has previously been applied 

to the compressor and expander units alone, and is 
that steady state input level for which the gains of 
these units arc zero. If the compressor unit is followed 
by an amplifier with a given gain, the reference level 
of the compressor and amplifier considered as a single 
unit is raised by twice the amplifier gain. If a Joss 
equal to this gain precedes the expander unit, in 
order to maintain the previous transmission loss of 
the circuit, the reference level of the expander is also 
raised by twice the amount of this Joss. In practice, of 
course, this loss would be a reduction in gain of the 
receiving repeater. 

The reference level of the compressor and expander 
units can therefore he chosen to be equal to the 
relative level of the points at which they are inserted 
in circuit, and by means of the repeaters, the effective 
reference level is chosen to be that which would give 
the best all round reduction in crosstalk. 

With this arrangement, the gains of the compandor 
units are zero when a milliwatt tone is applied to the 
line input as is done for transmission testing. This 
is convenient from the maintenance aspect, and the 
equipment can easily be switched out of circuit while 
the latter is being lined up, thereby simplifying this 
process. 

When all circuits in the cable are equipped with 
compandors, the output levels of the transmitting 
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repeaters, as in normal practice, should be equal for 
all the circuits. The actual level transmitted to 
line, however, will not affect the crosstalk attenuation, 
which in a silent interval will be twice that of the 
circuit without the compandor. 

This can be demonstrated as follows : 
Let p db. be the power ratio by which the reference 

level of the system exceeds the mean level in the 
volume range occupied by speech at R.T.P., i.e. 
if p is zero the input and output speech levels of the 
compressor will appear equally loud to the ear when 
R.T.P. speech is applied. 

The severest possible case will be assumed where 
the law of the compressor remains 2 : 1 with infinitely 
rapid variations in signal level. This means that 
with speech x db. below R.T.P. applied to the 
compressor, the output from the compressor will be 
x - !(p + x) = t(x - p) db. below R.T.P. In the 
practical case illustrated in Fig. 5 the increase in 
volume is not as great as this, being only 0·4 (p + x) 
instead of !(p + x). Let y be the crosstalk attenuation 
of the circuit (assumed of zero transmission 
equivalent) before the compandor is fitted. Then the 
crosstalk level received by the expander will be 
t(x-p) + y db. relative to R.T.P. and the mean 
level in the volume range of this speech will be 
t(x-p) + y + p db. below reference level. 

The crosstalk level at the output of the expander 
will therefore be 2 (l(x+p) + y) db. relative to 
reference level and therefore 2(Hx+p) + y) - p 
relative to R.T.P. i.e., (x+2y). 

Without the compandor the received crosstalk 
level would have been x + y and the effective cross­
talk attenuation is therefore doubled by the 
compandor. 

Some Circuits only, in the Cable, equipped with 
Compandors. 

Unless precautions are taken, the compandor 
equipped circuits will show an improvement in 
crosstalk, but the non-equipped circuits will be made 
worse since the average level to line on the equipped 
circuits will be increased due to the action of the 
compressors. In order to divide the benefit given by 
the compandors, between the circuits of both groups, 
it will be necessary to reduce the output levels of 
the transmit repeaters of the compandor-equipped 
circuits, or in other words to reduce the effective 
reference levels of the compandors. 

This is necessary, firstly, to compensate for the 
increased average speech level resulting from the 
compression of the volume range, and secondly 
to improve the crosstalk from the compandor-equipped 
to the non-equipped circuits. 

It should be observed, however, that if by fitting 
compandors to all the circuits, the crosstalk level 
could be reduced by x db., then if only one group of 
circuits is so equipped and the improvement is 
equally divided between the equipped and non­
equipped groups, the maximum reduction of crosstalk 
level on each circuit will not be tx but only ix. 

This can be shown as follows, the symbols having 
the same meaning as previously :-

With no compandors the crosstalk level between 
any two circuits will be x + y db. below R.T.P. 



Now consider the crosstalk from a non­
equipped to a compandor-equipped circuit. 
The level of the crosstalk entering the 
expander will be x + y db. below RT.P. 
or x + y + p db. below reference level. The 
level of the crosstalk at the output of the 
expander will therefore be 2 (x .J.. y + p) db. 
below reference level, or 2 (x + y + p) - p 
below R.T.P. 

The reduction in crosstalk level from the 
non-equipped to the equipped circuit is 
therefore (x + y + p) <lb., due to fitting the 
compandor. 

Now consider crosstalk from a compandor­
equipped to a non-equipped circuit. 
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OSCILLOCRAM SHOWING THE OPERATION Of A COMPRESSOll 

On the disturbing circuit :- ,....,. 
the input level to the comprcs ·or will be 
x db. below R.T.P. or x + p db. below 
reference level. The output level from thr 
compressor will be t(x + p) db. below 
reference level or !(x + p)-p = !(x - p) 
db. below R.T.P. 

A crosstalk level will therefore be received 
on the disturbed circuit of:-
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t(x - p) + y <lb. below R.T.P. 
Without the compandor this level would 

FIG. 6.-0SCILLOGRAMS SllOWING OPERATION OF THE COMPRESSOR 

AND EXPANDER. 

have been (x + y), hence the improvement is :­
t(x - p) + y - (x + y) = -t(x + p) 

The improvements in crosstalk from equipped 
to non-equipped circuits and vice-versa must be 
equal hence :-

(x + y + p) = -t(x + p) 
i.e. p = - rnx + y) and inserting this 

value of p in (x + y + p) gives the improvement in 
crosstalk of h· 

It was previously shown that when both circuits 
were equipped with compandors the improvement in 
crosstalk obtained was y. 

Choice of Operating Times. 

The operating time of the compandor is expre sed 
as the time taken for the gain (or loss) of the com­
pressor (or expander) to change by 80 per cent. of the 
value of the final change, on sudden alteration of the 
input level. 

The operating times of the compressor and 
expander units should be equal and must be long 
compared with the period of the lowest frequency to 
be transmitted, otherwise the control amplifier will 
tend to follow the shape of the actual wave instead 
of its envelope. 

The upper limits to the operating time are set 
principally by the ear, which it has been shown 
cannot detect the effects of operating times as long as 
70 milliseconds for increasing levels and 100 to 300 
milliseconds for decreasing levels.1 

With the compressor, however, it is an advantage 
to have a fairly short operating time when the input 
is increasing, since this minimises momentary over­
loading of amplifiers. 

For trunk circuit use operating times of about 15 
to 20 milliseconds have been found satisfactory, and 

-1 Phil. Tech-:-RW:: July 1938, j):-2or 

with these the distortion introduced into speech by 
the compandor has been found not to be at all 
obtrusive even when tested by trained observers 
with a high quality microphone and loudspeaker. 
Further tests to determine the most suitable operating 
times for compandors on trunk circuits are being 
carried out. 

Oscillograms showing the operation of the com­
pressor and expander units on steady tone, of which 
the level was suddenly changed, arc shown in Fig. 6. 

£.ffect of the Compandor 01£ Echo Suppressor 
Operation. 

Although the increased average speech level, due 
lo the amplification of the weak elements by the 
compressor, existing between the compressor and 
expander, ensures brtter operation of the echo 
suppressor, it is, in general, better to locate the 
suppressor at the terminal outside the part of the 
circuit in which the volume range is compressed, 
owing to the increased danger of noise operation. 

Resttlls of T1'ials in the Field. 

A compandor equipment was recently given a 
short trial on a London-Aldeburgh circuit, and is now 
in service on a London-Rotterdam circuit which is 
routed on a super-phantom in the Anglo-Dutch No. 3 
cable. The crosstalk attenuations in this submarine 
cable are exceedingly low and the circuit was 
previously quite unworkable. Since fitting the 
compandor, however, the crosstalk has been improved 
to a satisfactory level and is quite unintelligible even 
during silent intervals. 

On the London-Aldeburgh circuit tests were made 
to determine the actual improvement in crosstalk 
obtained. The following table gives the result of the 
tests with artificially produced crosstalk : 
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Crosstalk Jew! relative to 
RT.P. at a - 5 clb. point 

\\"ithout companclor 
<lb. 

.\i;;e of Eq11ip111cnl. 

Improvement obtainefl 
bv use of the 
Compandor 

db. 

The equipment as finally developed is of quite 
"mall size, the compressor and expander units bPing 
mounted each on one side of a 51-in. by HJ-in. panel, 
and therefore make no very serious demands on the 
available rack space in the terminal repeater stations. 

A description of this equipment will, it is hoped, 
form the subject of a future article. 
Conclusion. 

The compandor equipment has proved itself to be 
a verv useful device for the reduction of crosstalk on 
circuits where this is sufficiently serious to endanger 
secrecy. This occurs particularly on 2-wire 
(submarine) links, in which there is near-encl crosstalk. 
Since this type of crosstalk cannot be balanced, a 
compandor is the only practicable means of increasing 
the effective crosstalk attenuation. 

Again, the high capital cost of submarine cables 

Book Reviews 

" Handbook of Technical Instruction for \\"ireless 
Telegraphists." H. l\l. Dowsett. 624 pp. 578 ill. 
Iliffe. 21S. 

This work has now reached its sixth edition, havmg 
first been published in 1913 under the authorship of 
l\lr. J.C. Hawkhead ancl revised in 1915 and at intervals 
since by the present author. Its aim is to prm·ide simple 
instruction for sea-going operators ancl others in the 
general principles and practice of marine wireless 
communication, illustrated by descriptions of apparatus 
de\·elopecl by British "·ireless companies, 1warly all the 
apparatus described being in actual use afloat. This 
makes the book of particular use to operators, who may 
he facecl with the maintenance of such equipment over 
a period of many years although it is oll\·ious that the 
present rapid progress in design is liable tu render the 
descriptions of little interest to other members. 

Some l.So pages are devoted to a discussion of general 
electrical principles and apparatus, including chapters 011 
the condenser, scalar and n•ctor quantities, primary 
batteries, accumulator,, diagrams, alternating current 
dfccts and fundamental formulae, alternating current 
generators, motors and transformers before dealing 
with the wireless equipment proper. This last sPction 
contains chapters on transmitters, receivers, clepth 
sounding devices, wa vcmeters, marine direction finders 
and marine audio relay sen·ices. In view of the impor­
tance of wireless wave propagation to the successful 
working of marine operators, more pages dealing with this 
phase of tlw art would undoubtedly have enhanced the 
value of this handbook. :\. H. :\[ 
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makes it very desirable that full use should be made 
of their capacity and derived circuits previously un­
satisfactory, clue to crosstalk, can be put into service 
by the use of the compandor, the cost of which can 
usually be very easily justified on economic grounds. 

There are other applications which are likely to be 
important in the near future owing to the increasingly 
high frequencies which arc coming into use for carrier 
":'>·stems clue to the employment of group modulation. 
The limit to the number of channels per pair which 
can be worked on land cables of the normal type is 
the crosstalk attenuation at high frequencies. Where 
the working of 24 or :rn channels is being attempted 
on cables laid for 12 channels it mav be found desirable 
to equip the top few channels with �ompandors in order 
to maintain a satisfactory standard of crosstalk. 

A similar problem is met with on coaxial submarine 
cables with a solid dielectric where the limit to the 
number of channels is set by resistance and valve noise. 
The high repeater gains required at the upper end of 
the frequency band, bring the noise on the top channels 
up to a level which makes very desirable the use of 
compandors on these channels to maintain a quiet 
background. 

There are several variations of the above applica­
tions of the compandor, and it would appear that this 
device may in the future have a widening field of 
applica tion to transmission line work. 

.. Fractional Horse-Power Electric :\lotors." C. G. 
\'eninott, B.S., E.E. 431 pp. 315 ill. McGraw-Hill. 
2 IS. 

This book is primarily intended to serve the needs of 
practical men engaged in installation, maintenance or 
repair of fractional horse power motors. The N .E.M.A.'s 
( . .\mercan �ational Electrical Manufacturers' Associa­
tion) clefinition of a " fractional horse-power motor " 
is one built in a frame smaller than that having a con­
tinuous rating of l h.p. open type at 1,700 to 1,800 
r.p.m. ancl thus differs somewhat from the British 
definition. 

,\comprehensive table, giving type letter designations 
of motor of American manufacture, with which the book 
deals exclusiw·ly, is given in the first chapter. Elemen­
tary theory of A.C. and D.C. machines is briefly dealt 
with and serves as an introduction to constructional 
details. ;\s is to be expected from the variety of A.C. 
motors ayailable am! the relative numlwr of A.C. and 
]) .C. motors in use, l 4 chapters are devoted to the 
former as against one chapter each for Uni\·ersal and 
D .C. motors. 

The descriptiYe matter, amplified as it is by over 300 
illustrations and wiring diagrams, should be readily 
understood by those with limited technical knowledge, 
and fultils the intention of the author in giving practical 
men essential information in clealing with maintenance 
and repair problems, including rewinding, changing 
speC'd, altering direction of rotation, etc. A useful 
chapter on testing and a trouble diagnosis chart are 
included. \\'. T. G. 



The Post Office Work in Conjunction 
with the Finchley Road and Swiss Cottage 
Metropolitan Railway Improvements 

H. E. MORRISH and 

W. P. CHASMAR 

U.D.C. 621.395.74 621.315.23 625 624.19 

In view of the increasing number of major road works and alterations involving the Post Office plant it is thought the 
method adopted in a recent case in London will be of general interest. The case is treated more from the planning and 
co-ordinating aspect than from the actual works operations, the latter being of standard application and well known. 
The importance of close working with other statutory authorities and undertakers and the preparation of operation orders 

and time tables is indicated. 

I ntroduclion. 

I
N 1935 the London Passenger Transport Board 
obtained Parliamentary powers for the extension 
of the Bakerloo Tube from Baker Street. The 

design was to duplicate the up and down tracks which 
exist on the Metropolitan line between Baker Street 

the levels of the road were altered ; the existing 
roadway was reinforced with concrete ; and the 
underground station and new tunnels excavated 
under the existing road. 

4. From this point southward the new "Tube " 
line was cut by the Greathead shield method. It 

FIG. 1.-PtA1' OF RouTE. 

and Finchley Road stations, and also to secure 
through-running between the Bakerloo underground 
system and the whole net-work of the Metropolitan 
lines in the north-west suburbs. 

Fig. 1 indicates the route of the 
Board's operations so far as it affects 
Post Office plant between Swiss Cottage 
and Finchley Road stations. Although 
the distance is comparatively short, 
being only 600 yards, four distinct types 
of operations were involved in the 
provision of the additional tunnels under 
this portion of the road, as follows :-

1. Between the surface lines beyond 
Finchley Road station and a point near 
Trinity Church, the newline was provided 
by tunnelling under the existing shop 
cellars and under this portion of the 
road\\'ay. 

2. From this point to a point opposite 
151 Finchley Road the new tunnel was 
being provided by the " cut and cover " 
method, involving the provision of 
temporary roadways to carry the traffic. 
Fig. 2 shows a portion of this work in 
progress. 

3. From 151 Finchley Road to a 
point south of wiss Cottage station 

may be of interest to describe this method of cutting 
tunnels in the sub-soil. The Greathead shield consists 
of a suitable number of rams mounted on a circular 
steel framework so that the whole diameter of the 
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tunnel is covered by the cutters attached to the rams. 
In railway work the running tunnels are normally 
12 ft. internal diameter, and the shield carries 
ten rams of not less than 7 in. diameter, capable 
of exerting a maximum thrust of 3 5 tons. The 
station tunnels are normally 22 ft. diameter and 
require not less than 22 rams. The procedure of 
operation has varied somewhat since the original 
introduction of the method, but the latest practice 
is to excavate practically the entire surface of the 
tunnel face within the inner diameter of the shield, 
the rams then being used to clean off the excavation 
prior to the insertion of the cast steel segments. 
These segments vary in width from 20 in. in running 
tunnels to 18 in. in a 22-ft. tunnel. The rams arc 
worked until the excavation cleared is equivalent 
lo the width of the segment, the pressure then being 
released and the shield pushed forward exposing 
sufficient space for the insertion of another section 
of the steel segments. When these arc 
bolted in position, the shield is imme­
diately set up against the edge with 
an intervening packing to hold the 
neat Portland Cement grout. Consider­
able importance is attached to the 
grouting of the external diameter of the 
steel segments. On a twelve foot tunnel 
one iron ring of two feet normally 
requires 7 cwt. of cement. This grouting 
is forced in at a pressure of not less 
than sixty lbs per square inch. In 
addition to being mechanically the 
strongest construction it is claimed for 
this method that no settlement can 
occur in the surrounding sub-soil. 

It is of considerable interest to note 
the very simple arrangements made for 
controlling the travel of the shield. The 
methods adopted arc designed in such a 
way that a Ganger or leading miner 
responsible for the working of the shield 
can directly read a set taken by the 
shield in every plane. To enable the 
tunnel to be kept straight guide rods are 
hooked on to the shield and extended 
back into the tunnel for a distance of 30 ft. The 
principle of these guide rods is based on the rein 
control of a horse ; the ends of the guide rods 
are marked in feet and inches and a fixed mark on 
each side of the tunnel indicates exactly the 
rate of travel of each side of the shield and im­
mediately detects any tendency to lead to one side 
or the other. The Ganger has this guide mark under 
his observation during the whole period the rams are 
working and any tendency to set in the wrong direction 
is correct€d by shutting off one or more rams on the 
leading side. Where a curve is required on the running 
tunnel, the expedient is adopted of having a shrunk 
rod which is used on the inside of the curve in place of 
the standard rod. These shrunk rods are marked to 
give the same standard reading against the marker, 
but the actual measurement i5 shorter by the amount 
of curvature required in the tunnel. The Ganger has 
only a direct reading to consider throughout the 
operation. The gradient levels are fixed by insertion 
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of what is termed a " fiddle " on the horizontal plane 
which is used in conjunction with the " bob lines" 
suspended from the top centre of the tunnel. It 
will thus be seen that the somewhat complicated 
problem of control of the direction of the tunnel is 
resolved to the simplest of readings as regards to the 
actual operations by the workmen. 

The scheme also provides for changing over the 
existing track to the new tunnels and linking up 
the existing track to the new tube line. Fig. 3 shows 
the work in progress over the existing track. The 
temporary shields to protrct the trains while the old 
tunnels were demolished, are of interest. 

ln addition to the Transport Board's proposed 
operations it was known that the local anthorities 
contemplated widening Finchley Road, and creating 
a round-about over the Swiss Cottage station site. 
Although the latter scheme had not been laid down in 
detail, it was sufficiently advanced .to complicate the 

FIG. 3.-\VORK IN PROGRESS OVER EXISTING TRACK. 

problem of the provision of the railway and consequent 
diversion of all the existing Post Office plant on the 
route concerned. The problem was further compli­
cated by the severe gradients that existed in the side 
roads running cast of Finchley Road. The difficulty 
involved an alteration in road levels including the 
sewer and gulley connections when the road was 
widened. 

When it is realised that the railway tunnels arc 
placed only two to four feet from the surface of the 
road and extend across the entire width of the 
carriageway, the problem of accommodating all the 
requirements for other services appeared to be 
insurmountable. 

Organisation of the Work. 

The Post Office played a leading part in the initial 
stages of the preparation of the scheme and, at the 
request of Sir Harley Dalrymple Hay, the consulting 
engineer employed by the London Passenger 



Transport Board, made the necessary trial holes and 
prepared the initial plans of the section concerned. 
It was immediately apparent that a considerable 
amount of give and take would be necessary from all 
statutory undrrt akers, and these included the 
Metropolitan \Yater Board, The Gas Light ancl 
Coke Co., the electricity supply undertakings, the 
Hampstead Borough Council for local drainage, tlw 
London County Council for main (lrainage, in addition 

Old Work 
NQw WOrk 
NQw TunnQI Route 

mental principles were adopted and adhered to 

throughout the scheme:-
1. Any route chosen should be direct. 
2. The manhole positions should be placed to 

facilitate jointing not only on through cables but 
also on existing plant and provide the necessarv 
flexibility for all types of cabling. 

3. Abnormal depths should be avoided. 
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to the Post Office. The police and Transport Board 
were concerned mainly with the regulation of traffic. 

Sir Harley Dalrymple Hay arranged a series of 
conferences which were continued throughout the 
major operations and, at these conferences, very 
valuable contacts with the representatives of other 
undertakings were made and maintainerl during the 
execution of the work. It was found that these 
contacts formed an essential and verv valuable asset 
in performing the work and it is considered that works 
of such magnitude cannot be efficiently organised 
without them. 

When the question of the design of the new Post 
Office routes were dC'termincd the following funda-

' 
' 

e '?1tc� 6v��., l 

In view of these principles it was decided at the 
outset that stcrl pipes formed the only reasonable 
method of providing the conduits and that these 
must be laid above the railway works over the whole 
of the route. 

· 

It should be explained at this stage that owing to 
the method of working adopted by the Transport 
Board it was not possible to carry out the whole 
operations as one job, and the work was therefore 
divided under (a) the Finchley Road diversion, (b) the 
Swiss Cottage diversion. Figs. 4 and 5 arc simplified 
versions of the plans. From a Post Office point of 
view this involved a very considerable increase in 
jointing work as the whole of the trunk and junction 

Old Work 
N<>w Werk 
I PTB NrwSubway -·-· 

FIG. 5. --PI.AS OF TllE S\\"ISS COTTAGE Jl11·ERSIOS. 
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FIG. 6.-TUNNEL UNDER CONSTRUCTION. 

rnbles totalling twenty-eight had to be diverted in 
two stages instead of a single change-over. 

Reconstruction of the Duct Route. 

The construction of the new Post Office route from 
Trinity Church manhole to Avenue Road as a single 
unit was quite impossible in the initial stages due to 
the very serious congestion and the amount of pre­
liminary clearing that would have been involved, 
especially at the Swiss Cottage end. In addition, a 
considerable portion of the new route led through the 
gardens and forecourts of existing houses and shops 
on the east side of Finchley Road. The design of the 
underground station at Swiss Cottage had not reached 
such a stage that depths could be given and the line 
of route finally determined. The Finchley Road 
portion was therefore put in hand in advance and 
a group of steel pipes was laid as indicated on the plan 
(Fig. 4). The only novel feature in this construction 
was the careful selection of the position and depth of 
the pipes in order to allow sufficient space for plant 
belonging to other undertakings. The im­
portance of this may be gauged by the fact 
that clearances were sometimes only 2 or 
3 in. The groups of pipes were clamped 
together in formation with steel bars at 
10 It. intervals to add rigidity. This was 
necessary because at a later stage the Trans­
port Board excavated right up to the steel 
pipes, which, in fact, carried part of the 
roadway while the new tunnels were being 
constructed underneath. To secure both the 
�afety of the Posl Office plant and to 
support the roadway very careful timbering 
had to be done at close intervals while 
the permanent retaining walls of the railway 
tunnel were built between the wooden baulks. 
These can be seen on the left of Fig. 3. 
Before the timbering was removed l -in. 
brick piers were built from the top of the 
tunnel to the steel pipes at 7 ft. intervals. 
The load being thus transferred to these 
permanent piers, the timbering was 
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removed and the retaining walls com­
pleted. 

It is of interest to note that the whole 
of the tunnel walls, including those in 
the Underground station, were built with 
engineering bricks and walls up to 4 ft. 
thickness were provided in some places. 
Fig. 6 shows one of these tunnels under 
construction. 

The replacing cables were then run and 
diversions made between 141 Finchley Road 
and Trinity Church (see Fig. 1) to enable 
the Board's contractors to excavate and 
cut away the existing Post Office route. So 
close was the co-ordination that old routes 
·were cleared of cables and cut away within 
two or three days of completion of the 
diversion, and throughout the operations no 
serious delaywas occasioned to the operations 
of the other contractors. Fig. 7 shows the 
new tunnel being cut under the Post Office 
manhole which is in the recess at the top 

of the photograph. This manhole was subsequently 
demolished to permit the completion of the tunnel. 
It is also of interest to recount that many thousands 
of circuits were diverted without any complaint being 
received or circuit being lost during this operation. 
This reflects considerable credit on the staff 
employed. 

On completion of the Finchley Road portion of the 
work the Swiss Cottage section, as shown in Fig. 5, 
had to proceed immediately, but many consultations 
and arrangements were made before this could be 
put in hand. Considerable diversion of both gas and 
water mains up to 24 in. had to be made, some on a 
temporary basis, to provide the space required by the 
Post Office. At the Swiss Cottage junction, six 
important roads converge of which four are busy bus 
routes, and the remaining two carry very heavy 
traffic. Forty-two steel pipes were laid in this portion 
of the route after securing the diversion of the 
gas and water mains indicated above, close co-opera­
tion with the traffic authorities being necessary. 

FIG. 7.-NEW TUNNEL CUT UNDER P.O. !\'IANHOLF.. 



A conference on site with the representatives of the 
Police Commissioner from Scotland Yard, 10ad 

authorities, Transport Board, etc., was held and 
arrangements made to close three roads to traffic 
concurrently. To secure the closing of such main 
traffic roads in London it was necessary to work to a 
very exact time-table which was determined at least a 
fortnight beforehand to enable the various authorities 
to make their arrangements, including such items as 
the fixing of diversion signs, alteration of bus stops, 
etc. Arrangements were made to close College Crescent 
for one week to excavate the road, lay the pipes and 
reinstate the surface and to re-open for traffic at 
8 a.m. on the following Monday morning. Eton 
Avenue was closed for a week under similar conditions. 
Avenue Road was the next to be closed and the period 
was extended to one month. The only traffic allowed 
through was that proceeding to the hospital. The 
Avenue Road alterations included the provision 
of two large manholes, the taking up of the east side 
footway entirely, and the provision of a road crossing 
opposite St. Columba's Hospital. The whole of this 
work was performed exactly to time and the only 
anxiety was caused in the Eton Avenue crossing 
when it was found that a 24-in. gas main collar was 
in the way of the route to be taken by the Post 
Office pipes. It speaks very highly of the co-operation 
given by the Gas Company that this collar was cut 
out and a length of pipe replaced by a 24-in. steel 
main within twenty-four hours. The unforeseen 
difficulty resulted in the necessity for close 
co-operation in the laying of the pipes and the 
reinstatement of the road by the following Monday 
morning. The reinstatement was performed by the 
Hampstead Council (by using Cement Fondu) 
between Saturday night and Sunday night, and the 
permanent wooden blocks were reinstated and the 10ad 
opened for traffic by Monday morning as scheduled. 

Considerable care had to be taken in laying the 
Post Office pipes over the area scheduled for the new 
underground station. It was arranged with Sir Harley 
Dalrymple Hay that these pipes should 
be carried in the new station roof, which 
was only 22 inches below the final road 
level. It was essential, therefore, that 
their depth and alignment should be 
exact and should not vary by an inch 
over the whole route. It is of interest 
in connection with the construction of 
the new station, that a 42-in. water 
main existed across the proposed site. 
This had to be diverted previously by 
special subway construction under the 
position of the railway tunnel and 
brought up to join the existing system 
by a ramp at an easy angle. Tn addition 
to this, the E'xact line of the water main 
had to be fixed in a position to secure 
clearance for the Post Office ronte. 
Incidentally, Sir Harley Dalrymple Hay 
suggested that the Post Office pipes 
could also be accommodated in the 
subway but this was refusE'd because of 
the abnormal depth of the connecting 
manhole$ and the impossibilityof gaining 

access to the plant. The alternative suggestion of 
building the Post Office pipes in the station roof was 

made by the Post Office representative and accepted 
by Sir Harley Dalrymple Hay, anrl is much more 
satisfactory from the Post Office point of view. 

A difficulty was encountered in laying the pipes 
in the Avenue Road footway after the diversion of the 
gas, water and electric light mains. The existing 
Post Office cables, including the lst and 2nd 
Birmingham cables, were carried in iron pipes at 
shallow depth and it was not possible to lower or 
slew them to provide the necessary clearance. The 
difficulty was overcome by breaking away the pipe 
route and enclosing all the cables in a temporary 
iron trough. This gave the exact clearance required 
and the permanent steel pipes were laid immediately 
on top of the troughing. After the diversion of the 
circuits to the new route the old cables were pulled 
out in conjunction with the Transport Board's 
excavations when they exposed the pipes and iron 
troughing by cutting away underneath. 

The operations at Swiss Cottage involved the 
provision of ten steel pipes outside the existing Swiss 
Cottage station over the site of the proposed subway 
entrance to the new station. The only difficulty 
that arose in connection with this work was the 
provision of the manhole outside the existing station 
when an existing subway leading to the platform was 
found to foul the position required for the manhole. 
This difficulty was overcome by securing consent of 
the Transport Board to cut away a portion of the 
subway in order to build up one wall of the manhole. 

Diversion of Cable. 

The work of providing the new cables required 
special thought and planning. It was necessary to 
specify the duct and the position for each cable in the 
manholes in order to give the best jointing positions 
and to maintain proper access for all future cables. 
This problem was most difficult where the duct ways 
changed formation in addition to the variations in 

F1c. 8.-'.\foDEI. OF l\lANHOl.E AT TRINITY CHURCH. 
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F1c. 9.-CoMPLETED TRINITY CHURCH MANHOLE 

levels in the routes entering the manholes. uch 
conditions were met where the new route joined the 
old duct route at Trinity Church and Avenue Road. 
The problem was solved by the method which has 
now become standard London practice with compli­
cated manhole layouts ; i.e. a small model of the 
manhole was constructed in plywood and lengths of 
I pair cable used to represent the cables to be provided. 
The various possible arrangements were set up until 
the best was determined. A plan was then prepared 
in<licating the position allocated to each cable. 
Fig. 8 shows the model used on this work. A special 
arrangement of cable bearers was required at the 
manhole where the duct levels varied considerably, 
and three iron bars of T section were provided to take 
the weight of the vertical drop of cable to the lower 
duct level. Fig. 9 show:, the cable layout as 
completed in the Trinity Church manhole. 

The recovery of cables constituted a work of 
considerable magnitude and over 250 tons of cable 
were withdrawn. This was not all directly connected 
with the Board's operations. Advantage was taken 
of the opportunity to break down on the route leading 
to the old Hampstead exchange to gain access to a 
number of derelict cables, which it had been found 
impossible to recover previously. 

ln connection with the recovery and abandonment 
of the old plant it was necessary to abandon ten 
manholes and some consideration had to be given to 
the precautions to be adopted. In consultation with 
the Surveyor of the Borough Council it was agreed 
that the manholes could be filled with rubble, the 
shafts broken down, and the road reinstated over 
the e. 

Conclusion. 

The above outline gives a good example of the 
effective use of planning in advance of operations. 
The necessary works control was maintained by field 
contact between all the supervising officers concerned 
and day-to-day progress wa indicated on a straight 
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line diagram of the new cables showing 
the date each length was drawn in and 
each joint commenced and completed. 
The results obtained sub tantiate the 
fact that such methods arc superior to 
remote control when a work of such 
magnitude and complexity is concerned. 

This job demonstrates the value of 
utilising steel pipes in congested areas ; 
without the use of these, it would have 
been impossible to have performed the 
work and maintained the same route, 
and the diversion by any alternative 
route would have been of such magnitude 
as to have been prohibitive. In ad<lition, 
the steel pipes being reasonably flexible 
and individual can, if neccs ary, be 

divided to overcome obstructions and 
this practice avoids abnormal depth�. 
It is also possible, as was done in thi 
work, to build-in steel pipes into existing 
tunnels or similar ob tructions and, 
it is suggested, serious consideration 
should be given to the adoption of this 

type of construction in preference to the utilisation of 
ducts at great depths in towns, with all the attendant 
di advantages. Deep manholes arc almost invariably 
water-logged and the removal of water in busy 
thoroughfares is not only a continual cxpcn e but a 
very considerable nuisance to the general public, and 
the use of motor pumps continuously running in 
built-up areas may give rise to serious complaints. 

It has also been demonstrated that the value of 
co-ordination and close contact with other under­
takers and public authorities can secure very amicable 
working and also effects very considerable savings in 
cost. 

It speaks well for the Post Office organisation that 
this large volume of additional work over and above 
the normal day-to-day duties was carried by the 
existing staff and organisation, as no special provision 
was made for augmenting the supervising, drawing 
office or jointing staffs. There is also the aspect that 
the incidence of such works constitutes a very serious 
drain on the available manpower, with a com­
paratively small immediate benefit in additional 
services, although a well constructed layout has been 
provided for the future. 

In view of the schemes now being scheduled under 
the 5-year road plan and the further road works 
suggested hy the " Bressey" report, it is apparent 
that work similar to the above will be recurring for 
a considerable period. To obtain the best results 
special studies and preparations well in advance of 
the works should be made by competent officers 
stationed, preferably, either at the Chief Regional 
Engineer's Office or at Headquarters, in order that 
the full benefit of effective co-ordination may be 
realised. 

The authors are indebted to Mr. Fitzgerald of 
Sir Harley Dalrymple Hay's staff for the loan of 
photographs of the Transport Board's operations and 
to several members of the staff in the North West 
.Area for their co-operation in preparing these notes. 



Non-linear Distortion of Music Channels 
with particular reference to 
the Bristol-Plymouth System R. E. JONES, M.Sc., A.M.l.E.E 

U.D.C. 621.395.8 

An introduction defining non-linear distortion is followed by a description of the measurement of this form of distortion by 
combination tones. Details of the tests made on the Bristol-Plymouth music channels are given. 

Introduction. 

P

ROGRAMMES transmitted over music channels 
are subject to the following distortions : (a) 
attenuation distortion ; (b) delay distortion ; 

and (c) non-linear distortion. 
The first of these, attenuation distortion, is 

characterised by a variation of the overall loss of 
the system with frequency. It is measured with the 
system operated under steady state conditions by a 
series of signals of sinusoidal wave form, of equal 
level, but at different frequencies extending over the 
transmitted frequency band. 

Delay distortion is due to variation of the trans­
mission time of the system with frequency. The 
delay is usually expressed in milliseconds and is the 
difference between the time of propagation of the 
envelope of a wave at any frequency and that of a 
wave at a specified frequency, usually 800 cycles per 
second. 

The amounts of attenuation and delay distortion 
which arc permissible on music channels have been 
established and limits regarding them are given, for 
instance, in the proceedings of the C.C.I.F. The 
performance of the Bristol-Plymouth music channels 
in these respects has been described in an earlier 
article in this ]OURNAL.1 

Non-linear distortion is due to the transmission 
properties of the music channels being dependent on 
the instantaneous magnitude of the transmitted 
signal. It is characterised by the generation of 
harmonic frequencies of any single parent frequency, 
and by the production of sum and difference fre­
quency tones when two or more parent frequencies 
are present. It gives rise to amplitude distortion 
which is a measure of the variation of the overall 
loss of the system with the input signal level, measured 
under steady state conditions, and to flutter, which 
is the variation in the overall loss of the system 
at one frequency due to the simultaneous trans­
mission of a signal at another frequency. As will be 
explained later in the article, most attention is being 
directed, at the present time, to the measure of 
harmonic and combination tones when assessing the 
performance of music channels with respect to non­
linearity. 

There is, however, very little information yet 
available regarding the amounts of harmonic and 
combination tone distortion which are permissible. 
The C.C.I.F. accordingly requested the member 
administrations to carry out certain tests in order 
that provisional limits could be established for these 
quantities (Question 14, 1936/38). The Post Office, 
in conjunction with engineers of the British Broad-

1 P.O.E.E.j. Vol. 31, p. 280. 

casting Corporation, accordingly carried out a number 
of quantitative tone measurements and correlated 
these to appreciation tests carried out with direct 
programme material. The results of these tests form 
the subject of this article. Summaries of the informa­
tion available from other sources, which have direct 
reference to this problem, have also been included. 

DISTORTION DUE TO NON-LINEAR CHARACTERISTICS 

.lf ethods of M eas11rement. 
It has been usual, until comparatively recently, 

to estimate the total disturbing effect of non-linear 
distortion either by a measurement of the input/ 
output characteristic (in terms of r.m.s. quantities) 
or by a measurement of the amount of harmonics 
produced by the system, when transmitting a single 
sinusoidal signal. In regarding these two tests as 
alternative means of assessing the same distorting 
effect, the assumption was made that a knowledge of 
the shape of the (r.m.s.) input/output characteristic 
necessarily conveyed a knowledge of the amount of 
harmonics likely to be generated by the system. For 
the earlier and simpler types of circuits, this 
assumption may have been true but it does not apply 
to the modern systems in use. 

Acoustical engineers have been faced with the 
same problem for a variety of types of electro-acoustic 
apparatus and have formulated two definitions to 
assist in the discussion of the subject, viz. : 

(1) Amplitude Distortion-characterised by a lack 
of constancy of the ratio between the r.m.s. 
value of the response of the system and that 
of the stimulus, at different amplitudes of the 
stimulus. 

(2) Non-linear Distortion---distortion resulting from 
a lack of constancy of the ratio of the instanta­
neous values of the response and the stimulus. 
It is characterised by the production of 
harmonic and sum and difference tones. 

It has already been appreciated that, with modern 
systems, the amplitude distortion may be reduced 
to a very small amount and, as such, may probably 
be ignored as a distorting influence. The non-linear 
distortion is not eliminated by this reduction of the 
amplitude distortion, and remains as a distorting 
influence which must be determined by the measure­
ment of the characteristic tones. 

It is well known that the tone colour of a musical 
sound is dependent on the harmonic content. 
Increase of harmonic content, therefore, will lead to 
a change of tone colour but docs not necessarily 
give rise to the harshness which is characteristic of 
non-linear distortion. This harshness, which is the 
most important factor, is very largely caused by 
intermodulation between signals at different fre-
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quencies, leading to the production of summation 
and difference tones of second, third and higher 
orders depending on the non-linear characteristics of 
the system. 

Asymmetric distortion which is characteristic of 
certa1n types of thermionic valve, dry-plate rectifiers, 
etc., and which leads to the generation of even order 
harmonics, also leads to the production (from two 
input signals p and q) of the summation and difference 
terms of second order p ± q (and higher order even 
terms). The p ± q terms arc referred to as" quadratic 
combination tones" and, for reasons which are 
explained later, it is customary to consider only the 
p - q term. 

Symmetrical distortion which is characteristic of 
certain types of thermionic valve, iron losses, etc., and 
which leads to the generation of odd order harmonics, 
also leads to the generation of summation and 
difference terms of third order 2p ± q (and higher 
order odd terms). The 2p ± q terms are referred to 
as " cubic combination tones " and in this case also 
it is customary to ignore the summation term. 

Distortion caused by spurious frequencies depends 
on the position these occupy both in the transmitted 
frequency range and in relation to the parent tones. 
This is discussed in detail by Fischer and Lichte2 and 
the importance of spurious- frequencies generated by 
parent tones p and q for which p > > q is pointed 
out, since the p ± q terms then lie in the immediate 
neighbourhood of one of the parent tones. Under 
this condition, the authors state that distortion is 
audible when the combination tones arc in the order 
of 1-2 per cent. of the parent tones. 

The same authors compare this to variation of 
tone colour due to generation of harmonic frequencies 
which, they state, is audible for amounts of 1-6 per 
cent., depending on the parent frequency. In this 
case, the audible sensation is not such an unpleasant 
one as is obtained for the smaller percentages of 
combination tones. The above percentage values are 
only observable by direct comparison with the 
undistorted original. The relevant quantities for 
detection without comparison are, according to this 
authority, 10-20 per cent. of harmonic and 5 per cent. 
of combination tones. 

A further reason whv harmonic distortion is not 
of so hluch importanc� either in the causation or 
measurement of non-linear distortion rests on the 
fact that the harmonics of the higher frequencies 
fall outside the transmitted frequency range of the 
system. 

At the present time, therefore, measurement of 
combination tones appears to offer the best means 
of determining the performance. It suffers from the 
disadvantage that it is a measurement which is not 
normally made in line practices and for which special 
apparatus is required. It becomes nccessarv to 
decide, therefore, what combination tones shall be 
measured, with a view to simplifying the measurements. 

Since the p :±: q term is a measure of the asymmetric 
distortion and the 2p ± q term of the symmetric 
distortion, the higher order terms may be and are 
generally neglected. 

•Fischer and Lichte. Tonji/111, p. 24U. 
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The masking effect of sounds enables one to 
simplify this a stage further. It is well known that, 
for two tones of equal loudness, the tone of lower 
frequency tends to mask the tone of higher frequency. 
The effect may be observed in the judgmcnt of music 
distortion, wherein spurious frequencies which lie 
below the parent tones have a greater annoyance 
factor than those which lie above them. 

It is usual, therefore, in measuring combination tones, 
to ignore the summation terms p + q and 2p + q 
since these will in many cases fall outside the range of 
transmitted frequencies or, where they fall inside the 
range, are more or less masked by the parent tones. 

By general agreement, the input parent frequencies 
are arranged for measurement purposes, to be of 
equal magnitude, and the effective voltage of the 
difference tones is expressed as a percentage of the 
lesser of the parent tones as measured at the output 
of the system. These factors are referred to as the 
" Coefficients of Difference Tones." 

Correlation of J1 easurement and }ttdgment. 

Before it is possible to set limits as to the amounts 
of combination tone products that arc permissible, it is 
considered that a large amount of experimental 
investigation has yet to be completed. 

In an investigation into the intermodulation 
products of thermionic valves, in which the distortion 
is independent of frequency, Harrics3 quotes the 
following values : 

Difference Tones 
High quality transmission 2! per cent. max. 
Good commercial quality quadratic ! 15 per cent. 

cubic t· 2! per cent. 
These figures arc at least sufficiently useful to establish 
the order of the factors concerned. 

An investigation carried out by F. :\fassa4 also 
on distortion produced by thermionic valves and 
therefore independent of frequency, gave the following 
results:-

For a detectable change of 
quality : 

Harmonic mainly With Without 
comparison comparison 

Frequencies up to 2nd 3rd 211ll :3rd 
()/ ()/ ()/ () 

/0 ,'O ,l) () 
--------� 

14,000 c/s 5 3 10 5 
8,000 c/s 5 Ii 10 7 
5,000 c/s 12 >10 17 >10 

It will be noticed that cubic distortion was found to 
be more serious in this case than quadratic. It is 
very possible in the type of system employed for 
these tests that the cubic distortion would tend to 
increase with input level at a higher rate than the 
quadratic, which would partly account for the result 
obtained. 

The fact that the requirements arc most severe for 

a Wirfless t.'ngineer. February, I !l:ll. 
'Proc. I.R.E. '.\la\', l!J:l:l. 



the wide frc9uency bands would tend to suggest that 
important d1stort10n products arc to be found in thl' 
upper register, which is not in full accord with the 
argument regarding masking. 

A very thorough investigation has been carried 
out by Braunmuhl and \Vcber5 in which mam· 
inte�csting results were discovered. The tests wcr-c 
earned out under laboratory conditions and it was 
possible �o. arrange .for various shapes of the curve of 
the _coefficient of d1ffe�encc. tones against frequency, 
to simulate those obtamed 111 practice on the various 
parts of a complete sound system. It was also 
a�-ranged to study the effects of quadratic and cubic 
distortion scparatclv. 

The method of classifying the amount of distortion 
during the listening tests was in accordance with the 
following grading : 

For quadratic distortion .. k = 20 per cent. 
For cubic distortion .. k = 26 per cent. 

. It is .furth�r conc�udcd .that, for this type of system. 
d1stort10n will be 111aud1ble on ordinarv music and 
just detectable '.m pure tones where k is less than 2 per 
cent. for the mtermediatc and higher frequencies. 
rising to about 15 per cent. for frequencies below 
100 c/s. 

It is now possible to pass on to the actual 11m1-

linear distortion measurements made on the Bristol­
Plymouth system. 

Bn1sToL -l'LnmcT1I �u::-; L1::-;EAJ< J>1sro1nw::-; 

:\IEASURDIE:>;TS 

All the measurements described in this section were 
measured on the loop length of 2<30 miles. 

0---no audible distortion. 
I-just audible by direct 

comparison. 
2--audiblc without close 

+10,-----,----.----,------,r-----,----�""""'--� 

attention. 
3-clcarly audible. 
4-grcatly distorted. 
5-intolerable. 

The coefficients are quoted 
for the grading 1. The 
following is an extract of the 
results obtained : 

(a) For pure tones it was 
found that the intermedi­
ate frequencies are most 
sensitive. Only the quad­

-��-100----:!-�-----ko-----7..sc--------,,.k,o----.��------.,.-.zbo�--__)+zs 

FIG. I. 

ratic distortion was investigated and the coefficients 
(k) were found to be : 

-

p 
100 c/s 2% 

I ,OOO c/s 0·7% 
4,000 c/s 4% 

(b) For double tones, the following coefficients 
of quadratic distortion were obtained : 

p q p-q k 
800 c/s 1,200 c/s 400 c/s < < 1 � ;, 
800 c/s 900 c/s 100 c/s 0·7 '�0 
800 c/s 850 c/s 50 c/s l ·3 % 

The distortion is clearly dependent on the relative 
position of the p - q and possibly of the p r q term. 

(c) Tests were made of distortion of speech and 
music programmes with a network simulating 
the type of distortion coefficient-frequency 
characteristic which is obtained on cable 
circuits. The following results were obtained 
for speech transmission : 

For quadratic distortion . .  k = 30 per cent. 
For cubic distortion . .  k = 22 per cent. 

In these and other cases where the coefficient i,.; 
variable with frequency, the k value, which still 
refers to grade 1 distortion, is the maximum value 
over the frequency range concerned. On cable systems, 
the maximum value usuallv occurs at the lowest 
frequency effectively transmitted. 

The following values were similarly obtained for 
music transmission : 

• Akustische Zeitsclmjt. l\lay, 1937. 

INPUT LEVEL REFERRED TO lmW 

..\�I PLITl. DE l )JSTOH:TIO:\' ('H.\ RACTEH. I ST ll-�. 

(a) Inp11f,011tput Lct>cl Characteristic. 
In Fig. 1 are shown the characteristics obtained fui­

frequencies over the range of ()O to li,000 c 's. The 
changes of level were obtained by simultaneous 
adjustment of sending and receiving attenuators. 
thus eliminating the errors in the measuring apparatu,.; 
by maintaining a constant deflection. 
(b) Harmonic Content. 

These measurements and those of the combination 
tone produds which follow were made bv a wave 
analyser having a frequency range of 0 to '17,000 c/s 
with a frequency discrimination of (){) db. at 60 C/"­
separation throughout the frequency range. 

Fig. 2 shows the second harmonic as a percentage 
of the fundamental wave measured at the output of 
the loop, in terms of the input level to line, and Fig. 3 
shows the harmonic at various input levels in relation 
to frequency. 

Figs. 4 and 5 show the third harmonic in the same 
manner. 

In Fig. 6 arc shown curves of total harmonic at 
various frequencies in terms of the sending level, 
and in Fig. 7 similar curves are given at various 
levels in terms of frequency. 

In all the foregoing measurements the abnormal 
behaviour of the system at low frequencies will be 
observed. 
(c) Coefficient of Combination Tones. 

Coefficient of quadratic difference tone. This was 
measured in the manner requested by the C.C.I.F .. 
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which consisted in applying two pure tones p and q 
o� equal magnit�de and separated by 60 c/s. The 
d1ff�re�ce term 1s clearly one of 60 c/s, which is 
mamtamed constant while p and q are made to 
t�averse the freque�cy range

. 
at the constant separa­

tion. The
. 
summation term is neglected throughout. 

. . At the .mput, th
.
e two frequencies p and q were 

m1ected via a hybnd coil at the nominal level of the 
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test. In this wav interaction between the oscillators 
is avoided and the combined energies become that 
of the nominal level of the test. 

The magnit?des of the parent terms p and q and 
the 60 c/s difference term were measured at the 
output of the loop by the wave analyser. The per­
centage of p - q to the smaller of the parent tones 
was taken and referred to the mean frequency at the 
nominal level of the test. 
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Fig. 8 shows the coefficient of quadratic distortion 
at various frequencies between 150 and 8,000 c/s in 
relation to the input level and Fig. 9 shows the same 
information expressed for various input levels in 
relation to frequency. 

Coefficient of cubic dij]crcncc tone. The coefficient 
of cubic distortion was not measured in the manner 
suggested by the C.C.I.F. which involved auxiliary 
square law detection of the intermodulation products 
and of the parent tones in order to maintain measure­
ment of a constant 60 c/s wave, but by direct measure-
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mcnt of the 2p - q terms. The method employed, 
therefore, was to inject equal tones p and q as before 
and separated still by 60 c/s and to measure directly 
the p - 60 and q + 60 terms and relate the r.rn.s. 
sum of these directly to the lesser of the parent tones 
at the output of the loop. 

Fig. 10 shows the coefficient of cubic distortion at 
various frequencies in relation to the input level and 
Fig. 11 shows the coefficient at various input levels 
in relation to frequency. 
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as tone levels in the next section, to differentiate 
them from programme levels. 

.• .. ;11bjccti1'C Tests Carried Out at Bristol. 

J udgment tests were carrie1l out on the Bristol­
l'lymont h svstcm to determine, for a svstem of this 
type, the d�gree of non-linear distortim1 that can be 
t okra t eel. 

The volume of the programme sent to line was 
regulated by a " peak programme meter " con­
forming to the recommendations of the C.C.I.F.­
U.I.R. (integration time 4 mS). This instrument is 
calibrated on steadv tone so that it deflects to a 
point H db. below t-hat to which programme of the 
same ln·cl will deflect it. The volume was regulated 
so that, in the normal condition, the peak voltage 
correspon1led to the tone level of + 10 db. of the 
measured characteristics. Tests were made at le\·els 
abow and below this normal value. 

The programme material used consisted of speech, 
piano and small orchestral music and the test 
tran�m1issions were carried out in conjunction with 
members of the B.B.C. in the Bristol studios. Eight 
observers compared the direct and distorted trans­
missions under good acoustical conditions. Two 
loudspeakers were employed, one, that normally 
emplo�·ed by the B.B.C. for programme monitoring, 
and the other, that developed recently at Dollis 
Hill. The former is of special box construction 
having back and front openings and the latter is 
designed to operate in a totally enclose1l and 
acoustically dead case. Although the tonal qualities 
of the two loudspeakers were characteristically 
different, yet both can be regarded as in the front 
rank of loudspeaker design. It is noteworthy that in 
the listening tests almost identical results were 
obtained with both loudspeakers. _Since the distortion 

rio 

introduced into the sound system by the cable link 
was only an additional distortion to those inherent 
in the other parts of the system, the results arc 
truly applicable only to the particular test conditions 
employed. Naturally every effort was made to 
maintain the other distortions as small as possible, 
and the fact that almost identical results were 
obtained with both lombpeakers would tend to 
confirm that the masking influence of other distortions 
was small. 

Progra111111e­
Se11di11g Level. 

(Normal =- tone at + 10 db.) 
Speech Normal 

Music 

Piano 

.5 db. above normal 
Normal 
10 db. above normal 
15 db. above normal 
20 db. above normal 
�ormal 
5 db. above normal 

10 db. above normal 

Bra 111111111hl­
ll' cber ( ;radi11g. 

o to 1 
L 

0 to I 
I to 2 

:3 
4 to ii 
0 to I 

1 
:3 

It was considered that distortion of piano music was 
most pronounced on signal notes falling within the 
octaves above and below middle C (100 to f>OO c/s). 

Non-linear distortion was, in general, found to be 
more easily detected on speech and piano programmes 
than on more complex forms of musical sounds. It 
was always found that restriction of the upper 
transmitted frequencies between (i,500 and 8,000 c/s 
led to a marked reduction of the effects of non-linear 
distortion. This would also tend to indicate that 
important spurious frequencies lie in the upper 
register. 

Fig. 12 gives a representation of the judgment of 
distortion according to the arbitrary gra<lings a<lopted 
in relation to the sending level. 
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Discussion of Results and Conclusions. 

The tone level at which the non-linear distortion 
was at grade 1 (just audible by direct comparison) 
was according to Fig. 12, a level of + 15 db. 

At this tone level the following distortion figures 
apply: 



2nd Harmonic 

3rd Harmonic 

Quadratic 
distortion 

Cubic 
distortion 

(a) up to 25 per cent. at I 00 c s. 

(b) up lo 3 per cent. for frcqucncie:> 
greater than 200 c 's. 

(c) up to 1 per cent. for frequencies 
greater than 400 c/s. 

(a) up to 5 per cent. al 100 c/s. 
(b) up to 1 per cent. for frequencies 

greater than 400 c/s. 
(a) up to 15 per cent. at 100 c/s. 
(b) up to 7 ·5 per cent. for frequencies 

greater than 200 c/s. 
(c) up to l ·5 per cent. for frequencies 

greater than 400 c/s. 
(a) up to 30 per cent. at 100 c/ . 
(b) up to 10 per cent. for frequencies 

greater than 200 c/s. 
(c) up to 5 per cent. for frequencies 

greater than 400 c/s. 
(d) up to 1 per cent. for frequencies 

greater than 00 c/s. 
·ntil more experimental information is available, 

any limits that arc set must be regarded as pro­
visional and should be substantially in accordance 
with the results given above. The following value 
were accordingly decided upon : 

For the quadratic or cubic difference tones: 
At any frequency between 100 and 200 c/s. . 20% 
At any frequency between 200 and 400 c/s.. 5% 
At any frequency between 400 and 00 c/s. . 2° 0 

At any frequency between 800 and 6,400 c/s.. l % 
Where the quadratic and cubic difference tone 
measurement cannot be made, the total r.m.s. 
harmonic content should be measured and should 
be in accordance with the above table. It will be 
observed that these values are in general agreement 
with the conclusions reached by Braunmuhl and 
Weber. 

It cannot be too strongly emphasised, however, 
that the limits arc in the nature of tentative proposals 
and subject to revision when more evidence is avail­
able. Such evidence, it is con idered, would best be 
obtained by investigations carried out on laboratory 
rather than field ystems. The limits quoted, together 
with a report on the tests described above, were 
submitted to the C.C.l.F. Oslo meeting in June, 193 . 

In conclusion, the very real assistance that was 
rendered by members of the B.B.C. staff who arranged 
for the availability of studios and programme material 
and co-operated in the listening tests, is gratefully 
acknowledged. 

12-Circuit Carrier Cables-Temporary Intermediate Repeater Stations 

The change in the method of provision for the main 
trunk network, from loaded underground cables with 
repeaters to unloaded cables worked on a carrier 
basis, coincided with a rapid rise in long-distance 
traffic. This introduced a difficulty from an accom­
modation point of view, since under the new scheme 
repeater stations arc necessary at approximately half 
the spacing formerly required. This necessitated a 
large number of new repeater stations throughout 
the country. 

For the buildings, depending upon their size, etc., 
it takes up to 32 months from the inception of a 
scheme to the availability of the equipment for 

service. This time includes selection and purchase of 
the site and the design and erection of the building. 
Cables and equipment can on the average be manu­
factured and in tailed in less than ha]( that overall 
time. 

A programme spread over three years is therefore 
being arranged. Sites and buildings being dealt with 
in one year, ducts and equipment in the next, and the 
cable in the third year. 

In view of the demand for long trunks it has not 
been possible, in some cases, to wait for the permanent 
buildings, and u e has been made of wooden huts of 
unit construction type ; each hut being 20 ft. long, 
12 ft. wide and 15 ft. �igh to the ridge, internal 
measurements. These were designed as being a 
suitable standard size to cater for 11-2 years' 
development on most routes while the permanent 
buildings are being erected. 

Each temporary repeater station consists of three 
huts, one for the repeater apparatus, one for the 
batteries, used on a charge-discharge ba i , and one 
for the powrr equipment, a prime mover (oil engine) 
being included where power supply is not available. 

The illu tration shows the arrangement at one of 
the temporary stations. The power equipment, 
batteries and repeater equipment can be seen through 
the open doors. J. S. 
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Comite Con sul tatif In ternational 
Telephonique: Meeting of th e Sub­
Committees, 
U.D.C. 061.3: 621.395.8 

London, December 1938 
621.395.623 621.395.443.3 

A resum� is given of the matters discussed and the decisions reached at the sub-committee meetings concerning 
.. quality of transmission ·' and •· wide-band transmission" held in London in December, 1938. 

Sub-Committee for tlzc Specificatio11 of Quality of 

Tra 11s111 issio11. 

A
T the Oslo meeting of the C.C.I.F., in June, 
l B:l8, a sub-committee was appointed to study 
the question of the quality of transmission. The 

first nwcting of this sub-committee was held in 
London from December 5th-10th, and was atternlcd 
by about 28 delegates from Chile, France, Germany, 
Great Britain, Holland, Ja pan, l\Icxico, Sweden 
and l'.S.A. 

The question of quality rather than volume alone 
has become of paramount importance now that the 
attenuation of lines can be eliminated bv the use of 
amplifiers. In many ways also it is nmv possible to 
improve the quality, e.g., by transmitting a greater 
range of frequencies, by improvements in the trans­
mitter and receiver, by the reduction of the si<le­
tone, etc. Cp to the present the transmission between 
two telc•phones has been measured in terms of the 
simple attenuation which has to be inserted between 
two standard telephones to make the nllume of 
sound received appear equal to that of the circuit 
under test. The quality was indicated by separate 
articulation tests. 

As an example of the improvements available, the 
new Post Office receiver No. 2P will give transmission 
equal to or better than the old receiver No. lL, 
over an attenuation greater by from 2 to !.l db. accord­
ing to the conditions of noise, etc., although the 
volume elllciency of the two receivers is approximately 
equal. 

As long as there was little change in the articulation 
it was not necessary to make any definite allowance 
for changes in quality. Large improvements arc now 
possible and if advantage of these is to be taken in 
planning transmission layouts, some method of 
obtaining a single value which will express the com­
bined effect of all the factors is necessary. It is very 
desirable that international agreement should be 
reached so that all international transmission can 
be planned on the same lines. 

Owing to the varying effects of noise and siclctone 
on the subscriber himself and of other variable 
factors such as the method of holding the telephone, 
it has been found that the old methods of making 
tests in the laboratory arc unsatisfactory. It was 
agreed at the meeting that whatever methods are 
finally adopted the result must include the effects 
of the subscriber's reactions. 

It was also agreed that the best criterion so far 
known of the subscriber's reactions, is the rate at 
which repetitions are necessary in a conversation. 
It is, however, obviously not possible to make 
ordinary transmission measurements by counting 
repetitions ; some other test must be used and the 
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results adjusted to agree with those which would 
be found under working conditions. 

:\ number of proposals with this ohject in view 
were made, chiefly by :\mcrica and this country. 
It was decided on an American suggestion that a 
series of tests based on articulation should be made 
lw the S.F.E.R.T. laboratory, on telephones and 
circuits from various adminiS'trations, in particular 
from America. The Bell Laboratories have made an 
extensive series of rcpetit ion rate tests on their 
svstems, and also offered to make further tests on 
European telephones. The S.F.E.KT. tests will 
enable effective transmission values to be computed 
from the results by the different methods of articula­
tion tests proposccl and compared with the repetition 
rate values. Thcv will be made in such a way that, 
even if exact cor�elation is not obtained, the results 
will be �rnch nearer the real effective transmission 
ratings for the various systems than arc the volume 
ratings now in use, and will form a first step towards 
putting European telephone transmission on an 
effect i vc basis. 

Some consideration was also given by the com­
mittee to objective tests of telephone instruments. 
A small sub-committee laid down the essential 
requirements for articulation tests, and another sub­
committee considered the question of the noises 
which should be used for such tests in order to simulate 
working conditions. 

This sub-committee was presided over by Capt. 
Cohen, of the Research Branch, who retired in 
December, and suitable tributes were paid to him 
by :\Ir. Frank Gill and :\lonsieur Valensi. 

Sub-Committee for Q11cstio11s Co11ccrni11g Widc-Ba11d 
Tra11smissio11. 

The 3rd Commission of Rapporteurs of the C.C.I.F., 
at the meeting in Stockholm, in rna4, agreed the 
fundamental characteristics of carrier systems, pro­
viding one carrier circuit in addition to the voice 
circuit, for international circuits in loaded under­
ground cables, and at the meeting in London in l!.l:36 
carrier svstems providing up to three carrier circuits 
in addition to the voice circuit, were dealt with. 
At the latter meeting, besides agreeing to study the 
question of multi-circuit carrier on non-loaded 
cables, administrations undertook to give con­
sideration to questions concerning systems for wide­
band transmission (such as the coaxial system) 
and questions concerning the transmission of tele­
vision. These matters were discussed in June, Hl38, 
at the meeting in Oslo and an agreement of far­
reaching importance resulted, concerning the 
characteristics of multi-circuit carrier svstcms for 
non-loaded cables. In effect the frequency-allocation 
of the system known in this country as " 12-circuit 



carrier " was standardised for international circuits, 
but with the important difference that upper sidc­
bands arc to be transmitted, not lower sidcbands as 
in the systems in use by the Post Office at prcsmt. 

Development had been proceeding with "upper 
sideband " in some countries and " lower sidebancl " 
in others, and agreement could only be reached by 
a concession which involved a change in direction in 
development work or the develo1-lment of special 
terminal equipment for international circuits. There 
was a similar situation in regard to the width of 
frequency ban cl to be allotted to each channel, 
and here also agreement was reached by material 
concessions. 

The discussions at Oslo on wide-band systems 
afforded a valuable opportunity for intcrch�tngc of 
information on coaxial svstems, but it was clear 
that the time was not ripe for agreement beyond 
making the first step towards the formulation of an 
international frequency allocation. It was agreed 
that the group of 12 channels spaced at 4 kc,'s, 
starnlardised for non-loaded cable, should form the 
starting point for any internationally agreed alloca­
tion and that such an allocation should be suited to 
derivation from groups assembled between 12 and 
00 kc/s (upper side hands), and asscmhlcd from groups 
between uO and 108 kcis (lower sidebands--for 
systems employing crystal tilters). 

\\"ith the hard-won agreement as to 12-circuit 
carrier systems in mind it was decided that a sub­
committee should meet in London in December, 
and questions were formulated chiefly with a view to 
arriving at an agreed frequency-allocation. It was 
evident that, if the matter was left in abeyance 
until the meeting in Lisbon in ]!)40, development in 
coaxial systems might diverge with the result that 
agreement might then be �10ssible only at the cost of 
serious concessions involvmg recasting of otherwise 
entirely �atisfactory designs of equipment. In 
addition to this matter, questions concerning carrier 
systems for loaded cables were remitted to the sub­
committee which was also asked to consider speci­
fying the characteristics of international circuits for 
television. 

The sub-committee was addressed by Sir George 
Lee at its opening meeting on December l2th, ]!)38, 
who, after welcoming the delegates, spoke of the 
importance of the sub-committee's work, referring 
particularly to systems of wide-band telephony, and 
wished success to the conference. The sub-com­
mittee comprised 58 representatives of Argentine, 
Cuba, France, Germanv, Great Britain, Holland, 
Italy, Japan, !\Iexico, Rumania, U.S.A. and Uruguay. 

Frcq11c11cy Allocatio11.-Question No. I bis (con­
cerning the characteristics of wide-band systems of 
telephony) was considered first. A series of pro­
positions of a general nature, formulated in the light 
of the replies received from the various administra­
tions, formed the basis of a discussion which revealed 
not only the points upon which there was dis­
agreement but abo the considerable field in which 
the conference was in agreement. Several frequency 
allocations were proposed and discussed, with the 
blackboard in constant use. The crucial points by 
which each proposed allocation was tested, were- -

(a) ease of generation of the carrier frequencies 
required for transfer of groups to the basic super­
group positions, and transfer of super-groups from 
the basic to their final positions in the frequenc�· 
spectrum; (h) the suitability of the ;tllocation for 
building up from the two basic l 2-channel groups 
recognised at Oslo, viz., 12-60 kc,'s (upper sidebands) 
and n0-108 kc,'s (lower sidebands) ; and (c) the 
suitability of the allocation for building up from the 
two basic groups without using super-groups as an 
intermediate step. These points will perhaps be 
more dear!�· appreciated by consideration of the 
frequency allocation finally adopted hy the sub­
committee for recommendation to the :Ire! C.R. 

The frequency allocation finally agreed is a modifica­
tion of one described at Oslo by Dr. Osborne, of the 
American Telephone and Telegraph Corporation. 
In the discussions and expositions leading up to 
acceptance of the single frequency allocation for all 
systems, the most prominent participants were 
perhaps Professor Ki.ipfmiillcr (Germany and 
Cruguay), Dr. l\Iaycr (Germany), and l\Icssrs. 
Stancsby and Halsey (Great Britain), l\lr. Halsey 
suggesting the allocation which enabled unanimity 
to be reached. 
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Fig. 1 indicates diagrammatically the posit ion of 
channels in the two basic groups designated A and 
B. \Vhere channels arc assembled in position B 
(using crystal tilters) modulation of the group as a 
whole with a carrier frequency of 120 kc/s and 
subsequent selection of the lower side-band brings 
the group into position A corresponding to the 
frequency allocation agreed for international 12-circuit 
carrier. This indicates the relationship of the two 
basic group positions. 

&ASIC 
GROUPS 

12 60 109 

1--+=1 
f'REOUENCY l<C / Sl!C --

SUPEA·C.AOUP lN 
BASIC POSITION ll12 d =+-=J --+=1  

FIG. 2. 

Fig. 2, at the left, shows the two basic groups 
according to the convention provisionally adopted by 
the conference. The directions of the arrows represent 
channels with the order of frequencirs erect and 
inverted in the groups A and B respectively. �ine 
super-groups, comprising ;) groups, is shown in the 
basic position on the right. Each arrow represents 
12 channels and from their direction it will be seen 
that a frequency inversion is involved in passing 
from group B to the basic position of the super­
group, but not when the super-group is derived from 
the basic group A. 
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Fig. 3 shows the positions of super-groups in the 
agreed frrquency allocation. Gaps of 12 kc/s arc 
left unusrd on either side of the super-group occupy­
ing the basic position between 312-5 52 kc,S. Between 
all other super-groups the gaps arc only 8 kcis. This 
non-uniformity in the size of the gaps is attributable 
to the omissi"on of any further modulation of the 
super-group in the 2n<l position after assembly in 
the basic position, and to the derivation of the super­
group modulating frequency of the first super-group 
from the harmonic series from which the group 
modulating frequencies arc derived. 

Starting with basic group B the group modulating 
frequencies arc 420, 468, 516, 5(>4, (il2, i.e., 35th, 
:mth, 43rd, 47th, 5 l st harmonic of 12 kc,'s. 

To translate a super-group from the basic position 
to that of the lst super-group a modulating frequrncy 
of 612 kc/s is required. This would be obtained as tht• 
iilst harmonic of 12 kc·s. The modulating frequencies 
for translation to the' 3nl and higher positions are 
13()4 Hil2 .. . etc. kc!s. Tlwsc• arc the llth, l3th 
.. . ' etc . , harmonics of 124 kc,'s. In all these modula­
tions the lower ;;ideban(b are selcctccl, accompanied 
by a freqnenn· inn•rsion. 

'\\'here hasi(: group A is usccl the upper sidebancl is 
sdede(l in the moclulat ions which tran-;latc th(' 
groups to their positions in the basic super-group 
posit ion. The carrier fr('q uencies are the 2fit h, 2!Jt h, 
:!:kd, :l7th, 4lst harmonics of 12 k(s. The modula­
tions from the ha-;ic super-group position are of 
course unaffectccl hv the choice of basic group. 

In recommending this fr('quency allocation the 
conference envi-;aged that in some systems all the 
groups shown at the lower end of Fig. 3 might not 
be transmit tcd, while the highest frequency trans­
mitted wouhl van· with the number of groups of 
channels transmitted. Hut whatever the numbe1· 
of groups to be transmitted it has been recommended 
that those transmitted should conform with the 
relevant part of Fig. 3. 

The frcquenc:v allocation recommended i� suitc
_d 

to the direct tran-;frr of groups from thell' basic 
posit ion A to t h('ir posit ion-; in t h(' bt and sncccelling 
"snp('r-grnup" po-;itions without a super-group 
modulation. 

The rccomnw1Hlat ions of the sub-commit tee in 
reganl to the frequency allocation for wide-han(l 
svstcms for tdephonv have been (le-;cribcd at some 
l�·ngth because of their importance and great interest. 
lf the remainder of the \\·ork of the conference is 
passed owr some\\·hat lightly, it is clt�e to lack of 
space rather than to anv under-estnnate of its 
i Ill port a nee. 

(;mcral.- ·.-\t Oslo it had been agreed that the 
indi\·iclual channels of 12-circnit and other systems 
for non-loaded cables (including coaxial systems) 
should transmit effectivd:i> audio frequencies from 
:lOO to :l,400 c

,
'
,.;. The amplitication of this require-
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ment was remitted to the snb-committce and the 
recommendation made is that international 4-wire 
circuits in terminal service designed to transmit 
frequencies between the�e limits shal� l?c ir� �c­
conlancc with Fig. 4, winch shows penmss1ble lnrnts 
of variation from the transmission equivalent at 
800 cis. 

ou'cstions concerning carrier circuits on loaded 
cables were dealt with, and a number of limits for 
crosstalk harmonic distortion, etc., have been added 
to the existing recommendations. Useful discussions 
took place concerning measurement of harmonic 
distortion in negative feed-back repeaters, and a 
suggested definition of maximum useful power was 
recommended for examination hy administrations. 

In addition to tlic work o( the conference on 
questions particularly concerning wide-hand trans­
mission, a special sub-committee of members of the 
conference held rnePlings under the ahle chairman­
ship of Professor Ki.ip�mi.iller to (:onsicler modif

_
iecl 

definitions of terms relatmg to reflections and electncal 
echoes. Owing to the great interest of all the members 
of this sub-committee in the main work of the con­
ference its meetings were held before the commence­
ment of the main session on a number of days, 
the members participating thus increasing the 
length uf their already arduous sessions. The special 
sub-committee covered the ground allotted to them 
but insuflicient time was available to come to full 
agreement, and moclificcl definitions have been 
recomnwncled for fnrt her stud v. 

Television transmission \\;as discussl'<l by t ht• 
conference but while realising the importance of am· 
lead which the C.C. l.F. might he able to give in 
recommending limits for width of frequency band, 
allowable phase ancl attenuation distort ion, etc., 
the conference, with some regret, came to the co11-
cl11sion that this was not possible since there wa,.; 
no a"'reement as to the characteristics of systems for 
the �enerat ion and reccpt ion of television signals to 
be transmitted over international circuits. A joint 
meding with delegat<·s of the C. l.R (Union_ ln�er­
nationalc de H.adiodiffusion) showed that tins vww 
was shared by the U.l.K :\I. Braillarcl's reply to 
the chairman's welcome to the L!.I.R. will long remain 
a pleasant mcmorv to those who were present. 
:VI. Van der Pol (I-Iolland) gave expression to the 
trend towards the dctinit ion of characteristics of 



television circuits in terms of response to impulses 
rather than in terms of the usual " steady state " 
language of the telephone transmission engineer. 

During the course of the discussion a questionnaire 
formulated by the German delegation, was considered 
and with so1i1e modifications this was adopted and 
will replace the question originally formulated for 
discussion at Oslo. In its new form it comprises 
1:3 parts which define characteristics of television 
circuits, for which limits should he specified. The 
further study of the question in preparation for the 
meeting in Lisbon will he helped by the greater 
explicitness of the quest ion. 

At the closing session on December 1 ith Dr. Diill 
(Gcrrnanv). on behalf of the members of the sub­
committee expressed their thanks for their welcome 
to London arnl the arrangements made for their 
comfort, and paid a well-deserved tribute to M. 
Valensi, Secretarv General of the C.C.I.F. 

The feeling at i he conclusion of the conference was 
that the results obtained, especially in the work of 
wide-band s\·stt·ms. folly justified the calling of the 
meeting. 

Book Reviews 

"Ekctric Lifts." I{. S. l'hillips, :\.:\l.l.E.E. 2<)3 pp. 
1q1 ill. Pitman. 20s. 

The author ,,·as ;rn·anlcd a bronze medal for his papt·r 
cm mndl'rn ekctric passl·nger lifts, read before the 
1.1'.0.E.E. in 1•135, and the idea of the book ori.t::inat<-d 
as a result of discussion on the paper \\·hich brought to 
prominent notice the need for an up-to-date authoritatin· 
book on British lift practice. :\ctuall�-, the last book on 
this subject published in this country \\'as \\Titten in 
1 q23, although there arc SC\Tral books dealing exc I usi n•l ,. 

with ,\mnican practice. There is, of course, a larg.e 
amount of information a\'ailablc in \'arious periodicals 
and manufacturns' publications, but this matter is not 
generally ;wailablc and the present book brings the 
information togdlH'r in con\"Cllient form. The lack of 
standardisation in lift practice is well illustrated bv 
the ,·ari11us manufacturers' products and mcth()(is 
described and illustrated and the author must han· 
experienced difficulty in deciding \\·hat to lean• out to 
keep the book within reasonable dimensions. 

The lift spl'cialist will find little nc\\' in the hook and 
\\'ill han� no difficult�· in finding arguments for or against 
the \·arious alternati\'l'S adopted h\· different lift makl'rs, 
hut, on the \\·holt', thl' methods descrihecl arc rcpresen­
tatin· of good lift �iractice am\ apply to lifts ha,·ing 
speeds usual in this country. Jt is noted that the author 
quotes an angle of ·12' as tl�at recommenclec\ hy B.S.S.32q 

-the angil' has recl'ntly been amended to 35 ---and 
also no mention is made of the danger attending the use 
of car lloor s\\'itchcs \\·hich cut out the car gate contact. 

The lmok is well illustrated and there are num<-rous 
wiring dia_c:rams of \·arious types of contni llers. The 
chapter on maintcn;mcc ancl testing coulcl, with ;uh-an­
tage, han� been in much more detail. The problem of 
interference with wireless reception due to electric 
lifts is dealt with in an appendix. \\·. T. (�. 

Social .-lrra11gcmc11ts d11ri11g the Jfccti11gs. 

Visits were arranged for the delegates to till' 
Research Station, Dollis Hill, and also to Faraday 
Building, where demonstration calls over the Londo1i­
Birmingham coaxial cable were made. In addition, 
the B.B.C. amtnged a visit to Alexandra Palace, 
where the delegates were taken over the studios 
and the sound and vision transmitting rooms during 
an actual transmission. 

The delegates abo attended the official banquet 
at the Savov Hotel, Oil December 8th, rn:�8. presider! 
m·cr ll\· Si1: (�enrge Lee, the Engineer-in-Chief. who 
propos�cl the toas t of " Rulers and Heads of 
Sovereign States ancl :t\ations." A wP; cn jo�·ablt· 
evening was spent renewing old acquaintann·s and 
making new ones. 

A banquet and entertainment giwn by the tele­
phone manufacturers of Great Britain was extended 
to the delegates and their ladies. This was attencle<i 
by about 2;">0 guests. The t oast of the C.C. I. F. was 
proposed by l\lr. F. Gill, and the response was marlt• 
hy Professor Kiipfmiiller. 

" The :\omogram -Tlw The·• 11'\' and l 'r;tclical (" 11\ · 

structic1n c1f (°c1mp11l<tti1111 ('harts.'' II. J . .  \llcock, 
:\I.Sc. , :\l.l.E.E., ,\,\l.l.:\kch.E., :\km.:\.l.E.E., and 
J. I{ . .f01H's, :\!..\., F.C.S. 224 pp. 77 ill. l'itmau. 
Sc.tc1111d Ed ition. Jos. t>d. 

This reasonably prin·cl book pro,·iclt·s c1m• of the most 
complete treatises on the subject of nonwgraphy 
puhlislwd in England, and ,,·ill prm·t· of use not onl\- to 
the t•nginel'r, but to the mathematical stndt•nt. Tht· 
second edition has information regarding l'irl'lilar 
nomograms, but otherwise it differs little from the· first. 

,\s the authors point out, ignorance of the application 
of nomograms has resulted in their neglect by engineers, 
but a study of this book will show that alignment charts, 
once constructed, can be of more Yaluc than tl1<· slide· 
rule where rcpe;tkd calculations arc 11\ade from tlw 
same formula. 

He;tders of tl1l' book should ha\'l' a thorough unckr­
standing of the analytical gl'ometr�· of li1war eqn<ttions 
and the elementary tlworv and manipulation of ddcr· 
minants, although a fr\\· pages arc de\·okd to the latlt•r 
in the book. :\omograms for formulae in\·oh·ing as 
man!· as four \'itriahks arc discussecl in great dt'tail, 
and the nun-matlwmatical student ,,·ill tl'nd to '"' 
O\"era\\'ed by this \\'l'alth of detail n·.c:anlin.t:: th<• tlw111T 
underlying each constructional step, whcrl'as lw is 
onl\· interested in the mcth()(l. .\ usdnl su111111an-. 
IHl\�T\·er, in the form of an appendix \\'ill consickrahiy 
assist him in nomogram nmstrnction aftn a !irst reading. 
The concludin.t:: pages <tre dl•\·otcd to an i nd icat ion of 
the mcthoc\s for constructing charts ha,·in.� a greater 
number of yariables. 

The style of the book is p!casin.c: and makes for l'as\· 
reading, but to some the frequent use of " ob,·ionsh· " 
and kindred expressions \\·ill ]JW\'l' cxasperat ing. 

E. 11. 
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The Universal Decimal Classification 

u.o.c. 025.45 of Information J. E. WRIGHT 

A description is gh·en of the Unh·ersal Decimal System for the classification of information. This is the only system in 
world-wide use for the classification of technical information and has been adopted to classify the articles appearing in 

this Journal. 

l 11trod11ctio11. 

M
ANY schemes have been devised for classify­
ing books and knowledge. Alphabetical 
arrangements have always been popular 

and for certain purposes they arc indispensable, but 
many attempts have been made to divide knowledge 
into groups having a numerical coding. The use of 
arabic numbers has always been recognised as advan­
tageous because the numbers themselves constitute 
an international language. A classification into groups 
of ten is bound to follow unless repetition of the 
numbers is to be permitted. In these ideas can be seen 
the sec< ls of a decimal classification and in 1876 the 
famous decimal classification of Mclvil Dewey was 
prod��. 

-

About this time librarians and others concerned 
with indexing began to wake up to the fact that some 
scheme of indexing capable of adoption throughout 
the world was necessarv. The first International 
Bibliographical Conferen�e was held in 189:3 and it 
was then decided that the Dewey Decimal Classifica­
tion should be the basis of a system of indexing 
suitable for classifying the published literature of the 
world. 

Fhc l; 11iversal Decimal System. 

A universal classification system should
• 

fulfil 
certain conditions. The system should be founded on 
some logical division of knowledge and it should be 
designed to permit unlimited expansion to be made. 
Language differences should not affect the application 
of the system. It must be governed by rules to ensure 
uniformity of practice but it should be easily workable 

and free from complications. The Universal Decimal 
Classification can be said to meet these requirements. 
Developments arising with the passage of time, 
particularly in science and engineering, have 
necessitated very considerable expansion of the 
divisions of certain subjects. It may be thought, as a 
result, that undue importance has been given to 
certa�n subjects in comparison with others. Neverthe­
less if the process of subdivision is studied it will be 
clear that a logical basis docs exist. Clear and 
definite rules have been established and a permanent 
commission and secretariat, guided by international 
subject secretariats, give final decisions regarding 
amendments and extensions. 

The l.iniversal Decimal Classitication svstem of 
indexing is now used very extensively h); libraries 
and information bureaux, and of recent years an 
increasing number of publishers of scientific periodicals 
have classified their articles by this system. Unless 
some attempt is made to discover the principles of the 
U.D.C. the numbers at the head of these articles arc 
completely meaningless. The numbering is a c0<k 
and its key is the U.D.C. tables. 

The tables of the U.D.C. have been produced by 
dividing all knowledge into ten classes and by con­
tinuing to sub-divide those classes and their sub­
divisions by ten until sufficiently detailed sub-divisions 
have been obtained. The ten main classes that have 
been chosen are shown i n  Fig 1. The method of divid­
ing these divisions by ten can he seen. It will be 
appreciated that an extensive division of any one 
subject has no disturbing effect on the system. The 
extent to which sub-division mav he necessary can he 
seen from thr following:-

· · 
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ELECTRICAL ENGINEERING 
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GENERAL LIGHTING MECHANICAL 

ELECTROTECHNICS USES 
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F1<;, 1.-:\l..\J]'; STRL'CTl"RE OF THE l:l'>J\'ERSAL llEC!�IAL SYSTE�I. 



6 
62 
621 
621.3 
H21.3U 
fi21.3!)5 
u21. :m;u; 
621.3!15.(H 
fi2 l.3!l5.(i.H) 
621.3!);).fi4;i.:� 
62 l .:l!l;i.64:>.:�4 

Applied Sciencc 
Engineering 
:\fochanical engineering 
Electrical engineering 
Electrical communications cnginecring 
Telephony by wire 
Telephone apparatus 
:\mplifiers 
Valve amplifiers 
Valve amplifiers u;;ing feedback 
Valve amplifiers using ncgatiw feed-

back 

If each of the main classes were assumed to have the 
same number of sub·divisions as this example from 
class 6 there would be something like 10n divisions. 
This is not the case but there arc certainly millions 
of sub-divisions of the C .D.C. tables in use to-day. 

For convenience of reading it is usual to insert a 
stop after every third figure in the same way that a 
comma is inserted to assist us to check up the noughts 
in £10,000,000. 

Certain art ides, although writ tc>n about only one 
subject, require to be indexed from more than one 
point of view; for instance, "the corrosion of telephone 
transmitters." The clas:;iticat ion m1m ber for 
"corrosion "is fi20. rn and the number for the division 
for "telephone transmitters" i:; 621.3!)5.61. To 
indicate the nature of this article the two numbers arc 
associated with each other by means of a colon sign, 
thus, 620.Hl: 621.3H5.61. Should an article need to be 
classified from two points of view that arc not 
associated, as, for instance, " telegraphy and tele­
phony," the respective numbers would be shown 
separately, usually one under the other, or sometimes 
621.394 + 621.395. Cross-references arc very necessary 
if an index is to be a good one. \Vith the two examples 
given, cross references can be obtained by the simple 
process of re-arranging the order of the numbers, 
thus : - 621.3fl;i.61 : 620.Hl instead of fi20.l!l: 
621.395.61 and 621.:m:i + 621.3tl4 instead of 
(}21.394 + 621.3!15. 

Auxiliary Classification. 
The U.D.C. tables produced by repeated division 

by ten arc sufficient for many indexing requirements. 
Some very specialised indexes, however, must be 
dassified in greater detail. " Analytical " and 
" auxiliary" tables have been prepared for these 
requirements. These tables cover particular points 
of view such as considerations of economics, time, 

place. Their index number may be added to a number 
from the main tables. In practice, the inclusion of the 
<malvtical classification number which is used to 
indi�atc the technical view point is generally sufhcient 
for indexing matter relating to electrical C'.nginccring. 
The extent to which it is possible to apply the F.D.C. 
tables is indicated in the table below, but it is 
important to realise that the use of the analytical 
and auxiliar\' sections of the tables should be restricted 
to a minimum necessary for the type of index for which 
the references arc being made. Auxiliary tables will 
seldom be required for an engineering index. 

Tables. 

The fnll table:; of the l'..D.C. appeared as a complete 
French edition in Hl3:l and parts of the tables of the 
German and the English editions arc already in the 
press. These editions will be translations of the 
French edition brought up to elate by the inclusion 
of the amendments and additions to the tables that 
han· reccin'cl appro\·al since the l n;3;3 edition was 
published. In the meantime an excellent abridged 
set of tables has been produced by the staff of the 
Science Library and published hv His Majesty's 
St at ionen· Office at five shilling,.;. The Post Office 
Engirweri.ng Department H.escarch Report �o. 10040 
gives full l'.D.C. tables M the subjects related to 
electrical communications. At present this is only 
available to those who arc normally entitled to 
Drpartmental Research H.eports hut there is no 
doubt that a demand exists in this country for an 
English edition of the U.D.C. tables. 

An alphabetical subject key is associated wi�h the 
C.D.C. tables and this should be used as a gmde to 
the relevant sections of the tables when a subject is 
to be referred to. Abstracts and references classified 
by the lJ.D.C. notation arc filed in the numerical 
order of the l'..D.C. numbers so that once the 
proper division number of a line of enquiry has 
been established the information should be 
readily found. 

Co11cl11sio11. 

The Board of Editors has drcidcd to adopt the 
l'.nivcrsal Decimal System to classify the articles in 
this Journal in order to assist librarians or those 
rcade�s who find it convenient to maintain more 
elaborate indexes than the alphabetical indexes 
issued with each volume and periodically to cover 
longer periods. 

It is not possible to give hrrc the ·.d10lc of the 

TABLE. 

()2l .3!15.<i45.:l4 

Subject division 

:\lain table 

This number is interpreted. 

029.63 

Technical 
viewpoint 

Analytical table 

fi2l.:l!l5.H4:>.:H Amplifi.cr with nrgativc feedback 
02!1.(i:l For clcrimetrc wavelength 
. oo:l From the point of view of economics 

.003 

General 
viewpoint 

(43) 
.. 1!)37 .. 

(0-13) 
�c :3 

Place 

" I !137 " 

Time 

Auxiliary tables 

In Germany 
In l B37 
A dissertation 
In German . 

(043) ... 3 

Form Lang11agc 
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sub-divisions of the C.D.C. tables that will be used 
for classifying the articles appearing in this journal. 
The clas,;ific<ttiun numbers used will, ho\\'l'\Tr, be 
further sub-di,·isions of the following: 

;i I 2\lat hema t ics 
;j;l l'hvsics 
5:J-1 Acoustics 
;i:fi Elect ricit \' 
;iaH :\lagnetisin and Electromagnetism 
ml .:l 14 Transformation of electrical energy 
ti21.:H 5 Transmission of electrical encrgv 
ti21.:rn; Distribution and regulation of 1)ower 
li2 l .:lli Electrical measurements 
ti21.:H8 Applin! magnet ism 
ti21.:lrn c\pplic<l ekctrostatics 

f\21.3;) Industrial electrochemistn'. Cells. Accumu-
lators. Plating. 

· 

li2 I.:l8:l Photo-elcctrici ty. l'hoto-dl'ct ric cells. 
H21.:l8;) Thermionic valws. Electronic discharge 

apparatus. 
ti2 l.:m l General considcra t iuns of electrical rnm-

n21.:rn-± 

li2 l.:l95 

H21.:mfi 

li2 l .:l!J7 

li3-1. l 

municat ions. 
Telegraphy by wire 
Telephony by wires 
Radio communication 
Transmission of pictures 
Commercial aspect of telegr:qilty, telephony 

and radio. 
Industrial chemistn· 
:\lctallurg\· 

· 

Yarious i1.1clustril',.; and m:mnfartnre..;. 

Total Single Wire Mileage for all Services 
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The Pendant Telephone 
U.D.C. 621.395.623.63 621.395.721.1 J. D. HINCHCLIFF 

Th� Author describes the new Pendant Telephone and Dialling Unit which was made available to the public on the 
lst March, 1939. 

J11trod11ction. 

A 
RTJ TIC appearance and corwenicncc lo the 
user arc important factors in the design of 
any telephone instrument. ;\1any bu incs 

executives prefer to have their tables free from 
obstructions and in some situations, such as tock 
exchanges and hotel lifts, space economy is very 
desirable. To meet such needs a new telephone 
instrument described as the pendant telephone and 
an associated dialling unit have been designed in 

FIG. 1.-TYPICAL INSTALLATION. 

collaboration with the Plcssey Co., Ltd., and have 
been coded as "Telephone No. 246, Black," and 
"Mounting Dial Auto , o. 16" respcctivclv. The 
unit has been favourably commented upo

·
n when 

Ii t ted for trial to the service lines of certain higher 
Post Office officials. 

Primarily the telephone was designed for use in 
desk knee-holes, a typical installation when not in 
use being illustrated in Fig. 1, whereas Fig. 2 shows a 
different in tallation ready for establishing a call. 

The telephone itself may be u eel with­
out the dialling unit at non-dialling 
stations where a compact wall instru­
ment is required, but its use in this 
manner on direct exchange lines in 
manual areas is not encouraged in view 
of the ultimate conversion to automatic 
working. This instrument is subject 
to a special charge and is at present 
only supplied in black, but may be 
introduced in the standard colours later 
if demands justify this course. 

Telcpho11c. 
Essentially the telephone comprises a 

standard hand et together with a 
switch-hook bracket moulded in bakclite 
with a metal backplate. The instrument 
i u eel in conjunction with a separate 
bell set incorporating the induction coil, 
and this arrangement, together with the 
provision of sufficient contacts on the 
switch-hook spring set enables the one 
type of pendant telephone to be used on 
all systems. The bell set may be accom­
modated in any unobtrusive position to 
the requirements of the subscriber. 

ome novelties in the general design 
include the u e of an extensible hand et 
cord and the general adoption of rubber 
sleeves at the cord entry holes in the 
telephone where hitherto the majority 
of cord faults has occurred. 

Fig. 3 illustrates the inside of the 
telephone and the backplate used for 
fixing the instrument direct to an up­
right or to the table-mounting bracket. 
This bracket, coded a "Bracket l\lo11nt­
ing B. ." is reversible for a left- or 
right-handed fixing, but normally the 
telephone should be to the left and the 
dialling unit to the right of the u ·e:. 
The internal connections arc all accessi­
ble and brought out to separate 
terminals which are in turn wired 
through a cord to a terminal block for 
connection to the external wiring. 
Because of the alternative mclhotls of 
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F1c. 3.-lNTERIOR OF THE TELEPHONE. 

mounting the telephone previously mentioned, the 
positions at which the two cords are brought out of 
the instrument body arc interchangeable, so that the 
handset cord is at thr side adjacent to the user in any 
particular installation. 

Cords. 

The requirements governing the choice of the hand­
set cord length are somewhat conflicting, as it is 
essential to have the standard length of 42 in. when the 
telephone is in use, and yet when normal the cord 
must be short enough to clear the floor. It was finally 
decided to adopt an extensible cord having a normal 
length of 21 in. and capable of extension to 42 in. 
This cord incorporates the usual tinsel-plaited con­
ductors, which extend and collapse round a central 
elastic core. Other types of extensible cords have 
been and are under test, but that at present adopted 
appears to be the most promising, and its intro­
duction on the pendant telephone affords an oppor­
tunity for a valuable er\'ice trial. 

Dialling Unit. 

The dialling w1it, which is of the drawer type, has 
three main components : a moulded bakclitc mounting 
for the dial, a cadmium-plated metal slide housing 
the mounting and an eight-way terminal block. The 
underside of the unit is illustrated in Fig. 4, where the 
long trapped securing screw for the dial, and the 
bakelite dust cover and securing ring have been 
specially shown. The cord which connects the dial 
to the terminal block is secured by the two insulating 
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clamps indicated. This cord must have great flexi­
bility and endurance, and consequently cordage 
similar to that used for switchboard cords was chosen 
and, in spite of the large conductor cross-section, the 
manufacturers were able to provide the usual bound 
loops, small enough lo fit the B.A. terminal screws 
on the dial. 

Jn order to ensure a smooth, pleasing action when 
withdrawing the mounting for use, the slide has been 
lined with felt, and to secure rigidity when fully with­
drawn, the cross-bar indicated in Fig. 4 registers in 
the slots in the mounting side. A special bracket 
coded as" Bracket Mounting B.V." has been designed 
to support the dialling unit where direct fixing is 
impracticable, and this bracket may be used for left­
or right-hand fixing as with the telephone supporting 
bracket. 

Fitting. 

When installing a pendant telephone the brackets 
mentioned above may be used where direct fitting of 
either component of the installation is impracticable, 
and a number of alternative fixing holes has been 
provided to ensure a satisfactory fixing. The alterna­
tive mounting for the telephone shown in Fig. 2 has 
been obtained by using the appropriate bracket. 

A further novel feature is the introduction of a 
schedule of stores required for any particular installa­
tion, shown on the first panel of each installation 
wiring diagram for the instrument. It is hoped that 
these schedules will be of service to the fitting staffs 
concerned. 

llA1<£LITE 
DUST COVER 

DIAL SECURING SCREW 

F1c. 4.-UNDERSIDE OF THE DIALLING UNIT. 

.• 



Note on the Resistance Noise in a Coaxial Pair 
U.D.C. 537.311.1: 621.315.212 H. J. JOSEPHS, A.M.l.E.E. 

This note contains a simple formula for the calculation of the magnitude of the thermal noise voltage arising in a coaxial pair. 
The formula can be used to predict the limit of noise reduction in a coaxial transmission line. 

General. 

A
l\ alternating \'oltage can alwa�;s be amplified 
provided it is large enough to mask the small 
noises in the input circuit of a high-gain 

amplifier. Some of these noi.-;es, for example, those 
due to \'ibration, induction, microphonic effects, 
poor connections and insulation, etc., can be 
eliminated ; hut other noises arc inherent and cannot 
be eliminated. It is these inherent noises which 
determine the limit to the amount of amplification 
that can be usefully employed. The fundamental 
sources of noise arc : 

(a) Noise due to voltage fluctuations within the 
valves of the amplifier ; 

(b) Noise due to the thermal agitation of electricity 
(resistance noise) in the input circuit of the 
first stage of the amplifier. , 

If the impedance of the input circuit is high, then the 
noise arising from (a) will be small compared with the 
noise arising from (b). It is desirable, therefore, to 
design the input circuit to have a high impedance, 
because, for a given input power, the largest signal­
to-noise ratio is obtained. Thus, if small signals 
received at the cm! of a low impedance coaxial pair 
arc to be amplified, it will be necessary to connect 
the pair to the amplifier by a transformer to ensure 
that the input impedance of the amplifier will be 
effectively high. The input transformer should be 
designed to close the coaxial pair with its character­
istic impedance ; also, to obtain a high voltage step­
up at the highest frequency to be transmitted (and 
thus allow the input signal to over-ride the valve 
noises) a screened-grid valve having a low input 
capacity should be chosen for the first stage of the 
amplifier. A termination designed on these lines 
gives the highest signal-to-noise ratio, has negligible 
reflection loss and allows the amplification to be 
limited only by the magnitude of the thermal noise 
voltage which arises in the coaxial pair itself. It 
would be useful therefore, to have a simple formula 
to predict the thermal noise voltage in a correctly 
terminated coaxial pair. In the Appendix it is shown 
that the average thermal noise voltage E that arises 
in a correctly terminated coaxial pair with a solid 
core, is given by the formula, 

E = J 8 v KT Ji (f2 �--f�-�o�.-���o-� . .... (4) 
where 

f2 = highest frequency to be transmitted. 
f1 = lowest frequency to be transmitted. 
µ = permeability of dielectric. 
E = dielectric constant. 
c = radius of core in ems. 
h = internal radius of sheath in ems. 
v is the velocity of light (3 X 1010) ; K is Boltz­

mann's constant (l ·3i X 10-23) watt second per 
degree ; and T is the absolute temperature in degrees. 
E is in volts. 

Consider a coaxial pair with a solid core ; let the 

internal diameter of the sheath he l ·14:l rrns. and the 
diameter of the core he O·:lliii ems. If the pair is at 
a temperature of 2i° C. and the width of tl1e frequcnc\· 
transmission band is 3 megacycles per second. then, 
according to equation (4), the thermal noise \'oltagc 
will be of the order of 2 microvolts. Assuming that 
the lowest winter temperature is -:l° C. and that the 
highest summer temperature is 32° C., the change in 
the thermal noise voltage between winter and summer 

temperatures is only <Hl8 micro\'olt. The formula 
also shows that the minimum power due to thermal 
agitation is l · 64 X 10-20 watts per .cycle. The 
variation of this power with temperature is so small 
that it may he neglected. Consequently the thermal 
noise power at the input of an amplifier terminating 
a coaxial pair depends for all practical purposes only on the width of the frequency band within which the 
amplification is appreciable. Because of the random 
character of the thermal noise energy, its instan­
taneous wa\'e shape is unknown, and consequently 
it can only be specified by its statistical frequency 
distribution. Thus the solution of the general 
problem of thermal noise calls for the methods of 
mathematical statistics. 

:1 ppc11dix. 
Consider a coaxial pair at the same temperature 

throughout and closed at the ends bv its character­
istic impedance. Then the elemcnt;il power during 
the frequency interval elf is d(E)2/:m.(f), where (E)2 
is the mean square thermal agitation voltage and 
R(f) is the resistance of the sonrcc producing this 
voltage at the frequency f. From the principle of the 
equipartition of energy in a coaxial pair thi� elemental 
power may be written 2 KT elf, where K is Boltz­
mann's constant and T is the absolute temperature. 
Thus 

E =JJ 4 i{T H. (f) 
-
df ................... (1) 

l•' 

where F is the frequency band width in cycles per 
second. This expression is due to H. Kyquist and 
will he found in The Physical Review for July, Hl28. 

The function R.(f) which appears in equation (1) 
may be formulated from the theory of the coaxial 
cable. Suppose the coaxial pair consists of a hollow 
n· lindcr or sheath of external radius a, internal 
rit<lius b, surrounding a solid core of radius c. Let 
L0 and C0 represent the inductance and capacitance 
of the annular space. Let R. and L. denote the 
cffecti\'c resistance and inductance of the sheath, and 
let Re and Le denote the same quantities for the core. 
:;-;eglecting the small leakage in the annular space, 
the resistive component of the characteristic impedance 
is gin�n by 

R(f) =Jit:1 +J1 -"-(1{0c�;,l{,y: . .... . (2) 

I{(f) is a continuous finite function of the frequency 
'� hich converges to zero at infinity and is everywhere 
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positive. l t possesses no sharp maxima or mmuna 
and its variation with respect to frequency, where it 
exists, is very slow, and consequently the mid-point 
of the frequency scale can be used for the purpose of 
integration. Substituting (2) in equation (1) and 
performing the indicated operation, 

E = J 2y2�<-_1-:(f2-;� J �� (X�� yx:+ �-2� • •  (3) 

when.>, in c.g.s. units, 
X =' L/Lo and Y (Re -f- R,)/woL 
L. = - pm Z (mah)/27rb wo V (mab) 
Le =c·o pm Z (mc)/27T c w0 V (me) 
R. =� - pm W (mab)/27T b V (mab) 
Re = p m \V (mc),'27T c V (me) 
m2 = 41T µwo/p and Wo � 7r(f2 - f1). 
p is the resistivity of the conductors in c.g.s. units. 
\V (mah) c- (Ar -- Br) (C1 - D1) 

- (A1 - B1) (Cr - Dr) 

Book Reviews 

" Tht• Amateur Hadio Handbook." Published bv the 
Incorporated Ea<lio Society of (;re at Britain. 
jOO pp. 2S. l>d., O\'l"I"Seas 3s. Od. 

This is the tirst edition of a \\'ork published by the 
1 ncorporated Hadio Society of Creat Britain. The hand­
book, \\'hich is the joint C"f!ort of a ban<l of enthusiastic 
amateurs, has been \Hittl'n primarily for amateurs, 
and is concerned \\'ith practical experience rather than 
with purl' thl'ory. 

:\ll the aspects of the subject from the v it'\\' point of 
the ama tl'u r arl' considered in the t wen t�·-tl ve chapters. 
These include clnpters on the dl'sign, construction and 
opl'ration of low po\\'er transmitters and of rect'i\·ers, 
aerials, teln· is ion, freq m·ncv measurements, measuring 
instruments, station planning, regulations concerning 
the issue of licences to radio amateurs and on the aims 
and purpose of the Society. Difficulty is invariably 
l'Xjlt'I"ienced in the production of a practical handbook 
suitable both for the technician and for the man with a 
limited technical knowledge. The sen·ral authors han· 
overcome this trou hie to some extent, although it is 
not possible to agree with all the quoted theories and 
conclusions. This is perhaps an alh·antage in view of the 
object of the \\'ork, for in the \\'ords of the edition, 
" :\mateur l{adio \\'<Jllltl lose most of its charm if 110 

challenger \1·as at hand to refute another's opinion." 
The multiplicit�· of authors is unfortunately rC"ftectl'd 
in the diffL·rcnt styles of the \·arious chapters. 

l )(-,;pitc these criticisms the handbook is strongly 
n·conmwndcd to the attention of the radio amateur. 
The book r<"prl'sents good value fur money and the 
Incorporated Hadio Society of Creat Britain is to be 
congratulated un the production of the first edition. 

C. F. B. 
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Z (mah) (Ar - Br) (C. - Dr) 
+ (A1 - B1) (C1 - D,) 

V (mah) - - (C - D,)2 + (C1 - D1)2 
Ar her mh ker' ma - lwi mh kei' ma 
A1 hei mh kcr' ma /- her mb kei' ma 
B, her' maker mb - hci' ma kci mb 
B, bei' ma kcr rnb -/ her' ma kei mh 
Cr her' mb ker' ma - hei' mb kei' ma 
C, hei' mb kcr' ma --:- her' mh kei' ma 
Dr her' maker' mh - hei' ma kei' mb 
D1 hei' maker' mb + her' ma kei' mb 
\V (me) �' her me bei' me - bci me her' me 
Z (me) bcr me bcr' me + bei me bei' me 
V (me) (ber' mc)2 + (bci' mc)2 

If f1 the lowest frequency to be transmitted is 
greater than 10 kc.p.s., then equation (:l} reduces to 

E �-J;�:;< TJ � �2-- f1)-:g" � x 10-9 • • . •  (4) 

which is the averag(' value of the thermal noise voltage. 

"Automatic Telephony." Charles \V. \Vi hn<lll, l\1.I.E.E. 
208 pp. 103 ill. The Technical Press, Ltd., 10s. 6d. 

The seco11<l edition uf l\Ir. \Vilman's book on Auto­
matic Telephony which has recently been published has 
been thoroughly revised and brought up to date. In the 
course of 200 pages the author gives a souncl and comprc­
hC"nsivc surn'y of the principles in\·oh·ed in the auto­
matic selection of a number. )/o previous kno\\'ledgc of 
automatic systems is assumed and the earlier chapters 
are, tlwreforc, devoted to elenwntary trunking principles 
and to descriptions of the apparatus used. Although the 
B.P.O. standard system is principally described, other 
systems and alternati\·e methods are mcntione<l freely. 

The middle portion of the book deals \\'ith traffic, the 
various types of selectors (circuit elements only being 
given) and with multi-office areas. Finally, manual to 
auto and miscellaneous circuits, U.A.X.'s, party lines, 
etc., arc briefly mentioned. 

The book can be thoroughly recommended as an 
excellent introduction to the subject. From the Post 
Office engineer's viewpoint, howev<"r, the usefulness of 
the book is limited, as something more than basic 
principles is usually required, particularly for the City 
and Guilds of London Institute examinations. Even 
Grade l of Telephony r<'quires the student to be able to 
draw circuit diagrams of 100-lin<· group and final 
selectors, and necessitates knowledge of elementary 
trunking f ormul;e. Kerne of this is includ<"d in suflicient 
detail in this work. Furthermore, equipment such as 

ballast resistors and traflic recordl'rs recei \·e scant 
mention and power plant is dismissed erroneously as 

being similar to manual practic<'. This, ho\\'ever, is ono 
of the few mistakes noticed. 

H.L. 



Notes and Comments 
News Year's Honours List 

We offer our congratuJations to those members of 
the Post Office staff who received awards in the New 
Y car's Honours List. Chief among the recipients was 
Mr. W. R. Birchall, the Deputy Director General, 
whose distinguished crvices were fittingly marked 
�y the accolade of knighthood. Among the Engineer­
ing Staff Mr. E. W. Knight, A sistant Engineer, 

oulh MidJand District, became a Member of the 
Order of the British Empire and the following were 
awarded the Medal of the Order . F. W. Baker, S.W.l, 
Temple Bar Exchange; J. H. F. Kellett, S.\V.l, 
Chelmsford ; E. Rowland, S.W.2, North Midland 
District: G. S. H. Tait, S.W.l, Edinburgh; H. B. 
Taylor, S.W.2, Birmingham; F. B. Wilcher, Inspec­
tor, Engineer-in-Chief's Office. 

Recent Promotions and Appointments 

\Ve offer our congratulations to the following 
engineers upon their new appointments: Mr. J. 
Innes who is promoted to Acting Principal Assistant 

ccrrtary: Mr. C. A. Taylor, Mr. R. G. de Wardt, 
and Mr. A. Morris who arc respectively appointed to 
Regional Director, Deputy Regional Director and Chief 
Regional Engineer, London Region; Mr. ]. J. 
:\icKichan who succeed Mr. Taylor as Deputy 
Regional Director of the coltish Region on May 
Jst, 1939, and on October l st, lOilU, is to become 
Regional Director of the new Midland Region ; 
Col. Carter who becomes Chief Rrgional Enginrer, 

cottish Region, in plare of '.\[r. :\kKichan ; :Mr. 
r. F. Cave-Browne-Cave who is the Deputy Regional 
Director designate of the l Iomc Counties Region ; 
Mr. G . .J. S. Little who is appointed as Chief Regional 
Engineer of the new North \Vest Region : Mr. F. I. 
Ray and Mr. C. 0. Horn who become Controllers, 
Telecommunications Branch, of the North West and 
Scottish Regions respectively. 

Mr. L. Meek 

It is with very great regret that his colleagues in the 
Engineering Department heard of the very sudden and 

unexpected death 
of Leonard Meek, 
which occurred on 
Tovcmbcr l 1 th last. 

:\fr. Meek entered 
the . crvice in I!) 12 
as a transferred 
officer from the 
rational Telephone 

Company, and after 
provincial experi­
ence was t ransfcrred 
to the Enginecr-in­
Ch ief' s office in 
L 925 as a Chief 
Inspector. In 1930 
he was promoted to 
the rank of Assist­
ant Engineer in the 
London Engineer-

ing District, where he was responsible for a number 
of exchange transfers in the West and City sections. 
In l!)3G he returned to the Engineer-in-Chief's staff 
to take charge as Executive Engineer of the Local 
Lines Group in the Transmission and Lines Branch. 
He was a contributor on several occasions to this 
Journal. His sterling qualities earned him the esteem 
and respect of his colleagues and friends to a high 
degree. 

Universal Decimal Classification System 

It has been decided by the Board of Editors that 
the articles in the JOURNAL commencing with this Part 
shall be prefixed by their Universal Decimal Classi­
fication number. An article describing the U.D.C. 
system appears in this issue and it i hoped that the 
classification will be of value to librarians and 
others who index the information appearing in the 
JOURNAL. 

Binding 

This issue is the first of volume 32 and in accordance 
with our practice, the colour of the cover has been 
changed. The reason for the change is to enable those 
of our readers who do not have their copies bound to 
distinguish readily the parts belonging to different 
volumes. Readers are reminded of the binding 
facilities which arc available for previous volumes, 
full details of which will be found on page 7 

Portraits of the Great Men of 
Telecommunications 

The Bureau de !'Union Internationale des Tele­
communications publishes each year an engraving of a 
well known figure in telecommunications and has 
advi ed us that the portrait selected for 193 is that 
of l\Iarconi. A few copies of their previous publications, 
the portraits of Morse, Hughes and Bell, arc still 
available. 

These engravings arc by well-known artists and the 
is ue is limited to 600 copies printed on high quality 
paper 23 cm. x 1 cm. Copies can be obtained from 
the Union at Effingerstrasse to. 1, Berne, Switzerland, 
at a price of 2.50 Swiss francs per print, post and 
duty free. 

Notes for the Guidance of Authors 

In presenting the following notes regarding the 
preparation of articles for the JOURNAL, the Board of 
Editors hopes that the information contained may 
help authors and avoid alterations lo drafts. 

In addition to the specific points listed, the Board 
would like to remind authors that, of the 17 ,OOO 
sub cribers to the JOURNAL, at least 10,000 are mem­
bers of junior grades, and that, if the JOURNAL is 
to be of maximum value to them, it is essential that 
the basic principle underlying any new system or 
device be explained simply. 

TEXT. 
J. Articles should be sent to the Managing Editor 

at least two months before publication date, i.e. 
by February lst  for consideration for the April 
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issue, May bt for the July issue, etc. District and 
Institution notes should he sent five weeks befon' 
pnhlication <late. 

2. ArticlC's should prdcrably be t:qwwritten. 
The t:qll'script shoul<l be on onC' side of the paper onh· 
with double spacing and a wide margin. If a tqx·­
writer with mathematical characters is not available, 
formula� and mathematical symbols should be written 
bv hand. 

·:i. Titles of art ides should be concise. 
4. Articles should be prefaced by a summary of 

2U-ii0 wonb and ·should not normall\· exceed fi,000 
words, but longer articles may be accepted if they 
can be llividcd into two or more parts. 

ii. References to other articles should he included as 
foot-notC's nurnbc·red consecutin·ly 1 hroughnut the 
text. Only the title of the publication in which the 
article referred to has appeared together with the 
volume number (if any) and page number should in 
general he gin·n. 

(i. l\Iain arnl sub-headings should he inseri.crl. The 
paragraphs should not be numbl'rcd. 

7. The use of the lst person singular or plural 
should he avoided. 

�. It would assi::;t in editing if standard letter and 
graphical symbols arc used. 

ILLl'STRATIOXS. 
�I. References to figures should be spaced as 

evenly as possible throughont the text and the 
number should not in general exceed two large or four 
small illustrations per l ,OUO words. • 

10. Illustrations and cliagr�uns should not be 
attached to the typescript, but enclosed with it and 
numbered clearly. They should be packed carefully 
so that they do not suffer damage in transit, particu­
Jarlyfrom paper clips, pins, etc. and the figure numbers 
should be writ ten lightly on the back of a photo­
graphic print or on the border of a diagram. 

l l. A separate list of figures with their titles should 
accompany the article. 

12. Block schematics and circuit elements should 
be used in preference to full circuit diagrams and 
unneces�arv detail omitted. 

1 :1. The ·use of lengthy notes for reproduction with 
the figures should be avoidC'd. 

14. Line diagrams should be submitted in a form 
that can easily be traced, or, if a tracing is supplied, 
the lettering should preferably be omitted and given, 
on a separate sheet so that it may he inserted at a 
size suitable for the reduction decided upon. 

Iii. Photographs should be printed on glossy paper, 
preferably full plate (8� in. < (i� in.). );egatives are 
not required. 

16. References, lettering, etc., to be added to a 
photographic print should be shown on a separate 
print or on a sheet of tracing paper covering the 
print. 

17. \\'hen taking photographs, care should be taken 
to avoid unsuitable backgrounds. 
Correspondence Regarding the Telephone Trans­

mitter 
The M anagi11g Editor, 

DEAR Srn,-In his article on" A l\lethocl of Equalis­
ing the Frequency Characteristic of a Telephone 
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Transmitter."1 l\fr. l\k:\lillan overlook,; the assistance 
which mav be derived from the direct measurement of 
the acoustic impedance of the quantities mvolvcd. 
PL·rhaps �·ou will allow me the opportunit�·of indicating 
how \"aluahle such measurenwnts are to the 
designer of electro-acoustic apparatus. 

It so happens that in the prnhll·m with which 
!\Ir. :\lc:\lillan is concerned, three of the important 
quantities in\"olved, S11, S/ and l\L\1 are amenable to 
calculation from dimensions, although there may be 
some doubt about the \"alidity of the assumptions 
made in the calculations and abo about the accurac\" 
to which the dimensions Q1 and Q� are know1�. 
Consequent ly. < kspite acknowkdged ignorance of tlw 
magnitude of the associated acoustic resistances, it 
is possible to derive an impedance graph which is of 
considerable assistance in envisaging the modus 
operandi of the scl1cme of equalisation, and in deter­
mining the optimum \"alues of the stifim·sscs and 
masses to be employed in the final construction. 

The writer was faced with a similar problem in 
equalisation some years ago when designingthc present 
operator's breast plate transmitter. The difficulties 
were greater hm\"e\"lT, since the important acoustic 
quantities inw>lvccl could by no means be regarded 
as sim /ile st iffnesscs and masses, and were there fore 
not amenable to calculation. Direct measurement was 
the only possible line of attack. The method of 
measurement employed has been described in the 
Engineering Supplement to the Siemens l\Iagazine 
Tulv, rn:11 ; "The Vibromcter: A Device for l\leasur­
ing. mechanical and Acoustical Impedance." 

The problem is illustrated in Fig. 1. Curve A shows 
the frequency characteristic for an Inset No. lO 

-, : I I J 

�00 

..... ,...;/ 
----

1000 

c/s 
A-WITHOUT ACOUSTIC MODIFICATION. 

1500 

B-WITH RESONATOR (UNDAMPED) TUNED TO 1300 C,S. 
C-WITH RESONATOR AND ACOUSTIC SHUNT IN THROAT. 

FIG. l. OPERATOR'S BREASTPLATE TRAXS)!JTTER. 

when fitted with a mouthpiece of dimensions which 
make it physically suitable for use an as operator's 
transmitter. It will he seen that there is a ver\" 
prominent peak at iJOO c,'s and another at I ,:WO c/s. 
These peaks, particularly the former, have a most 
undesirable effect on the quality of transmitted speech. 

It was necessary in the first place to be quite sure 
that the abnormally long mouthpiece was itself the 
source of these peaks. Acoustic measurements were 
therefore made on such a mouthpiece when closed 
at its throat encl by a transmitter diaphragm, the 
remainder of the transmitter inset having been 
removed. (Gsing l\1r. l\Ic'.\lillan's nomenclature, 
Q1 was made infinite and Sg zero.). The values 

I \'ol. 31, Jl. 2\.HJ. 
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T h e  impedance curve of  
the mouthpiece so modified is 
shown in Fig. 3 and the corres­
ponding frequency characteristics 
an� B antl C in Fig. 1. In B the 
1 ,:300 c\ resonator alone is fitted, 
but the resonator aperture is un­
damped. In C both the liOO and 
the l,:mo c·s modifications arc in 
opcrat ion. 
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FIG. 2. -E\_!UIVALENT :\lECIIANICAL lMPEDANCI; OF OPERATOR'S TRANS'llTTER 
:\[OUTHPIECE. 

This problem, like so many 
others, could doubtless have been 
soh·ed lrv the time-honoured pro­
cedure of trial and error. Perhaps 
it would have taken less time to 

obtained arc plot tcd in Fig. 2. In making these measure­
ments sC'paratc readings arc taken to eliminate the 
effect of '.\f" and Sd ; consequently each ordinate in 
Fig. 2 is the mechanical impedance C'quivalcnt to the 
acoustic impedance of the mouthpiC'ce alone, viewed 
from its throat end. 

It will be seen that there is a prominent resonance 
at 600 c/s and another at I ,:rno c/s. It has been 
shown elsewhere2 that the corresponding zero values 
in the mutual impedance curve occur at slightly lower 
frequencies and, therefore, these two agree accurately 
with the peaks in the charactC'ristic A of Fig. 1. 
This leaves little room for doubt that thcv could be 
dealt with by modifications to the mouth1)iece alone, 
and from the numerical values given in Fig. 2, an 
indication of the magnitudes of the impedances 
which it would he necessary to 

produce an apparently satisfactory 
solution lrv such means. But no comprehensive 
understanding of any physical problem is possible 
without accurate measurement, and the trial and 
error method invariably leaves the designer with an 
uneasy feeling that a better solution could probably 
have been reached had he possessed a quantitative 
and complete knowledge of the variables. 

Yours faithfully, 
G. \V. SUTTO�. 

Editor's �Vote: 
Mr. D. '.\lcMillan has sct·n the above letter but 

considers that no reply from him is called for. He 
much appreciates Dr. Sutton's interesting additional 
information. 

add, is obtained. 
An acoustic shunt or " leakage 

path " was inserted at the throat 
end of the mouthpiece ; actually 
round the edge of the diaphragm 
itself. This eliminated the 600 c/s 
peak without affecting the per­
formance at higher frequencies. 
In addition a simple acoustic 
resonator, having a natural fre­
quency of 1,300 c ,1s was 1itted 
halfway between the throat of 
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Local Centre Notes 

North Wales Centre 

The third meeting of the !<)38-39 session took the form 
of a joint meeting of the Xorth 'Vales Centre of the 
I.P.O.E.E. with the South :\liclland Centre of the I.E.E. 
under the auspices on this occasion of the latter body, 
the meetmg bemg held Ill the Grnsvcnor Room of the 
Grand Hotel, Colmorc Eow, Birmingham, on :\Ionclay, 
December 5th, 1938, at 7.30 p.m. 

These Annual Joint :\Iectings between the two 
Institutions have now become firmly established and 
many old aquaintanccs "·ere renewed and new ones made 
at the informal gathering at tea to which I.P.O.E.E. 
members were kindly invited by the I.E.E. centre. 
This took place at the usual I.E.E. venue of the James 
"'att l\lcmorial Institute which, on this occasion, was 
too small to seat the combined membership for lecture 
purposes. After tea members made their way to the 
Grand Hotel where approximately 150 members of the 
I.P.O.E.E: out of a total attendance of 397 were present 
for the mam busmess of the evening, an attendance which 
was hailed as a record by the I.E.E. 

. Th
_
e Chair was taken by :\lr. H. Faulkner (Superintend­

mg Engmecr, )forth "'ales District), who is Chairman of 
the I.l'.O.E.E. Centre and also Chairman of the I.E.E. 
Centre and acted in a dual capacity. After the l\linutes 
of the last meetings of both Centres had been taken as 
read the Chairman called upon :\lr. D. C. Birkenshaw 
and l\fr. A. D. Blumlein to give their respective papers. 
Mr. A. D. Blumlein, B.Sc.(Eng), read the first paper­
" The l\Iarconi-E.'.\LI. Television System "-and '.\Ir. 
D. C. Birkenshaw read the second paiier, " The London 
Television Service.'' 

Full copies of the two papers were available at the 
meeting and the authors gave a general resume of the 
main features therein. At the conclusion of the reading 
of the papers the Chairman called upon .!\Ir. Greig of the 
I.E.E. to open the discussion which was further contri­
buted to by both I.E.E. and I.P.O.E.E. members. The 
Chairman, l\Ir. H. Faulkner, brought the discussion to a 
close. and gave some interesting facts regarding the 
coaxial cable between London and Birmin<Yham over 
which it is ultimately hoped to relay 0 television 
programmes. 

After the two authors had replied to the discussion a 
hearty vote of thanks was passed to them by the assembly 
Ill the customary manner on the proposition of the 
Cl��irman. The meeting then terminated at 9.5 p.m. 

I he fourth mectmg of the session again took place in 
Birmingham . on Thursday, January l2th, 1939. at 
2.45 P:m .. 

,
bemg held in the large hall, Queens College, 

Paradise Street, Birmingham. 
The Chairman of the Centre, :\Ir. H. Faulkner, 

presided over an attendance of r 80 members and visitors, 
the latter including rcpresentati\·cs of the District 
l\lanagcrs' Staffs at Chester an<! Gloucester ; the traffic 
sta.ff of �he Birmingham Arca :\lanagcr ; :\lr. J. :\. Cooper, 
C:l11ef Engmccr nf the B.B.C., :\Iidland H.egion, and 
Staff ; and representatives of the Electrical Enuinccrino­
Branch of Birmingham L'ni\·ersity. The Chairma� 
wclcomccl the visitors ancl two new members who brouo-ht 
the Centre membership up to 374. 

0 
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On this occasion the Centre had the pleasure of hearing 
l\Ir. A. H. :\Iumford, B.Sc.(Eng.), :\.:\LI.E.E., Sta ff 
Engineer, H.aclio Branch, Engineer-in-Chief's Office, 
give a paper on" Test l{csults and Commercial Operation 
of the London-Birmingham Coaxial Cable System.'' 
The paper was dcli\·cred extempore and proved l\Ir. 
:\lumfonl's perfect mastership of his subject. The paper, 
together with a resume of the system, was in the nature 
of a continuation of the articles on the Coaxial Cable 
which have appeared in various issues of this JOt:R;>;AL. 

At the conclusion of the paper the Chairman called 
upon :\Ir. l'cck to open the discussion. l\Ir. Peck, in 
complimenting l\lr. .!\lumfonl on an excellent paper, said 
that one could always tell when a trunk call to London 
was. passing over the coaxial cable by the bell-like 
clarity and absence of noise, which, when the various 
phases of modulation and rie-rnodulation, etc., were taken 
into account, was a tribute to the designers of the 
system. Even with this super-system one could not get 
away from the ubiquitous dry joint which ;\Jr. l\Iumford 
had shown in the list of faults as causing a temporary 
breakdown on occasion. :\lany members took the 
opportunity of discussing the paper and the Chairman, 
concluding the discussion, said that the coaxial cable 
system was a good example of what one might do with 
resistances, inductances and capacitances. 

:\Ir. :\Iumford replied in full to the discussion and gave 
further interesting points with regard to the check upon 
the accuracy of the master oscillator crystals. 

A hearty vote of thanks was passed to l\Ir. '.\Iumfonl 
for a very enjoyable paper by the meeting which closed 
at 5-40 p.m. 

The fifth meeting of the session took place at the usual 
Shrewsbury venue, the Technical College Hall, on 
Thursday, February 9th, 1939 at 2.45 p.m. when l\Ir. 
G. T. H. :\[atthews of the Birmingham Arca Development 
Staff gave an interesting Paper on " Development 
Schemes." 

In the absence of the regular Chairman, l\lr. H. 
Faulkner, on official business, the Chair was taken by the 
Vice-Chairman of the Centre, :\lr. H. G. S. Peck. 

The attendance, with the usual visitors from the 
various District :\lanagers' Staffs, numbered l 82. The 
Chairman after welcoming the visitors announced that 
as a result of five further new members the Centre 
membership now stood at 379. 

:\Ir. Peck then called upon :\fr. '.\latthcws to dcli\Tr 
his paper which clcalt very fully with the subject. 

In opening the discussion :\lr. Pope, Sectional Engineer, 
Chester, said that the reproduced copies of the papers 
would be especially valuable to those junior members 
of the staff who might desire an insight into this inter­
esting subject. 

1\Iany members took part in the discussion which was 
brought to a close by the Chairman speaking on the 
difficulty of trying to estimate dcn·lopment for large 
country estates near towns which might be housing 
estates in 20 years' time. 

A hearty vote of thanks was passe<l to :\lr. :\latthews 
after replying to the discussion and the mectin<Y ter-
minated at 5.30 p.m. s. l s. 



Junior Section Notes 

Cambridge Centre 
The Cambridge Centre continues to flourish. Fur this 

session the Centre has a membership of 60. 
Due to ci;cumstances beyond our control, the opening 

of the scss10n had to be delayed and eventually the 
open mg meeting was arranged for .:\ ovember 2 5th, 
when an extremely interesting lecture and demonstration 
was gi\·en by :\Jr. A. J. Thompson on" Fault Localisation, 
:\lain and Local Cables." .·\ t this meeting the Arca 
Engineer, :\lr. J. E. Pidgeon, presented two awards won 
by members of the Centre, for papers read before the 
Junior Section during the 1937-38 session. The first was 
a cheque for one pound and a certificate to :\lr. J. C. 
l{oharts, and the second a cheque for ten shillings and a 
certificate to :\I r. ]. E. Boon. The a\\·anl to :\Jr. Hobarts 
was kindlv gi\·en by ;\Jr. \\'. :\1. Osbourne (who was 
Sectional Engineer of the Cambridge Section prior to his 
promotion to Assistant Superintending Engineer). 
l\Ir. Boon's a\\·anl was in connection with the Eastern 
Centre Essay Competition which is open to all members 
who fail to gain an award in the national cssav 
competitions. 

· 

On December 2oth a paper was given on " Trans­
mission " by i\Jr. C. Hiley. On this occasion the Centre 
was fortunate in having demonstrations gi\·en on 
apparatus loaned from Dollis Hill. 
. The meetings continue to be well supported both by 
JUlllor members and members of the parent body. 

January 27th, saw a slight change in the usual tn)e of 
paper given by our members, when :\lr. ]. H. Cater gan� 
a paper, entitlecl " :\eronautics." This pnn-cd to be 
extremely interesting, a large number of questions being 
put to the 

.�
peakcr. The paper dealt chiefly with " .\ero 

Dvnam1cs. 
·on Ft·brnary 24th a paper was gi\'en by :\Ir. j. E. 

Boon on " lJ .:\.X. Junction Equipment." 
Forthcoming events arC' :--

:\Tarch 24th- -"Local Line Development." G. \\'. 
Harn·v. 

:\pril 2ist-" l{adio Interference Suppression." 
L. Salmon. 

Grantham Centre 
:\t a meeting held on January rnth it was unanimously 

agreed that a Centre be formed at Grantham, and the 
fol lowing officers were electcll : 

Chairman: E. :\. Owen. 
Vice-Chairman : H.. l\Iorlev. 
Secretary : G. J. \\' ard. · 
Treasurer : J. :\I. Bagley. 
Committee : T. J. H. Gaut, l<. J. (hn·n, H. l\:idcl, 

]. H. Cheatle and H. C'. \\'rav. 
There was a good attendance, including J. �le.:\. Owen, 

:\1.1.E.E., Sectional Engineer, who explained tlw objects 
of the Junior Section, and :\Jr. C. \\'clch who dealt with 
the financial side of the centre. 

The meeting closed with a vote of thanks to i\Ir. Owen 
and l\Jr. \\'elch for their interest in the matter. 

A short programme has been arranged for February, 
'.\larch and April. 

Cntil the next session will members please watch the 
notice boards. A. J. \\'. 

Luton Centre 
Despite the \·arious counter attractions "·hich pre\·ail 

throughout the winter months, the Luton Centre is 
flourishing and a very keen interest is being displayed by 
the staff. 

The 1 <J38-3q session commenced on SC'ptem ber 2 2nd, 
I<J38, when at a general meeting the follo\\'ing officers 
were elected :· -

Chairman: 0. H. Budd. 
Vice-Chairman : T{. Little. 
Secretary ancl Librarian : J .. \. l'qwr. 
Treasurer : .:\. Beswick. 
The Sectional Engineer, :\lr. J. B. Salmon, attended 

a meeting on Thursday, .:\o\'ember 1 7th, I<Jl8, when the 
Chairman, :\Jr. 0. H. Buehl, ga\'e an exc.ellent paper 
entitled, " London-Birmingham Coaxial Cable." 

,\ numlier of other meetings ha\·c since been held, but 
it would entail too much space to report on them. 

In adcl1t10n to the programme of lectures which have 
hecn compiled for the 193S-39 session, a series of 
" Discussion ::\ights " is to be held. These discussio n 
nights arc primarih· intended for the bcnef1t of mem bcrs 
who arc taking correspondence courses, to enable them 
to cliscuss points nf difficulty encountered in their 
kssons. 

Arrangements arc to be made in the near future for 
educational visits to places of technical interest. It is 
hoped that members of the junior staff, hoth internal and 
external, will a\·ail thcmseln·s of this opportunity to 
further their tcchmcal knowledge by attending the very 
mtcrcsting meetings that ha\'e bePn arranged, and also 
by taking ach«tntagc of the excellent library facilities 
a\'ailable. 

Oxford Centre 
The fourth paper of the I<J3S-39 session was read by 

:\lr. H. 13ett to an appreciative audience on :\lonclay, 
January 16th. 

The subject " Local Line De\·elopment " was clearly 
and carefully explained from the commencement of a 
scheme to the conclusion of the \\·ork. :\lr. Bctt went to 
great trouble in preparing maps and other details. 

The discussion \vas opened by :\lr. l{obinson. Points 
raised were dealt \\·ith to the satisfaction of all present 
by :\Jr. Bctt. 

The attendance was not up to standard and the 
members who were absent missed an cxcellcntlv read 
paper. J. :\i. �. 

Preston Centre 
The ad\·crtiscd datn of our February mc•eting was 

departccl from in order to pay tribute to :\lr. S. J. 
Cain, Efficiency Engineer, before his departure from the 
.:\orth \\'estcrn District to take O\'cr a similar duty in 
the South :\lidland District. 

The meeting was held on February 3nl at the J lead 
Post Office, Preston. 

:\Jr. \\'. H. Eaton presented his paper " Local Line 
I levclopmcnt '' in a \·ery able manner, the resultant 
discussion proving of interest to all present, including 
a numlwr of members of the Senior Sections. 

:\ftcr closing the lrnsi1wss of the paper, the Chairman 
invited :\Jr. T. Singleton, gang foreman, Preston, to take 
m-cr the duties uf the chair. :\lr. Singleton spoke in a 
very pleasing manner of the kindness, willingness, and 
the humane understanding which :\lr. Cain had shown to 
all while carrying out his duties as Efficiency Engineer ; 
and that he esteemed it a real pleasure to be afforded the 
honour of presenting, on behalf of the workmen of 
Preston, Blackpool, Southport and \Vigan, a small token 
of their respect and appreciation of his valued service. 

:\Ir. Singleton presented to '.\Ir. Cain an electric time­
piece and a sil\'er vase for :\lrs. Cain. Acknow­
ledging the presentation, Mr. Cain spoke of the loyalty, 
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support and co-operation which he had always recei\·ed, 
and on behalf of :\lrs. Cain and himself, thanked all 
associated with the gifts. They would always serve to 
remind him of his happy associations in the Xorth 
Western District. 

Mr. H. M. Taylor, Executive Engineer, in supporting 
the presentation, paid tribute to .\lr. Cain's outstanding 
qualities, and assured the meeting that no greater 
compliment could be paid to an Engineer, than to be the 
recipient of such goodwill and respect from the workmen. 

Mr. H. Crook, S.\\·. l, on behalf of the mechanics and 
Internal Staffs paid tribute, and concluded by wishing 
Mr. and Mrs. Cain every success in the future. 

C.]. B. 
Southampton Centre 

:\n interesting and comprehensive paper entitled 
" An Outline on Regional \Vorking "was read before the 
Southampton Junior Centre on \Vednesday, January l 8th, 
by F. W. Friday, Esq., A.M.I.E.E. (Sectional Engineer). 
Among the visitors present were representatives from 
every branch of the Southampton Section, including the 
clerical and traffic staff. 

The paper gave an excellent description of the 
development of the Departmental Organisation from 
Xational Telephone Company's practice to Hegional 
Organisation. Many questions were asked, to which 
.\fr. Friday gave adequate replies. A cordial vote of 
thanks was moved by :\lr. l{. J. \Vhite, seconded by 
Mr. C. H. Lockyer and carried with acclamation. 

Our \Vinchester and Salisbury colleagues who have 
supported the Centre are welcomed heartily. \Ve also 
congratulate l{ydc, Isle of \\'ight, on the formation of a 
new Centre. 

The Committee welcome also suggestions am! subjects 
for discussion during the 1939-40 session. These may be 
given to Mr. Hale, Chairman, or to '.\lessrs. \\'hite, 
Hislop, Couzens, Jennings, '.\Iiddleton or Dodridge. 

The continued support which Senior Section members 
have given to the Junior Section is appreciated. 

�.E.D. 
Southend-on-Sea Centre 

Interest in the activities of the Junior Centre has 
increased, meetings for December and January being 
well attended. 

District Notes 

London Region 
STOH.l\I D,\'.\L\GE 

The heavy snow storm which occurred in Lonclon and 
the Home Counties on \Vednesday January 25th, 
proved to be one of the worst for many years from the 
point of view of damage to the overhead telephone plant 
in the London Region. The Areas most affected were the 
North-West and North where the number of subscribers' 
circuits out of order on January 26th was <),(>53 and 
7,861 respectively the total for the Hegion being 27,335. 

Owing to the extremely wet and heavy nature of the 
snow, hundreds of poles were brought down, broken or 
displaced, with the result that there were 93 exchanges 
in the Region on which the subscribers' faults exceeded 
50, over half of these exchanges being situated in the 
North-\Vest and .!'\orth Areas. Among the exchanges 
most adversely affected were St. Albans with 2,000 
lines out of order, \\'atford l,050, Pinner 8qo, Xorthwood 
t>30, Rickmansworth <>oo, Enfield Goo, Cxbridge 600, 
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The subject for December was" Speech �ight." 
:\ine ten-minute speeches were made by various 

members of the Centre. The subjects inclucled, Illumina­
tion, Stamp Selling '.\lachines, Tones, Single Battery 
Power Plant, U.A.X. 7 and 14, Speaking Clocks, and 
Barretters. 

There was a short discussion after each paper. The 
judges for this occasion had a difficult task. Their 
decision was that the prize of 10s. 6d. for the best paper of 
the evening be awarded to J. Garlick for his paper on 

"Tones." 
On the occasion of our January meeting a joint paper 

on Local De\'elopment Schemes was read by l\lessrs. 
Xicholls and Pfaffle. 

The presence at the meeting of members of the 
external staff helped to make the discussion on this 
paper very interesting. 

Papers for the remaining meetings of the session arc:-
February 28th-" P.A.B.X." H. Norman. 
March 28th-" International Radio." H. G. Martin. 
:\pril 25th--" '.\letal Hectifiers." J. Garwick. 

Swindon Centre 

A meeting of the staff was held on January 2oth with 
our Sectional Engineer, Mr. Gifford, as Chairman, sup­
ported by Messrs. Clarke (secretary Senior Section South 
Wales District), Gill (Efficiency Engineer, South Wales 
District) and Kibby (Efficiency Inspector), with the 
object of forming a Branch of the Junior Section at 
Swindon. 

The Chairman and his colleagues gave interesting and 
\'aluable information on how to form and run such a 
Branch and the enthusiasm of the meeting was such that 
it was unanimously decided to establish a C�ntre at 
Swindon and a small temporary Committee was elected 
for the purpose. 

This Committee met on February 13th and elected the 
following officers for the ensuing year :-

Chairman : E. Blewitt. 
Vice-Chairman: A. E. Griffiths. 
Hon. Secretary : G. A. C. Coombes. 
Hon. Treasurer : E. F. Pearce. 
Committee : E. ] . Turner, J. Bray, ,\. \\'. Smith 

Enterprise 540, Palmers Green 520, and the following 
exchanges each with 500-Buckhurst, Harrow, Hillside 
and l\uislip. Five small exchanges in the South-East 
Area were isolated but the junction routes affected were 
restored on the day after the storm. Extensive damage 
was also caused on the Barnet-St. Albans, Potters Bar­
Brookman's Park and Tottenham-Broxbourne trunk 
routes. The number of circuits affected was however 
s�all, as these routes carry a high proportion of spare 
wires. 

On January 2Gth all the overhead gangs that could be 
possibly released from the Areas where the faults were 
relatively small were moved to the badly affected 
areas and the maximum amount of time allowable in 
the relatively short days was put to the restoration of the 
circuits. All Advice �ote work necessitating overhead 
gangs had to be postponed for a considerable period. 
\Vithin eighteen days all the faulty circuits were restored 
-a considerable proportion, of course, only on a tern-



porary basis. In the 1\orth Arca alone there were o\·er 220 
overhead men employed on the work at one period, and 
the figures for the other Areas were of similar dimensions. 

It is estimated that two to three months will elapse 
before permanent restoration can be effected and this 
work will make a heavy demand on the normal staff 
employed on faulting and Advice Xote work. Great 
credit is due to the staff for their unsparing labours in 
effecting the restoration of the circuits, especially in 
view of the transport difficulties encountered the first 
few days after the storm. There were, of course, com­
plaints from quite a few subscribers with regard to 
delay in restoring their service, but generally they were 
very appreciative of the difficulties. 

IGXGSTO:S--OX-THAMES POWER SCPPLY 
FAILURE 

A complete burn-out of the power station at Kingston­
on-Thames took place late in the afternoon of December 
14th, 1938, as a result of which the power supply to 
nine exchanges in the South-\Vest Area failed about 
4.20 p.m. The exchanges concerned, all of which are 
manual with the exception of Richmond (Director Auto.) 
were as follows : 

Kingston, Molesey, Richmond, Emberbrook, 
Walton-on-Thames, Esher, \Veybridge, Elmbridge, 
and Popesgrove. 
Enquiry was immediately made from the Borough 

Electrical Engineer at the power station, as to the possible 
duration of the breakdown and it was learned that it was 
likely to last for several days. A review was made of 
the amount of reserve battery capacity at all the 
exchanges concerned, and operators were retained to 
deal with the additional traffic. The power supply at 
Elmbridge, Emberbrook, Esher and Popesgrovc, was 
reconnected within a few hours. 

Immediate arrangements were put in hand to get the 
67 kilowatt Beardmore set and an 8 kilm\·att set to 
Kingston during the night. The power staff concerned 
were delayed in reporting for duty by dense fog which 
also delayed the arrival of the charging sets. However, 
these two sets arrived in Kingston about 5 a.m. on 
l 5th instant. Arrangements had been made over-night 
to get the remaining available 8 kilowatt sets into the 
area early the next morning. Only one of the 8 kilowatt 
sets were however, available, since four 8 kilowatt sets 
were in use at Guildford, Oxford, and with the Film 
Unit, Blackhcath. Early on December l5th, 1938, 
arrangements were made to recall one set from Oxford 
and the one with the Film Unit. These came to hand 
during the afternoon of the l5th instant. By means of 
these sets the service at all the exchanges concerned was 
maintained. 

The duration of the breakdown of the power supply for 
the various exchanges was as follows :-

Hichmond 4.20 p.m., December l4th, 1938 
to 6.8 p.m., December l5th, 1938 

Kingston 4.20 p.m., December 14th, 1938 
to i.30 a.m., December 16th, 1938 

\\'alton-on-Thamcs 4.20 p.m., December 14th, 1938 
to 5.50 p.m., December l6th, 1938 

Molcscy 4.20 p.m., December 14th, 1938 
to 7 p.m., December l5th, 1938 

\\'eybridge 4.20 p.m., December l4th, 1938 
to 5.30 p.m., December 16th, 1938 

The breakdown at the other four exchanges lasted only 
a matter of a few hours. 

The failure of the power supply also affected tele­
printer working from various Post Offices in the area. 
and emergency equipment was installed at \Veybridge 
to expedite service. 

The load on se\·cral of the exchanges increased Yery 
appreciably during the breakdown, on the average fr01i1 
two to three times the normal. As a result a revision of 
the initial arrangements, having regard to the estimated 
urgenc\· of particular exchange requirements, was 
necessitated. At two of the exchanges the emergency 
set was connected only a short time before the batteries 
would haYc failed. As a result the only practicable way 
of furnishing power to the exchange from the emergency 
set was by floating. A choke coil which had been part of 
the permanent charging equipment at Kingston exchange 
was cut out of circuit and used at other exchanges. 

XE\V AUTO:\L\TIC EXCH:\XGES 
Park. The Park manual exchange was transferred 

to automatic working at 2 p.m. on December 3nl, 1938. 
The automatic equipment forms the second unit in the 
Bayswater automatic exchange building, and was 
installed by Standard Telephones & Cables, Ltd. The 
initial equipment capacity is 5,900 with an ultimate of 
10,000. 4,523 subscribers, 5.p outgoing junctions and 
603 incoming junctions were cut over at the transfer. 
This equipment includes over 600 line finders with the 
associated subscribers' calling equipment, 400 first 
code selectors, So directors, nearly l ,500 200 outlet, 
group selectors, and nearly 600 final selectors of various 
types. The bridge control manual board which originally 
sen·ed Bayswatcr exchange was replaced by a sleeve 
control manual hoard to carrv the auto. manual traffic, 
including toll traffic for the hniexchanges. The Bayswater 
power plant, which was of the Department's standard 
two battery charge discharge type, was converted to 
parallel battery float working and one additional motor­
gcnerator with an output of 200 amps was installed. 

l'opesgrm'e. 4,roo subscribers'· lines working on 
Popcsgrove manual exchange were transferred to new 
automatic equipment installed in an extension of the 
existing building at r.30 p.m. on January nth. The 
automatic equipment which has an initial capacity of 
4,900, ultimate 10,000 was supplied by !\lessrs. Siemens 
Bros. & Co. Ltd., the batteries being installed by the 
Hart Accumulator Co., Ltd. These b;l.tterics arc associ­
ated with divided battery float power plant and arc 
plated to 1, 200 ampere hours with a box capacity of 
l ,(>50 ampere hours. The auto. manual board traffic is 
dealt with at Prospect where a new sleeve control suite 
has been fitted to deal with the manual board traffic 
for Prospect, Richmond and Popesgrove. 368 outgoing 
junctions and 317 incoming junctions were also brought 
into use at the transfer. 

l�sseudon. This U.:\.X., of the Xn. 6 type, was 
replaced on February 15th by a Xo. l 3 type in a new 
and larger building, situated on the same site. Con­
siderable difficulty was experienced in accommodating 
this building on the existing site owing to space limita­
tions of the latter clue to the increase of building line 
depth for future road widening. The manual board is 
at Potters Bar C.B. exchange and the number of sub­
scribers transferred was 94. 

P.A .B.X's. 

J. C� E. Hall, Ltd., Dartford. This subscriber was 
served by a Relay P.A.B.X. 32 volt equipment but the 
manual board was destroyed by fire some months ago 
and temporary manual working resorted to. Two new 
sections B.E.C.B. 1\o. 9 have now been installed to serve 
as an auto-manual switchboard, the cord circuits having 
been modified to meet the non-standard engaged test 
conditions pnl\·idecl by the automatic equipment. There 
arc 131 \\·orking extensions, 15 exchange lines and 2 

pri\·ate wires and the r 2-corcl circuits on each position 

(i!l 



incorporate indi\·idual slet'\'e relays per cord controlled 
by metal rectitiers to perform the necessary s\\'itching 
functions. One Ih cell battery sen·es the equipment and 
is float charged h\· a Siemens Transrectcr \\'ith auto­
matic \'(lltagc confrol. 

H.A .c.s·. IJ'oo/;.·ich. This equipment of the P.:\.B.X. 
line lindt•r typ<' has rC'cently hC'cn completed by :\Icssrs. 
Ericssons and sen·es at present Ll5 extensions and 
37 exchange lines. There is a 5-position manual board 
\\'ith J(J cords per position and free line signals on the 
outgoing multiple. The po\\'er plant is of the Parallel 
Battery Float system supplied from :\.C. :\Iains and 
incorporating t\\'o 1 25 ampere hour batteries. 50 point 
uniselector line finders and 100 outlet t\\'o motion group 
and final selectors are employee! in the automatic switch­
ing plant. 

J>.H . .\'s. 

Air JI i11ist1T, lierkeft>y S<f ltill'I' Hu11se. The opening 
by Sir Kingsley \\'ood of the new Air :\Iinistry Head­
quarters at Berkeley Square on December lith marked the 
completion of one of the largest block wiring schemes 
c\·er carried out in the London lfogion. The building is 
wired for 2,400 extensions and 750 main cable pairs 
are terminated on the main frame installed in the base­
ment and on which the building cables to the yarious 
floors arc terminated. The work of wiring the building 
was carried out under considerable difficulty owing 
to the number of contractors stri\·ing to complete 
the building in the limited time aYailable but, as a 
result of the efforts of the Post Office staff, sen·ice was 
gi\'cn at the datl' required. In vie\\' of tlw ,·ery short 
period aYailable for installation of the P.B.X. it was 
necessary to instal a I(i-position, C.B. ::\o. l) manual 
switchboard at the outset, with temporary 12() ampere 
hour batteries. The permanent installation, which will 
consist of 32 C.B. 10A positions with a po\\'er plant 
with two woo ampere hour batteries which can be 
worked charge-discharge ur float, is nm,· under con­
struction. The power plant will be supplied from four 
40 \'olt rectifiers \\'Orked off 400 yolt .\.C. mains. 
Tclt'graphs. 

In ::\o\·embcr last, a Ill'\\' teleprinter school 011 the 
4th Floor, C.T.O. Building was opened for training 
purposes, replacing the old school on the ground floor. 
l<egulation tables ha\'c been installed for 20 practice 
sets, especially wired for alternati\·e teleprinter ::\o. 
7 B and ::\ o. 3:\ working for " through," " local " or 
normal conditions. :\ further so sets haYe been installed 
for local practice purposes u.sing teleprinters ::\o. y\. 
:\ll circuits provided haYc been \\·ired to a test board in 
the lecture room adpccnt and can be adapted for traffic 
purposes if necessary, during peak demands. In addition, 
two telex circuits ha\·c been pru\'ided on ;\ational 
exchange. 

!luring the last few months, multi-channel Y.F. 
tclegrapl1 working between London, Birmingham, 
Cardiff, Exeter, ::\ottingham and Sheffield has been intro­
duced using channels of the I 2-circuit carrier telephone 
systems. Additional testing equipment has been installed 
to deal with the growth of these systems and additional 
cables are being proYided for the extension Of the circuits 
from the \'.F. telegraph plant in Faraday Building to thl' 
instrument terminations at C.'f.O. A further bav of 
Tariff " A " equipment has been installed at Faraday 
Building for additional requirements of 56 subscribers. 

Trunks. 

New suite of trunk a11d toll test racks. The whole of the 
trunk and toll circuits ha \·e now been transferred from 
the old to the new test racks and this im·oh·ed the 
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pru\·ision of more than 57,000 nc\\' jumpers using nearly 
500 miles of twin jumper wire. In addition, nearly 
27,000 olcl jumpers had to be recovered. The work of 
di\·crting these circuits \\'as extremely complicated 
as it was necessarv to ensure the minimum interference 
to trunk and toll -traffic and, with careful organisation, 
it was possible to keep this interference do\\'n to a n  
absolute minimum. 

Lo111lo11-Bir111i11glzam coaxial svstn11. Two super-
groups of 40 circuits each, together with common 
equipment haYe now been completed and arc giving 
satisfactory service on the Birmingham route. 

r 2-cirrnit Carri,r svstems. Earlv in December, the 
first four groups of tl1e London-Bristol 1 2-circuit carrier 
telephony circuits \\'ere lined up and handed to traffic 
and the remaining 20 groups in this sytem are being 
brought into use gradually, together \\'ith other trunk 
re-arrangements. 

\\'ork is now in completion on the London-Oxford­
Gloucestcr system ; at the moment groups 18 to 21, i.e. 
48 circuits, arc in service under acceptance tests. A 
second four groups arc almost ready and arc under test 
bv the Contractors. 

·The London-Cambridge system is nearing completion 
but no circuits are as vet in service, while the London­
Guilclford-Portsmouth • is well a<h·anccd with the 
installation almost completed. 

The London-St. :\Iargarcts Bay carrier cable has been 
brought into Faraday Building and terminated, and 
the installation of the channel equipment is proceeding. 
The London-Salisburv carrier cable has also been termin­
ated and proportion cif the channel equipment is on site. 
788 echo-suppressors arc being installed in conjunction 
with the aboYe systems. 

htlz Fluor .1lain Tnrnli Suite. On December I<Jth, 1938, 
38 demand positions on the Mh Floor :Vfain of the South 
building were opened to traffic to meet the Christmas 
pressure and deal solclv \\'ith calls originated from 
automatic exchanges in the London Director area. The 
opening of this suite brought the total of positions in 
Faraday Building set aside for long distance traffic to 
802. The initial suite on the Gth Flom :\lain comprises 
Io(i trunk positions, the completion of tlw balance 
being due in a few weeks. 

2 i ·.F. a11d 7 Digit Director cq11ip111eut. :\n automatic 
exchange of the director type will shortly be opened at 
London Trunk exchange. :\t present individual selector 
lines ar c provided to each automatic exchange in the 
London Arca and the trunk operators obtain the number 
required by dialling 4 digits, whereas on the opening of 
the new exchange, a common group of manual board 
first code selectors will give access to all automatic 
exchanges in the London director area, the operators 
dialling 7 digits for each call, that is the three digits of 
the exchange code followed by the 4 numerical digits. 

The existing circuits to the automatic exchanges appear 
in the outgoing junction multiple but, on the introduction 
of the new scheme, these circuits, plus additional junc­
tions necessitated by the change from m;mual selection 
to automatic selection, will be transferred to the bank 
contacts of the code S\\'itches. Soo keys ha\'e been pro­
Yidcd in order that the transfer of the junctions concerned 
approximately 650, may be effected without interference 
to the serYice. Owing to the limitations of multiple 
capacity it will not be possible to accommodate the 
whole of the manual board first codes at the outset and 
it will thus be necessary to introduce automatic working 
exchange by exchange: thus releasing rnultiplt• jacks for 
gradual extension of the manual board first cod<' multiple. 

Two \'.F. signalling <'<]llipmcnt to enable pro\'incial 



zone centre operators to dial direct into the London 
automatic network is at present under extensive test 
and it is anticipated that the first groups of trunks 
working on this system will be brought into use during 
the next few months. Change-over keys are also being 
fitted on the trunk circuits to facilitate testing and 
change-over to the new conditions. In view of the fact 
that group centres working direct to London are not at 
present being equipped for 2 V.F. working, it has been 
decided that certain of the larger automatic exchanges in 
the City and West End shall retain a four digit dialling 
group of junctions from the trunk multiple in addition 
to the provision of an automatic group from the code 
switches, the latter being used for calls from zone 
centres and for over-flow traffic from the four digit group 
passed via the London manual board first code. 

South Eastern 

SEA CABLES-ST. MARGARET'S BAY 

Two works of interest have been carried out recently 
in the Canterbury Section, both in connection with 
the shore ends of sea cables at St. Margaret's Bay. 

The first work concerned a subsidence of the footway 
above the sea wall-shown in Fig. 1. The main point of 
interest, however, lies chiefly in the cause of the 

FIG. 1.-FOOTWAY SUBSIDENCE. 

subsidence, which was found to be a concrete ramp con­
structed for leading in some of the early sea cables 
which have since been abandoned. Unfortunately this 
heavy ramp was not taken down to the solid chalk-rock 
footing but was built on shingle. The action of the tides 
has slowly shifted the shingle, undermining the security 
of this ramp, with the consequence that it eventually 
broke away, carrying a small portion of the base of the 
wall with it. Once a small opening was made in the wall 
the tide washed out the shingle from behind the wall, 
causing the footway to fall in. It is somewhat surprising 
to note how rapid is the action of the sea in washing away 
loose material, although the hole through which it 
swirls is comparatively small. The hole, which measured 
roughly 8 ft. by 6 ft. at the top, was made during the 
night by one tide. Although in the height of the holiday 
season the bay is very popular with visitors, at this period 
of the year fortunately few persons pass that way. 
However, as the subsidence occurred immediately in 
front of and close to the original cable hut, which is now 
the property of a local landowner, a second tide would 
probably have seriously affected the safety of this 
structure. 

In making repairs it was considered desirable to carry 

FIG. 2.-COMPLETED REPAIRS. 

the reinforced concrete well below the hole in the wall, 
in order to avoid possible trouble in the future from 
apparent cracks. This, although necessitating excavation 
to a depth of approximately 18 ft. and close timbering 
as the work was in loose chalk and shingle, presented little 
difficulty other than a suitable choice of time for working 
in relation to the tides. 

Fig. 2 shows the substantial nature of the final 
repairs on the face of the sea wall, and also the end of 
the old concrete ramp. 

The second work concerned the leading in arrangements 
for the shore end of the new TSX-Sangatte cable, which 
will be landed this spring. 

Previously, cables have been taken through a hole ir 
the sea wall and laid in a trench on the land side. It 
was decided in this instance, however, to Jay a 6-in. 
pipe to carry the new cable and to provide three similar 
pipes for future cables, making four in all. The type of 
pipe to be used was given careful consideration and it was 
finally decided to use metal spun cast iron pipes 6 in. in 
diameter, the four pipes passing through the sea wall 
being "C" class, i.e. 0·37 in. in thickness and the 
remainder Class B 0·33 in. in thickness. Metal spun iron 
pipes have the advantage over the usual cast iron pipes 
of greater strength, a reduction in weight, with a con­
sequent saving in freight charges, and a much smoother 
bore ; the latter has a distinct advantage when drawing­
in large diameter, heavy, covered cables. In this 
connection it is desired to record the able and willing 
assistance given by the Staveley Coal & Iron Company 
from whom the pipes were purchased. 

The pipes terminate on the land end in a manhole­
RC.2 reduced to 8 ft. long-and as it is necessary to 
provide for adequate anchoring of the sea cables the 
pipes have been arranged to enter in pairs vertically 
against the sides at one end. At the opposite corners 
two anchor irons per pipe have been provided. 

The method decided upon for anchoring the sea cables 
is to cut back the armouring and form this into two wire 
ropes each moored to a separate anchor iron by a length 
of G.I. stay wire, the ropes so formed and the stay wires 
being coupled with stay clamps. 

The laying of the pipes presented no little difficulty; 
in the first instance the trench was in loose chalk and 
shingle, terminating in a tunnel for the last six yards 
back of the sea wall. Close timbering was essential 
throughout. Secondly it was necessary to choose a 
suitable time to break through the sea wall as at this 
point it is well below high water level. Although every 
effort was made to break through, lay pipes and fill-in 
in one day, with the short days at this period of the 
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year it was not found possible to do so, and temporary 
filling-in was necessary. In order to reduce the work 
of filling-in and re-excavating to a minimum, tem­
porary filling-in was made with sacks loosely filled 
with shingle and these were readily lifted into position 
and removed as required. 

Sacks filled with shingle were also used as a barricade 
in place of timbering on the sea side to prevent the tide 
washing shingle back into the open trench. 

Referring to the tunnel to the back of the sea wall it 
should perhaps be mentioned that several very large 
sections of old concrete sea wall-which presumably at 
some previous date bad fallen in and been abandoned­
were encountered and these had to be broken up before 
they could be removed. 

During the work here another small subsidence 
occurred ; although this was some little distance away 
from the present work, its course has been traced to the 
back of the hole in the sea wall through which previous 
sea cables have been led-in. The cause of this subsidence 
appears to be due to the fact that the sea washes up the 
hole and subsequently drains away under the base of the 
sea wall-the sea wall is not carried down to the rock­
cbalk but rests on shingle, gradually carrying with it 
loose chalk and the finer shingle. It is proposed, therefore, 
to seal the hole in the sea wall with compound round the 
cables and concrete the whole in situ. 

Two photographs of this work are reproduced and 
these show various aspects and points of interest. 

Fig 3 shows a close up of the sea end of the trench and 
gives some idea of the tunnelling. Practically the whole of 
the depth shown is below high water level and as can be 

Fie. 3.-TuNNELLrne UNDER SEA \\'ALL. 

seen the excavation is in loose shingle, which tended to 
level out on each occasion water entered. The existing 
sea cables arc shown suspended. A point of economy in 
timbering material will perhaps also be noted. 

Fig. 4 shows the work completed. The ends of the 
four pipes have been sealed with caps. It is the intention, 
however, when the sea cable is drawn in, to have a 
split cap specially made to fit over the cable to enable the 
pipe to be efficiently sealed to prevent the ingress of 
water. 

This photograph was taken before the timber guard 
was replaced. It is, however, being replaced temporarily. 
Before the sea cable is drawn in the piles will be placed in 
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Fie. 4.-NEw PIPES IN POSITION. 

positions more suitable for the run of the cables and a 
new guard erected. 

It will be appreciated that the photographs from the 
beach were taken at low tide. At high tide the water 
reaches practically to the top of the wall. There is, 
moreover, a very big difference in the level of the 
shingle at different periods-with some tides the level 
of the shingle is raised so as to cover the whole of the 
work, whereas at other times the shingle is carried clear 
away. 

STORM DAMAGE 

As a result of the snow storm on January 25th, 1939. 
very extensive damage was caused to the line plant in 
the South Eastern District. The eastern area of the 
District suffered most but the central and western 
areas were also badly affected. Details from the various 
areas are as follows :-

Tunbridge Wells Area 
The snow commenced early in the morning of January 

25th, 1939 and continued steadily throughout the day. 
By 5.30 p.m. the total number of reported faults was 
approximately 2,600 with 20 exchanges reported on 
January 26th, 1939 as totally isolated; by 4 p.m. on 
January 27th the faults had risen to over 5,000. 

Repair work was by this time well in hand and every 
effort was being made to restore service in the isolated 
areas; so expeditiously was this done that by 4 p.m. 
on January 27th, 1939 only 2 exchanges remained 
isolated. 

Storm repair work continued until February 6th, 1939 
when a normal fault position had been reached and up to 
that time approximately 7,000 faults had been cleared. 

Pole breakages were comparatively slight in view of 
the heavy strain imposed upon the routes generally, 
the total of 20 such breakages being surprisingly low 
due undoubtedly to the ground being waterlogged. The 
total number of poles deflected, however, amounted to 
approximately 480 and those uprooted numbered 85. 
The number of broken stays numbered 25 with approxi­
mately 75 drawn and 10 arms were broken. 

Repair work was greatly hampered by the heavy 
night frosts which continued throughout the week follow­
ing the storm and which broke the badly strained wires 
that had been replaced t.o give temporary service. 

The following junction routes broke down entirely :­

Sharpthorne-East Grinstead 
Ton bridge-Had low 
Rotherfield-Crowborough 
Danehill- utley 
Penshurst-Tonbridge 



Collier Street-Paddock \\.ood 
Tunbridge \Vells-Crowborough 
Tun bridge \Ve 1 ls-Rotherfield 
Heathfield main route 
Hadlow Down-Buxted 
Penhurst-Tunbridge \Veils 
Horsmonclen-Goudhu rst-Brench Icy 

Canterbury Section 

In this Section, the fall of snow was heavy and the 
line breakages were clue entirely to the weight of snow 
and ice on the wires, there being no wind to increase the 
damage. As a result approximately rno poles were 
broken, 1,150 poles required resetting, 1,200 miles of 
single wire had to be renewed, about 5,000 telephone 
subscribers were without service and 17 exchanges were 
isolated. 

As the snow melted the flooding which occurred 
loosened the soil around the base of many poles causing 
them to go over under the strain of broken wires and 
poles. The flooding was therefore responsible for 
increasing the already high number of poles that required 
resetting and also for causing 20 cable faults, all these 
being in cables the lead sheathing of which had been 
previously corroded. 

After the roads had been cleared of broken poles and 
tangled wire, the work of restoring the service was 
energetically tackled. By January 1st, 1939 all the 
exchanges had been brought into service and the number 
of outstanding faults reduced to approximately 1 ,500. 
It took nearly three weeks for all the faults to be tem­
porarily cleared. 

Brighton Area. 

The storm affected chiefly the North-Eastern part of 
this area and approximately 5,000 faults were caused 
mainly due to single spans of wire. About 50 poles had 
to be reset and 3 exchanges were isolated for the period 
from the afternoon of January 25th, 1939 until the 
morning of January 26th, 1939 when in each case 
service was restored. The faults were reduced to a 
normal number in about 9 clays. 

A. B. '.\I. 

South Lanes. 

RUSHOLME�NE\V 3,000-LINE, 2,000-TYPE 
AUTO EXCHANGE 

On January 28th, 1939, at I.I. p.m. the first large 
2,000-type exchange in the Manchester Director network 
was cut into service with a total of 2,751 lines and 446 
junctions. 

The call office traffic (180 installations) is high in this 
area and the transfer of these to the automatic equipment 
was spread over the previous ten days, during which any 
incoming calls to transferred lines were completed via 
transfer circuits from the C.C.I. positions to an "A" 
operator who dialled the required number. For outgoing 
calls from these numbers a temporary director trans­
lation was inserted to route calls to other Rusholme 
subscribers via tandem to the C.C. I. positions at the 
manual exchange. 

For the pre-transfer testing arrangements, AUT 
translations were provided on the directors at outstation 
exchanges to enable the auto exchange to be obtained 
without interference with the routing of RUS calls to the 
C.C. I. manual positions. Before the transfer half of 
these were remoYed an<! the directors busied until the 
transfer and the remainder were modified immediatelv 
afterwards. 

· 

The post-transfer engineering tests were commenced at 
r.5 p.m. and completed by 1.35 p.m. ; the traffic tests 
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were finished at 3.45 p.m. Two faults were proved­
! line and I instrument-and succeeding weeks h;we had 
normal fault rates. 

The old Rusholmc exchange-the second C. B. cxchang<' 
to be opened in l\Ianchester about 1909-is of interest 
being in an adjacent single storey building, once a 

laundry. The equipment is a \\'cstern Electric C. B. 10 
with small line relavs mounted in the sections. Good use 
will be made of this building as a \Vorks Order Store. 

Thus, after several vicissitudes during which the ready 
for service elate successively mm·cd from June 1st, 1937 
to Xovcmbcr 14th, 1938, the new Husholmc is now a 

" fait accompli." 

South Midland 

HUI{LEY VILLAGE AUTO:\IATlC EXCIL\:.iGE 
By the time this article appears in print the aboYc will 

be no more; it will have been replaced by modern equip­
ment of the U.A.X. Xo. 13 type. 

Hurley together with Ramsey (Hunts.) were the first 
unattended public exchanges to be installed in this country 
and no doubt the experience gained from the working 
of these exchanges, proved to the Department that the 
elimination of small manual exchanges by automatic 
equipment was a step in the right direction. 

It may be of interest to the modern telephone engineer 
to compare the equipment installed by Messrs. Siemens 
Bros. i n  December 1921 with that installed in January, 
1939-just over 17 years. It will be noted that several 
of the features then installed, arc now standard on the 
modern equipment. 

Old New 
Calling equipment U.S. L.F. 
Dialling tone No Yes 
N.U. tone Yes Yes 
Multi-metering No Yes 
Extended alarm over junction Yes Yes 
Single Siclcd Racks Yes Yes 
Busy Back and Flash Yes Yes 
Interrupter Springs on Ringer Yes }'cs 
Coin Box facilities *No Yes 
P.B.X. facilities *No Yes 

*These could have been provided but were not called for 
in the specification. 

The old village equipment was initially installed for 
40 uniselectors and ultimately So, the numbering scheme 
being 20-99. The bothway junctions to '.\faidenheacl 
(parent exchange) and to Marlow were connected to the 
o level and to obtain these exchanges 01 and 02 respec­
tively had to be dialled, the hunting feature being 
provided on level o. Only one ringing machine was 
provided-there being no standby machine-which was 
operated on a start-stop basis and it is a remarkable 
fact that during the whole of the l 7 years service the 
machine never failed, truly a wonderful performance. 
The interrupter spring sets on the machine haYc been 
changed on very rare occasions. The equipment during 
the 17 years has given excellent service and complaints 
from subscribers have been almost negligible. 

The passing of an old and trusted exchange is to he 
regretted and it is only hoped that the new l: .A.X. 
No. 13 equipment will after 17 years have gin�n as good 
and practically fault free sen·ice as did the oh! village 
equipment. 

The passing of the Hurley and lfamsey Yillagc auto­
matic equipment brings to an end the two pioneer 
exchanges upon which the modern lT.A.X. has been 
cle\·clopcd. 

H. M. 



North Western 
SUBi\!ARl.':E CABLE ACROSS THE DUDDON 

ESTUARY 

The closing episode in the engineering work of this 
District before becoming a Region has been the forging 
of a link in its main underground system by the sub­
marine cable which now spans the Duddon Estuary 
between Lancashire and Cumberland. 

This 2,940 yard cable has made possible a saving 
of some 16 miles of duct work, manhole construction and 
loading coils. The idea of bridging the estuary was 
conceived in 1936 after the difficulty experienced in 
maintaining satisfactory circuits between Barrow, 
Whitehaven and the rorth. The overhead route was 
heavy, and ran along undulating and tortuous lanes 
exposed to wild weather, while the weakest section crossed 
the Bootle Fells and was inaccessible for long periods at a 
time. The new cable is a 6o pr/20 star quad with a pure 
lead sheath of o.n inches minimum thickness; This is 
rubber sheathed and armoured with 22 'No. 2 S.W.G. wires. 

In order to maintain 2,000 yard loading spacing a 
special torpedo type loading pot of 6o coils, 88 mH, with 
a watertight outer casing, had to be built in the middle of 
the estuary and subsequently buried in the sands. The 
cable was made in six lengths, and delivered in two 
drums to the Askam shore and four to the Millom shore. 
Shallow waters prevented the use of a proper cable ship, 
and after the exact lengths had been determined, and 
two drums of cable on the Askam side actually laid and 
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jointed, a cable ship had to be improvised and used where 
the sands and channel were unfit to walk upon, and 
where it was only possible to approach by means of the 
water. 

The s.s. Jessie owned by the Millom & Askam Iron 
Co. was hired to assist in this work. The boat had cable 
drum jacks mounted in the hold and a complete paying­
out gear was rigged up in the stern so that the cable 
could be paid out as the boat crossed the mid channel at 
high tide. 

The shore party for the i\Iillom side was still necessary, 
and they had to row to the cable ship and use a draw rope 
to fasten on to the cable end so that it would be pulled 
ashore. 

One of the biggest difficulties was the uncertainty of 
the height of the tide due to prevailing wind and the 
short time available before the ships settled on the sand 
banks. 

Some slack in the cable had also to be arranged for, 
and finally a pontoon had to be used in order to joint 
the loading coil in mid channel. 

\Vork on the pontoon was very arduous, and the crew 
did not enjoy their experience of floating in a choppy 
sea 12 feet deep with no boat near, and when on one 
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occasion the Primus got out of hand, the work seemed 
very dangerous. " It was a black night with snow and 
sleet " reports the Clerk of Works. " The pontoon was 
rocking up and down like a cork in a bottle. It was a 
job to sit down never mind stand up, and one of the 
coldest nights I have spent since the War." The icy 
wind and choppy sea made conditions extremely un­
satisfactory. 

The various incidents which occurred to several 
members of the party by treading on shifting sand 
were treated lightly and with a good deal of humour, and 
the crossing in the dark of the Kirkby Pool in a small 
boat which was not quite level will always be remembered 
by those who took part in this eventful job. 

Everywhere the cable was buried to a depth of 14 
inches by Siemens Bros. sub-contractors, Messrs. 
Wimpey of London. 

South Western 
STORM DAMAGE-JAr UARY, 1939 

Considerable damage to overhead plant resulted from 
the severe snowstorm which swept the District on 
January 25th last. The effects were all the more serious 
as the routes damaged by a gale some three days earlier 
were still in many places undergoing repair. 

A total of 68 exchanges were isolated, the majority 
being small exchanges situated on high ground on 
Dartmoor, Exmoor, The Mendips and similar territory, 
where many of the roads were blocked for several days 
due to snow drifts. The photograph indicates typical 
conditions under which the restoration work had to be 
undertaken, and the fact that approximately II,000 

subscribers faults and 1,200 trunk and junction faults 
were cleared in the space of less than a week under such 
adverse conditions, reflects great credit on the South 
\Vestern District staff concerned. 

RETIREi\lENT AND DEATH OF l\lR. J. Ei\IYLX­

JO 'ES 

:\Ir. Emlyn-Jones of the District Technical Section 
retired on December 31st, 1938, after over 43 years in 
the Telephone Service and died on February 4th, 1939· 
His early passing came as a painful shock to his many 
friends who only a month or so previously had made a 



farewell presentation-contributed to also by personal 
friends in the Engineer-in-Chief's Office and elsewhere­
and had expressed hopes that he would make a good 
recovery from his recent indisposition and enjoy the 
pleasures of a long retirement. 

Mr. Jones was of a serene and kindly disposition and 
was a well-known figure in telephone circles in Bristol 
and the West Country, having joined the )lational 
Telephone Co. at Bristol in 1895. A few years later he 
was concerned in the installation of the Bristol C.B. 
Exchange-the first such exchange in this country. 

He became District Electrician in 1909 and entered the 
Post Office service on ] anuary l st, l 912, as Chief Inspector 
in the Bristol Section. 

l n 1923 he was promoted Assistant Engineer in the 
Technical Section where, except for a period of loan to 
Bristol Section, in charge of the auto. conversion, he 
remained until his retirement. 

North Wales 

RECOKSTRUCTJO OF THE MENA I SUSPENSIO)l 

BRIDGE 

The l\lenai Suspension Bridge, which was built in 
1826 by Telford and at its opening was the largest and 
most important suspension bridge in the world, is now in 
process of reconstruction to meet modern traffic require­
ments. The bridge has given yeoman service for over 
lOO years and has served as the only roadway link between 
the Isle of Anglesey and the mainland. It carries Watling 
Street (A.5), the great road which runs from London 
to Holyhead, across the l\Ienai Straits together with 
the whole of the telephone and telegraph cables to the 
Island, thus providing an essential link in the com­
munication between the mainland and Holyhead, and 
between this country and Eire. Recently by means of 
these cables a link has been provided between the 
B.B.C. Welsh Regional Studio at Bangor and their 
transmitter at Penmon. 

The bridge is a beautiful structure and represents a 
national monument to Telford's genius, and for this 
reason it is required to carry out the work of reconstruc­
tion with as little alteration to its general appearance as 
possible, and to do the whole work without any inter­
ruption to the traffic on this busy road artery. 

The centre masonry towers are built on rock and reach 
to a height of 160 feet above the high water level. The 
centre span is suspended at a height of 100 feet above sea 
level and is 580 feet in length. This centre span is sus­
pended from four massive linked wrought iron chains 
which arc anchored in the solid rock beyond each of the 
approaches to the bridge. In view of the four lines of 
supporting rods the bridge onlycarries two lines of traffic 
with a central footway. The reconstruction proposal 
is to replace the four wrought iron chains by two similar 
chains of high tensile steel and so provide for three lines 
of traffic and remove the speed restriction from traffic 
(at present 4 m.p.h.). Pedestrians will be provided with 
cantilever footways supported outside the main bridge. 
Some details of this difficult engineering problem may be 
of interest. 

The work is anticipated to cost £228,000 and the 
reconstruction which began in the Autumn of 1938 will 
extend over 2! years. Steel superstructure has been 
erected upon the top of each masonry tower and several 
steel ropes have been erected over these structures and 
suspended alongside the existing chains and anchored 
in deep chambers cut into the rock at each side of each 
end approach and the anchor supports concreted in. 
Temporary rods have been bolted to the bridge span and 
clipped to these temporary steel ropes which at present 
carry the whole weight of the roadway. The wrought 

iron chains are now being dis111antled with the aid of 
oxyacetylene apparatus. It is proposed to tunnel out the 
existing permanent chain anchorages and concrete in 
the two new high tensile steel chains in place of the two 
outer wrought iron chains and from these suspend a new 
central span at about 6 ft. below the present roadway 
level. The supporting rods will pass through the existing 
roadway. When this is completed the present deck will 
be removed in two 580 ft. lengths using the new half of 
the span for traffic whilst the second half of the present 
is dismantled. Traffic will pass to the lower level by 
means of ramps during this stage of the reconstruction 
work and on removal of the old span the suspension will 
be tightened to lift the new centre span into the position 
occupied by the present span. The temporary work will 
then be removed and the new footways provided by 
cantilevers projecting outside the present width of the 
roadway, this will provide a new 23 ft. wide carriageway, 
with two 5 ft. footways in place of the present two narrow 
carriageways of 7 ft. 9 in. width. 

The present cables required across the l\Ienai Straits 
are 182 pr/20 Bangor-Holyhead Tk cable, and a 4/40 and 
l38pr/20 cable for B.D.C. circuits and local junctions 
and it was soon obvious that these cables could not be 
maintained uninterrupted across the Suspension Bridge 
during the extensi,·e reconstruction work. At present 

lead-covered cables cross the bridge span in channels 
provided in the inverted \' shaped iron curbs to the 
carriageway, and at the centre towers flexible joints arc 
provided by V.I.R tails, and solid plugs. These flexible 
joints have been found to be very necessary as the centre 
span of the suspension bridge has considerable movement 
during rough weather. 

It was decided to lay two subaqueous cables across the 
l\Ienai Straits to take the above circuits and these cables 
were laid in December last at a position approximately 
lOO yards north of the suspension bridge. The cables 
were laid by the local staff under the supervision of 
the Assistant Submarine Superintendent (Mr. Leach) 
and assisted by seamen of H.l\I.T.S. Alert under the 
control of the 211d Officer (l\Ir. Jago). 

The length of submarine cable concerned was 433 
yards and this included end sections of 98 yards to 
connect with manholes on the existing tracks. 

Arrangements were made to hire a large flat bottomed 
sea barge and the cable was coiled in large loops at the 
barge bottom and supported on staging made of 
recovered telegraph poles. This was <lone at Caernarvon, 
the cable being unwound from drums jacked up on the 
harbour. The barge was towed to the suspension bridge 
and sufficient slack cable fleeted ashore to make up the 
shore end on the Welsh side ; this was securely anchored 
just above high water mark by bars driven into the 
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shore and also secured by lashing and blocks and tackle. 
The cable end passed over the stern of the barge via a 
"cable brake," which consisted of three circular wooden 
annular rings supported on pillars and on a solid 
framework. Two of the rings had horizontal cuts across 
them and attached to the upper half of the ring was a 
6-ft. lever which could be moved to enlarge or contract 
the hole contained by the two portions of the ring. The 
cable passed through the centre of these rings and the 
levers could be operated to exert pressure on the 
armoured sheath and so control its rate of progress of 
passing from the barge to the sea bottom. 

A few minutes before the time of high tide, a high 
powered motor boat was sent across from the barge to 
the Anglesey shore towing a slack 3-in. hawser; the 
end of the he.wser was made fast to an eye bolt fixed in 
the rock on the Anglesey shore. The donkey engine and 
windlass on the barge then wound in the slack of the 
rope and the motor boat returned to the barge and 
fixed a tow rope from its stern to the prow of the barge. 
Another powerful motor boat was lashed fore and aft 
to the barge and at high tide the motor boats commenced 
to pull the cable barge across the Straits, the motor boat 
at the fore being used mainly for steering. The donkey 
engine wound in the 3-in. hawser, which was employed 
mainly as a reserve means of haulage in case of engine 
failure of the motor boats. The starting of the motor 
boats was a signal for the six men in the hold to pay 
out the loops of cable which entered the water at the 
stern, via the " cable brake," the latter being manned by 
t\vo seamen. By this means the course of the cable was 
kept in a direct line, and the cable laid at a fairly rapid 
speed, the time for the 325 yard crossing being 7 minutes. 

On the Anglesey side a gang of 25 men lifted the cable 
end ashore on the quay where it was left anchored and 
coiled prior to fleeting up of the shore end on the following 
day. The shore ends were buried in trenches previously 
channelled out. Owing to the special nature of the tides 
and the necessity for carrying out the work at slack tide, 
it was necessary to lay each cable on separate days, the 
time of slack tide being approximately 15 minutes. 
Efficient use of this time was only possible by careful 
organisation in advance. 
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The tide race is very swift at this narrowest portion of 
the Menai Straits and two opposite tides meet at about 
this point ; it was, therefore, considered necessary to 
anchor the cables to prevent subsequent movement by 
the tides. For this purpose a deep sea diver was employed 
to place bags of wet concrete on the cable. The diver was 
able to descend only for maximum periods of· t hour at 
slack tide at low water each day and his operations 
extended over a period of three weeks. Bags of concrete 
were laid on the cables at 10 ft. intervals and in three 
portions of the length it was necessary for the diver to 
build 5-ft. pillars to carry the cable over ledges. The 
diver stated that the floor of the Straits resembled a 
quarry and the current was so fast that it prevented the 
accumulation of any weed or debris. The depth at the 
centre of the Straits at this point is approximately 40 ft. 
On completion of the work the diver broadcast his 
experiences from the Welsh Regional Studio and his 
words passed along the cables on which he had been 
operating. The submarine sections of the cables have now 
been brought into service and should meet all require­
ments until the new bridge is completed. Six ways are 
being provided in the reconstructed bridge for P.O. 
cables. H.J. 



Staff Changes 

:\a me I >istrict 

Fn)tll Fxcc. !:'n.�r. to .·I .. '-, .. }:'. 

Carter, F. C. .. 

(;reene, :\. H. 
!lore, L. J .  
Hobbs, 11. 

. . E.-in- C.O . 

:\.E. l{eg. 
:\. \\'ales 
S. \\'estern .. 

Promotions. 

Date 

1.4.:39 

,;.1.:39 

l;). l.39 

22.1.39 

District 

Eastern 
:\. \\'ales 
:\ . \ Vales 

Date 

l-t.11.:18 

2li.7.:l8 

l.IJ.:l8 

22.1.:rn 

12.2.39 

12.2.:l!l 

22.1.39 

11.9.:18 

12.2.31.l 
Fro111 Chief fnsf>. lo Chitf !11.,p. with allnu'<lllt" 

. .\llbon, (;.E. 
Stooke. (;. H. 
C hatfield, K :\. 
Luff, E. C. 
Granger, E. I-I. 
Evans, F. (; ... 
Weller, E. H. 
Horton, E. B. 
Jennings, L. T. 
Fidler, C. I!. .. 
Griffin, \ \' . J . . . 
Earlv, \\·. F. L. 
..\llilione, (;. 
(;oldsmith, F. 
Bennett, F. G. 
Bowler. T. I{. 
J ones, H. (;. 
Hawkins, \\'. J. 
Slade, H. C. 
Freeman, C. ..\. 
Clarke, l{. \\'. 
\\'ebb, J . .-\. (;. 

Jones . \V. A . . . 
Fife, A. 

S. :'llidland .. 
S. :'llidland .. 
S :\lidland . . 
S. :\lidland . .  
S. :'llidland . .  
S :'llidland .. 
S. :'llidland .. 21.2.:rn 

7.12.38 Bines, 11. T. .. 
Howe, 11. B . .. 

.. L.T. ){e g. 
.. l..T. l{eg. 

From f11sf>. lo Chil'/ insp. 
Sutherland, J. C. C. J.eafield 1{1S to 

Barnes, T. C. 
Luck, I.. :\. 
llunklev, I.. \\'. 
Crossley, J .  
Coultnan, :\. H. 
l'crkins, J. J. 
\Vheatley, S. J .  

Winter, -F. 
Humphreys, 11. L. 
Worth,\\'. B. 
l lntchings, \\' S. 
Kinghun, :'II.\\'. E. 
:\cw, S. E. 
:'lloxon, T. 
l .owther, S. \V. 
Sawyer, T. II. E. 
l'ad�ham, F. V. 
Wchards, B . .. 
Coulson, J .  :\. 

From S.W.J. lo i>zsp. 

='iola n, F. i\I. A. 
H ucklield , F. E. 
J ones, \\'. H. 
Kirby, H. V . .. 
lfafferty, J. S. 
1-Ianling, C. C. 
I lucktield, H. 
Gritliths, I!. 
Clarke, C. J. T. 
Corp, B. 
Almond, C. II. l{. 
l{ust' ( )'Eve, E. :\. 
Smith, :\ . . T . .. 
Firman, S. B. 
Topsticl1l 

Xa111e 

A .S.I:'. 

Cupar l {/S 
L.P. l{eg. . . 
S. :\lid. to S.\\'. 
N. :'llidland 

E.-in-C.O . .. 
E.-in-C.O. to S.\\·. 
E.-in-C.O. 

Test Seen. Lein. 
Eastern 
l..T. l{eg. 
I .. T. J{cfi. 
l .. T. Heg. 
E.-in-C.O. to S :\lid. 

L.T.R to S. ·wa. 
:\.\Va. to Sc. I{. 
S. \Vestern .. 
L.T. ){eg. 

E.-in-C.o. 
"°· Wales 
S. Lanes 

S. Wales 
S. Wales 
S. Wales 
S. Wales 
S. \\'ales 
S. \\'ales 
S. \Vales 
S. \\'ales 
S. \\'ales 
S. \\'ales 

Eastern 
Eastern 
Eastern 
Eastern 
Eastern 

District 

Gregory, I!. J .  . .  S. E .  to E.-in-C.0 . . . 

Exec. Engr. 

Taylor, T. A. . . E.-in-C.O. to S. 1\lid. 

21. 1. :rn 

i. l. :rn 

To he tixed later 

do. 
do. 

20.2.:rn 

9. l l.:38 

22.2.:rn 

2u.11.:18 

T o he tixed later 
do. 
1.1.39 

21. 1. :rn 

14.12.38 

22.1.31.l 

1.2.:rn 

18 12.38 

22.1.:39 

To be lixcd later 
l:U0.38 

l;).1.31.l 

2.2.:rn 

23.10.:!8 

28.fi 38 

23.10.38 

17.12.:18 

26.n.:is 

19.li.:38 

10.12.38 

19.4.:38 

:ll .8.38 

28. I0.30 

10.ll.:38 

21.l. l.31.l 

12 1.:rn 

4.12.:!8 

12. 11.:!8 

T.S. B'm. to T.S. Ldn. 
T.S. B'm. to T.S. Ldn. 
T.S. B'm. to T.S. Ldn. 

7.8.:38 

I. 1.:11.l 

li.12.:18 

Flegg, II. L. .. 
l{oberts, \\'. :\. 
Robinson, F. S. I'. 
:'lliller, J. \\' . .. 
Shuff, H. T. 
Williams, R. V. 
Rawbone, h:. F. 
Denman, J. H. 
(;a1nes, A� Y . .. 
Westcott, :\. J .  I.. 
Beaumont, J. \\'. 
:'ll ichie, P. 
Sinclair, C. 
Lawson, _J. l'. S. 
RaL'. J. 
Lanfear. E. T. 
:'llcCormick, :\. 

L.T. l{eg. 

LT. l {eg. 
L.T. l{cg. 
L.T. J{c� 
L.T. J{eg. 
L.T. l{eg. 
L.T. Heg. 
L.T. Reg. 
L.T. J{eg. 
L.T. Reg. 

L.T. Reg. 
L.T. Reg. 
L.T. l{cg. 
:\. :'llidland .. 
N. '.\lidland .. 
:-.;. :\liclland .. 
N. :Vlidland .. 
:-.;. :'lliclland .. 
S. Lanes 
S. \\ 'ales 
L.T. l{eg. 
L.T. l{cg. 
Scot. Heg. 
Scot. Heg. 
Scot. Heg. 
Scot. l{eg. 
S. \\'cstern . . 
:\. Ireland .. 

Fro111 Scro11d Officer to Chief Officer 

\\'allis, H. 1-1. J. . . I l.\l.T.S. \[onarch 

Fm111 Third Officer lo Scrond Officer 

Troops, . .\. E. . . 11.:\l.T.S. \lonarch 

Froiu Fourth O/ficrr lo Third 0//ircr 

Oates . .J. C. B. H.:'11. .S. :\lcrt to 

Ii 12.:18 

li.12.:!8 

li.12.:38 

ti. 12.:38 

li.12.:!8 

li.12.:l8 

li.12.:18 

ti.12.:18 

li.12 :38 

li.12.:38 

ti.12 :is 

ti.12.:l8 

28.8 :18 

1.1.:l!l 

1.1.3!1 

7.12.38 
I. t. :rn 

1.11.:11 

l.10.38 

.. To be fixed later 
do. 

18.IJ.38 

:11. 7.:!8 
:J0.10.38 

\ll.:18 

21i. I .:ll.l 

ii.2.:l!l 

:1012.:1.-; 

:io 12.:!8 

11.:'ll.T.S. :'llonarch . . To he lixcd later 

Transfers. 

Date 

1.1.39 

l.1.39 

:\ame 

.·l>sl. F11gr. 
l{eed, l{. E. 
Cain, S . .J. 

lnsp. 
:\loxon, T. 

l listrict 

:\.E.R to S.\Va . 
:\.\V. to S. :\lid. 

.. );. \\·a. to Sc. I{ . . . 

1 late 

18. l:!.:IS 
;l.2.2U 

l8. l2.3S 
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Retirements. 

:'\;une 

.·I.SY. 
Francis, I·:. S. 
Blight' \\'. <J. 

F.rtr. Fugr. 

Arn1itage, I>. 
llill. S. F. 
Payton, (;. \. 

.

-1 .\st . Fn�r. 
:\kCahe1·. I<. T. 
Eml\'n- ·I ones, j. 
l;asl�ins·. F. \\·: 

:\kLennan . .J. :\. 

I Jistrict 

S. :\lidland 
E.-in-C.O. 

E.-in-C.O. 
X. \\"all's 
E.-in-C.O. 

S. \\'estern 
S. \\"esu·rn 
X.E. Heg. 

.. LT Eeg. 

Date 

:ll 12.38 

:11 12.:is 

30.9.38 

:11.12.38 

:u.:39 

:11.12.:is 

:ll. l 2.38 
:11.1.39 

:n 12.:is 

Chief lnsp. 

'.\Ivers,\\'. 11. 

Crowtlll'r . 11. \ \'. 

lnsp. 

Bowie, \\·. :\. 
Hook, H. C. 
:\lagg:.;, J. 
:\lab butt. E. 
\\'ebb, ,\. I. U. 
Clear�·. F.· . .\ ... 
Smit h, . .\. 
\\'arburton, T. E. 
llammond, .\. E. 
l'hipps, . .\. 
:\wcuck, ]'. \\'. J. 

I Jistrict 

S. Lan(s 
:'\.E. l<eg. 

Scot. l<eg. 
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ALTHOUGH we ha�e more than 350 

employees, the fact remains that many of our 
"regular customers'' have as large or larger 
staffs engaged on Design and Toolroom work 
alone. Why then do they think it worth while 
to come to Muirheads ? 

For the same reason that the most skilled 
doctors and the greatest hospitals do not 
hesitate to call in the aid of outside specialists 
whenever some highly specialised problem arises. 
No matter how skilled the staff, how high the 
standards, problems must arise, demands must 
occur which no regularly organised department 
can or should tackle. It is for such specialised 
work, requiring abnormal standards of precision 
and accuracy that we exist. 

Tho Distributor Typo 4-A, illustrntod, 
is fittod with a mochnnicnl corN".ctor 
and nn nutomntio starling motor. 
Provision is mndo for indopcndcnlly 
phnsing tho outor rings of both 
plntonus, nnd tho sogmonts nro nrrnngod 
for two, throo or four chnnnol opcrntion. 

r -- -- � 
- ---, 

'.MUIRHEAD 
- - - - --� 

MUIRHEAD AND COMPANY Lll\IITED 

ELllERS ENO, DECXENllAM, KENT, TELEPHON"E: DECKENIIAll 0041-0042 

FOR OVER 60 YEAR DESIGNERS & MAKERS OF PRECISIO� INSTRUMENT 
C.R.C. 0 
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ED I SWAN 
TELEPHONE LINE PROTECTOR PANELS 

5-clrcult panel for overhead lines lncorporatlns choke coils, 
spark saps, etc. 

THE EDISON SWAN ELECTRIC CO. 

EDISWAN-SHOTTER-GREETHAM PATENT (British P::tent No. 353911) 

for the protection of telephone systems 
against surges induced by faults on 
neighbouring power lines 
Of the difficulties attendant upon the employment of overhead systems 

one of the most serious is to ensure uninterrupted working of the telephone 

system, by providing adequate proto:tion against induced surges causod 

by switching or line faults in adjace11 t power lines or by lightning. 

The Ediswan Patent Protectors pr.)vide the solution. They are inert 

at the normal working pressure of the telephone line, they keep tbe 

voltage on the line down to a pre-determined figure by providing a path 

of low resistance to earth whereby the surge is cleared and they again 

become inert immediately the surge is cleared. 

They ensure simultaneous discharge of both lines and are capable of 

clearing heavy discharges without detriment to the system or the protector. 

Ediswan Telephone Line Protectors have now been in 
use by Supply Companies for many years. 

LTD., $ 155 CHARING CROSS ROAD, LONDON, W.C.2 

T.8.1. 

TUNG STONE 
�tc•·TR,ol M•R� 

r--B A TT ER I E 5 _ _:::; I Are being regularly supplied to the I 
l GENERAL POST OFFICE j 
l WAR OFFICE t I AIR MINISTRY � l MUNICIPAL CORPORATIONS ; 
J INTERNAL TELEPHONE SYSTEMS, 
l etc. l l• 
I• 

Open or Enclosed types in Glass Containers. 

Large Capacities in Lead Lined Teak Boxes. 

i l l 
e TUNGSTONE High-pressure Die-cast Plates 

conform to British Standard Specification. 

t • British Empire Lead exclusively used. l 
L_,, .............. ��· .............. ·� ..................................... .-... ....... .J 

TU NGSTONE PRODUCTS LTD., 
SALISBURY SQUARE, LONDON, E.C.4 

Works: MARKET HARBOROUGH, LEICS. 
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RURAL AUTOMATIC EXCHANGES 
Set amidst tropic vegetation or where the snow crunches underfoot, 

G.E.C. rural automatic exchanges operate under a climatic range 

that is as wide as the range of facilities they provide. With capacities 

from 10 lines upwards, these unattended exchanges bring to subscribers 

outside towns and cities a telephone service in which there are :-

NO OPERATORS e NO DELAY e NO WRONG NUMBERS 

TWENTY-FOUR-HOUR SERVICE 

Catalogue No. 20 gives full particulars 

THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
TELE PH O NE W ORKS C O VENTR Y E N GLAND 
Coventry 4111 (10 lines) Springjack, Coventry 

HEAD OFFICE: MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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Hall Telephone Accessories 
( 1928) Limited 

Suppliers to the British Post Office, Air Ministry, 

Admiralty & Foreign Government Departments. 

Manufacturers of prepayment telephone 

multi-coin collectors, precision instru­

ments, automatic stamp selling and 

ticket selling machines, automatic slot 

machines and fire alarm apparatus. 

Registered 
Office & Works: 70, DUDDEN HILL LANE, 

WILLESDEN, 

Tel. WILLESDl!N 5141/2/l. LONDON, N.W.10 
Also GUEST WORKS, DOWLAIS, STH. WALES 
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The largest and most successful 

Institution in the world devoted 

to spare-time training by post, 

offers thoroughly sound Courses of 

In struction to cover the following 

Examinations : 

G.P.O. Probationary Assistant Engineer (Limited). 

G.P.O. Probationary Inspector (Engineering Dept.). 

Assistant Traffic Superintendent, Telephone Service. 

P.M.G. Certificate for Wireless Operators. 

Provisional Certificate in Radio Telephony and 
Telegraphy for Aircraft. 

Graduateship, 1.E.E. 

City and Guilds Electrical Engineering Practice. 

Electric Installation and Telecommunications. 

Institute of Wireless Technology. 

Other Courses meet the requirements of all who desire to 
qualify for responsible positions in Electric Power, Light and 
Traction Stations. Equally successful is our instruction for 
Telegraph and Telephone Engineers, Telegraphists and Tele­
phonists. J{adio En�irwcrs, Hadio Servicemen, and those who 
wish to study Television. 

Instruction is l>y correspondence from textbooks specially 
prepared by many experts in tuition by post. 

IVHITJ:: FON OUR SPJ:.Cl.-JL /1001\LET and state the 
particular subj ect or Examination in whic h you are interested. 

INTERNATIONAL CORRESPONDENCE SCHOOLS,LTD., 
Dept. 108, International Buildings, Kingsway, London, W.C.2 

40 YEARS' MOULDING 

EXPERIENCE 

If it is mou1111ble 
EBONESTOS 

can mould 1t 

Since 1899 we have been supplying 
to the electrical and kindred trades 
mouldings of the highest quality in 
Ebonestos compositions, Bakelite, 
Urea, Diakon and other synthetic 
resins. 
Our long experience of dealing with 
intricate moulding problems and 
our up-to-date plant are at your 
service. Telephone, and one of our 
technical representatives will come 
and discuss any matter upon which 
you need advice. 

Moulders to the General Post Office, 
Admiralty, Air Ministry and other Govern­
ment Departments. 

EBONESTOS 
INDUSTRIES LIMITED 
EXCELSIOR W OR K S ,  R O LLINS STREET, 
LONDON, S.E.15 Telephone; New Cross 1913 (6/ines) 



Theory and Applications of 

ELECTRON TUBES 
By HERBERT J. REICH 

Associate Professor of Electrical Engineering, 
University of Illinois. 

670 pages, 9 x 6, illustrated, JO.'- net 

THE purpose of this important new book is to give the 
reader a sufficiently thorough grounding in the funda­

mental principles of electron tubes and associated circuits 
to enable him to apply electron tubes to the solution of 
new problems. The author has not attempted to discuss all 
applications of tubes to special problems but rather to cover 
basic principles and typical applications. At the same time, 
the book is exceptionally complete, including a wealth of 
material assembled and co-ordinated in a single volume. 
The table of contents given below indicates the remarkable 
scope of the text. 

Special Features 
1. The order in which the material is presented is 

uniquely logical. 
2. The treatment of the series expansion for plate 

current is more complete and more understandable 
than usual. The series expansion has been made 
the basis of much of the analysis of vacuum tubes. 

3. The chapter on practical methods of handling 
vacuum tube problems gives a much more thorough 
treatment of graphical methods of analysis than 
has been presented heretofore. The treatment of 
equivalent circuits is also more complete. 

4. There is an adequate discussion of trigger circuits. 
5. Class A power amplifiers are analysed more 

thoroughly than usual. 
6. The treatment of oscillators is exceptionally 

complete. 
7. For a book of this type there is an unusually full 

treatment of the theory of electrical conduction 
in gases, and the characteristics of glows and 
arcs. 

8. The analysis of various types of thyratrons is un­
usually thorough and logical. 

Other topics dealt with extensively are light-sensitive 
tubes, methods of initiating or controlling the 
breakdown of arc tubes, and the application of 
electron tubes to measurement of voltage, current, 
power, resistance, frequency and time. 

.----Chapter Headings----, 

Preface 
Acknowledgments 
Physical Concepts 
Thermionic Emission. The 

High-Vacuum Thermionic 
Diode 

Grid - Controlled High -
Vacuum Tubes 

Methods of Analvsis of 
V a c u u m  T u bc.s a n d  
Vacuum-Tube Circuits 

Class A and Class ABr 
Amplifiers 

Class B, Class AB2, and 
Class C Amplifiers 

Vacuum-Tube Oscillators 
Electrical Conduction in 

Gases 
Glow- and Arc-Discharge 

Tubes and Circuits 
Light-Sensitive Tubes and 

Cells Modulation and Detection Power Supplies Amplifier Definitions, Class-
ifications, and Circuits Electron-Tube Instruments 

Analysis and Design of and l\1easurements 
Voltage and Current Am- , Appendix 
plifiers 1 Index 

McGraw-Bill Publishing Co., Ltd. 

Aldwych House, London, W.C.2 
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LATEST 

EXAMINATION 

SUCCESSES 
Since the B.l.E.T. was founded ten years ago, we 

have specialised in preparing candidates for leading 
Technical Examinations, and our success may be 
gauged from the following remarkable results : 

FIVE lst PLACES 
In the Probationary Inspectors and Assistant 
Superintendent of Traffic Examinations held In 
1932-1937, B.l.E. T. candidates obtained Five 
First Places. 

FIRST THREE PLACES 
In the 1937 Competitions for Probationary 
Inspectors, B.1.E. T. candidates secured First, 
Second and Third Places. 

217 SUCCESSES 
In the Probationary Inspectors and Assistant 
Superintendents of Traffic Examinations held In 
1934-1937, 217 B.l.E.T. candidates passed 
the Examinations. 

We teach successfully by correspondence and 
definitely guarantee-

"NO PASS-NO FEE" 
You are advised to send for a copy of our General 

Prospectus "ENGINEERING OPPORTUNITIES." 
This Handbook contains 268 pages of most useful 
information. It also contains particulars of all leading 
Engineering Examinations, including 

Probationary Inspectors (Open and Limited 
Competitions). 

Probationary Assistant Engineers (Limited 
Competition). 

Assistant Superintendent of Traffic (Open 
and Limited Competitions). 

City and Guilds, Special G.P.O. Examina­
tion, l.E.E., B.Sc., A.M.l.C.E., London 
Matric., etc., etc. 

The Handbook also outlines " up-to-the-minute ·· 

courses of Home-Study in all branches of Engineering. 

Special Courses are offered in Telegraphy, Manual 
Telephony, Automatic Telephony, Telephone Tram­

mission, Electrical Technology, Wireless and High 
Frequency Radio Communication, Alternating Currents, 
etc., etc. 

Our 268 pages Handbook should be on your Book­

shelf. It will be gladly sent on request, FREE and 
without obligation. (Please state subject or Examination 
of most interest.) 

British Institute of Engineering Technology 
369 Shakespeare House, 

17, 18 & 19 Stratford Place, Oxford Street, 
London, W.1 
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nee. Con .. 

ost Office, 

We manufacture, supply and instal comp e automatic 
exchanges of the ''director" and " non-dire 
for any number of lines. 

* 
Informative illustrated 
literature sent post free. 

Head Office : 22 Lincoln's Inn 

Fields, W.C.2 Phone: HOLborn 6936 
(FACTORY : BEESTON, NOTTINGMAM) 
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REGISTERED TRADf. MARK 

Quartz Cutting Machine 

Manufacturers and Designers of Capco Sound-on-Film 
recorders and equipment. 

Illustration shows latest model 

quartz crystal cutting machine, as 

supplied to the Post Office Research 

Station and other leading telephone 

and radio manufacturers. 

Standard and heavy duty cutting 

machines with high rates of cutting 

to accuracies of ·001 in. 

Fixtures to hold any shape of crystal 

can be supplied. 

Acknowledged to be the finest 

machine of its kind for this class of 

work. 

Manufacturers: 

CAPLIN 
ENGINEERING CO. LTD. 

Precision Engineers 

BEACONSFIELD RD ., WILLE SDEN 

LONDON, N.W.10 

Telephone: WIL/esden 0692 

ESTABLISHED 1918 
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AUTHORITATIVE 
CORRESPONDENCE TRAINING 

for 

ENGINEERING 
QUALi FI CATIONS 
•POST OFFICE EXAMINATIONS -

Probationary Inspectors 

Assistant Superintendents 

Assistant Engineers 

A.M.I nst.C. E., A. M.l.E. E., A.F. R.Ae.S., 

B.Sc.(Eng.), C. & G., etc. 

···•························································ 
. . 
. . 
. . 

� 17 FIRST PLACES : 
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Write to-day for " The Engineer's Guide to Success " 

- Free - which alone gives the Regulations for 

Engineering Qualifications and contains the world's 

widest choice of engineering courses - over 200 

-including Electrical Engineer­

bag, Telephony, Telephonic Trans­

aussaon, Telegraphy, Radio 

Engineering, Wirelm and High 

Frequency Engineering, Sound 

Reproduction, Television, etc. 

Mention branch, post or qualifica­

tion that interests you. 

THE TECHNOLOGICAL INSTITUTE 

OF GREAT BRITAIN 

115 Temple Bar House, London, E.C.4 
FOUNDED 1917 20.000 SUCCESSES 

TH E CL I P • 0 N A M M ET ER has become 
established as an indispensable instrument 
for the rapid measurement of currents in 
busbars, fuses and cables. 
You simply take the instrument in one hand, 
clip round the conductor and observe the 
reading I 
Don't worry if the conductor is bare-the 
core is completely insulated and the frame 
is of moulded bakelite. 

COMPREHENSIVE RANGES AVAILABLE: 

O. 100 • SOO 0 • 7.S • 7S 0 • 20 • 100 
0. 100. 1000 
0. 200. 1000 0. 10. so 0 • 25 • ISO 

O • 300 • I SOO 0 • IS • 7S 0 • 50 • lSO 

Write for List IN. 11. 

FERRANTI LTD., HOLLINWOOD, LANCS. 
London Office, BUSH HOUSE, ALDWYCH, W.C.l. 
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