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ay-meeting and RESEARCH 

The business of our founder, Dr. Norman Partridge. is now carried on under 

the personal supervision of his partner. Mr. Arthur L. Bacchus, who has 

been associated with the firm for over 12 years. 

The solution of individual problems has for many years formed a part of our 

normal day's work. The production in quantity of PARTRIDGE TRANS-

FORMERS has been buiit upon the unique knowledge thus accumulated. 

Modern transformer technique is essentially the province of a specialist. 

Nothing can replace intimate practical experience supplemented by scientific 

study and positive research. Our Chief Designer, Mr. Trefor Williams, B.Sc. 
A.M.I.E.E., will be pleased to offer advice and constructive criticism concerning 

your proposed transformer applications. 

1f transformers are employed in the equipment you manufacture, we shall 

be glad to give you the advantage of our experience and to offer the same 

efficient service that has won the confidence of the Government Experimental 

Establishments and of the Leading Industrial Organisations. 

PARTRIDGE 
TRANSFORMERS LTD 

76-8 Petty France, London, S.VV.1 Telephone: ABBey 2 2 4 4 



EVERY MILE OF THAT 
LONG, LONG ROAD... 

EL ALAMEIN, Tunis, Sicily, Rome, Normandy, and over the Rhine . . . 

Bulgin Components have travelled every mile of that road. 
With the tanks and the guns, in the planes that blasted the way 
ahead, in the little ships that covered our landings. It was a long, 
bitter road, through dust, heat and sandstorms. A road that 
stretched so far, through rain and cold and slush, that only the 
strong couic make it. 

Those hardships were Bulgin's finest test. With everything 
against them, grit, mildew and rough 1,andling, they did their 
job. Right from the word ' go ' until the white sheets were 
fluttering in Berlin. 

You could not buy that Bulgin Coil, Condenser or Resistor 
you wanted while they were on vital work. You couldn't rebuild 
your equipment or start planning for new. Now the news is 
good news. 

BULGIN COMPONENTS 

ARE ON THE MARKET AGAIN 

A steady trickle, no: much at first, but enough to be going on with. Ministry require-
ments are tapering off. That means more for you at home, more for export overseas. 
Winter evenings and Bulgin components to build that equipment are scmething special 

to look forward to. 

YOU LL NOW BE GETTING 

MEIN 
RADIO & TELEVISION COMPONENTS 

A. F. BULGIN & CO. LTD., BYE PASS ROAD, BARKING, ESSEX 
Tel. : RIPpleway 3474 (5 lines) 



ELECTRONIC AIDS for INDUSTRY 

ChOW smoke comes into the field of 
electronics. Not only is excessive 

smoke a nuisance and aesthetically 
abhorrent but, more important, it is 
an indication of faulty boiler equipment 
and technique. Modern industry demands 
that such sources of potential loss be 
rigorously eliminated. Fitted to the stack 
or smoke outflow the electric eye 
immediately detects and as instantly reports 
excessive smoke, either by means of con-
tinuous recorder, warning hooter or 
coloured light. By these means any 
excess of chosen smoke density can be 
instantly checked by prompt correction 
of draught and fuel control and thus ensure 
maximum savings in consumption. 

As makers of Capacitors for Radio, 
Television and Industrial applications we 
are naturally interested in all electronic 
developments. Indeed, our Research 
Engineers are being continually called 
upon to develop special types to meet 
new applications. When planning your 
post-war programme we 
invite you to submit your 
capacitor problems to us. 

  UNT5if TRAM MARK  

capacitors 

A. H. HUNT LTD • LONDON • S•W•r 8 • ESTABLISHED i9ot 



VORTEXION 
"SUPER FIFTY WATT" 

AMPLIFIER 

30 cps to 15,000 cps within + db. under 2% distortion at 40 watts and I% at 15 watt. 
Electronic mixing for microphone and gramophone of either high or low impedance with top 
and bass controls. Output for 15250 ohms with generous voice coil feedback to minimise speaker 
distortion. New style easy access steel case gives recessed controls, making transport safe and 
easy. Exceedongly well ventilated for long life. Amplifier complete in steel case as illustrated 
with built in 15 ohm mu-metal shielded microphone transformer tropical finish. Price 2% gns. 
Chassis only with valves 25+ gns. or complete with fitted microphone transformer 264 gns. 
Laboratory model 10 cps to 35,000 cps in above case 42 gns. 
Special 8-way mixing unit for use with any amplifier but in particular the super fifty watt. It is 
fitted in steel case standard instrument grey to match above amplifier and can be assembled 
with same to form one unit. Standard model for six 15 ohm microphones and two high or low 
impedance pick-ups (with switched record compensation) built in mu-metal shielded transformers 
and metering jacks for each valve. Price complete for A.C. Mains 271 gns. 
C.P. 20A- I5 watt Amplifier for 12 Volt Battery and A.C. Mains operation. This improved version 
of the old C.P. 20 has switch change-over from A.C. to D.C. and " stand by" positions, and only 
consumes. 5+ amperes from 12 Volt Battery. 
Fitted mu-metal shielded microphone transformer for 15 ohm microphone, and provision for 
crystal or moving iron pick-up with tone control for bass and top and outputs for 7.5 and 15 ohms. 
Complete in steel case with valves. £22 10s. Od. 

VORTEXION LTD. 
257 261 The Broadway, Wimbledon, S.W.I9 
Phone: LI Berty 2814-6128. Telegrams ' VORTEXION WIM LONDON." 
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High in the sky ... above the clouds ... soars a balloon ... 

automatically sending by radio, data on the always topical 
weather. 

The meteorological stations are regularly releasing these 

upper-atmosphere mobile transmitters to predict the future 
weather. 

Standard Mazda Valves are used in 
these balloon transmitters and once again 
their reliability is proved by the use in 711E 4lOST 
a device where, when the balloon has SET AlA 1(E4 
ascended, it is obvious that an engineer 
cannot be sent to change a faulty valve. 

The same care and thought go into 
the Mazda Valves in your set. 



IN 
ELECTRICAL 
STEEL 

RICHARD THOMAS & BALDWINS LIMITED 
WILDEN IRONWORKS, STOURPORT-ON-SEVERN, WORCS. 



MULTICORE SOLDERS LTO. 

COMMUNWE METH HOUSE 

LONDON VIC I 

The only Solder Wire with 3 cores of fhpc 

APPROVED BY 

A.I.D. to D.T.D. 599, G.P.O. and 

all other Government 

Departments. 

• Contains 3 cores of extra active 
non-corrosive flux. No extra flux 
required. 

• Speedily makes sound joints on 
oxidised surfaces. 

• Most economical solder to use to 
ensure speed in production and 
freedom from " dry " or " H.R." 
joints. 

Firms are invited to write for comprehensive technical 
information, including useful tables of melting points, etc. 

Sent free with testing samples. 

MULTICORE SOLDERS LIMITED 
Commonwealth House, New Oxford Street 
London, W.C.1. Tel.: CHAncery 5171-2 

Single reel rate nominal 1 lb. reels. 

13 SWG - 4/10 
16 SWG - 5/3 

Above prices subject to usual trade discount. 

1 cwt.—ton lots at bulk rate. 6d. cartons 
for home use, available at most good radio 
and electrical dealers, ironmongers, etc. 



THE "AVO" 
VALVE TESTER 

THE world-wide use of " AVO " Electrical 

Testing Instruments is striking testimony to 
their outstanding versatility, precision and 

reliability. In every where of electrical test 

work, they are maintaining the " AYO" 
reputation for dependable accuracy, which is 

often used as a standard by which other instru-

ments are judged. 

Preprteei and 
anwlecturorre 

The Automatic Coil Winder & Electrical Equipment Co, Ltd. 
Winder House, Douglas St., London, S.W.1. Phone; VICtorla 3404-8 
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Pill" 
INSTRUMENTS 

NERIES 
3à 

for panel 

mounting 

or as bench 

instruments 

iee 

Available either as single range panel instruments or mounted in sturdy bench 
stands, as illustrated, with up to three ranges salf-contained. Scale length 3,1". 
Can be supplied ( I) Moving coil — microammeters, 
milliammeters, ammeters, millivoltmeters, voltmeters, 
ohmeters, decibelmeters. 

(2) Rectifier— microammeters, milliammeters, volt-
meters, decibelmeters. 

(3) Thermocouple — milliammeters, ammeters, volt-
meters. All available in all standard ranges. 

MEASURING INSTRUMENTS 

(PULLIN) LTD 

•-• 

35' 

ELECTRIN WORKS 

WINCHESTER ST. 
LONDON, 

W.3 

All correspondence to be addressed to: 

PHOENIX WORKS, GREAT WEST ROAD, BRENTFORD, MIDDLESEX. EALing 0011 



One of the 

OSRAM VALVES 

specially de-

veloped for Radar 

—an ACT 20 

which will find 

rrany peace.tirre 

appl.catons. 

made it 
possible 

Hostiles, bearing 194, height 10,000 — back went 

the warning and fighters raced to intercept. From 

many miles away Radar plotted the enemy's exact 

position, and brought the defences hurtling into 

action. 
The science of electrorics made it possible, for at the 

heart of every Radar installation lies the valve. 

OSRAM VALVES were in the forefront of electronic 

development during the war, and will bring to 
the pursuits of peace many well tried electronic 

devices to speed, smooth and make safer our way 

of life. 

Advt. of The Ceierol Electric Co. Ltd., Magnet House, Kiogswoy. London, 
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COSSOR 
MULTIPLE 

RECORDER 

for the 

PHOTOGRAPHIC 

INVESTIGATION 

OF TRANSIENTS 

with 

CATHODE RAY TUBES 

This equipment is the latest development in Multiple Recording Instruments with sealed-off 
Cathode Ray Tubes as pioneered by Cossor. 

The robust design is intended to make it suitable for field tests, including Traction Recoreing, 

Marine and Motor testing and other industrial investigations. 

The equipment comprises a Model 440 Twin Unit using 4+ in. diameter Double Beam Tubes, 

a Model 423 Film Camera Unit and a Model 430 Drive Unit. It provides simultaneously four 

independent records plus one central electro-optical time marking on 70 mm. unperforated 

film or paper. By means of interchangeable gears and or motors a film speed range of 

0.005-250 c-ns sec. is obtainable with a tube spot writing speed up to 2 kms .sec. 

Two or three units may be mounted one above the other and driven by the single D-ive Unit 

to provide Jr) to a maximum of twelve simultaneous records plus three time event markings. 

No.2. flu cranb. 

,`"•-• 

HALF FULL SIZE 

A. C. COSSOR LTD 
INSTRUMENT DEPT. 

HIGHBURY GROVE LONDON, N.5 

Telephone: Telegrams: 

CANonbury 1234 (30 lines.) Amplifiers, Phone, London. 
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the exchange of information and ideas on Radio Science." 
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ANNUAL GENERAL MEETING OF THE INSTITUTION 

The TWENTIETH ANNUAL GENERAL MEETING of the Institution (the twelfth sincle 
incorporation) was held at the Institution of Structural Engineers, London, S.W.1, on October 5th, 
1945, commencing at 6 p.m. 

Mr. Leslie McMichael (President) took the Chair and was supported by a number of members 
of the retiring Council. 

1. Minutes of the Annual Generar Meeting held on 
October 19th, 1944 

On the proposal of Mr. G. L. Hamburger, 
seconded by Mr. L. Grinstead, the minutes of the 
last Annual General Meeting, as reported in the 
December 1944 Journal, were approved. 

2. Minutes of the Extraordinary General Meeting 
held on March 23rd, 1945 

Mr. McMichael referred to the fact that many 
members present also attended the Extraordinary 
General Meeting and that the alterations then 
carried out to the Articles of Association had since 
been approved, but the Institution was still waiting 
Court approval to the Memorandum of Association. 

On the proposal of Mr. E. A. W. Spreadbury, 
seconded by Mr. P. Adorian, the minutes of the 
Extraordinary General Meeting were approved. 

3. Annual Report of the General Council for 1944/5 

The President _referred to the Annual Report given 
in the August-September 1945 Journal, but before 
asking for comment, Mr. McMichael said that one 
of the disadvantages of an annual report was that 
for various technical reasons it could never be con-
sidered by the membership until some months after 
the end of the Institution's year, by which time the 
Council were well launched into another year. So 
far as membership was concerned, the total number 
of proposals received and the total number of elections 
made during the first six months of the current year 
were already within 50 or so of the complete totals for 
last year. The number of entries for examinations 
now totalled 250 compared with 202 for the whole of 
last year. The Institution had now had a first con-
ference with the Ministry of Education to discuss 

the training of radio engineers, but as these discussions 
were still proceeding, it was not possible to go into 
great detail, other than to say that the proposals 
put forward by the Institution were being most seriously 
considered. 

A special vote of thanks was due to the Papers 
Committee, under the Chairmanship of Mr. L. 
Grinstead, who had done so much to keep up the 
standard of meetings of the Institution, notwith-
standing war-time restrictions. 

Mr. J. A. Sargrove suggested that the pre-war 
committee on radio therapy, which had not functioned 
during the war, should be reappointed. Mr. Sargrove 
indicated the scope of such a Committee's work and 
its immediate value to the Institution. 

Mr. J. Tanton stated that notices of the Institution's 
general meetings were at one time included in the 
Journal of the Royal Society of Arts and proposed 
that such notices should be sent to the Royal Society 
of Arts in future. 

The President promised to refer Mr. Sargrove's 
suggestion to the General Council, and the Secretary 
was requested to follow the suggestion made by Mr. 
Tanton in regard to circulation of notices of ' the 
Institution's meetings. 

Proposing the adoption of the Annual Report of 
the Council, Mr. W. E. Miller said that the Annual 
Report seldom reflected the enormous amount of 
work which had to be done before such a report 
could be compiled. Apart from Council meetings 
and Committee meetings—of which there were many— 
there were numbers of individual interviews, deputa-
tions, etc., which had to be attended to either by the 
Council or by Committees, or even by individual 
officers of the Institution. The report, of course, 
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was highly condensed. Paper shortage, for one thing, 
prevented a complete report of the activities of the 
Council and Committees, and, therefore, the report 
did not cover many of the minor activities of the 
Institution which, nevertheless, were very important. 
However, it was sufficiently full to show that the 
Institution was now on a very solid foundation, a 
foundation which had been largely built up during 
the difficult years of the war. On that foundation 
he believed they would build up an ever-growing 
superstructure in the years of peace which it was 
hoped were now ahead. 

Mr. J. A. Sargrove seconded the proposal, and the 
Annual Report of the Council was then unanimously 
adopted. 

li. Election of President of the Institution 

The Secretary said that this was not a matter which 
could be deall with through the Chair. The last 
and preceding issues of the Journal gave notice that 
the General Council were unanimous in recommending 
the re-election of Mr. McMichael for a second year, 
and on this occasion members were afforded the 
opportunity for showing their appreciation of Mr. 
McMichael's work for the Institution by heartily 
supporting the recommendation of the General 
Council. 

The proposal was supported with hearty acclamation 
and in his response the President said that now, happily, 
the war was over, the Institution would have new 
tasks to face and he thought it a great compliment 
that he should have been asked to continue as President 
for a second year. In view of the fact that a most 
interesting address was being given by Air Vice-
Marshal Sir Victor Tait, Mr. McMichael said he 
did not propose to give a long address and again 
expressed his thanks and assurance that he would 
continue to do all that he possibly could to further 
the objects of the institution. 

5. Election of Vice-Presidents of the Institution 

Although the members had before them the unani-
mous recommendations of the General Council, the 
President thought that the meeting would wish to 
send special greetings to Admiral the Lord Louis 
Mountbatten and Air Vice-Marshal R. S. Aitken, 
both of whom were at present serving oversea. The 
President also thought that the members would support 
the re-election of Dr. Robinson and, in particular, 
would welcome the election of Mr. L. H. Bedford. 
Mr. Bedford would not be present at the meeting as 
he had just left for America, but he had served on 
Committees and on the Council of the Institution and 
well deserved the honour of his election as a Vice-
President. 

Mr. L. Grinstead seconded the proposals of the 
President, which met with unanimous approval, with 
a further resolution that appropriate messages be 
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cabled to Admiral the Lord Louis Mountbatten and 
Air Vice- Marshal R. S. Aitken. 

6. Election of General Council 

The President said he understood it was unusual 
in that for the first time for many years it had not 
been necessary to hold a ballot for the election of 
members to the General Council. This was not only 
a compliment to the retiring Council for the wisdom 
of their nominations, but was a particular compliment 
to the ability and esteem in which the following 
members were held by the membership :— 

Sir Ernest Fisk (Honorary Member) ; Mr. E. 
Cattanes (Member) ; Lt.-Col. J. D. Parker (Member); 
Mr. W. W. Smith (Member) ; Dr. G. A. V. Sowter 
(Member) ; Mr. H. Whalley (Associate Member) ; 
Mr. G. A. Taylor (Associate Member); and 
S./Ldr. S. R. Chapman, who was elected Honorary 
Treasurer. 
The elections were approved with acclamation. 

7. Auditors' Report, Accounts and Balance Sheets 
for the year ended March 31st, 1945 

In calling upon Sir Louis Sterling to present the 
accounts, the President expressed appreciation for the 
work done by Sir Louis during his two years as 
Chairman of the Finance Committee. 

Sir Louis Sterling said that the accounts now 
presented* gave less cause for worry than at any 
other time in the Institution's history, but that did not 
mean that the Institution could afford not to be 
careful. He was sure that it must be the wish of every-
body to see the Institution with a substantial bank and 
investment balance, but in order to do that, income 
must exceed expenditure, and in the last year the first 
step towards this end had been achieved by an excess 
of income over expenditure of £330. Sir Louis referred 
to the contributions from industry which had been 
maintained during the last three years. The Institu-
tion could not be encouraged more in its work than 
by such a tangible means of support. 

The Balance Sheet reflected, of course, the heavy 
liabilities incurred at the beginning of the war, and 
which were only now being cleared off. Sir Louis 
believed, however, that this year the Institution would 
be able to show a considerable improvement on these 
figures. 

Sir Louis Sterling also recommended to the meeting 
the adoption of the accounts relating to the Special 
Funds. The figures shown in the last Journal were 
quite straightforward and it would be seen that the 
Benevolent Fund showed better support by members, 
although he thought that this Fund should receive 
even more support in order to give immediate help 
to any member who should have real need of the 
Institution's assistance. 

Referring to the Prisoners of War Fund, Sir Louis 

*See pages 181 to 183 of the current volume of the Journal. 
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recommended that the small balance left in the Fund 
should be transferred to the Benevolent Fend. A 
little use had been made of the Prisoners of War Fund, 
but with the end of the war, he thought that this money 
would be more appropriately used in the Benevolent 
Fund. 

Sir Louis moved the adoption of the accounts 
relating to the special and general funds. 

Mr. J. Tanton suggested that " arrears of subscrip-
tions not recovered and written off" should not be 
included in the income and expenditure account and 
the meeting agreed that this point should be referred 
to the auditors for future reference. 

In seconding the proposal for adoption of all the 
accounts, Mr. J. L. Thompson expressed the thanks 
of members to the Finance Committee for their 
careful work during the past 12 months. The accounts 
and the auditors' reports were then unanimously 
adopted. 

8. Appointment of Auditors 

On the motion of the President, Messrs. Gladstone, 
Titley and Company, of 61-63 St. Paul's Churchyard, 
London, E.C.4. were re-elected auditors. 

9. Appointment of Solicitors 

The President moved the re-election of Messrs. 
Braund and Hilt, 6 Grays Inn Square, London, 
W.C.I, as Solicitors and the motion was unanimously 
adopted. 

10. Awards to Examination Prize Winners 

In presenting the President's Prize to Mr. Peter 

Robinson, of Chelmsford, Mr. McMichael referred to 
the fact that the award is made annually to the most 
outstanding candidate in the year's examinations. 

The Measurements Prize was awarded by the 
President to Mr. Maurice Charles Bumstead, of 
Hythe, Kent. 

The winner of the S. R. Walker Prize for the year 
(Mr. William R. Luckett) was not present, and the 
President referred to the fact that the North-Eastern 
Section had held their Annual Dinner on the 28th 
September. when the Mountbatten Medal was pre-
sented to Mr. Robert Crawford by Vice-Admiral Sir 
Wellwood Maxwell, on behalf of Admiral the Lord 
Louis Mountbatten. 

11. Other Business 

The President: " It now gives me very great 
pleasure indeed to introduce Air Vice-Marshal Sir 
Victor Tait. When, early in the war, radar was known 
as radiolocation and stid a very, very secret topic, Air 
Vice-Marshal Sir Victor Tait was Director of Radio-
location. He brought to this appointment a lifetime 
of service in the Royal Air Force and so pin-pointed ' 
his targets that, in 1942, he was appointed Director-
General of Signals, controlling the Directorates of 
Signals, Radar and Telecommunications, the latter also 
involving the special section which so admirably dealt 
with Radio Counter Measures. 

" With all that background, Air Vice-Marshal Sir 
Victor Tait has largely contributed to developing radio 
science to something more than radio communication. 
I know that you will join with me in giving a very 
hearty welcome to him." 

187 



JOURNAL OF THE BRITISH INSTITUTION OF RADIO ENGINEERS 

An Address by 

AIR VICE-MARSHAL SIR VICTOR TAIT, K.B.E., C.B. 
DIRECTOR-GENERAL OF SIGNALS, AIR MINISTRY 

(Read at the Annual General Meeting of the Institution on October 5th, 1945) 

The Annual Report of the Institution shows that 
your Council is well prepared for the resumption of 
peacetime activity. But before leaving behind the 
record of war I would like to give you a brief exami-
nation, as I see it, of the work that your members did 
for the Fighting Services during the war, and the part 
that I believe they can play in winning the peace. 

This has been a highly technical war, especially a 
radio technical war, and the demands of the Services 
and industry for radio personnel created one of the 
greatest problems that this country has had to face— 
that of technical manpower. The Fighting Services 
before the war saw the need arising for an adequate 
supply of well-trained radio engineers and radio 
mechanics. The numbers even then visualised were 
great, and the demand was urgent if a base was to be 
built in the short time available on which the Fighting 
Services' wartime radio needs could be built. 

The urgency and the size of this manpower demand 
for radio personnel can be realised when it is 
known that at one time during this war the ground 
radar stations of the Royal Air Force in the United 
Kingdom alone required the full-time employment of 
sixteen hundred officers and twenty thousand other 
ranks. The first radar station in the United Kingdom, 
Orfordness, was not established until 1935. In under 
ten years, that half-dozen radio men who first assembled 
at Orfordness had to expand into a force of well over 
twenty thousand. This rapid expansion was, of course, 
made possible by the active co-operation of your 
Institution, and I firmly believe that if institutions of 
this kind had not been in being well before the war, 
and able to give the Fighting Services the help they 
required, we would not have been able to obtain the 
radio engineers that the Services had to have for the 
war, and we would not, therefore, have been able to 
exploit to the full the radio systems which played such 
a vital part in our successes in defeating our common 
enemy. I would, therefore, like to record the valuable 
assistance your Institution gave to the Fighting Services 
in recruiting the technical personnel they required. ' 

Your profession has played a great part in our 
successes in this war. Radio has become a powerful 
war weapon, and the force equipped with the best radio 
systems and with the skilled radio personnel to enable 
them to use them in the best tactical and strategical 
manner starts a battle with a great advantage. Radio 
has come to stay as a vital weapon of war. As air 
bombing developed in the last war, and then became 
one of the major weapons in this war, so radio, which 

188 

developed as a weapon in this war, will become an 
ever more important weapon if we ever again have to 
face an aggressive foe. The development of most 
modern weappns, such as flying bombs, rockets, and 
even the means of delivery of the atom bomb, all 
require radio systems both in their offensive use to 
guide and control them on to their target, and in the 
defence systems against such forms of attack, where, 
for example, very long-range warning of attack systems 
can only be implemented through various radio and 
radar systems. I believe that if we and our Allies 
successfully develop radio weapons they will act as a 
strong deterrent to any evil aggressor, and make them 
think twice before committing themselves to war, and 
in that way radio can be a great insurance for peace. 
The success achieved by radio in the war to a large 
extent, I believe, was due to the close co-operation that 
was developed in this country between scientists, the 
radio engineer, and the Fighting Services. You will 
note that I have put the radio engineer between the 
scientist and the Fighting Services, which is their 
proper place. They interpret into practical ideas the 
results of the scientists' research, and these practical 
ideas give the Services the equipments in well-engineered 
units that they require for fighting their battles. But 
the radio engineer must permeate both the scientists' 
field and the Services' field. He must work with the 
scientist and behind the scientist, so that he guides him 
on lines which will ensure that research results can 
be turned into practical equipment, and he must be 
with and in the Services to ensure that the Fighting 
Services can install and maintain the equipment when 
they take it into use in the field. The success of this 
co-operation cannot be too strongly emphasised and 
should be continued in your peacetime activities. 

The radio engineering profession has increased both 
in importance and numbers as the result of the great 
development of radio during the war years. Many 
young men have entered the profession and helped by 
their work—in the development establishments, in the 
radio industry, or in the Fighting Services—to win 
this war. I believe that, unlike many of the other 
trades of war which demand concentrated training 
from the best young men of the nation, and then, 
at the termination of war, throw them on to the world 
untrained for any peace-time occupation, the develop-
ments of radio have made its peace-time use such that 
there is a great field opening up for the radio engineer 
going back to peace-time occupation. Radio develop-
ments, such as radar and television, can, through their 
civil application, give great benefits to the well-being of 
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humanity. Improved communications will result in a 
greater knowledge of the people of other countries 
which must lead' to better understanding between the 
peoples of the world, and do much to do away with 
previous suspicions and doubts of our neighbours' 
intentions, and thus be a great contribution to world 
peace. Applications of radar can, and will, make 
travel, by air, land and .sea more regutar and safer. 
The provision of good and cheap amusement and 
entertainment to a large number of people such as can 
be provided by television can, handled properly, be a 
great asset to the well-being of the nation. 

These are some of the fields of enterprise that are 
ahead of the radio engineer, and these are the fields 
that those of you who have been in the Services, or 
those of you who have been in industry meeting 
Service needs, now face. We have ahead of us a 
difficult task in re-establishing our life in the British 
Isles to a standard approaching that of pre-war days. 
British effort during this war has shown that in the 
field of radio we are second to none. Other countries 
are demanding equipments which incorporate these 
advanced facilities which have resulted from British 
radio development. In our introduction and produc-
tion of radio systems to meet this world-demand for 
these new equipments is a great field for increasing 
our export trade and helping to bring back a standard 
of living in this country which we all want, and, indeed, 
must have if we are to survive. 

The Fighting Services believe that they can only 
maintain their efficiency and lead in their arms if there 
is a large and healthy development section of the 
radio industry working for and with them. A vigorous 
development section of the industry is also essential 
if British radio is to maintain the lead in the intro-
duction of new and advanced techniques which it 
established in the war. This is of great importance if 
we are to build up and maintain a satisfactory export 
trade. A plan is being formulated by the Services to 
make a long-term contract with the radio industry to 
undertake over a number of years this Service radio 
development work. I think it is of great importance 
that the Services and industry be thus linked together. 

During the war we were forced to concentrate nearly 
all our resources for radio research and development 
on new weapons required for the Fighting Services. 
We had first to have the radar chain's which gave us the 
vital information required when the Luftwaffe started 
their powerful air attacks on this country. The radar 
chain enabled us to win the Battle of Britain. These 
radar search equipments were essential in the hunt for 
the U-boat trying to cut our supply life-line, and 
finally the blind bombing radio and radar devices had 
to be forced ahead to enable our bomber force to 
destroy the war factories and communication system 
of Germany, and thus allow the Allied armies to invade 
Europe and overwhelm the German armed forces. 
WW1 our limited resources the production and develop-
ment of these vital war-winning weapons had to be 

done at the expense of the development of other radio 
equipments. In the radio telecommunication field we 
led the world for many years, but we have slipped 
behind in the war years ; it is of great national import-
ance that we re-establish British supremacy in the 
telecommunication field and I suggest to you, this 
be one of your main objects in the first years of 
peace. 

In conclusion I would like to thank you, Mr. 
President, and the members of the Institution, for this 
opportunity of expressing the appreciation of the 
Fighting Services for the co-operation the Institution 
has given to them during this war, and to say how 
much we hope that this co-operation will continue 
into the years of peace. By your co-operation in 
peace-time the Fighting Services can be assured of a 
strong radio personnel backing, and a radio industry 
well acquainted with Service needs. We must make 
sure that the Fighting Services are prepared, and by 
their being prepared we will have one of the best 
insurances for the maintenance of peace. The radio 
engineer played a magnificent part in the war. He has 
a great field before him in helping to win the peace, 
and I am sure he will maintain his war reputation in 
the difficult years now ahead of us. 

Mr. Paul Adorian (Member of Council), proposing 
a vote of thanks to "the Chief Engineer of the world's 
finest radio organisation," said that unquestionably the 
R.A.F. had used radio in a bigger and more efficient 
way than anybody before. This applied to radio-
communication, radio-location and other radio navi-
gational methods., In the efficient use of these services 
the R.A.F. had set an example to all other Services 
and our Allies, and even the enemy had tried to copy 
our methods. 

In all major radio developments the R.A.F. had 
held the initiative for the last decade. It was this 
initiative which had been instrumental in the defeat of 
the enemy, and Sir Victor could claim a large share of 
the credit for maintaining the initiative of the Royal 
Air Force, for he had been closely associated with the 
policy of making radio one of the most important tools 
of the R.A.F. 

The address showed that Sir Victor Tait appreciated 
the importance of co-operation between the Services 
and professional engineers. His reference to radio 
engineers in general, and the Institution in particular, 
was most gratifying, whilst the description of some 
of the achievements of the past and problems for the 
future clearly confirmed Sir Victor's contention that 
co-operation between the Services and radio engineers 
was absolutely essential. The Institution, on the other 
hand, was most anxious to continue in peace the 
co-operation which had existed in war. 

Mr. Adorian therefore proposed that the Institution 
accord a vote of thanks to Sir Victor for his address, 
and the proposal was carried with acclamation. 
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HIGH FIDELITY REPRODUCTION OF MUSIC 

(A Discussion Meeting of the London Section of the Institution held on March 10th, 1944)f 

The Chairman (Dr. G. A. V. Sowter) : We are to 
discuss this evening the subject of the quality repro-
duction of music, and we are honoured to have with 
us Dr. Malcolm Sargent. It would be presumption on 
my part to attempt to introduce him, for we all know 
him as a conductor of international repute, and we 
are particularly favoured to have him with us. 

We are well aware of what is necessary in connection 
with amplifiers, microphones and loud speakers, and 
that side of the art is fairly well known. This evening 
we will approach the problem of reproduction from 
an entirely new angle, involving factors which hitherto 
have not been measurable. Progress in quality repro-
duction demands co-operation between the artist and 
the engineer. 

In order that we might first direct the minds of 
engineers beyond the realms of engineering we have 
asked our Member, Dr. Partridge, to open the dis-
cussion. He has written a very excellent work on 
distortion,* and he is also something of a musician ; 
so that he can discuss the subject from the points of 
view of both engineer and musician. 

Dr. N. Partridge : In order that we may reap the 
greater harvest, I propose to emphasise in my intro-
ductory remarks that certain of the Institution's 
activities appear to fall outside the legitimate scope 
of science. That audio frequency engineering is not an 
entirely scientific pursuit may not be accepted without 
argument, and therefore I will first justify my con-
tention. 

Science depends for its success upon the exclusive 
employment of recognised facts concerning the objective 
world. It is shy of personal opinion and can find no 
real use for those sensations and emotions that are the 
essence of conscious experience but which, by their 
very nature, can never be treated objectively. It 
follows that a strictly scientific study of the reproduc-
tion of music will take no account of the human 
significance of music or of the sensations of sound 
experienced by a conscious mind. Instead, the problem 
will be defined wholly in terms of the physical condi-
tions existing in the medium external to the listener. 
Hence, if audio frequency engineering were wholly 
scientific in all phases of its practice, then total deafness 
would be no bar to the profession. 

Let us consider the viewpoint of a deaf engineer 
engaged upon the development of a sound system for 
the reproduction of music. He can readily learn all 

• " An Introduction to the Study of Harmonic Distortion in 
Audio Frequency Transformers." Journal Brit. I.R.E., vol. 2 (new 
series). 

that science has to teach. Having mastered the 
relevant techniques, he will no doubt become pre-
occupied with microphones, amplifiers and such like 
pieces of equipment. This will occasion no special 
difficulty since it is only a matter of wave-forms, ampli-
tudes and frequencies, all of which are examined by 
means of instruments and not by one's ears. But what 
kind of system as a whole will our deaf colleague 
devise? For him the problem is to reproduce at the 
ears of a distant listener exactly those physical condi-
tions existing at the ears of a local listener. He will 
probably employ two separate channels, substituting a 
pair of microphones for the ears of the local listener 
and applying earpieces to the ears of the distant 
listener. Satisfactory or not, such a system would be 
amenable to design in the true sense, and its success 
would be judged by precise measurement. 

Now note the change of view that takes place with 
the possession of a pair of normal ears. A typical 
sound system to-day will certainly employ only a single 
channel. As likely as not, this channel will be fed from 
two or three microphones strung about the concert 
hall. It should be observed, firstly, that a single channel 
cannot cope simultaneously with the two distinct sets 
of conditions existing at the ears of a listener. Secondly, 
since no one has yet been known to listen with one ear 
divided into three widely distributed parts, it is evident 
that no attempt is being made to simulate anything 
objectively associated with the experience of listening 
to a concert. What, in fact, is being attempted, is to 
induce in the distant listener a subjective conscious 
experience having a significance similar to that asso-
ciated with the act of listening within the concert hall. 
By thus changing the terms of the problem we have 
crashed right through the boundaries of science and 
landed heavily within the field of art. Rarely is the 
misdemeanour so blatantly admitted. Nevertheless, 
the success of our system is no longer judged by 
impartial measurement but by personal opinion based 
upon the simple art of listening, and the wisdom of 
such a judgment must depend upon the artistic appre-
ciation of the judge and not upon the extent of his 
technical education. 

I am now going to suggest that we, as engineers, pay 
far too little attention to the distinction between the 
sound of music and the significance of music. 

Consider the implication of the following imaginary 
episodes ;— 

Episode I. When a popular and well-" plugged" 
dance tune is being performed, ask a friend to pay 
special attention to it. Afterwards play a gramophone 
record of a dance band playing similar music and 

t Publication of this report was delayed by the death of Dr. Norman Partridge tn June, 1944 
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follow it by a record of a piano arrangement of the 
same piece as originally heard on the radio. Now the 
sound of a piano bears less resemblance to the sound 
of a dance band than does that of another dance band. 
But the friend will unhesitatingly declare the piano 
record to be identical with the radio performance. In 
other words, he automatically listens to the music and 
pays but little attention to the actual sounds of indi-
vidual notes. 

Episode 2. Take a friend for a walk and pass 
within earshot of a man playing an accordion. Ask 
what the man is playing. The answer will be, for 
example," Land of Hope and Glory.- Later call the 
friend's attention to the strains of a piano and again 
ask what is being played, and again assume the answer 
to be " Land of Hope and Glory." Now the sound of 
an accordion is not like the sound of a piano, and 
neither of them is the least like the sound of Elgar's 
original orchestration. Nevertheless, the significance 
of all three is unanimously " Land of Hope and 
Glory." 

Episode 3. Recall the early days of the cinema and 
try to remember the accompanying music played on a 
piano. Later a quartet was employed; later still, a 
full orchestra ; and more recently a Wurlitzer. No 
one will dispute the difference in sound between a 
piano, a quartet, a full orchestra and a Wurlitzer, but 
each was able to convey to the audience the same 
gamut of emotional suggestions. 

Episode 4. Go to a recital and hear a great artist, 
say Leon Goossens, playing his oboe. Invariably the 
chief topics of discussion afterwards are the merits of 
the performance and the merits of the composition. 
Tentatively enquire if Goossens' tone quality is wholly 
and typically oboe-like. You will learn that his tone 
is far more beautiful than that of the average player 
and that, on occasions, it scarcely sounds like an oboe 
at all ! What can an engineer make of this ? The 
musician is evidently not looking for a precisely defined 
standard of tone quality but for an elusive feature 
called beauty. How can we, as engineers, ensure the 
transmission of this quality while we remain without 
apparatus for measuring it? 

The object of the foregoing examples is to show that 
in everyday life the attention is directed upon the 
significance of music and not upon the mere sound of 
the music. Play a few notes on a violin to the average 
man and he will not be able to say if the tone is strictly 
standard violin quality. Play " The Bluebells of 
Scotland" before the same man and he will have a 
decided reaction, one way or the other, to the per-
formance as a whole. 

When we are asked to produce a sound system for 
the high fidelity reproduction of music, we should do 
well to note that the request contains a possible 
ambiguity. Are we required to reproduce with high 
fidelity the sound of the music or the significance of 
the music? Science has no option but to accept the 

former interpretation, and therefore it is the cue to 
which our technical training inevitably directs us. But 
I have shown that common sense and everyday usage 
invariably assume the latter interpretation. Is it not 
possible, therefore, that to some extent we may be 
barking up the wrong tree? 

In conclusion, I will propound a series of questions 
for Dr. Malcolm Sargent. These questions coupled 
with their answers should indicate to the engineer 
something of the practical importance of the distinc-
tion between sound and significance in music. At the 
same time, the questions will show the musician the 
kind of advice that will be most helpful to us. 

Question I. For a variety of reasons we are unable 
exactly to reproduce at the ears of a distant listener 
precisely those physical conditions existing at the ears 
of a local listener. This being so, we have to concen-
trate upon making the reproduction sound like a true 
copy in spite of the known imperfections. If there be 
any truth in what I have already said, we should 
attempt to preserve the significance of the music rather 
than the mere tonal quality of the instruments. What 
are the factors governing the significance of music or, 
alternatively, upon what features must we concentrate 
in order to preserve the significance ? 

Question 2. When dealing with high fidelity equip-
ment we come up against the problem of background 
noise in one form or another. With the gramophone 
there is needle scratch, with the radio side-band twitter 
and whistles. To eliminate these extraneous noises 
we have to modify the tone quality to a certain extent. 
Which is the more tolerable, a well-nigh perfect tone 
quality with background noise or a slightly impaired 
tone quality with a silent background ? 

Question 3. For technical reasons it has been found 
very desirable to reduce the range of volume normally 
associated with big orchestral works. This is done by 
making the soft passages less soft and the fortissimo 
passages less loud. Is this very detrimental to the 
significance of the music, and would it be a great 
advantage to restore the full range of extremes ? 

Question 4. When using " straight" amplifier 
equipment it is necessary for the sound intensity at the 
listener's ear to appproximate to that in the concert hall 
in order to obtain a sense of intimacy and realism. In 
the case of radio and gramophone, this necessitates a 
rather considerable noise in the home. If the volume 
be turned down the orchestra recedes into the distance 
and the tone balance is upset. By " cooking" the 
response of the amplifier the intimacy and balance can 
be restored even at very low volume level, but we have 
now produced something that does not exist in real 
life, namely, a symphony orchestra in miniature. Is 
this legitimate or must we aim at life-size volume? 

Question 5. Lastly, in how far do we succeed in 
reproducing music, and what are our most obvious 
shortcomings from the musician's point of view? 
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Criticism should be with reference to the best examples 
of our work and not with reference to cheap com-
mercial sets in which the performance is limited by 
price considerations. 

Dr. Malcolm Sargent ; For a very long time it has 
been my wish that the musician and the practitioner 
(the physical engineer) should come together so that, 
by combining our ideas, we could achieve the unity 
which I feel is possible, but which we have not yet 
achieved. I could not take it upon myself to call a 
meeting and I was therefore delighted to be invited to 
this meeting. I am not expecting a contest, but I hope 
to assist in coming to some definite form of agreement, 
something which will be useful to our combined art. 

I do not propose to tackle Dr. Partridge's questions 
one by one ; but my remarks may cover some of them. 

There are two different languages which must be 
spoken as between the scientist and the artist. We 
have the science of acoustics, involving something 
which can be measured against definite standards and 
expressed in figures. Then we come to the science of 
esthetics. Since the days of Plato, and even further 
back, there has been a controversy as to whether 
esthetics can be considered a science, whether we can 
set up a standard which will remain true in all cases 
for art, for beauty, for esthetics. 

Thus, at the start we are up against a difficulty. As 
Dr. Partridge has said, high fidelity reproduction 
should include beauty. But what is beauty? We 
know that Pilate asked what was truth, and waited 
for the answer ; it has not come yet. Truth is not 
beauty. There may be beauty in truth; but truth 
itself is not large enough to contain within its walls 
standards of beauty. 

We may argue that beauty begins where utility ends ; 
and that is an interesting point. This line of demarca-
tion is interesting and important. There comes a 
moment when we get beyond utility and fidelity to 
something which we call beauty. We cannot define 
it; but we must accept it as something we must 
endeavour somehow to get into our reproduction— 
unless we decide just to make for sounds, the right 
ratios of vibrations, and so on. 

It is a shock for us to realise the artistic axiom that 
we must avoid high fidelity reproduction if we wish to 
create beauty. All the great artists say that the one 
thing we must never do in art is to imitate or to have 
two sides exactly alike. If we have two sides of a 
picture exactly alike, we are introducing some measure-
ment. Nature never does that. Again, the two sides 
of a statue are not the same; the eyes are not the same, 
one leg is in front of the other, and so on. The poised 
figure absolutely dead straight is inartistic and not 
true to nature ; it would not look like a human being, 
for no human being is dead straight, having two sides 
about a centre line. When nature wishes to be beau-
tiful, it avoids high fidelity. Again, in architecture a 
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succession of gargoyles are not all alike. It is only 
when the machine comes into play that faithful repro-
duction is either possible or desirable. 

It is interesting that nature avoids high fidelity 
reproduction, and the artist has always avoided it. He 
avoids copying his picture; he employs someone else 
to do that. In cases where pictures have been painted 
two or three times they have never been exactly the 
same. Symmetry in art is not for the purpose of making 
two things identical, but to ensure that it has a 
seemliness of pattern. 

The art of the composer is to write on paper his dots 
and dashes and lines, and the work of the artist is to 
reproduce those dots and dashes and lines as a work of 
art in music which can be enjoyed and understood. 
So that from the start we are dealing with reproduc-
tion and, strangely enough, when we are recording we 
are reproducing a reproduction. Should we reproduce 
the significance of the music as written by the com-
poser or the significance of the performance, the tonal 
values, as given by the artist ? In recording a Kreisler 
performance of a Beethoven sonata the reproduction 
should be as performed by Kreisler. If the tone of the 
fiddle as produced by Kreisler is not given, do not 
label it as a reproduction of a Kreisler performance, 
because in effect it is a sonata as played by the fellow 
who turns the knob ! We produce gramophone 
records, but we have never yet decided just to reproduce 
music. We always reproduce a performance of music. 
The idea of using reproduction as an art form in itself 
is interesting, and it has been tried to some extent; it 
is something which can be exploited, and I think it will 
be exploited. 

But that is not what we are dealing with, for we are 
concerned with the reproduction of a performance. 
The standard must be absolutely high, in order to 
reproduce every form of gradation, the complete range 
which is possible by the original artist. 

Should there be any link at all that is movable 
between the artist who puts it on to the wax and the 
wax itself ? Or in the case of a broadcast, should there 
be any link which is adjustable between the artist who 
is playing a piano and the listener? The artist will 
know that there should be none at all. There should 
not be a middleman who can touch any machine which 
can alter the gradation, the volume and the tonal 
values, because the moment that is done the perform-
ance is not being reproduced. 

In discussion, therefore, I should use the following 
points in answer to the five questions propounded 
by Dr. Partridge :— 

Question 1. The significance of music must be 
directly perceived. It cannot be explained, described 
or taught, although its appreciation can be encouraged 
by training. The question therefore cannot be answered 
directly. But a very useful negative answer can be 
given. The significance of music will not be achieved 
merely by the precise mechanical performance of the 
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composer's score. Thus the tempo may be varied— 
conductors vary considerably in the speed at which 
they take even standard works; the pitch can be 
changed—Bach, Haydn, Mozart, etc., hase been 
played at a variety of pitches at different periods and 
places; the loudness can be altered—there is a decided 
difference in this respect between front and back of a 
concert hall; the tone quality can be modified— 
solo artists are often recognisable by their charac-
teristic tone quality ; and so on. It is this great 
variability that makes so many interpretations possible 
without loss to the essential meaning. 

The important conclusion is that concentration 
upon the perfect reproduction of any one feature 
(tone quality for example) will not necessarily lead 
any nearer to capturing the significance or beauty of 
the composition. 

Question 2. Is it better to have one's room papered 
with beautiful wallpaper having sundry grease spots 
and ink splashes on it, or to have a slightly inferior 
paper without blemish ? The question is of this type 
and the answer will depend to some extent upon the 
viewpoint taken. If we are considering the enjoy-
ment of the masic in the broadest sense, then needle 
scratch is a distraction and greatly reduces the enjoy-
ment. Its removal coupled with slight impoverishment 
of tone will greatly increase the comfort of listening 
and will do little to affect the significance of the music. 
On the other hand, if a record is purchased for the 
special purpose of reminding oneself of the unique 
tone quality of a particular artist, then, of course, 
needle scratch must be tolerated. 

The latter interpretation is a rather special one. 
In the broader view, extraneous noise should be 
removed even at the expense of tone-quality—assuming 
the price not to be exorbitant. 

Question 3. In view of the great trouble the in-
strumentalist takes to acquire a wide range of power, 
it seems discouraging to vitiate his work. But, at the 
same time, providing the volume compression is 
undertaken systematically, the significance of the 
music will not suffer a great deal. By " systemati-
cally " is meant that a definite law must exist between 
change of volume in the original and in the reproduc-
tion—the variation must not be capricious. The 
mood calling for a crescendo, for example, is usually 
expressed in other ways, such as by a rising phrase, 
increasing complexity of harmony, increasing tempo, 
etc., all of which will remain and will of themselves 
maintain the significance of the passage. It is not 
essential to restore the original range of volume, but 
it would clearly be advantageous to do so. 

But there is a type of volume control that is wholly 
intolerable. When a soft movement is immediately 
followed by a bold tutti it is not unusual for the 
volume control to be abruptly turned down. The 
same thing is done when a solo passage (concerto 
cadenza) is followed by a sforzando entry of the full 

orchestra. This sudden changing of the volume 
relationships renders the passage meaningless and even 
ridiculous. The effect is similar to being instan-
taneously transferred from the front of the stalls to 
the back of the hall. The mind requires time to adjust 
itself to its new position and while this is going on the 
significance of the passage has been missed. Any 
change in the range of volume must retain something 
of the original relationship. 

Question 4. Without a knowledge of technicalities 
one would expect a perfect reproduction to sound 
identically the same as the original music. But if, for 
technical reasons, this is not to be expected, then 
surely the relation between the reproduction and the 
original should be something of the nature of the 
relation between a picture of a person and the person 
himself. For example, all varieties of pictures of 
Mr. Churchill (and cigar) have appeared from minia-
ture line cartoons to oversized posters. None is 
truly like Mr. Churchill in the sense that it might be 
mistaken for him in person, but all bear the significance 
" Mr. Churchill." The picture chosen for any particular 
purpose will obviously be the one most suited to that 
purpose. So it should be with reproduced music, 
assuming it to be other than a true copy. All varieties 
of reproductions should be possible from oversized 
sounds for the football field and cinema to under-
sized varieties for invalids in hospital. None will be 
the same as the original, but all must carry the same 
essential significance. For the home fireside, full 
volume does not seem desirable, but intimacy and tone 
balance are highly desirable features. 

To express this in another way, in the absence of an 
orchestra a musician can enjoy much of a composition 
by reading the score in silence. Artificial reproduction 
should go one better and present directly to his con-
sciousness all the material necessary to enable him to 
appreciate much of the meaning and beauty of a 
composition. Any " cooking " necessary to this end 
would seem not only legitimate but essential. 

Question 5. This is wholly personal—no sugges-
tions can be offered. Criticism should be from the 
artistic angle—engineers are only too well aware of the 
technical shortcomings from the scientific viewpoint, 
but I do feel that no matter how small the interference 
by the machine, to that extent the reproduction of the 
performance is imperfect. The ideal at which we 
should aim should be to do away with any inter-
ference. We should say that we will not be content 
until we have absolutely expunged the middle-man 
who controls anything between the producer of 
music and the receiver in the home. 

Obviously we have not yet reached that stage. 
Therefore, what should be done ? Having decided that 
we will never accept the present situation as the ulti-
mate, what can we do in the present circumstances? 

First of all, it is possible to establish complete 
collaboration of ideals and ideas as between the artist 
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and the engineer. The latter is the man between the 
producer and the receiver. Under present conditions 
there should be at least every possible form of artistic 
and practical collaboration. 

First, then, we must assume that the control room 
engineer is there in case anything goes wrong with 
the adjustment of the equipment. We must also 
assume that the musician is a man of intelligence, able 
to conform with conditions which may be essential 
for the time being. 

I should like to see collaboration between engineer 
and musician established to a much greater extent 
than we have it to-day. It seems quite possible, and 
it is something I have longed for in connection with 
broadcasting and gramophone recording, for the 
conductor or the performer to have before him a dial 
to record the volume, and having danger spots marked 
on it, so that he can work his crescendos in line with 
it. By that means the conductor or the artist could 
see, long before he reached a climax, whether that 
climax would be within the required range, and he 
could ensure that it would be within that range. 
I know the dangers of sudden outbursts of sound, 
such as a crash on the drum, and so on. I would like 
to be able to see, at the rehearsal, how much drum 
I dare put on. I believe that any intelligent person 
could watch such a dial and could adjust the volume; 
that would be far better than to have an adjustment 
which is effected arbitrarily by someone else. 

Again, in connection with recording and in broad-
casting, the conductor asks that there should be very 
frequent tests; we do not have enough. The artist 
wants time to hear his performances, just as the 
listeners hear them, so that he can make his own 
adjustments. In broadcasting we seldom have a chance 
to hear them ; there is not time. But if we are really 
out for high fidelity reproduction, that is the first 
thing on which I insist, so that the artist has the 
opportunity to adapt his art to the job in hand, be it 
broadcasting or gramophone recording. 

Does the music actually go out of a hall faithfully? 
By that I mean, is the microphone the equivalent of a 
human ear? A point which has been raised, and 
which interests me, though I cannot answer it, is 
whether one microphone can do the work of two ears. 
Do the ears really work stereoscopically? Is the 
distance between them important, in the same way 
as the distance between the two eyes is important in 
providing a sense of exactness ? If one microphone is 
not enough, the answer is not necessarily that there 
should be three or four in a room; you might have 
two, the distance between them being the same as 
between two human ears. 

There is one simple test, but I have not yet seen it 
applied. I would say that a microphone is doing its 
job absolutely right if you can place it in a room and, 
when standing beside it, you can listen to the music 
with the ear, and then put on earphones from the 
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microphone and hear the music exactly as before. If 
the results are identical in both cases you can say that 
the microphone is faithfully putting over to the wax 
the sounds received by the ear. That is an ideal which 
we have not yet approached. 

It might be possible also, when testing microphones 
in a hall, to move a microphone about and to find 
out where there is the least difference between the 
sounds received by the earphone and the human ear. 
You may move the microphone up or down or side-
ways and you may find one spot where there is the 
least difference. Then you can adjust. The orchestra 
may be too large, and you may have to reduce it. 
I remember an occasion on which the basses were too 
resonant, and I told four of the eight that they could 
go home. There was a terrible shemozzle ! They 
came back again, but I told them that so long as they 
did not play I should be perfectly satisfied. They had 
a grand time, doing nothing at all; and the results 
were very much better ! 

I am not the sort of musician who insists upon 
broadcasting under concert conditions; I do not 
think that is the best way. Ideally it is the best way; 
but until you can produce microphones which are in 
effect human ears, it is not the best way. 

Having decided that the music does not come out 
of the hall faithfully because the microphone is very 
different from the human ear, we have then to decide 
whether or not it goes on to the wax faithfully. Here 
again, in recording one sometimes wonders what is 
taking place in the van. I have occasionally come 
across troubles with the intonation of soft wood wind 
chords, which I am certain is due to the fact that the 
turntable is not absolutely correct. In watching 
needles on turntables, both in vans and elsewhere, one 
can always see a slight movement. If there is any 
vertical movement at all, the wax is not taking the 
sound accurately; it should be dead still, in order that 
the sound should come through without being alter-
nately accelerated and slowed up in certain parts. 
That is one of the problems the solution of which will 
help towards high fidelity in recording. 

It may be thought that by placing microphones in 
various parts of a hall the balance obtained is abso-
lutely perfect ; but it is strange that the near micro-
phone gives an entirely different idea of concert 
recording. I remember a very curious example, when 
I first went to see the film " Fantasia." From outside 
the hall I was listening to the Nutcracker Suite, and 
I thought I could hear female voices singing; I pre-
sumed that it had been re-orchestrated. But when 
I entered the hall I found that the sound which I had 
thought to be due to female voices was simply due to 
the playing of the strings; the harmonics were so 
changed that I had thought the sound was vocal. 

Again, in " La Gioconda" I heard a most miracu-
lous sound of flutes, as full as the sound of trombones. 
It was wonderful, but it was not a sound which had 
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ever been heard in an orchestra. I get it sometimes 
when a flautist plays near me, and it can be reproduced 
like the sound of trombones. It is very striking, but 
it is not the sound which the composer intended when 
he wrote the flute solo. Flutes can be used that way if 
we decide that the music has been written for recording 
or for a film and should be used as such; I think the 
modern composer can produce some wonderful sound 
effects by placing microphones near to instruments 
which we are not accustomed to hear. He can make a 
chord on the clarinets give a blast louder than that 
from the Albert Hall organ. But that is not what we 
are dealing with in high fidelity reproduction; it is 
high" infidelity." 

In broadcasting insufficient trouble is taken with 
the placing of the microphone. I have not seen the 
B.B.C., which could well afford to do it, use the first 
night of the Proms experimentally. Even when using 
the Albert Hall it could be stated that the first night 
of the Proms is an experimental night; the B.B.C. 
could then hang dozens of microphones' and could 
spend the evening trying out the best combinations 
for producing the right effects over the air. That can 
be done only when the hall is full. The result should 
be much better than anything we have ever had. 

In fact, however, suddenly I am asked to broadcast 
a choral concert. The problems of a choir with an 
orchestra are many. The experts arrive at the hall 
and sling up a couple of microphones, listen to the 
results in an empty hall, with no choir there at all, 
but only the orchestra, and they seem to consider 
that that is sufficient. It seems to me that every concert 
hall in Great Britain which is to be used for broad-
casting should be registered with the necessary in-
formation as to the best method of broadcasting from 
it. There should be an experimental session. It would 
be quite easy, without disturbing the concert, if the 
microphones were slung in many places, to switch 
them on and off or lower them between items. We 
should be very glad to co-operate in this work, for 
we should then have a setting for a concert which would 
always give us good reproduction. At the moment 
the problem is a nightmare. Even the best of concerts 
that come over from choral societies, and so on, 
ought to be much better reproduced than they are. 
We have always to make allowances for the broad-
casting. 

I should like to ask your opinion on another matter. 
I have discussed it with doctors, but have never 
received a satisfactory answer. The ear is less under-
stood than the eye. If I hold up my finger before my 
eyes I can look at it and see it quite clearly, or I can 
look through it and see the door of the room behind 
it, by focussing. I am convinced that we can focus 
with our ears also. I can decide to hear the second 
bassoon, by focussing the ear to it. I believe the ear 
must have a control system which is really minute 
and has not been studied fully. When you enter a 
machine room you cannot at first hear your friends 

speak, but later the ear becomes dull to certain sounds 
and you tune in to voices. In a restaurant one perhaps 
tries to hear above other voices a remark by someone 
who is, comparatively speaking, a long way away. 
Once you catch the tone of the voice you want to 
hear, you can hear what is being said. 

The point has been raised that a conductor does not 
really hear a concert as the audience hears it, and 
therefore, perhaps he is not the best representative to 
make a decision about recording. I must tell you that 
a conductor cultivates a curious sort of hearing which 
becomes instinctive; but he does not decide on a 
performance exactly as he hears it. It is particularly 
noticeable in a piano concerto, the piano being much 
louder to him than to anybody in the hall, and he 
becomes accustomed to that. I do know—and that 
is why I believe in the focussing of the ear—the amount 
of volume from a ' cello, because I can see the amount 
of bow. 

Just as, in recording, one would turn down theknob 
to take a loud chord, the conductor would turn up 
the knob after the loud chord, because if a loud chord 
is followed immediately by pianissimo the ear is not 
ready to accept it. Therefore, an orchestra will play 
louder (mezzoforte) immediately after a loud chord, 
and it will sound pianissimo. The conductor's job is 
to play for effect. We play the written note in order to 
produce the effect upon the hearer; we are not there 
to please ourselves, but actually to get the result over 
to the listener. You would be amazed to find how 
often composers make errors of judgment. What they 
write could not give the complete effect intended. 
This balancing is something which any sane conductor 
is accustomed to do, and it is not beyond his powers 
to do without our friend with the knob and perhaps 
to obtain better results on the wax. 

What I have said will convince you that there is at 
least one musician who is intensely interested in your 
part of the job, because he knows it to be of vital 
importance, and who will be only too happy if you will 
allow him to learn some of your secrets and to 
collaborate with you, so that the results of that 
collaboration will benefit humanity in general. 

Mr. P. G. A. Voigt: In recording work, a loudness 
dial on the conductor's desk can and has been provided. 
I was once concerned with recording an organ which 
had a particularly objectionable note and which no 
gramophone would record. A connecting lead was 
ran out from the amplifier, a meter was placed on the 
organist's desk, and he played the passage concerned 
until we found the needle going hard over. Then 
I asked him to hold that note—which is quite easy in 
the case of an organ—and we moved microphones all 
over the place until a spot was found where the note 
was not so serious. That became the standard spot for 
the microphone when recording that organ. 

Regarding the alleged deficiencies of microphones 
and gramophones, Dr. Sargent is perfectly correct in 
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his contention that if you put your head near the 
microphone and listen through headphones you should 
be able to hear exactly what you hear when you take 
off the headphones. But not only have the micro-
phones to be perfect. The headphones also should be 
perfect ; but perfect headphones are few and far 
between. 

One way of making a test is to have the artist and 
the microphone in one room and a speaker in another 
room. The speaker will reproduce the sound, which 
will set up echoes in the second room ; and since the 
microphone will pick up part of the reverberation of 
the first room, the reproduction will contain two sets 
of echoes. Therefore, it cannot be exactly the same as 
the original. But it can be very near to the original. 
By means of that test it is possible to discover 
deficiencies.t 

One of our difficulties is that the average member 
of the public has never heard what can be done with 
high quality apparatus under the best conditions; 
and those best conditions, I am afraid, are a micro-
phone connected through amplifiers and a direct line 
to the loud speaker. Under those conditions a very 
high standard can be achieved. The gramophone disc 
and the radio introduce certain difficulties which, by 
good technique, can be made very slight. Microphones 
should be far apart and pass their output through a 
single amplifier over one radio transmitter or through 
one record groove ; for binaural listening it is 
necessary to have two separate transmitters and two 
separate grooves. 

Binural listening has been achieved academically, 
and it is most interesting. The impression is given that 
the orchestra is all around the listener. But to preserve 
binaural it is essential to have double channel, and 
synchronisation must be absolutely spot-on ; the 
nearest substitute would be to have two spaced loud-
speakers and two suitable spaced microphones. 

The middle-man is always getting into trouble. 
When I was making gramophone records I endeavoured 
not to touch the knob whenever I could avoid it. 
But if the artist were given a choice between leaving 
in a top note so loud that it would shut down the 
transmitter and having that note slightly modified, 
I do not think there is any question as to the choice 
he would make. 

Then there is the problem of arranging the differences 
musically. Is the sound of a drum which is hit as 
hard as one can hit it, and with the volume control 
turned half-way up, the same as a drum hit half-
hard and with the volume control left fully on? 
I do not think it is the same; but I will not argue as 
to which is preferable. 

I believe than when the equipment is perfect, when 
all the imperfections of which the engineers are con-
scious can be eliminated, the music through a loud 

t Bee also " Sound Reproduction," by P. G. H. Voigt, Journal 
BrIt.l.R.E., Vol. 1 (new series), p. 74. 
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speaker will be of such quality that it will sound to 
an audience as though the orchestra is in a studio 
adjoining the room, there being no wall between the 
room and the studio.. We shall not be conscious of 
any intervening link of any kind. 

I cannot agree with the view, however, that in order 
to obtain that effect the sound should be doctored by 
the engineers. In eliminating engineering imperfections 
it is possible to lose some of the beauty of the music. 

It is often suggested that engineers should alter 
the quality of the music as received on the radio or 
record. The musical instrument manufacturers, 
however, have been engaged for several centuries in 
making musical instruments, and no doubt they have 
made those instruments to sound as good as they 
know how. For a technician to introduce treble cuts 
and bass boosts, and what not, in order to improve 
the quality of the music from those instruments is 
by way of being an impertinence. If it is done in 
collaboration with the musician in order to achieve 
certain definite artistic effects it is justifiable; but 
that is not high fidelity reproduction, and it is not the 
technical problem of conveying a sound as it was 
produced. 

One of the reasons for the difficulties that arise as 
between artists and engineers is that to some extent 
they speak different languages. When I was trying to 
convince a recording department of the need for 
electrical recording I talked about harmonics. My 
colleagues looked very wise ; and I discovered later 
that " harmonics" was a special way of playing a 
violin ! What the engineer calls " harmonics" the 
musician calls " overtones." Perhaps Basic English 
will put that right ! 

The problem of reproducing pictures has been 
mentioned by way of analogy. Analogies are always 
very dangerous. But if 1 wanted to purchase a copy of 
a Rembrandt, for example, I would object to the 
use of a photographic process which was arranged to 
give something artistically more desirable. All the 
imperfections of that Rembrandt should be repro-
duced, if the copy is to be a faithful one. 

Multiple microphones have been attacked on 
technical grounds. I prefer to use one microphone, 
though we can use several. If one imagines that half 
way between two microphones there is a completely 
reflecting wall, then the introduction of multiple 
microphones produces a fictitious state of affairs, the 
walls reflecting some sounds but not others. 

Dr. L. E. C. Hughes: It was my privilege to deliver 
a lecture to the members of this Institution about 18 
months ago,* and I tried then to show that practically 
all the scientific factors involved in the reproduction 
of sound were known and could be controlled. The 
discussion to-night is concerned mainly with the defects; 
we are arguing along the lines of least resistance and 

• " The Technical Basis of Sound Reproduction," November, 
1942. 
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complaining about the ignorant criticisms of musicians 
who perhaps do not know what they are required to 
listen for. I hope the discussion to-night will clear up 
the point that there is a standard of objectiNe assess-
ment of quality. But it is not the final one; the final 
one must be the purely subjective. 

The way in which the engineer attacks the problem 
differs from that indicated in the first remarks of Dr. 
Sargent. Artistically, it is the business of the conductor 
to give us the best example he can of what the composer 
had in mind. If the conductor deviates, that is his res-
ponsibility. It should then be possible for the engineer 
to compare the original with the reproduction; however, 
this has to be staged especially, and the suggestion by 
Dr. Sargent that he would be willing to experiment 
with the telephones points one way out. It must, 
however, be borne in mind that ordinary telephones 
distort, so that special high quality telephones would 
have to be used. The best solution would appear to 
be to have the conductor in a glass box, where he could 
not hear the orchestra directly, but could hear the 
reproduction. 

" Fantasia " in its orginal form must give, I think, 
the finest reproduction ever attempted. The film with 
its three sound channels was shown in America, and 
it was reported that audiences were very excited 
about it. The point is that Stokowskihimselfrecorded 
the three channels from the original microphones ; 
it was therefore Stokowski himself who sanctioned 
what the public should hear. If there is anything 
wrong with the music it is his reponsibility, not that 
of the engineer. 
We have a glorious opportunity to ask for Dr. 

Sargent's good offices to educate the public to appre-
ciate high quality reproduction. We have been talking 
about it for 20 years with no result whatever, and it 
can be done only by great artists, such as Dr. Sargent, 
arguing our case. 

Patric Stevenson : Dr. Sargent obviously appreciates 
the fact that music now reaches many more people 
as reproduction than as a real performance in the 
concert room; the more time given by musicians 
to discussing the problems to which reproduction gives 
rise, the better for all concerned. For this is a somewhat 
neglected field, and the esthetics of reproduction is in 
danger of falling between two stools, being, on the 
one hand, too exclusively concerned with qualitative 
esthetic theory for the technical press, and on the 
other hand, too technical for consideration in publica-
tions devoted to the art of music. Nevertheless, it is 
of vital importance, and liaison between musician and 
the engineer should be encouraged, as an ever-increasing 
part will be played by the latter in the sphere for so long 
dominated by professional musicians. 

I wish to deal to-night with the subjective, perceptual 
aspect of the reproduction of big ensembles, with a 
view to finding what principles, if any, can be deduced 
to guide us in our attitude towards sound-reproducing 
systems. 

Means and Ends 
Assuming, for the moment, perfect reproduction to 

be an eventually attainable aim, we should never forget 
that broadcasting is a means. When used as the vehicle 
by which the performance of a world masterpiece is 
heard, it behoves us to look into the question from the 
esthetic point of view. For a great musical composi-
tion possesses intrinsic value in and for itself—it is an 
end, not a means—and our method of distribution must 
interfere as little as possible with the ends entrusted to 
its care. 
What then, in terms which concern the sound 

engineer, is an orchestral concert ? It is a sequence and 
combination of sounds of varying pitch, volume, 
timbre, and "transiency" produced by a large number 

of different instruments. 

Five Conditions of Performance 

The following are some of the elements—acoustical, 
environmental, physical or physiological—which will 
condition an actual symphonic performance :-

1. A large number of instrumentalists will occupy 
a lot of space, and play in a closed auditorium seat-
ing, perhaps, 2,000 people. Hence there will be 
considerable variations in the distances between 
each player and any given listener. This path 
difference will give rite to varying phase differences 

at the listener's ears. 

2. The human eardrums, being located apart 
(average distance 21 cm.), are capable of detecting 
differences of phase over certain frequencies, 
thereby giving us a sense of direction of the sound 

source. 2 

3. The loudness-sensitivity of the ear varies over 
the frequency range so that, other things being 
equal, bass and extreme treble will be louder relative 
to the middle notes when near the orchestra, and 
softer when farther away. 

4. All sound is affected by the reverberation period 
of the hall. The walls cause reflections, and inter-
ference patterns are set up. 

5. A range of the order of 50 db. will normally be 
covered in dynamics. 3 

All these conditions modify the result before the 
final concept of, let us say, Beethoven's Fifth Symphony 
becomes apprehensible to the mind of an average 
listener. Moreover, all these factors must have played 
their part in creating the conception of the symphony 
in Beethoven's brain. He did not conceive the music 

Using the word in its technical sense the meaning is "transient 
content." 

• Beatty. R. T., " Hearing in Man and Animals." G. Bell & Sons. 
1932. 

' " Cathode Ray." " Loud Speaker versus Orchestra." 
Wireless World, March 10th, 1938. 
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as emanating from a nine-inch diameter "point-source" 
in a bijou villa sitting-room: the size and space 
inseparable from performance were inherent factors.' 
"The music," as Terman says, "exists in terms of 
musical instruments. Moreover, it exists in terms of 
the place and occasion of its execution."5 

Bearing in mind the above five conditions of per-
formance, let us see what broadcasting technique 
would give the listener a perfect replica of the original. 

Approaching the problem from the point of view 
of transporting one individual to the concert hall, the 
arrangement will be as shown in Fig. 1. Two micro-
phones, each having the same directional properties as a 
human ear, and situated in the same mutual physical 
relationship are suspended at A in the auditorium.' 

Fig. 1.—The listener is transported to the 
concert hall. 

Two separate transmitting and receiving channels 
convey the vibrations to the respective ear-pieces of 
a pair of high fidelity 'phones. The listener adjusts 
the volume so that the intensity at his eardrums is the 
same as the intensity he would hear in the hall. This 
exemplifies binaural or stereophonic broadcasting. 

So much for theoretical perfection ; what have we in 
reality ? Fig. 2 illustrates existing monaural practic e 

"Reverberation in Orchestral Recording." Gramophone, 
October, 1941. 

Radio Engineering, p. 192. 

They must be suspended in mid-air, as no mechanical device, 
devoid of will power, can be expected to discriminate against 
extraneous noise in favour of the music. 
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which strikes an unsatisfactory compromise between 
attempting to take the listener to the concert hall and 
bring the orchestra into his home. Several micro-
phones, A,A,A, are placed throughout the hall. (This 
would of itself produce abnormal sense perception). 
Their output is mixed and fed via the balance and 
control panel—which includes volume compression— 
to a single-channel transmitter. Assuming that the 
receiver volume control is set to give an approximation 
to the average intensity at the ear in the hall, what the 
listener hears will further depend on home conditions, 
i.e. (i) his position B; (ii) the placing of the loud-
speaker; (iii) the acoustics of his room. 

Even assuming the as yet unattained perfection of 
each link in the broadcasting chain, it is obvious that 
the result will be unlike anything which a single indi-
vidual could hear in the hall. The five conditions of 
performance, whose subtle fusion exercises such a 
potent influence on direct listening, are absent—or 
present but singly or piecemeal—in the reproduction. 
That the loud-speaker should sound as pleasing as it 
does is partially explained by the fact that the ear is a 
very accommodating organ, accepting as natural the 
result of interference effects, and obligingly supplying a 
fundamental when harmonics only are present. Fur-
thermore, the aural memory of most people is of 
extremely short duration. A deeper, psychological 
reason is due to the mind's renunciation of the judg-
ment that the reproduction is not the reality. We do 
not judge it to be unreal ; hence the resulting negative 
reality is fairly convincing. 

I conclude, therefore, that distortion is inevitable 
and a facsimile of the broadcast impossible. 

A 

CONCERT HAL,_ 

BALANCE 

CONTROL 

[1.1 

V Tx 

LISTENERS ROOM 

Fig. 2.—A compromise is struck between taking the 
listener to the hall and transferring the orchestra to the 

sitting room. 
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Existing Schools of Thought 

The attitude of those who have studied the philo-
sophy of sound reproduction can be classified under 
three schools of thought. 

The first school, the Purists, believe as ultimately 
attainable what I have just shown to be impossible, 
viz., absolutely distortionless reproduction. They 
therefore hold that broadcasting is simply a means of 
sound transmission, and no distortion can be tolerated. 
Our aim is not achieved, they say, until the vibrations 
at the listener's ears are identical with those which 
would impinge upon them at the actual performance.' 
Let us hear Mr. J. R. Hughes, a doughty champion of 
this school, on the question of volume levels :— 

" The loudness of a symphony is part of the 
symphony; if we change it, no amount of 'tonal 
balance' can resurrect the murdered original." 

"Scale, size or loudness—these are inherent 
factors. A miserable, puny undersized reproduction 
of a great symphony is no more capable of exciting 
the deepest emotions than is a vest-pocket photo-
graph of the Matterhorn." 

". . . by no natural means is it possible to hear 
music softly and yet preserve the same 'tonal balance' 
as exists when it is heard loudly. Why, then, should 
we try to introduce this unreal condition into our 
'high fidelity' radios? . . . 'Tone correction' is 
always wrong. If we must have our music softly, 
then let it sound like real soft music."° 

The views of the second school, the Pragmatists, may 
be summarised as follows. Broadcasting is a universal 
means of home entertainment and instruction. 
Although the Purists' ideal may be the counsel of 
perfection, the conditions of its attainment are seldom, 
if ever, capable of realisation in practical life. We 
agree that all juggling with frequency-response curves 
is • ipso fdcto wrong, but maintain that the power to 
produce a touched-up version of broadcast music, 
more suitable for a home environment, should not 
be denied to the ordinary listener. 

Mr. P. G. A. Voigt would seem to be an adherent of 
this school. He has written : 

" Reproduction is possible at any volume level, 
and a faithful replica of the sound anywhere between 
these extremes of loudness can be high fidelity. 
Faking the volume control so as to boost the bass 
at low-volume levels is, therefore, inadmissible 
from a quality point of view. 

. . . While I dislike the faked volume control, 

". . . It cannot be too strongly, or too often emphasised that 
an ideal receiver must reproduce at the listener's ear, exactly the 
same intensities and exactly the same range of intensities as would 
exist at the listener's ear if he were seated in his favourite seat in 
the concert hall."—Letter from J. R. Hughes, Wireless World, 
January, 1943. 

▪ Wireless World, April 13th, 1939. 

▪ Wireless World, February, 1942. 

" Wireless World, August 10th, 1939. 

I do not condemn normal correction circuits . . . 
When characteristics are known, compensating cir-
cuits can be evolved intelligently. When they are 
unknown . . . a variable adjustment is often of 
immense value."n 

The third school, the Subjectivists, realising that dis-
tortion is inherent in present systems of broadcasting, 
claim that reproduction is a purely subjective affair. 
The home listener must be given full control to get his 
music the way he wants it. There is no right or wrong 
in the matter; it is entirely a question of personal 
taste. 

Mr. R. C. Harris is a typical Subjectivist. He 
writes : 

" Mr. Hughes appears to have the psychology of 
listening all wrong. When we listen to the repro-
duced version of an orchestra we want to be able 
to hear the correct proportions of the original . . . 
After all, what is the criterion of good reproduction ? 
When we can sit back . . and can say that it was 
magnificent. Does it really matter if it was not 
quite like the original ? "1" 

Dealing, as I am, with the reproduction of music 
which possesses inherent artistic value, the contentions 
of the third school wou'd seem impertinent and un-
tenable. Has the composer no right to say how he 
wants his music heard ? If not, why has he been so 
meticulous in adding expression marks to his score ? 
What would Beethoven or Brahms have said if told 
that the mere fact of using a radio entitled the listener 
to hear their music just as he wanted? Why, too_ 
should the exquisite and laboriously rehearsed balance 
of a Beecham or a Sargent be at the mercy of the 
irresponsible knob-twiddling of John Brown ? 

Well, the fact is that we are committed to scientific 
progress giving the man in the street a steadily-
increasing control over his broadcasting. What, how-
ever, are we to do when Beethoven emerges with 
everything altered (except, possibly, pitch and tempi) 
from the devious channels and filters of our friend's 
amplifier ? 1 can only answer with one word, educate. 
Education, and the development of a collective artistic 
conscience must be the means by which we fit the 
ordinary listener for the onus and privilege of becoming, 
in a certain sense, a co-interpreter of great music. 
When Berlioz writes an unusual diminuendo on the 
final chord of his Rakoczy March (which responsible 
conductors like the late Sir Hamilton Harty observe in 
performance), we must rely on the general musical 
culture of the listener restraining him from turning up 
the volume control for the last few beats under the 
mistaken impression that the effect is due to the 
B.B.C.'s "playful habit of compressing the peaks of 
the finale."'" 

" Wireless World, August 24th, 193). 

1' Wireless World, August 31g, 1939. See also the article " New 
American 'Quality' Receiver," Much 23rd. 1939, and letter in 
issue dated May 18th, 1939, both by Pacent and Like'. 

" Wireless World, March, 1942. 
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Similarly, when Schubert, Brahms, Berlioz or 
Sibelius indulge in a passage of contrary dynamics" 
(let us say the treble getting louder with a simultaneous 
diminuendo in the bass) we must again fall back upon 
the education and artistic integrity of John Brown, 
who by nature likes his orchestral items with plenty of 
bass, preventing him from manipulating his tone 
controls so as to annul the intended effect. 

Whilst admitting the necessity for education, we 
may ask is there any principle to guide us through the 
chaos of "loud-spoken" sound? I think there is. 
Starting from the fundamental truth that imperfec-
tions will always remain in the broadcasting of music 
as we know it, we see the futility of trying to make our 
home reproduction a copy of reality. Our true aim 
should be not a copy but an imitation. Looseness in 
linguistic usage may obscure this point ; it can best 
be illustrated by extracts from Coleridge's " Lectures 
on Shakespeare." Coleridge is discussing the stage and 
stage illusion. To make these passages applicable to 
our subject, the italicised words have been substituted 
for the original terms. 

" Reproduced music . . . is not a copy, but an 
imitation of the actual performance. This is the 
universal principle of the fine arts. In all well laid 
out grounds what delight do we feel from that 
balance and antithesis of feelings and thought ! 
How natural ! we say—but the very wonder that 
caused the exclamation implies that we perceived 
art at the same moment . . . And so it is in 
sounds known to be artificial, which appear to be 
natural. 

. . . All reproductions are to produce a sort of 
temporary half-faith, which the listener encourages in 
himself, and supports by a voluntary contribution" 
on his own part, because he knows that it is at all 
times in his power to hear the thing as it really 
is . . . the suspension of the art of comparison, 
which permits this sort of negative belief is . . . 
assisted by the will. 

The true illusion of reproduction . . . consists not 
in the mind's judging it to be an actual performance, 

" Examples of contrary dynamics :— 
Schubert; Unfinished Symphony, 1st movement, bar 178 et 

seq. (wind and timpani decrescendo, 1st and 2nd violins and violas 
crescendo). 
Brahms; Tragic Overture, bars 44-47 and 48-51. (Woodwind 

rise from poco f to f while strings reduce to p.) 
Berlioz : The Corsair, Overture, bars 44-45 and 50-51. 

Double basses and 'cellos poco Ito p, violins and violas p to f). 
Berlioz: Symphonie Fantastique ; Marche au Supplice, bars 

34, 36, 42 and 44. ('Cellos, violas, double basses crescendo, 
1st and 2nd violins decrescendo). 

Sibelius: 7th Symphony, last two bars, trumpets, trombones, 
and timpani hold a chord dim if to mf, while strings and horns 
rise from f to if, woodwind holding an if chord the whole time. 

Sibelius : 7th Symphony, bar before letter E, oboes, horns and 
bassoons, dim. f to p, strings cresc. p to Inf. 

" Everyman's Library or World's Classics. 

"The "voluntary contribution" from the mind of a trained 
musician is so great that it makes him oblivious to distortion 
which would be insufferable to ordinary intelligent listeners. Hence 
one reason for the observed fact that many musicians seem to be 
quite content with inferior reproduction. 
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but in its remission of the judgment that it is NOT an 
actual performance . . . For not only are we never 
absolutely deluded—or anything like it, but the 
attempt to cause the highest delusion possible, to 
beings in their senses sitting at home is a gross fault." 

I submit that these quotations embody a principle 
which should determine our attitude to sound repro-
duction. Since our loud-speakers cannot produce a 
copy of reality, we must aim at an imitation, and thus 
learn to treat broadcasting as an art in itself. Imper-
fections and limitations preclude its being relegated 
to the category of a mere means ; in some degree it 
becomes an end in and for itself." Regarded in this 
light, electrical reproduction is raised to the status of an 
auxiliary interpretative art, and shares in some measure 
the artistic responsibility which falls on the performer. 

Some of our best critics have pointed out that we 
hear more accurately by radio than in the concert 
hall." The merciless way in which the microphone 
shows up technical and imaginative faults makes a 
broadcast a much more rigorous test of the inner value 
of a performance than listening as a member of the 
audience. For one thing, what Ernest Newman calls 
"The monstrous fake known as 'personality' or 
'personal magnetism'" makes no extra-musical appeal 
to the disinterested microphone. 
More recently" Newman has suggested how the 

development of a new wireless technique could enable 
us to realise the spatial effects which Berlioz had in 
mind when writing such works as The Requiem and 
Te Deum, effects which fail to "come off" under present 
concert conditions. Elgar, that great champion of the 
gramophone, demonstrated on at least one occasion 
his delight in the possibilities of enhanced expression 
provided by science. In Basil Maine's Life" we read : 

"Falstaff was played on the gramophone and 
the music was followed with the manuscript full 
score . . . Elgar, not content with having con-
ducted the performance for the records, proceeded 
to control the gramophone version of that perform-
ance. By continuously twisting the control that 
increases and decreases the volume of tone, he 
obtained sharper and more sudden contrasts than 
are possible in the concert hall, and was delighted 
with the discoveries he made in the heightening of 
effects. When there came the Gloucestershire 
Interlude" he turned the control so that the music 

" Art is limitation even before it is imitation. 

" E.g. Ernest Newman, writing in the Sunday Times, especially 
articles entitled "Listening by Wireless," September, 1934. For an 
expression of the opposite point of view see the second of two articles 
by R. H. S. Crossman entitled "Listening to the B.B.C.," the New 
Statesman and Nation, January 15th and 22nd, 1944. Crossman 
says : "Classical music . . . is not pure radio, but something 
far better heard and far better enjoyed in the concert hall." 

" Sunday Tinges, December 19th, 1943. 

" G. Bell & Sons, 1933. 

" Maine may have meant the First Interlude rather than the 
scene in Shallow's Orchard. It is in the former that Sir John 
dreams that he is once more " a boy and page to Thomas Mobray, 
Duke of Norfolk." 
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did indeed appear to recede to a dream environ-
ment. Wonder and awe were in his eyes as he 
listened to the unreal effect."" 

Here we have an instance of electrical imitation 
coming closer to the composer's intentions than 
ordinary performance. 

Mr. H. A. Hartley: I cannot help feeling that the 
audio frequency engineer can act only as an audio-
frequency engineer, working to formulaeand equations. 
When it comes to judging the performance of a pieceof 
audio frequency equipment which purports to repro-
duce what was sent into the microphone, the deci-
sion rests with the musician only, because he is the 
only person competent to deal with it. 

The engineer should, however, endeavour to acquire 
musical judgment in such a way that he begins to do 
things to the flat response which will result in the 
reproduction of a sound as pleasant as the musical 
sound. In records, films, and that which we conveni-
ently call the ether there are factors interposed between 
the original performance and the reproduction, and 
they introduce distortion. In the case of a record 
there is surface noise ; in the film there are other things 
which are the result of the photographic properties of 
the emulsion ; and in the case of the ether there is 
interference of one type or another. But the ear is 
capable or reproducing certain sounds by virtue of its 
own mechanism. So that I think we are entitled to 
mutilate the sound, provided we so mutilate it that the 
natural mechanism of the ear can reconstruct what has 
been taken out. I maintain that is possible. 

The so-called middleman must be the guide, philo-
sopher and friend of the musician. The musician will 
say what he wants, and the middleman will tell him 
how to achieve it. 

It is certainly important that, in broadcasting, the 
conductor must be able to make the necessary disposi-
tion of his orchestra. 

Dr. Partridge : According to most speakers, the 
great source of trouble is the middleman, and it would 
be a good idea to get rid of him. If we could get rid of 
him, or of the effects of him, and at the same time 
remove a lot of background noise, it would be a good 
idea. . After considering what one does in a television 
set, the ordinary gramophone set is very simple, and it 
would not complicate it to put in another channel. If 
we make the signal in this channel in some way propor-
tional to the knob-turning of the control man, we could 
always record at a fairly high amplitude, and we could 
control or re-expand by means of this second channel 
signal very precisely and exactly, thus obtaining our 
full range of volume and, at the same time, possibly 
doing away with a lot of background noise. 

Dr. Malcolm Sargent: With regard to the remarks 
of Dr. Hughes, it seems that I did not express myself 

" Op. cit., p. 268 

properly with regard to the "Fantasia" film. I heard 
it six times, for I enjoyed it so much, particularly the 
music. 1 have actually heard it in England, with 
whatever reproduction is here, and which, I am told, 
is not the right one. But the sounds I heard in the 
Nutcracker Suite were not the sounds one hears from 
the orchestra. They did not represent a faithful 
reproduction; they were very much better. The 
flutes were five times as loud as I have ever heard 
elsewhere. The music was arranged by Stokowski and 
sanctioned by Levinski, and they were after effects 
which were really suitable to a highly coloured picture. 
That emphasises that we must reach the point at which 
music is written entirely with a view to reproduction. 
That is all-important. 

In my reference to the Albert Hall I was not pleading 
that that particular hall should be made a perfect place 
for reproduction. All I want to stress is that in regard 
to any hall in England not always is sufficient trouble 
taken to ensure that microphones are hung where they 
should be hung, and that the conditions generally are 
right for a broadcast. 

The worst people to giw judgment on performances 
are composers; they listen with their own feelings, and 
a composer, after listening to some of his own music, 
will say : " That was lovely," because it was the part 
he enjoyed composing. Again, with regard to per-
formers, in college I endeavour to make the students 
listen to what they play, instead of just feeling it. 
I impress upon them that it is not what they feel, 
but what they make other people feel, that matters, 
and that when they really listen they will not feel so 
happy about their performance. 

The loudspeaker in itself is, to my mind, an unfor-
tunate thing. When I go to a music or concert hall I 
see people walking about on the stage carrying some-
thing into which they speak. It is a new technique, but 
horrible. In the old days the performers could make 
their voices reach the back of the gallery ; they had to, 
in order to make a living. Let us get down to the 
rebuilding of the halls, but let the performers-do their 
work so that speech shall be audible in the ordinary 
buildings, straight from the vocal chords to the ears. 

In moving a vote of thanks to Dr. Sargent for 
attending the meeting, Mr. G. D. Clifford referred to 
the frequency with which, over the past few years, the 
Papers Committee had arranged meetings for discussion 
of the problems of high fidelity reproduction. It was 
an innovation to invite an eminent musician, and Dr. 
Malcolm Sargent had certainly proved the desirability 
of there being co-operation between the conductor who 
interprets the composer, and the engineer. The large 
attendance proved the interest of radio engineers in 
the subject, and would, in itself, convey to Dr. Sargent 
the Institption's appreciation of his attendance. 

A vote of thanks to Dr. Malcolm Sargent was then 
heartily acclaimed. 
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TRANSFERS AND ELECTIONS TO MEMBERSHIP 

The following elections and transfers were recommended by the Membership Committee at their meetings 
held on July 31st, September 18th and October 15th, 1945. At these three meetings the Committee considered 
a total of 94 proposals for transfer or election to Graduateship or higher grade membership. 

Transferred from Associate Member to Full Member 

CHAPMAN, Sydney Ronald, 
Sqdn./Ldr. . 

HUMPHREYS, Thomas Denis 
MARTIN, George Henry 

Randolph, Lt./Cmdr. 

Bishop's Stort ford 

High Wycombe 
Morden, Surrey. 

Transferred from Associate to Associate Member 
GARSTANG, Fred Ilford 
RODGERS, Eric Hugh Colombia, 

S. America 

Transferred from Student to Associate Member 

SANDERSON, Albert King Norwood, S.E.25 

Transferred from Student to Associate 

ALTMANN, Helmut Nachman 
DUNLOP, John 
FIRTH, Frederick William 
GWILLIAM, Alfred Lionel 
HEDGE, William Criswell 
MURPHY, Kevin Anthony 
OLIVER, Leo Francis 
PERRY, William Edward 
PORTER, Ernest George 
RAYMOND, Anthony Miles 
RIDGERS, Charles Edward Sydney London, N.W.9. 
SLY, Roland John 
THOMPSON, Charles Leslie 
TURNER, Cyril 
UNDERDOWN, Percy James 
WAREING, Cecil William 

Palestine 
Kilmarnock 
Brockley, S.E.4 
Worcester 
Northampton 
Dublin 
London, W.13 
Wembley, Mddx. 
Northwood 
Langley, Bucks. 

Transferred from Student 

ANDREW, Alexander Miller 
BRODIE, William David, B.Sc. 
CROCKER, Norman Joseph 
FREAN, Peter Frederic 
KIRKMAN, Dennys 
MILLS, Kenneth Douglas 
STANLEY, Thomas John Harvey 
WOODS, John Frank 

Slough, Bucks. 
Scunthorpe, Lincs. 
Manchester 
Upminster, Essex 
Bournemouth 

to Graduate 

Larbert 
Farnborough 
Enfield, Mddx. 
Reading, Berks. 
Haslemere, Surrey 
Reading, Berks. 
Bristol, 8 
Tarrant Rushton 

Elected to Full Member 

COOPER, William Charles, London 
Air/Cmdre., M.A. 

MEYER, Leslie William, W/Cmdr. London, S.E.7 

Elected to Associate Member 

BURROUGHS, George Edward Canterbury 
Richard, B.Sc. 

DAVIES, Wilfred Llewellyn, F/Lt. Whitchurch 
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EDWARD, Reginald Charles 
EVANS, John Harold 
EVANS, Meurig Hill 
GEOGHEGAN, Gerald Robert 
Holme, SIL, M.A.(Cantab.) 

GODDEN, Alec William, 
B.Sc.(Eng.) 

KAY, Fred, M.A. (Cantab.) 
KEEN, Arthur William, S/Ldr. 
KRAUSE, Vivian Rupert 
LOWE, Francis Cyril, S/Ldr. 
MAITRA, Krishna Chandra, 

B.Sc., M.Sc. 
MAUDSLEY, Benjamin 
MORPHET, William Henry, 

B.Sc. (Hons.) 
MORTON, John Robertson, 

Capt., B.Sc.(Eng.) 
MUNRO, Angus 
PENTON, William Arthur, Lieut. 
SWANN, Eric Dennis 
WEECH, Charles William Thacker, 
Major 

WILLDER, Kenneth Burnett 
Shelton, W./Cmdr., B.Sc. 

Belvedere, Kent 
Cambridge 
Leeds, 6 
Tunbridge Wells 

Ealing, W.3 

Bolton, Lancs. 
Cowley, Oxford 
Johannesburg 
Sleaford, Lincs. 
Bilston, Staffs. 

Blackburn, Lancs. 
Burnley, Lancs. 

Edinburgh, 8 

S. Rhodesia 
New Zealand 
Highgate, N.5 
Huddersfield 

Staines, Mddx. 

Elected to Companion 

ROBBINS, Richard Arthur Abergavenny, 

Elected to Associate 

CHAKRAVARTI, Brahman 
Mohan, Capt. 

CRAWFORD, Robert 
CRITCHLOW, Philip Sydney 
DRIFFELL, Joseph 
HARES, Walter 
HODSON, Edwin, Lieut. 
JARDINE, Roy 
JOHNSTON, Warren George 
KERSHAW, James, B.Sc. 
KNOWLES, Kenneth John, 

B.Eng. (Hons.) 
LAYZELL, David Robert Rayner 
LEWIS, Geoffrey. Capt., B.Sc. 

(Hons.) 
MOLONEY, John Lawrence 
SCOTT, Alfred, Lieut. 
SHEAD, William Percival 
SUDERSHAN, Raj., B.A., M.Sc. 

India 

Aberdour, Fife 
Tipton, Staffs. 
Swindon, Wilts. 
Coalville, Leics. 
Manchester 
Aberdeen 
Weybridge 
Derby 
Wallasey 

Sutherland 
Christchurch 

Aldershot 
London, W.2 
Greenford, Mddx. 
Hyderabad Dn. 

Elected to Graduate 

FREEMAN, Peter, B.Eng. (Hons.) Cornwall 
KENNY, Vincent Dublin 
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STUDENTSHIP REGISTRATIONS 

The following were Registered as Student members of the Institution at meetings of the Membership Committee 
held on July 31st, September 18th and October 15th, 1945. At these meetings, the Membership Committee 
received a total of 114 proposals for Registration as Student members. 

AG IUS, Peter Joseph Vermont 
ALLEN, Maxwell George 
ALLISON, John 
ASKEW, John Edmund 
AVERY, Leslie Henry 

BAGLEY, Aubrey Stephen 
BAMPFIELD, Geoffrey 
BARRETT, Wilfred, Lt. 
BENNETT, Albert Gordon 
BETTS, Charles Anthony Blundell 
BLIZARD, Duncan 
BULMAN, Reginald Verne 
BUTCHER, Albert Norman 
BUTCHER, Walter Sidney 
BYRNE, David Brian 

CHING, Frederick Douglas 
CHRISTIAN, Robert Gregory 
CLARK, Stanley Tulloch 
COOPER. Wallace George 
CRAIG, David Alfred Finch 
CRYER, Frank Stanworth 

DAVIS, Harry 
DAYNES, Herbert Cecil 
DICKMAN, Matthew Colin 
DILL, Robert Munro 
DIXON, Graham James 
DOUGHTY, George William 
Edward 

EAST, Alexander Maurice 
ECCLES, Claude Llewellyn 
ELLERTON, George 
ELLIS, Donald John 

FRANKLIN, Roger John F. 

GILL, Owen John 
GOLDSTEIN, Morris 
GREENE, Robert Emile 

HALL, Thomas Charles 
HARRIS, Philip Arthur Lester 
HAUGHEY, Patrick Joseph 
HELM, Frank 
HEMMING, William Charles 
HEYS, Eric 
HIGGINS, Thomas Francis 
HINDLEY, Frederick Gilbert 
HONIATT, Robert William Roy 
HORWOOD, Albert William, F/Lt. 

London, EC. 
South Australia 
Ayr, Scotland 
Bolton, Lancs. 
Brighton 

Queensland, Aust. 
Huddersfield 
New South Wales 
Queensland, Aust. 
Birmingham, 30 
Liverpool, 13 
Tasmania, Aust. 
Kirkwall 
Coventry 
Plymouth, Devon 

Auckland, N.Z. 
Billericay, Essex 
Aberdeen 
London, N.4 
New South Wales 
Liverpool 23 

Birmingham 
Manchester 
Johannesburg 
Glasgow 
Epping, Essex 
High-ley, Worcs. 

Grays, Essex 
Paignton 
Liverpool 
Swindon, Wilts. 

Richmond, Surrey 

London, W.14. 
Winnipeg, Canada 
Newcastle-on-

Tyne, 3 
Canberra, Aust. 
Pa.gnton 
Co. Armagh 
Harrogate 
Liverpool, 11 
Stretford, Lancs. 
Birmingham, 21 
Ncrthwich, Ches. 
Hounslow, Mddx. 
Ecgware, Mddx. 

INGOLDSBY-BROWN, Frederick New South Wales 
Searle 

INSTONE, Allan Arthur Cheltenham 

KEMSLEY, John William Herbert 
KRAICER, Alec 

LAKE, Francis Murray 
LAPIN, Joseph 
LEES, Geoffrey Noel 

MACKAY, Archibald John 
MAJOR, Richard James 
MANN, Francis Charles 
MARRIOTT, Martin George 
MIDDLETON, Eric John 
MORRIS, Douglas Arthur 
MORRIS, John Bernard 
MOUNTJOY, Vaughan Briscoe 
MURTAGH, Patrick Joseph 

NADLER, Joe 
NAWIESNIAK, Jau Augustyn 

OLDFIELD, Roy Eric 

O'REILLY, Gerald Gabriel 

PARTRIDGE, Jack Edward 
PATERSON, John 
PATERSON, John Lindsay 
PEARCE, Richard John 
PELO W, James George 
PETRIE, Albert Bruce 
PITTENDRIGH, Lenus Walter 

Duff, S/Ldr. 
PRIOR, Reginald Howard William 
PROCTOR, Antony Charles 
PUGH, Jonathan Edward T. 

RIDGWAY, Harry 
ROBILLARD, Philippe A., Lt. 
ROSENBERG, Louis Jack 
ROWE, Harry Shaw 
ROWLES, Arthur Leonard 
RUTTER, Frank 

SAMUELS, Lloyd Phillip 
SCHOFIELD, Jack 
SCOTT-SMITH, Harold Michael 

SHAHANI, Durgdas Chattamal, 
B.Sc. 

Hastings 
London, N.W.3 

Bedford 
Port Elizabeth, 
London, N.W.1 

Glasgow, S.4. 
Bridport 
Leigh-on-Sea 
Totteridge, N.20 
Johannesburg 
Birmingham 
Newbridge, Mon. 
Auckland, N.Z. 
Co. Cavan 

London, N.W.I 1 
London, N.19 

New South Wales. 
Aust. 

Dublin 

Wellingborough 
Alba, Scotland 
Scopwick, Lincs. 
Shrewsbury 
Dublin 
Glasgow, W.3 
Edgware, Mddx. 

Sturry, Kent 
London, N.W.9 
Llanidloes, Mont. 

Oswestry, Salop 
Montreal, Canada 
Victoria, Aust. 
Dalton-in-Furness 
Colchester 
Coventry, War. 

Jamaica, B.W.1 
Retford, Notts. 
Hexham, 
Northumberland 

India 
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ENGINEERING METHODS IN THE DESIGN OF 
THE CATHODE RAY TUBE 

by 

Hilary Moss, Ph.D., B.Sc.(Eng), A.M.I.E.E., (Associate Member)* 

(Read before the London Section on the 20th September, 1945, the North-Eastern Section on 

the 10th October, 1945, and the Southern Section on the 16th November, 1945.) 

SUMMARY 

This paper discusses the application of the general theories of scale, dimensional homogeneity and energy con-
servation to cathode ray tube designing. From these simple bases it is shown that many important deductions can be 
made about the general form which the tube geometry should assume. There is no appeal to advanced electron-optics, and 
the approach should therefore commend itself to the engineer. 

LIST OF PRINCIPAL SYMBOLS USED 

e = Electronic charge. 

m = Electron mass. 

k = Constant of scale (linear size or voltage). 

K, and K3 = Initial velocities in axial and radial 
directions respectively. 

K, and K. = Co-ordinates of point of emission. 

V = General symbol for potential on bounding 
electrode. 

= General symbol for potential at any point in 
space. 

= Height of negative potential hump necessary to 
just suppress emission. 

Vc = Negative grid bias necessary to just cut off beam 
when anode voltage is V.. 

Ve= Negative grid bias necessary to just cut off beam 
when anode voltage is zero. 

= Potential at crossover point. 

V, = Potential at image point. 

A, 13 = "Constants of potential," functions only of the 
space co-ordinates. 

Deflectional discrimination— 
Sensitivity of deflection 

the ratio 
Spot diameter 

A = Scanning angle, i.e. angle between deflected ray 
and axis. 

O = Half angle of beam subtended by final anode 
hole at screen. 

• Refractive index of crossover point. 

n2 = Refractive index of image point. 

z = Distance measured along beam axis. 

r = Distance measured from beam axis. 

t = General symbol for time. 

• = Size of crossoNer. 

Y2 = Size of image. 

• = Distance from plane of equivalent focusing lens 
to image. 

u = Distance from plane of equivalent focusing lens 
to object, i.e. crossover. 

M = Geometrical magnification, i.e. v:u. 

p, p' --- Space charge densities. 

x, y, z= Space co-ordinates. 

X, Y, Z = Space co-ordinates in transformed system. 

DEFINITIONS 

Electron-gun—That portion of the electrodes excluding 

the deflector system. 

PART 1 

FOUR BASIC RULES IN CATHODE RAY TUBE DESIGN 

1.1. Principle of Voltage Similitude. 

1.2. Principle of Geometrical Similitude. 

1.3. Spot Size/Crossover Size Relationship. 

1.4. Dependence of Crossover Size on Voltage on 
Crossover forming Electrode. 

1.1. Proof of Voltage Similitude Principle. 

1.2. Proof, etc. 

1.3. Proof. 

1.4. Proof. 

1.5. Spot Size and Deflection Defocusing. 

• A. C. Cossor, Ltd. 

204 



HILARY MOSS DESIGN OF THE CATHODE RAY TUBE 

PART 2 

APPLICATION TO SPECIFIC PROBLEMS 

2.1. Elementary Applications of Principle of Voltage 
Similitude. 

2.2. Applications of Principle of Voltage Similitude 
1.1—Prediction of Relative Triode Performance 
—Conditions at Cut-off. 

2.3. Extended Applications of Voltage Similitude— 
Prediction of Relative Triode Performance— 
Conditions near Zero Grid. 

2.4. Extended Applications of Voltage Similitude. 
Prediction of Relative Modulation Characteristic. 

2.5. Application of the Principle of Geometrical 
Similitude. 

General. 

In the design of almost any scientific instrument 
there are two distinct lines of approach. The first 
consists of evolving a complete theory of the mode of 
operation of the device. This is the comprehensive 
way, which will yield the maximum of information, 
and will enable all aspects of designing to be done with 
rigour and exactitude. But the task of evolving such a 
theory is often difficult and, moreover, much of the 
information it will yield belongs more properly to the 
field of development and research than to routine 
design work. If one is content to deal with the latter 
only, much can be done by far simpler methods. 
These methods are not peculiar to any particular 
branch of scientific designing, but are based on quite 
general theories of scale, energy and dimensional 
homogeneity. One of their interesting features is that 
they require only a most rudimentary knowledge of 
the theory of the particular device to which they are 
being applied. 

A very striking instance of this, familiar to most 
physics students, is the derivation of Poiseuille's 
equation relating to the flow of viscous liquids through 
pipes. Without any knowledge whatever of hydro-
dynamics, and by purely dimensional methods, it is 
readily shown that the volume of liquid discharged/unit 
time through the pipe is given by V = K.p.r4+0/1 1 +19.7), 
where p is the pressure difference, r is the pipe radius, 
/ its length and 71 the coefficient of viscosity. An intelli-
gent guess or simple experiment gives /I = 0, whereas 
the derivation of this law from hydrodynamical 
principles is quite difficult. On the other hand, such 
an analysis yields the value of the constant K as 7T18, 
about which the dimensional method gives no informa-
tion at all. But the value of the constant could be 
easily determined by a single experiment following the 
dimensional analysis, so the power of the latter method 
is evident. 

A very similar position occurs in cathode ray tube 
design. The methods which we shall now treat do not 

2.6. Relaxed Geometrical Similitude-1. 

2.7. Relaxed Geometrical Similitude-2. 

2.8. Relaxed Geometrical Similitude-3. 

2.9. Relaxed Geometrical Similitude-4. 

2.10. " Philosophy " of Design—the " Optimum " 
Tube. 

2.11. Application to the Problem of Projection Tubes. 

Acknowledgments. 
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alone give any information as to how a design should 
proceed, but taken in conjunction with experimental 
investigation and prototype tubes, they do provide an 
easy basis for further designing. This approach is a 
useful complement to, but not a substitute for, a 
complete theory of the tube. 

PART 1. 

FOUR BASIC RULES IN CATHODE RAY TUBE 
DESIGN. 

The following four rules form the basis of the 
"relaxation" methods of cathode ray tube design. 
The first three "rules" are really laws, and are quite 
rigorous within their limiting postulates. The fourth 
is merely a rule, which has some theoretical justifica-
tion, but for which the main support is experimental. 

1.1. Principle of Voltage Similitude. 

In any electron optical system, in which space charge 
is neglible, and in which the electrons start from rest, 
the electron trajectory is unaltered by multiplication 
of all electrode potentials by a constant factor (k). 
The transit time between any two fixed points in the 

1  
system varies as / 

V k. 

1.2. Principle of Geometrical Similitude. 

In any electron optical system in which the total 
current flow is constant, the shape of the field and of 
the electron trajectory is unaltered by multiplication 
of the size of all the bounding electrodes by a constant 
factor (k). The transit time between corresponding 
points in the two systems is proportional to k. 

1.3. Spot Size/Crossover Size Relationship. 

If the crossover and spot are formed in regions of 
the same potential, then 

Spot size -= crossover size x geometrical magni-
fication ( M). 

205 



JOURNAL OF THE BRITISH INSTITUTION OF RADIO ENGINEERS 

More generally, if V, is the crossover potential, and 
V, the spot potential, then 

Spot size = crossover size x M x VVI/VV3. 

1.4. Dependence of Crossover Size on Voltage on 
Crossover forming Electrode. 

To a close approximation, in any system where the 
space charge is negligible, the crossover diameter is 
inversely proportional to the square root of the poten-
tial on the crossover-forming electrode. 
The proofs of these four principles are discussed 

below. 

1.1. Proof of Voltage Similitude Principle. 

The proof of this principle is in two parts. Firstly, 
we prove in Appendix 1 that the shape of the field 
bounded by any electrode system is independent of the 
absolute magnitude of the potentials on the bounding 
electrodes, and depends only on their ratios. Note 
that this is true only when space charge is negligible. 
Since the size of the electrode system is postulated 
as constant, it immediately follows that the electric 
field strength, at any point, is proportional to the 
voltages on the electrodes. 

Next, in Appendix 1 by integrating the equations of 
motion of an electron in an axially symmetrical field, 
it is shown that the shape of the trajectory is independent 
of the potentials on the electrodes. Note particularly 
that the theorem is true generally only when the elec-
trons start from rest,since only then are the constants 
K1 and K3 equal to zero. A special case corollary, of 
importance in connection with deflector-plate theory, 
occurs when both K, and K3 are proportional to k, 
for the theorem still holds in that case. (Physically 
speaking, this is the case where the "injection" volt 
velocity of an electron is raised in proportion to the 
rise of potential on the subsequent electrodes.) 

Finally, from Appendix 1 we note that the transit 
time of an electron between any two fixed points is 

1 
inversely proportional to -- where k is the "scale" 

k, 
factor. Thus for instance, a multiplication of all 
electrode potentials by four results in a reduction of 
the transit time to one half its previous value. This 
result is of interest in connection with design problems 
at ultra high frequencies. 

1.2. Proof of the Principle of Geometrical Similitude. 

Again the proof of this principle is in two parts. 
Firstly, we establish in Appendix 2 the invariance of the 
geometrical form of the field shapes with change in the 
scale of the bounding electrodes. This principle holds 
even when the space charge is present, and is thus of 
extreme generality. The proof is based simply on the 
invariance of Poisson's equation with change of scale, 
provided p' = plk2, where, as usual, k is the scale 
factor. The condition p' plk2 is merely an assertion 
that the current in the rays is constant. 

Secondly, in Appendix 2, a transformation of the 

206 

equations of motion into the enlarged co-ordinate 
system shows the identity of the transformed system, 
provided the new time scale is multiplied by k. Hence 
the transit time between corresponding points on the 
two systems is proportional to the scale constant k. 

1.3. Proof of the Lagrange Law. 

This law is also sometimes attributed to Abbé. A 
proof is given in Appendix 3. The only important 
point to note is that it holds only for paraxial rays. 
In point of fact this restriction is of far less consequence 
in electron-optics than in the light optical case for 
which the law was originally derived, since electron 
beams are in general far thinner, and make smaller 
angles to the axis. 

1.4. Dependence of Crossover Size on Voltage. 

This relationship is in no sense a law, but is a rule 
which appears to have useful accuracy over a wide 
range of voltages, and which appears to be largely 
independent of the form of the electrode system used 
to produce the crossover. 

In Appendix 4 is given a justification for this form of 
relationship. Another justification, based on quite 
different reasoning, has been given by Langmuir' in 
his fundamental paper, as has been discussed by the 
present author.2 

The primary evidence for the truth of this relation-
ship is, however, experimental. Careful measurements 
have been made in these laboratories, over the range 
900 to 4,000 volts, which show that the spot diameter 

varies as 1/VV to a close approximation. The spot 
diameter is here defined as that diameter corresponding 
to a current density of 1/5 that on the beam centre. 
The current distribution in the spot was measured by 
the method of slit scanning, first described by Jacob.3 

13. Spot Size and Deflection Defocusing. 

Before passing on to discuss the application of these 
principles to specific problems, we shall treat briefly 
some aspects of spot size and deflection defocusing. 

Firstly, as regards spot size only, it is necessary to 
point out that any apparent inconsistency between 
principles 1.1 and 1.4 is resolved by the fact that the 
electrons from the cathode do not start from rest. 
If the initial emission velocity were zero, then principle 
1.1 relating to voltage similitude would hold ; the 
crossover and spot sizes would be quite independent of 
anode potential, and this would be at variance with 1.4. 
In fact, however, the electrons have a Maxwellian 
velocity spread on emission, which means that both 
crossover (and therefore spot) sizes are finite, and are 
dependent on the accelerating potential in the way 
indicated in the analysis in Appendix 4 and else-
where.'• 2 

When the spot is deflected, it suffers distortion, the 
form of which varies widely. In all cases, however, 
the spot increases in area. This increase in area is 
due to the distortions of the deflecting field, i.e. to the 
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geometry of the deflecting region. Hence, to this part 
of the deflected spot size, the principles of geometrical 
and voltage similitude hold. Thus, for instance, the 
increase in spot size on deflection (through constant 
angle) is not affected by anode potential. Hence, a 
tube with severe deflection defocusing is not improved 
by operation at increased anode voltages. Only the 
central focus is improved. 
Appendix 5 expresses these facts in symbolic form. 

PART 2. 

APPLICATION TO SPECIFIC PROBLEMS 

2.1. Elementary Applications of Principle of Voltage 
Similitude 1.1. 

The following two very well known properties of 
the cathode ray tube are direct results of the principle 
of voltage similitude. 

(1) If the final anode potential is multiplied by k, 
then the deflector plate voltages for equal spot dis-
placements are also multiplied by k. 

(2) If, in any electrostatically focused cathode ray 
tube, the potentials of all the accelerating electrodes 
except the focusing anode are multiplied by k, then 
the focusing anode potential must also be multiplied 
by k to maintain focus. In practice some slight devia-
tion from this may be detected, and this is due either 
to space charge effects or possibly to shift of crossover 
position with variation of grid bias. 

2.2. Applications of Principle of Voltage Similitude 
1.1.—Prediction of Relative Triode Performance, 
Conditions at Cut-off. 

Some prediction of, and justification for, the beha-
viour of the triode portion of the electron gun is given 
by application of voltage similitude. Caution is 
necessary, however, since the two basic postulates— 
namely, absence of space charge, and zero starting 
velocity for the electrons—are not wholly satisfied. 

Consider, for example, the question of variation of 
cut-off voltage with variation of first anode potential. 
We know that the electrons are emitted with a Max-
wellian velocity distribution, so that on an average 
they have some initial velocity. Hence it is reasonable 
to suppose that the emission will be suppressed by the 
creation of a small negative potential barrier in front 
of the cathode. Suppose that a potential -Vc on the 
grid. cuts off the triode when the anode potential is V., 
this cut-off being due to a small negative potential 
hump of height -75. What can be predicted about 
the value of the grid bias necessary to cut-off the tube 
when the first anode potential is k.V.? By voltage 
similitude a grid voltage of - k.Vc will now create a 

negative barrier of height Now k is inherently 
positive, and if, furthermore, k> 1, then it follows that 

-k.¢.<-7., so that the triode must be cut-off under the 
new conditions. Thus it is certain that if a tube is just 
cut-off with the first anode voltage V. and grid voltage 

- Vc, then it will be cut-off for all higher anode voltages, 
for which the modulus of the grid voltage is raised in 
proportion.* 

We can, however, carry our predictions considerably 
further, as indicated by the following analysis. It is 
fundamental in potential theory that however complex 
a field may be, the potential at any fixed point in it is 
linearly related to each of the potentials existing on the 
bounding electrodes. Thus it follows that the potential 
at some fixed point on the beam axis in front of the 
cathode surface can be expressed as 

4. = A.V. B.V.  (1) 

where A and B are constants depending only on the 
electrode geometry and the position of the point at 
which the potential is 9S. Now suppose that the critical 

potential ¡necessary to just cut-off the triode is created 
by a grid potential of -Vc and an anode potential 

of V.. Then from (I) 
= A.N7e  (2) 

We next multiply the anode potential by k, and we 
wish to determine the new grid potential which will 

maintain the same critical retarding potential 4. (and 
hence presumably will just cut-off the triode). Clearly, 
if Vc is this grid potential, 

4. = A.Vc  (3) 
and by equating (2) and (3) we readily obtain 

— B - 
Vc = V° - -!Va(k -1) 

A 

whence, dividing both sides by i/c 

Vc 
 (4) 

Ve A.Ve 

It will be noted that this last equation (4) incorporates 
the principle of voltage similitude. For if the required 
critical retarding potential ¡ to just cut-off the triode 
were zero, then from equation (2) it follows that 
A.-V0 = - B.V., whence substituting this latter rela-

tion in (4) yields Ve/V0 = k. This, of course, is merely 
a direct application of voltage similitude, and could be 
predicted immediately without the analysis given. 

The value of the full analysis incorporating both the 
principle of voltage similitude and the linearity concept 
of potential, as exemplified by (4), is that it permits a 
deduction to be made about the extent of the departure 
of Vc and V. from proportionality, in terms of the grid 
voltage necessary to cut-off the triode when V, = O. 

For, dividing (2) throughout by A.\10 gives 

B.Ve 

A.Ve A.Ve 

and using this relation (5) in (4) yields 

(k - 1) (6) 
A.V. 

(5) 

• We are here assuming no perturbations due to contact 
potentials. 
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Now consider the position when the first anode 
voltage V. is zero. Let Ve* be the negative grid voltage 
then required to suppress emission. Thus, from (2), 
putting V. = 0 gives 

A.Ve* (7) 
since in all cases regardless of the actual potentials on 
the grid and anode, the only criterion of cut-off is the 
creation of the same negative potential barrier of 

height 7k. Substituting from (7) into (6) yields 

Ve ve* 
— - — (k — 1)  (8) 

ye Vc 

Equation (8) is a remarkable deduction from such 
simple postulates. It shows that the Vc/V8 relation is 
uniquely defined, once the value of grid bias for cut-off 
without applied anode voltage is known. The only 
assumption made in its deduction is neglect of space 
charge. In view of the cut-off conditions this would 
seem quite reasonable. 

Fig. 1 shows a sketch of the form of Vc/V8 the curve, 
deduced from equation (8). Direct experimentt has 
shown that this type of relation is followed in practice 
so closely that no deviations are detectable, within the 
measurement accuracy as limited by the difficulty of 
deciding when the triode is actually cut-off. 

Ft G; I 

V0. 
2.3. Extended Applications of Voltage Similitude— 

Prediction of Relative Triode Performance— 
Conditions near zero Grid. 

It is important to have some knowledge of the way 
in which the cathode current of any C.R. tube depends 
on the first anode voltage, for a specified grid potential. 
For the moment we will restrict the investigation to 
the case when the grid potential is zero. 

The usual method of computing the form of the 
required relation is to solve the reduced Poisson's 
equation, as was first done by Childs for the case of the 
planar diode. In this case, and also in one other of 

• Experimental evidence to be presented in author's paper, 
" The Electron Gun of the Cathode Ray Tube," Part 2. See 
Fig. 14. (See Vol. 6, J.Brit.I.R.E.) 
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practical importance—namely, the cylindrical diode— 
the problem is relatively easy, since the reduced form 
of Poisson's equation presents no difficulty. But in 
our problem the position is much more serious, for 
we are confronted with the difficulty of solving a three-
dimensional form of the equation in which the only 
simplification lies in the fact that the field distribution 
possesses rotational symmetry. In fact the equation is 

iI2V 1 "iV m 
— — • — 4.r.1  (9) 
er2 r Fzz 2.e.V 

which is not very hopeful. 

But consider the following chain of reasoning. From 
the fundamental definition of potential we may write 

pda ladS adS ladS  
....(10) + 

volume anode grid cathode 

(10) merely expresses the fact that the potential ek at 
any fixed point in the field of the triode is equal to the 
sum of the potentials due to the volume distribution 
of charge, and to the surface distributions on the three 
bounding electrodes. Now consider the position when 
no space charge is present, when the anode potential is 
V. and the grid potential zero. From equation (1) we 
see that the potential is then expressible in the form 
qS --= B.V.. But under these conditions a certain charge 
distribution exists on the bounding electrodes, and the 
resulting potential is expressed by the sum of the last 
three terms of equation (10). Hence we may rewrite 
(10) in the form 

B.V.   

volume 

At first sight this does not seem helpful, but we now 
recollect that in all these derivations of the saturated 
emission/voltage law, we make the fundamental postu-
late that the mechanism of the emissive process is such 
as always to maintain zero potential gradient at the 
cathode surface. Differentiating (11) therefore with 
regard to z, and equating to zero gives 

= 1 P—da + B 1V8   (12) r 

Note that voltage similitude is the justification for 
the form of the second term in ( 12). This latter equa-
tion indicates proportionality between p and V., for 
zero cathode gradient. Hence the important conclu-
sion—in any space charge limited device in which the 
cathode potential gradient is zero, the total space charge 
is proportional to the anode voltage. 

• This equation is interesting because it is homogeneous in V. 
and p. Thus if both V. and p are together multiplied by k the 
potential at any fixed point is also multiplied by k. This can be 
regarded as an extension of the principle of voltage similitude to 
the case where space charge is present. Cf. Appendix I. 
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By application of the energy equation, ttir2/2 = eyb 
it immediately follows that the electron velocity at any 
fixed point in the field is proportional to the square 
root of the voltage, provided the electrons start from 
rest, or at most with relatively negligible velocities. 
Thus the current, which is the product of the space 
charge density and velocity (under steady state condi-
tions), must vary as the 3/2 power of the anode potential. 

Thus finally 
Ig = K.V.3.2 
(Vg = 0) 

where Ig is the total cathode current. This reasoning 
has not involved any special assumption as to the shape 

of the bounding electrodes. 

2.4. Extended Applications of Voltage Similitude — 
Prediction of Relative Modulation Characteristic. 

The conclusions that the cathode current varies as 
the three halves power of the anode voltage, and that 
the cut-off voltage is fairly closely proportional to the 
anode voltage have been adequately confirmed by 
experiment. Thus multiplication of the anode voltage 
by k also multiplies the cut-off by k and the cathode 
current at zero grid voltage by 1c3/2. From this it 
immediately follows that for geometrically similar 
points on the grid base, the cathode current varies as 
k3/2. By geometrically similar points is meant points 
which divide the grid base between zero and cut-off 
in the same ratio. Thus if the grid voltage were main-
tained constant, while the anode voltage were multi-
plied by k, the cathode current would certainly not 
increase by le3;', except in the special case where 

Vg = O. 
Table 1 summarises the main conclusions of the 

principle of voltage similitude as applied to the CR. 
tube. The last row in the table follows immediately 
from energy conservation. 

2.5. Application of the Principles of Geometrical 
Similitude. 

Let all the dimensions of a C.R. tube be multiplied 
by k, while the operating voltages remain constant. 
Then by principle of geometrical similitude 1.2. the 
current remains constant, and the whole scale of the 
trajectories is multiplied by k.* The crossover dia-
meter and spot diameter are multiplied by k; their 
density falls to I -k2, as does also the cathode emission 
density, since the same current is being extracted from 
an area k2 times as large. This last result can also be 
regarded as a consequence of the principle of dimen-
sional homogeneity when applied to the system. 

Table 2 summarises these questions. 

2.6. Relaxed Geometrical Similitude-1. 
More important applications of these ideas on scale 

theory involve what may be termed "relaxed" simili-

(13) 

• The scale of the potential 9eld is also multiplied by k, as can 
be seen from equation ( I I). For at corresponding points in the 
two systems the second term B.Va is constant. Let primed symbols 
refer to the transformed system. Since the current is constant, 
p' = pike. Also r = ki.do. Hence the first term in 
(I I) is also constant, and thus 4, is constant. 

tude, in which only certain portions of the tube are 
changed. This type of computation is exceedingly 
rapid, and frequently leads to conclusions of a 
general sort about the form a tube should rake to meet 
a specified demand. 

Table 3 shows a specific example, which shews in 
general the superiority of the large tube, at least so 
far as the performance towards the screen centre is 
concerned, We might further generalise by now imagi-
ning that the screen diameter is kept constant. Then the 
new (longer) tube has a much smaller scanning angle, 
so the increase in deflection defocusing is avoided, and 
the longer tube has a clear increase in deflectional 
discrimination for the same cathode loading and 
operating voltages. But there is a limit to this process, 
since Table 3 assumes small space charge at the screen. 
If this does not obtain, so that the spot size is domi-
nated by space charge swelling, then the spot size is a 
linear function of the scale factor k, and the conclusions 
of Table 3 are invalid. This question was discussed 
very fully in another paper by the author' to which 
close reference should be made. 

2.7. Relaxed Geometrical Similitude-2. 

Table 4 illustrates a similar type of problem, from 
which we may draw the important conclusion that the 
performance of any tube in which deflection defocusing 
is small is continuously improved by reduction in the 
scale of the triode portion. The price paid is an 
increase of cathode loading. This process has been 
applied in practice during the war to obtain a very 
high performance tube, without increase in length or 
operating voltage. 

2.8. Relaxed Geometrical Similitude-3. 

In this section we investigate the general effect of 
keeping the form and size of all the tube between anode 
and screen constant, but multiplying the linear scale 
of the remainder by k. The anode hole diameter is also 
kept constant. Table 5 illustrates the results, and the 
following is the reasoning involved. 

All dimensions of the triode are multiplied by k, 
hence the crossover size is also multiplied by k. But 
unlike Case 2.7, the crossover/anode distance is also 
multiplied by k, so that the magnification between 
crossover and spot is multiplied by 1/1c. Hence the 
undeflected spot size is unaltered. 

Application of the principle of geometrical similitude 
also shows that for constant electrode voltages the 
total current is unaltered. But the anode hole has 
been postulated as being of constant size. Hence the 
beam current (i.e. current emerging from anode hole) 
is down to 1/k2 (approx.), assuming that the gun 
size is always sufficiently large to make the beam more 
than fill the anode hole. But again the cathode area 
is up lc' times for the same cathode current. Hence the 
cathode loading is down 1/k2, i.e. in the same ratio as 
the beam current. Thus the net result is no gain in 
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overall performance.* The focus conditions at the 
edge of the screen are clearly unchanged since the 
whole geometry of the deflecting region has been 
postulated èonstant. 

At this stage it is desirable to issue a warning about 
drawing conclusions which are more far reaching than 
the postulates justify. Taken at its face value the 
foregoing reasoning would appear to imply that if the 
deflecting geometry of a cathode ray tube is maintained 
constant, then the actual size of the remainder of the 
gun has no effect, provided the gun size is adequate to 
fill the anode hole. But this conclusion has been based 
on certain postulates, one of which is that aberrations 
in the gun are independent of the physical size of the 
electrodes of which it is made. This is certainly not 
true without qualification. Experimental evidence 
shows that in general for a fixed final anode hole 
diameter, the aberrations of the final focusing lens 
decrease as the size of the lens increases, up to a certain 
point, at which further increases in size have little 
effect. Having regard to this fact, the practical con-
clusions of this section may be stated thus : 

In any cathode ray tube of fixed deflecting geometry 
in form and size, an advantage is gained as the size of 
the gun section alone increases (final anode hole 
diameter constant), up to the point when the anode 
hole is fully filled and reduction of lens aberrations is 
negligible. Further increases in size have then no 
useful effect. 

2.9. Relaxed Geometrical Similitude-4. 

This illustrates the important effect of keeping the 
size and form of the whole electron gun (including 
focusing portion and deflector plates) constant, and 
multiplying the geometry of the screen end of the bulb 
by k. More accurately, the tube neck diameter is kept 
constant, and the derived tube is formed by merely 
slicing off the bulb, and thus multiplying the anode to 
screen distance by k. (Refer to Table 6.) Thus the new 
spot density at the screen centre is multiplied by 1/k2 
for the same cathode loading, since the gun conditions 
are unchanged. If, as a usually justifiable first approxi-
mation, the relatively small distance between the anode 
and the centre of deflection is ignored, then for the 
same scanning angle the derived tube has a screen 
diameter multiplied by k. 

Now consider the deflection defocusing. A direct 
application of geometrical similitude is inadmissible, 
since the deflecting region of the derived tube is not a 
scaled down replica of the prototype. But consider 
the following chain of reasoning, based on dimensional 
homogeneity. 

Let R be the radius of the anode hole, d the anode to 
screen distance, and A the scanning angle. For con-
stant deflector plate size and geometry, the linear 

*For, by driving the tube more heavily the spot density would 
be restored. 
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increase in spot size on deflection (refer to section 1.5) 
must be a function of R, d and A. Thus 

Linear increase in spot size = K.Ra.db.AÇ .... (14) 

But A is a pure numeric without dimensions, and since 
the left hand side must have the dimensions of a 
length, it follows that a -F b = 1. 

In the present problem, the only variable is the 
anode to screen distance d. Hence the linear increase in 
spot size is proportional to db. 

It is obvious that a > q, and b> O. Thus 0 <b< I 

Thus if the anode to screen distance is multiplied by 
k, the linear increase in spot size on deflection through 
a constant angle is multiplied by kb. 

But here 0 < k < I. Therefore k < kb < 1. 

It is therefore certain that there will be some improve-
ment in deflection defocusing. This improvement will 
tend to zero as b 0, and will tend to k times its 
original value as b —›- 1. 

A sensible first approximation would put a = b = 
0.5, so that the increase in spot size on deflection is 

multiplied by Vk. This has been done in Table 6, 
which summarises the position. 

The tube with the smaller screen size has a very 
marked superiority in central focus performance. The 
absolute quality of the edge focus must also be better 
than on the original tube. The relative quality of the 
edge focus must at best be slightly worse than on the 
original tube. 

2.10. "Philosophy" of Design—the "Optimum" Tube. 

While all the statements in the foregoing sections are 
correct within their postulates, they do not form a very 
coherent pattern, and it is difficult to see in what way 
they point so far as the "optimum" tube is concerned. 
This is natural enough, since a cathode ray tube is a 
perfect example of "co-ordinated compromises" in which 
improvements in one feature appear to involve loss of 
performance in some other. But we shall now show 
that there is in fact a general "pattern" which leads to 
the best type of design for most purposes. 

The following postulates will be made, and it will be 
noted that these are essentially reasonable and practical. 

(a) The cathode loading and final anode voltage are 
both fixed. 

(b) The overall tube length is fixed. 

(c) The screen diameter is fixed. 

It has been clearly established that the general 
performance of a given form of tube improves as 
(a) and (b) are increased,' and as (c) is reduced. Our 
problem is to find the optimum form, in general terms. 

Ultimately the design compromise breaks down into 
a contest between the central focus and spot density, 
and the permissible degree of deflection defocusing. In 
another paper by the present author' discussing the 
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fundamental work of Langmuir', it was emphasised 
that when space charge is negligible the undeflected 
electron spot density is proportional to sin20 where O 
is the semi-angle of the electron beam converging on the 
screen. Hence constant O should ensure constant 
density. 

Let R be the radius of the final anode hole, and let d 
be the anode to screen distance. Then since O is very 
small, O = Rid, So far, therefore, as the central spot 
density is concerned, the designer has freedom to put 
the final anode in any position provided that R/d is 
constant. What deduction, if any, can be made about 
its optimum position ? 

The whole answer to this question turns on the 
extent to which deflection defocusing varies with the 
scanning angle. Formal reasoning gives no answer 
to this last point ; — A in equation ( 14) is a pure 
numeric, so that nothing can be deduced from dimen-
sional considerations about c. But common experi-
ence shows that deflection defocusing rises very rapidly 
with scanning angle, so that if deflection defocusing 
were• expressible as a simple power function of the 
scanning angle, then c > I. But is has been shown 
that a + b = I. From this it immediately follows that 
multiplication of R and d by a constant (k) (so as to 
preserve constant 0), with corresponding reduction of 
the scanning angle A to kk, results in reduced deflection 
defocusing. 

Hence the general design procedure should be to 
make the anode to screen distance as large a fraction 
as possible of the total (fixed) tube length, and make 
the final anode hole as large as possible consistent 
with deflection defocusing. 

Applying now the principles treated in section 2.8, 
the electron gun proper should be made sufficiently 
large to avoid aberration in the final lens. 

Finally, applying the principles treated in section 
2.7, the triode section of the gun should be reduced 
in scale to achieve the desired spot size. 

These are the general principles behind the design of 
all-electrostatic cathode ray tubes of high performance 
and fixed length. It will be observed that this design 
technique not only ensures greatest focus uniformity, 
but also gives maximum deflector plate sensitivity and 
deflectional disérimination. The only exception to this 
principle would appear to be the case of high current, 
low voltage tubes which might become severely space 
charge limited at the screen." 

. 2.11. Application to the Problem of Projection Tubes. 

Initial design investigations on the possibilities of 
projection tubes afford an interesting application of 
the various methods discussed. All the foregoing ideas 
are used, and the analysis is an excellent example of 
the scope and limitations of the methods. 

Insert 1 on Table 7 shows the essential dimensions 
of a typical 15-inch direct viewing television cathode 

ray tube. This tube is regarded as the prototype. A 
justification of its form is irrelevant here—the dimen-
sions have been arrived at by long experience as repre-
senting a satisfactory compromise. The operating 
figures are similarly the result of experience. It has 
been stressed that all the ideas in this paper deal with 
relative, not absolute, performance. Therefore we must 
start from some existing design. What inferences can 
be drawn about the dimensions and operating condi-
tions of derived projection tubes which will give the 
same final picture quality ? 

The essential point about the projection tube is that 
it is smaller, and thus avoids the fragile, rather expen-
sive, and even dangerous large glass envelope. Hence 
the first obvious derived tube to investigate is a propor-
tionally scaled down replica. Insert 2 shows this with 
a three to one linear reduction. which seems reason-
able. For practical reasons the base only is not scaled 
down. 

The first step is to decide on the postulates. It will 
be assumed that the cathode loading remains con-
stant, which is quite reasonable. From this it imme-
diately follows that the beam current in the scaled 
down tube can be or ly 1/9 of that of the prototype. 

Next, in order to ensure equal final projected picture 
brightness, some assumption as to the efficiency of the 
projection lens system must be made. A figure of 20 
per cent. is assumed, which can be achieved with a 
well designed Schmidt mirror system. Then if Vp, Ip 
are the beam voltage and current respectively in the 
projection tube, and V and I those of the direct viewing 
tube, the requirement of equal final picture bright-
nesses gives 

.2 Vp2.Ip = V.I  (15) 

The screen brightness is here assumed to be propor-
tional to the square of the beam voltage, which is a 
good working approximation. In ( I5) only Vp is 
unknown—its value works out at 54 k.V. 

Next we investiete the picture definition. By 
geometrical similitude it immediately follows that if 
the anode voltage were unchanged, then the definition 
must also be unchanged. However, the anode voltage 
has been changed, and from section 1.4 it follows that 

the new spot size is multiplied by 
8 

Hence the 
54' 

scaled down replica will not give the constant picture 
quality required. 

A solution involves application of the principles of 
section 2.7 and Table 4. The spot size is restored by 

54 
—8 This then multiplying the scale of the triode by 

8 
means that the cathode loading is only -5-4 of that on 

the prototype. This suggests the current could be 
increased for the same cathode loading, so that the 
extreme voltage increase might be avoided. 
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To solve this problem, let k be the linear multiplying 
factor for the triode portion only. The remainder of 
the tube is, as before, multiplied by 1/3. 

Inserting the values in Table 7, insert 1, the following 
equations will be found to obtain : 

(1) Energy balance 

.2 Vp2.Ip = 8' x 150  (15) 

(2) Constant cathode loading (postulate) 

Ip = 150.k2  (16) 

(3) Constant spot size 

3.k -- 1%/1811) (17) 

Solving this system gives Vp = 28.4 k.V., I p = 60 pA., 
k = 0.63. Thus, although the tube is reduced to one-
third size, the triode portion is reduced only to approxi-
mately 2/3 of its previous value. 

The remaining columns in Table 7, insert 2, are fairly 
obvious. The last column but one relating to scanning 
power depends on the fact that the latter varies direct 
as the anode voltage and neck diameter. 

Another interesting solution for a derived tube 
begins with the method of section 2.9 and Table 6—by 
slicing off the bulb of the direct viewing tube. This 
approach is suggested by the large resulting increase 
in spot density without loss in spot size/screen size 
ratio. Although the final tube must be larger than that 
derived from a complete scaling-down, since the neck 
dimensions are unchanged, this does not matter much, 
because the major bulb volume is in the conical portion. 

The reasoning to obtain the values shown in Table 7 
is as follows. 

Since the gun and deflector system is unchanged, a 
constant cathode loading requires the beam current 
to be unchanged. An energy equation as ( 15) then 
gives Vp = 18 k.V. 

To investigate the definition, suppose for simplicity 

that the crossover size of the direct viewing tube were 
unity. Then the undefleeted spot size of the latter 
would be 4.5. But the crossover size of the projection 

8 
tube is down to —18 by section 1.4. The magnifica-

tion of this tube is 2— thus the spot size on the screen is 

8 
2. F8, and magnifying this three times by the projec-

tion lens gives the final picture spot size as 

3 x 2 x 

This difference between 4 and 4.5 is hardly noticeable. 
Hence the definition at the screen centres is substan-
tially the same. 

The relative definition at the edges of the projection 
tube will be slightly worse by the reasoning given in 
section 2.9. It would be appreciably worse if the 
deflection defocusing on the prototype direct viewing 
tube were bad. In this case the calculations give only 
a very rough estimate of the position. 
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APPENDIX 1. 

1.1. PRINCIPLE OF VOLTAGE SIMILITUDE. 

When space charge is absent, the potential at any 
point in space must satisfy Laplace's equation 

"i 2V '   

771 " y2 + ° 

or briefly 

72(V) = 

Suppose that V =.f(xd,z) is a solution of ( 1). Then 
it is clear that V = k..fix,Y,z) is equally a solution, 
since 

a2(kv) k.-é2V 
= --- etc. 

cx2 

Thus. V 2(kV) = k.V2(V) = 
since '72(V) = 0 by hypothesis 
Note that this does not apply when space charge is 

present, since in /his case Poisson's equation holds, and 

V 2(V) = 4.v.p 

If this equation is satisfied by V = 1, (x,y,z) it is not 
in general satisfied by y6 = k.V. 

When space charge is negligible, the two fundamental 
equations defining the motion of an electron in an 
axially symmetrical field are 

daz e av dar eV 

-dta = Tn • -cz ' dt2 = 
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If all electrode potentials are multiplied by k, these 
equations become 

d2z e.k. "ètV d2r e.k. 

dt2 = m dt2 ni r 

Integrating each equation twice, w.r.t., to obtain the 
displacements gives 

z = — g (It dt Kid K  
m cz 

e  
(2) 

e 
r — dt + KB.t K,   

m cr 

(1) 

(3) 

K, and K3 are the initial velocities in axial and radial 
directions respectively. Provided these are zero, 
K, = K3 = O. K2 and K4 are merely the co-ordinates 
of the starting point. They may be eliminated by 
shift of origin effected by writing Z = z — 1(2, R 
r — K,. Making this substitution, and dividing (2) by 
(3) then gives 

Z f(ti) . • • 
= s6-01) which is independent of k. 

t %/k. 11 

Hence the shape of the trajectory and its scale are 
independent of k. 

APPENDIX 2. 

1.2. PRINCIPLE OF GEOMETRICAL SIMILITUDE. 

In general the potential at any point in space must 
satisfy Poisson's equation 

2y 2y a2y 

• 2x2 = 4'1" 

Now suppose that the dimensions of all the bounding 
electrodes are multiplied by a factor k. Then any point 
(x,y,z) becomes transformed to a corresponding point 
(X,Y,Z) where X = k.X, Y = k.y, Z = k.z. 

Transforming ( 1) then gives 

72y 7.2V b2V) 

a k 2  + =  (2) X2 "i)Y2 í 

so that provided the new density p' = ple it follows 
that (1) and (2) are identical. Now suppose that 
electronic device being considered comprises some ray 
or beam, and that we twist the reference axes so that 
the beam axis lies along the z dimension. Then the 
condition p' = ple merely means that the density of 
the beam at right angles to its length has been reduced 
to 1/k2 of its original value. But the cross sectional 
area of the beam has increased by k2 times. Hence the 

(1) 

condition p' = ple implies that the total current in 
the ray has been kept constant. This proves the 
invariance of the field shape with change of electrode 
•scale. 

Next consider the fundamental equations of motion 
of an electron in an axially symmetrical field. Taking 
only the z-directed term gives 

(12z e DV 

dt2 cz   

using the transformation Z = k.z as above, converts 
(3) into 

1 cPZ e 7V 
k dt2 = 

which may be re-expressed 

d2Z e 

dT2 nt—TZ  

(3) 

(4) 

where T = kt. (3) and (4) are identical in form so that 
the trajectories are geometrically similar, but with a 
transit time k times as large in the transformed system. 

APPENDIX 3. 

1.3. LAGRANGE'S LAW. 

Applying Snell's law to the ray YOY2 (sketch) gives 

sin 0 nB 

sin a n,   

Again, since 0, a are small we may write 

sin O 

sin a = yBlv 

Substituting from (2) into ( 1) gives 

v 
Ys =Yi —u n—s \ / —v 2 
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APPENDIX 4. 

1.4. DEPENDENCE OF CROSSOVER SIZE ON VOLTAGE. 

When space charge is negligible, the two equations 
of parametric form defining the electron displacement 
have been shown to be 

z = dt dt Ka.t + K2 
M a z 

and  (1) 

= —e il—aV dt dt Ki.t Kg 
m Dr 

Here, K1 and K3 are the initial emission velocities 
along, and at right angles to, the beam axis respec-
tively. K2 and K4 are zero if the origin of co-ordinates 
is taken to coincide with the point of emission. For 
the very high voltages used ).n cathode ray tubes, 

Y.1 aV —2z dt dt » Ki.t 

Again, for an electron starting on the beam (z) axis, 
av -27 = o initially, and since its distance (r) from the 

• 

Effective magnification between crossover and spot 

= M. ,\•/— 

where M is the "geometrical magnification" and equals 
v/u. Thus if Yi is the crossover size, the size of the 
undeflected spot is 

Sundeflected = 
V 

But we have shown that Yi = K/\/V3. Thus substi-
tuting in ( 1) 

Sundeflected = k1/VV, (2) 

By experiment we find that when the spot is deflected 
it increases in size, and also that this increase in "size" 
is a function of the deflecting geometry (G) and the 

beam axis is always small, it is perhaps justifiable to 
write 

• dt dt < < K,.t 

Hence, equations (1) degenerate into 

e 
z — dt dt  (2) 

m 

r = K3.t  (3) 

If we now assume that 2V/2z is constant over the 
very short axial distance involved, we may put EV/az 
= k.V, where V is the voltage on the crossover-forming 
electrode. Integrating (2) then yields 

e 
z = — .k.V.t2/2 

whence for constant z (fixed cathode-crossover dis-

tance), t = K/VV and thus substituting in (3i r — 

X/ VV at the crossover. 

APPENDIX 5. 

1.5. SPOT SIZE AND DEFLECTION DEFOCUSING RELATIONS 

angle of deflection (A). Thus we may write for the 
deflected spot size 

Sundeflected = k1/VV, k.f(G,A) (3) 

where k is a constant of scale. Note that (G,A) = 
when A = O. Note that only the first term of (3) is a 

function of anode voltage. Hence if k.f(G,A)> k1/4/V3 
(severe deflection defocusing) little improvement is made 
by raising V,. 

71 

vi 

Screen 

V2 
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TABLE 1 

APPLICATION OF VOLTAGE SIMILITUDE 

All Anode Voltages on Tube Multiplied by k 

Total cathode current and beam 
current (zero grid or at corres-
ponding point on grid base) 

Cathode loading, ditto 
Beam power .. 
Screen loading (watts/cm.2) 

Crossover and undeflected spot size x 1/Vk 
Increase in spot "size" on deflection x 1 
Ratio of new to original deflected 

spot size 

k3/2 

x k3/2 
x k512 
x k2I2 

Current density in undeflected 
Sensitivity of deflection (mm. per 

volt .. 

Deflectional discrimination .. 

Electron transit time.. 
Screen brightness assuming screen 
powder has square law response to 
voltage, and linear response to 
current density .. 

f(G,A) a/\/'k 
j(G,A) ± a 

spot x k512 

Note that although the magnification (M v/u) is 
constant, the ratio, current density in undeflected 
spot/cathode loading, has increased k times. This 
corresponds exactly to the optical analogue—image 
brightness = object brightness multiplied by the ratio 
of the squares of the refractive indices of image and 
object spaces. 

Note also the rapid increase in raster brightness 
with anode voltage. 

TABLE 2 

APPLICATION OF GEOMETRICAL SIMILITUDE 

All Dimensions Multiplied by k 
Beam and cathode currents.. 
Beam power .. 
Cathode loading .. 
Crossover size 
Magnification (M) 
Undeflected spot size 
Increase in spot size on deflection.. 
Ratio of new to original deflected spot size 

Current density in spot 
Screen size (linear) .. 
Sensitivity of deflection .. 
Deflectional discrimination .. 
Electron transit time 

• . 
• • 
• • 
• • 
• • 
• • 

k.f(G,A)+ k.a 

f(G,A a 

• • 
• . 
• • 
• • 
• • 
• • 

— k 

11k2 

1 

Note there is no fundamental gain in performance. 
The spot density and cathode loading are equally 
affected, and there is no gain in dellectional discrimi-
nation. 
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TABLE 3 

RELAXED GEOMETRICAL SIMILITUDE—I 

Suppose that in any cathode ray tube, the triode 
portion is maintained of constant size, but that all 
remaining dimensions are multiplied by k. Determine 
the main features of the new tube. 

Beam and cathode currents at same grid 
voltage . • 

Beam power .. 
Cathode loading .. 
Magnification (M) 
Crossover size 
Undeflected spot sire (space charge at screen 
assumed small) .. 

Increase in spot "size" on deflection 
Ratio of new to original deflected spot size 

  K 
f(G,À) K 

Screen size (linear) . • x k 
Sensitivity of deflection (mm. per volt) .. X k 
Deflectional discrimination (near screen 
centre) . • x k 

Screen brightness for same relative scan .. x 1/k2 
Provided that the deflection defocusing on the 

original tube was small, we concludethat the derived 
tube will have a resolution k times as large. 

TABLE 4 

RELAXED GEOMETRICAL SIMILITUDE-2 

Suppose that in any cathode ray tube the dimensions 
of the triode portion are multiplied by k, all other 
dimensions remaining constant. Determine the main 
features of the new tube. 

Beam and cathode currents at same grid 
voltage . • 

Beam power .. 
Cathode loading 
Crossover size 
Magnification (M) 
Undeflected spot size 
Increase in spot size on deflection .. 
Ratio of new to original deflected spot size 

1 
1110 

1 

1 

.f(G,A) a.k 

f(G,A) ± a 
Screen size .. .. .. 
Sensitivity of deflection .. • •..  
Deflectional discrimation (near sceen çentre) 
Screen brightness .. .. ....  
Current density in undeflected spot .. 

Provided deflection defocasing in original prototype 
tube is small, the overall performance of the new tube 
improves continuously as the triode is reduced in size. 
Limit set by permissible cathode loading and mechani-
cal tolerances. 



Mr. J. Sharpe (communicated) : Dr. Moss's survey 
of the methods used by C.R.T. designers in deriving 
tubes from an existing prototype contains many state-
ments with which I disagree, but some of these are not 
concerned with the topics of similitude and dimensional 
homogeneity, and not all will be considered here. 

Section 2.9, however, requires consideration from 
both of these aspects. 

In equation 14, from which Dr. Moss has derived 
the whole of his argument on deflection defocusing 
variation with scale, the constant K has been assumed 
to be a pure numeric. Unfortunately, this constant 
includes the parameters of the actual deflectors under 
consideration, even though they are being kept constant 
in the particular equation. A simple consideration of 
the mechanism of defocusing with electrostatic deflectors 
shows that K has the dimensions (Length)— '; a + b 
then equals 2, and the simple theory shows that a and b 
are both equal to 1. The argument in the concluding 
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TABLE 5 

RELAXED GEOMETRICAL SIMILITUDE-3 

All dimensions of the gun only in a cathode ray tube 
are multiplied by k, except for the anode hole which 
remains of constant size. The deflector plates, anode 
to screen distance, screen Jiameter, etc., remain 
unchanged. Determine the main features of the new 
tube. 

Cathode current at same grid voltage 

Beam current ditto (see text, section 2.8).. 

Beam power .. 

Cathode loading 

Crossover size 

Magnification (M) 

Undetlected spot size 

Increase in spot size on deflection .. 

Ratio of new to original deflected spot size 

Screen size .. 

Sensitivity of deflection 

Deflectional discrimination 

Screen brightness .. 

x 1 

x l/k' 
(approx.) 

x 1/k2 
(approx.) 

x 1/k2 

x k 

x 1:k 

x 1 

x 1 

x 1 

x 1 

x 1 

x 1 

x 1Ik' 

Conclusion.—Within the postulates set out in the 
text (section 2.8), no fundamental improvement gained 
by increasing gun size beyond the point where the 
anode hole is filled. 

TABLE 6 

RELAXED GEOMETRICAL SIMILITUDE-4 
A cathode ray tube is derived from an established 

design by moving the plane of the screen only, so that 
the new anode to screen distance is k times that on the 
original. Determine the main features of the derived 
tube. 

Beam and cathode currents at same grid 
voltage 

Beam power .. 
Cathode loading 
Crossover size 
Magnification (M) 
Undeflected spot size 
Increase in spot size on deflection (see text) 

Ratio of new to original deflected spot size 
Vk.f(GA,) a.k 

f(GA,) + a 
Screen size (linear, for same scanning angle) < k 

(approx.) 

Sensitivity of deflection x k 
(approx.) 

Deflectional discrimination (near screen 
centre) 

Current density in undeflected spot 

1 
1 
1 
1 

V k 

• • 
Conclusions.—Large increase in spot density without 

corresponding increase in cathode loading, effected by 
reducing anode to screen distance and screen diameter. 
Absolute focus quality must improve over whole 
equivalent screen area. Relative focus quality un-
changed at centre, and may not be appreciably worse 
at edges if deflection defocusing is small. Indicates the 
merit of correctly designed tubes of small screen 
diameter. 

x 1 
x 1/k2 

LONDON DISCUSSION 

paragraph 2.9 then falls to the ground. The ratio of 
derived to original spot size is then equal to k, 
whether deflected or not, and the definition is identical 
in the two cases. 

The argument above is valid only on the basis of the 
assumption mentioned in the first paragraph of 2.9, 
namely, that the anode to screen distance is large 
compared with the distance from anode to centre of 
deflection. The deductions become precise, however, 
if the symbol R in equation 14 is made to refer to the 
beam radius at the deflectors. 

The author has carried the assumption mentioned 
above into his derivation of the projection tube in 
Fig. 3 of Table 7, where it is not justified. As a result, 
the deflection defocusing characteristics of the tube will 
be very different from the prototype. The reason for 
this is quite different from that advanced by Dr. Moss, 
based on 2.9, from which he deduces that the proto-
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type will be better than the derived tube. In actual 
fact, due to the larger angle of convergence of the beam 
in the shorter tube, the beam diameter in the deflecting 
region is ca 25 per cent, smaller than in the prototype, 
and the deflection defocusing (increase in spot size/ 
screen diameter) will be better than the original. 

In practical applications of similitude, the manipula-
tion required to scale the tube up or down, while 
preserving the definition of the trace (spot size/screen 
diameter) constant at corresponding points of the 
screen, is rather more complicated than Dr. Moss has 
indicated. This will be dealt with in a forthcoming 
paper by Mr. Jesty and myself, in more detail than is 
possible here. 

I have recalculated the projection tube shown in 
Fig. 3, Table 7, of the paper, to give a picture almost 
identical with the prototype. The lens plane is shifted 
to 1 in. from the centre of deflection, maintaining 
constant lens to crossover distance, so as to keep the 
beam width constant at the centre of the deflecting 
system, and preserve the same relative deflection 
defocusing. (There may still be a residual difference 
due to the fact that the width at the entrance to the 
deflectors will be ca 12 per cent, larger, and at the 
exit ca 14 per cent, smaller, than the prototype.) 

The tube parameters now come out as follows :— 
Va 13 -6 Kv. instead of 18 Kv., beam current 250 ua. 
instead of 150 ua. The triode is scaled up by a factor 
of 1-3, to keep the definition and current density 
constant. The beam angle from the triode is kept the 
same as in the prototype, so the cut-off voltage and 

250 2/. drive are both increased by a factor of ( -) 
150 to allow 

for the increased beam current. The brightness, defini-
tion, defocusing and current density are the same in 
the prototype and in the picture projected from the 
derived tube. 

(Incidentally, the fact that the definition comes out 
about right in the author's example seems to be for-
tuitous, as spot size does not enter into his calculation 
of voltage.) 

The tube calculated above has the lens rather close 
to the coils, and in practice one would make a further 
modification. The lens could be pulled back to 3 in. 
from the centre of deflection as in Fig. 3, Table 7, and 
the triode, still scaled up by 1-3, would move to 5¡ in, 
from the lens plane. A larger lens would probably be 
necessary to accommodate the wider beam without 
aberration. Other variations of the parameters are, 
of course, possible to suit practical conditions. 

It will be seen that the differences due to the more 
precise evaluation are considerable. 

Apart from the above, which bears directly on the 
similitude problem, there is one further point requiring 
mention. 
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Vc 
In 2.2, equation 8 is stated to define the relation 

from a single measure of cut-off without applied anode 
voltage. This appears to me to be attempting to define 
a line from a single point. Surely a further measure-
ment of cut-off with anode volts applied is necessary 
to define the slope of the line in Fig. I. 

Dr. Van Den Bosch: Does ion bombardment of 
the cathode upset, in a practical sense, any of the 
calculations shown by Dr. Moss ? 

Mr. G. L. Hamburger: I have a question about the 
ion bombardment of the screen, which has very notice-
able effects. 

Owing to the heavier mass of the ion, magnetic 
deflection does not deflect the ion to the same extent 
as the ulectron and a patch forms in the screen centre. 
The spot is very circular with a beautiful rim and 
I should like to know why this spot is so very well 
defined. 

Mr. J. Sharpe : The author mentioned early in his 
lecture the question of space charge. That is certainly 
one of the fundamental things to determine. It involves 
the aberration of the iriode lens and to that extent can 
only be dealt with practically. 

In connection with the measurements mentioned in 
section 1.4, which was kept constant — the beam 
current, the current density or the voltage ratios? 

Mr. Shelton: I think the author might have made 
it clearer in his lecture that where the various " V "s 
occur, they are the volt velocities of the electrons at 
the cross sections considered, and not necessarily the 
electrode potentials. In attempting to assign some 
meaning to the voltage at which the crossover is formed, 
one must refer to the volt velocity of the electrons in 
that region. In some experiments I have made I find 
that the crossover is formed about halfway between 
the grid and the first anode. 

The author has suggested that the brightness of the 
screen increases as the square of the voltage and 
linearly with the current. I should like to know over 
what range that was assumed, because published data 
do not quite agree with that. 

With regard to experimental observation of deflec-
tion defocusing, I should like to describe an interesting 
technique which permits its examination without in-
volving actual beam deflection. Suppose a 50-cycle 
voltage is applied to the X plates. You observe the 
width of the line and then connect both Y plates to 
one of the X plates. It is thus possible to superimpose 
deflection defocusing due to the Y plates on the X 
plate deflection without deflecting the beam within 
the Y plates. 
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REPLY TO THE 

Dr. Moss (communicated reply to Mr. Sharpe) : I 
thank Mr. Sharpe very much for his contribution, 
and especially for his discussion on my working in 
section 2.9. 

It is difficult to make a full reply, since I have not 
had the advantage of seeing Mr. Sharpe's own analysis 
of these problems. His forthcoming paper with Mr. 
Jesty is awaited with great interest. In the meantime I 
am a little worried as to how rigorous is his reasoning 
by which he deduces that b := I. I give here further 
investigations on this point which appear to show that 
this is a reasonable value, so that since a>0, K 0, 
and I am definitely in error in section 2.9. However, 
rigour is lacking as will be seen below. 

Consider the deflecting system of Fig. 3 (a). It will 
be assumed that the deflectors are short in relation to 
their distance from the screen. 2R is the beam width 
in the deflectors, and d is the distance between their 
centre and the screen. (In the main body of my paper, 
R was defined as the anode hole radius or beam radius 
at the anode, and d as the anode to screen distance, 
because the working ignored the anode to deflector 
distance. However, there is here no reason so to 
restrict the theory.) 

• 

fic, 3(.) 

Fo • 3(•) 

-r-

Succ• 

sc•rem 

Using the notation in Fig. 3 (a), the corrected 
equation ( 14) becomes 

Linear increase in spot size= Ic.L«.DP.Ra.db.».. ( 14a) 
(In this equation we introduce the terms L and D, the 
deflector plate length and spacing, since we now no 
longer_assume, a priori, that a -I- /3 = O.) 

From (I4a) it immediately follows that 

u.-1-13-1-a-rb- 1    (18) 

Now suppose that every dimension except din Fig. 3 (a) 
is multiplied by k (Fig. 3 (b)). Then since in geo-
metrically similar figures the angles are preserved 
constant, it follows that the angles O and O' are un-
changed. But to a close approximation the increase 
in spot size on deflection is clearly (0-0').d, and since 
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d is constant, it follows that the deflection defocusing 
is also unchanged. 

So far the argument is rigorous. But unfortunately 
the conditions described above are not quite those 
which obtain in practice. For, on scaling up the 
deflector region and maintaining d constant, we should 
have to alter the convergent angle of the beam to 
preserve focus. This is shown in, Fig. 3 (b). The new 
convergent angles of the beam become (say) ik and vi', 
and the new increase in spot size is (tk . d. If now 
we assume that OP - tir'1 --- (0- O'), then the deflection 
defocusing is unchanged by scaling up everything 
except d. Hence from (14a) and (18) it follows that 
a+ 13 + a-Oandb= 1. 

I shall be extremely interested in noting whether Mr. 
Sharpe's full analysis on the value of b avoids this 
assumption. It hardly appears possible, or otherwise 
we should have the remarkable result that the variation 
in the " dispersion angle" is independent of the angle 
of the beam on entry to the deflectors. Indeed, the 
identity of Mr. Sharpe's view seems contained in his 
sentence (" There may still be a residual difference due 
to the fact that the width at the entrance . . . etc.") 

With this assumption, then, we reach the important 
conclusion that for constant scanning angle and 
deflector to screen distance, no increase in deflection 
defocusing occurs by widening the beam in the 
deflectors, provided the deflectors themselves are 
scaled up in proportion. 

The argument in section 2.10 is substantially un-
affected, except that as the deflectors are moved away 
from the screen their size is scaled up in proportion to 
the increase in beam width. 

Finally, the seventh and eighth line of Table 6 
becomes simply k. To avoid confusion, this table is 
repeated : 

REVISED TABLE 6 

RELAXED GEOMETRICAL SIMILITUDE-4 

A cathode ray tube is derived from an established 
design by moving the plane of the screen only, so that 
the new anode to screen distance is k times that on the 
original. Determine the main features of the derived 
tube. 

Beam and cathode currents at same grid 
voltage . • x 1 

Beam power .. x 1 
Cathode loading x 1 
Crossover size •. X 1 
Magnification (M) x k 
Undeflected spot size x k 
Increase in spot size on deflection (see text) x k 
Ratio of new to original deflected spot size x k 
Screen size (linear, for same scanning angle) x k 
Sensitivity of deflection .. • • x k 
Deflectional discrimination x 1 
Current density in undeflected spot x 1/0 
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Conclusion.—Large increase in spot density without 
corresponding increase in cathode loading, effected by 
reducing anode to screen distance and screen diameter. 

It is to be carefully noted that Table 6 is based on 
the assumption that the deflectors are very close to the 
focusing lens so that variations in beam width can 
be ignored. Mr. Sharpe points out that this postulate 
is not always justified in practice, and although there 
is nothing wrong with my working for the derived 
projection tube (when the deflection defocusing conclu-
sion in the final paragraph of 2.11 is modified by the 
foregoing reasoning) Mr. Sharpe's derivation is cer-
tainly preferable as being more exact. (Incidentally, 
the " coincidence " he refers to in my working is due 
to my having deliberately chosen values which fit. The 
full working is similar to that given in connection with 
No. 2 example of Table 7, and was not repeated on 

that account). Le c4D. 

;  
• 

?  I I 

I think it worth 
while to show the full 
reasoning which was 
probably used by him. 
Fig. 4 shows his de-
rived tube geometry. 

Following the notation used in section 2.11, we 
have 

Energy balance 

-2 VI,' -Ip — 82 x 150  (19) 

Constant cathode loading 

1p = 150 ks  (20) 

Constant definition 

4,5 _ 1-5 k 
 (21) 

3 x V8 VVP 

The solution of this system gives the values obtained 
by Mr. Sharpe, viz., Vp— 13 -6, k== 1-3 and Iv= 250uA. 

Equations ( 19), (20) and (21) are exactlylanalogous 
to ( 15), (16) and (17) ; (21) differs from ( 17) merely on 
account of the change in magnification between 
crossover and spot. 

It is desirable to say something about the way in 
which the performance defined by equations ( 19) to 
(21) can be realised in practice. It should be appre-
ciated that the operations performed on the prototype 
tube described by the solution given, do not tauto-
matically enable the derived tube to give the desired 
performance. This can be seen by the following 
reasoning. 

Suppose that the prototype I5-in, tube operates at 
a grid bias of — Vg when giving the performancelset 
out in Table 7. Mr. Sharpe's derived projection tube 
operates at anode voltage 13-6/8 times as high as that 
of the prototype. Since the beam width in the deflectors 
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has to remain constant, it follows by voltage similitude 
that the grid bias for the derived tube would have to be 

13 - 6 

8 

(It will be noted that the scaling of the whole triode 
by the factor 1.3 does not alter the beam angle.) 
But by section 2.4, the current in the. beam wauld now 

be (138.6)31 a x 150 uA., whereas we require the 

current to be 250 uA. in order to satisfy equations 
(19) and (20). 

The solution of this problem involves one fact 
which does not appear to belong to the province of 
similitude. If any two triodes identical in all respects, 
except in their cathode to grid spacings, are operated 
at different first anode potentials so that their cut-off 
voltages are identical, then to a close approximation 
their modulation characteristics, both in current deli-
vered and in beam angle, are identical. Applying this 
fact to the problem we adjust the cathode to grid 
spacing of the derived tube so that the cut-off voltage 

at 13 -6 kV. is (25°) 'Is times that of the prototype 
150 

at 8 kV. The grid drive from cut-off is also multiplied 
by the same factor, so that the new current (section 
2.4) is 250/150 of the original, for the same beam angle. 
This justifies Mr. Sharpe's reasoning. This additional 
property of the triode will be better appreciated after 
reference to my forthcoming paper on the "Electron 
Gun of the Cathode Ray Tube, Part 2." Suitable 
adjustment of cut-off by variation of cathode to grid 
spacing has also to be made for the derived tubes 
shown in Table 7. 

This last paragraph tempts me to make one general 
comment. It is not desirable to try to base too much 
on the four rules outlined in this paper. I repeat my 
remarks at the beginning of the paper: "They are no 
substitute for a complete theory of the tube." Their 
real strength is apparent only when they are combined 
with a more detailed theory, and this will be attempted 
in my forthcoming paper. 

The final point raised by Mr. Sharpe is due to a slip. 
The sentence he objects to should read : " It shows 
that the form of the Ve/Va characteristic . . . etc." 

From the remarks of Dr. van den Bosch and Mr. 
Hamburger, it appears that I may have given the 
impression that the paper was more comprehensive 
than is in fact the case. It is intended as a survey of 
elementary design methods, but it was not intended to 
discuss how or whether the designs could be realised 
in practice. That is the second, and quite distinct, half 
of the problem. , Until computations of the type dis-
cussed are made it is not possible to say whether any 
practical difficulties are going to arise. This fact 
adequately justifies the division of the subject of design 
into theory and practice. 
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The objections of Dr. van den Bosch and Mr. 
Hamburger are entirely valid, but do not belong to 
this part of the subject. 

The circular ring due to ion burn mentioned by 
Mr. Hamburger is most probably a shadow of some 
masking aperture in the gun, or of the tube neck. 
It could also arise, although perhaps not quite so 
sharply, in the absence of any such shadowing, since 
the natural shape of the ion and electron beams 
emitted from the triode must be axially symmetrical 
and has a fairly well defined boundary. 

Mr. Sharpe has stressed the necessity of remembering 
that in most of the reasoning involved, the space charge 
is ignored. I agree fully, and admit that caution is 
necessary in applying these methods in some types of 
problem. In connection with the experiments briefly 
mentioned in section 1.4, it was the beam current 
that was kept constant. I do not wish to enlarge on 
this here, for it is a very involved question and belongs 
to Part 2 of my paper on the " Electron Gun of the 
Cathode Ray Tube." 

I thank Mr. Shelton for his remarks and agree about 
the significance of the" V "s. With regard to the screen 
brightness and its variation with impact velocity and 
current, I agree that one cannot always assume that 

the laws are as stated, although I think they are good 
engineering approximations, at any rate for sulphide 
materials, over the range 1-7 kV. I was mainly con-
cerned, however, with illustrating the method. Equa-
tion (15) can be altered to suit any particular case if 
more accurate data is available. 

I am interested in his method of observing deflection 
defocussing, but I think he will agree that it is a rather 
dangerous technique without further investigation, 
since the beam trajectory in the " Y" plate is quite 
different from that which obtains in practice. It would 
seem that it would be a little difficult to relate the 
results of his method to what actually happens. 

Mr. T. D. Humphreys : It is a very great pleasure 
to me to be able to propose this vote of thanks. It 
has been my good fortune to have been associated 
with Dr. Hilary Moss and I was disappointed that 
during the discussion so many people have regarded 
the paper as being essentially associated with practice. 
I may be wrong, but I view it as being very largely a 
dimensional and geometrical consideration of cathode 
ray tube design. However, this does not detract from 
the excellence of the manner in which the lecture has 
been given, nor does it suggest that Dr. Hilary Moss is 
not equally aware of these unfortunate practical 
limitations. 

NORTH-EASTERN SECTION DISCUSSION 

The Chairman (Mr. H. Brennan) : I would like to 
congratulate Dr. Moss on his excellent lecture and the 
clear way he has shown that from simple bases im-
portant deductions can be made regarding the geometry 
of the cathode ray tube. 

Mr. H. Armstrong: Could the general principles 
set out in the author's paper be applied to ordinary 
thermionic valves? If not, could they be applied to 
gas-filled valves, sometimes called thyratrons? Does 
the author believe that these dimensional methods can 
be applied by someone who is unfamiliar with the 
details of the particular device ? 
Mr. J. Moore: A brief description of Laplace's 

equation will, I feel, be of reference value in studying 
this paper. 

The Chairman : What would be the highest electrode 
voltage that could be used in tubes without ion attack 
on the cathode becoming sufficiently serious to upset 
practical calculations? The second question is with 
regard to space charge. I am rather interested to 
know how to determine the degree of space charge, 
and can it be assumed as negligible? What is meant 
by origin distortion, and what are the remedies for it ? 
Mr. J. Hare: I understand that deflection de-

focusing was due to beam length, and that was why 
manufacturers shape the end of the screen as they do. 

Mr. L. Parsons: I should think a curved screen 
would be better than a flat one. What is the advantage 
the Americans claim for a flat screen ? What is the 

best size of television tube for direct viewing ? I should 
also like to know what are the smallest clearances 
possible in the triode before its manufacture becomes 
uneconomic. 

Mr. J. Bolam: What are the relative economics of 
projection and direct viewing systems ? 

Mr. E. Watts: Dr. Moss mentioned the fact that 
the spot size decreases in a small tube. A statement 
has been made that the spot size does not increase 
with screen diameter and that better definition can be 
obtained in larger tubes. 

Mr. J. Finlay: I would like to ask some questions 
on the subject of trapezium distortion, particularly 
as explanations which have been given differ con-
siderably amongst themselves. 

Fleming-Williams' says that " the sensitivity of the 
plates nearest the gun (Y plates) is modulated by the 
potential applied to the other pair (X plates) but 
the converse does not occur." He illustrates this point 
by a diagram of a television-type raster for a sym-
metrically applied scanning waves on both plates, in 
which, instead of a rectangular figure being obtained, 
the top and bottom edges slope towards the more 
positive X plate. 

This would suggest that, providing the X plates 

Fleming-Williams: — Trapezium Distortion in Cathode-Ray 
Tubes." Wireless Eng., Feb., (940 ( 17) 61-4. 
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were worked symmetrically, it would be immaterial 
whether the Y plates were supplied with a symmetrical 
signal or not. If this is true, then in tubes not specially 
corrected for trapezium distortion it would be good 
practice to apply a symmetrical time base to the 
X plates (nearest the screen) and allow of either type of 
working from the signal on the Y plates. 

Parr3 gives an example of trapezium distortion for 
the same conditions, but the shape is markedly different 
from that described by Fleming-Williams, and suggests 
that the sensitivity of both pairs is affected. Could 

Dr. Moss suggest under what conditions these dif-
ferences arise ? 

It is sometimes stated that the effect of trapezium 
distortion is less in gas-focused tubes than in high-
vacuum types because of the lower deflecting potentials 
used. Since, however, the anode voltage is corres-
pondingly lower (thus giving the increased sensitivity), 
the ratio of deflecting to anode potentials is of the 
same order throughout, and this ratio is surely the 
critical factor. Is there not some other fundamental 
reason for the alleged lower distortion in gas-tubes? 

REPLY TO NORTH-EASTERN SECTION DISCUSSION 

Dr. Moss : I am not a valve designer and therefore 
hesitate to commit myself too definitely, but it is 
fairly certain that similitude and dimensional methods 
are very applicable to valve and thyratron design. 
With regard to Mr. Armstrong's next point, I think 
that the calculations themselves are easily made by 
relatively inexperienced engineers, but the interpreta-
tion and translation of the results into practice does 
require a wider background. 

It is a little difficult to answer Mr. Moore concisely. 
In physics and engineering, we frequently study field 
problems in which a certain vector quantity (such as 
electric field strength, temperature gradient, stress in 
a medium, etc.) varies in some assigned manner over 
a region. In many problems of this type, the vectors 
describing the" field" have no" sources" or" sinks" 
within the field and Laplace's equation is a mathe-
matical statement of this fact. For example, we are 
accustomed in elementary electrostatics to think of 
lines of force connecting point charges. The direction 
of the lines of force is the direction of the field, and the 
number of lines of force/unit area at right angles to their 
direction is proportional to the field strength. If we 
consider any element of volume within such a field, 
but so placed as to contain no charges, then no lines 
of force can originate or terminate within the volume. 
On expressing this fact in symbols we immediately 
obtain Laplace's equation. 

In reply to the Chairman, I should not like to make 
any definite statement as to the highest voltage which 
can be used without involving severe ion attack on the 
cathode. There is no well defined limit. It is far more 
important to pump the tubes very " hard." 

It is often quite easy to justify the neglect of space 
charge effects in these computations, although correc-
tion for their influence may be quite difficult. These 
points are discussed in my paper on the " Electron 
Gun of the Cathode Ray Tube," Part 1, and also in 
the Wireless Engineer for July, 1945. 

Origin distortion is the name given to deflectional 
non-linearity in gas-focused cathode ray tubes. It 

a Parr: " The Cathode-Ray Tube" Chapman & Hall, 1943. 
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can be remedied by a form of split deflector plate 
construction which is described in standard texts. 

The old question of deflection defocusing and 
curvature of the screen face has arisen again. These 
things are not significantly related. Deflection de-
focusing is principally due to distortion of the beam 
in the deflectors, not to variation of anode to screen 
distance, because the depth of focus of the lens is 
very large. The curved screen is used mainly to provide 
mechanical strength. 

This leads to Mr. Parsons' question. The Americans 
presumably prefer a flat screen because they consider 
it gives a better looking picture. I don't personally 
feel very strongly on this matter so far as television 
is concerned. 

For direct viewing purposes in an ordinary sized 
living-room I think a picture about 12 x 9 in. is the 
optimum on the present 405 line system. Anything 
larger involves too great a viewing distance for domestic 
convenience. 

With regard to triode clearance, this depends on 
the mechanical design employed. In our tubes we 
regard cathode/grid spacings of about 0.1 mm. as 
the minimum limit in view of the close tolerance 
involved. 

Mr. Bolam raises a very big question, which cannot 
be adequately treated here. In any case, it is hardly 
fair to compare the economics of projection and direct 
viewing systems for pictures of larger size than about 
13 x 10 in., since it is scarcely feasible to produce 
such images by direct viewing systems. In fact, if you 
do require a much larger picture size, the projection 
scheme is the only possibility, so that no question of 
comparison can arise. However, referring to my 
Table 7, which discusses the use of projection tubes to 
give final picture sizes equal to those obtainable on 
about the largest practical direct viewing tube, I think 
in general at present such a projection system would 
be far more expensive. In fact, almost the only point 
of the projection system of this miniaturised type lies 
in avoiding the large glass envelope of the direct 
viewing tube. 



NEWCASTLE DISCUSSION DESIGN OF THE CATHODE RAY TUBE 

I am not very clear about the comments of Mr. 
Watts. My Table 3 appears te agree with his statement, 
but I must stress that a more exact definition of what 
factors are being varied is nacessary before his com-
ment has a very definite meaning. For example, on 
his statement my Tables 2 and 3 would appear to be 
mutually inconsistent, whereas in reality both are quite 
correct, only are based on different assumptions. 
It is hardly possible to stress sufficiently strongly that 
conclusions on the effect of geometrical changes on a 
cathode, ray tube must never be separated from the 
postulates which attend the changes. Failure to 
appreciate this fact causes endless misunderstanding, 
even though there may be no real difference of opinion 
as to the underlying scientific facts. 

I think Mr. Finlay is not quite correct in interpreting 
the article by Fleming-Willia ais as ne does: Distortion 
of the raster shape may not be much improved by 
symmetrical working on the Y plates, but the spot 
distortions are thereby considerably minimised, or 
alternatively for an assigned amount of distortion a 
wider beam can be used. The great importance of this 
factor was discussed in my recent paper in this journal. 

If. however, the signal voltage must be unbalanced 

to ground, then it is best to use the deflector plates in 
the way Mr. Finlay suggests. Unfortunately, for reasons 
of economy in commercially built oscillographs, the 
time-base voltage is frequently unsymmetrical and in 
this case it is immaterial from the point of view of 
trapezium distortion as to which way round the plates 
are connected. 

I am quite unable to account for the shape of the 
raster given by Parr in his book. I have since learnt 
from him that he regards this diagram as due to an 
anomalous tube and therefore without special sig-
nificance. 

The assertion about reduced trapezium distortion in 
gas-focused tubes is new to me and I am not aware 
of any authority for this statement. Mr. Finlay is 
certainly correct in supposing that it is the ratio of 
deflecting potential to anode potential and not the 
absolute magnitude of these potentials which defines 
raster distortions. The raster shape and size are 
dependent on this ratio and not on the absolute 
magnitude of the voltages. I can suggest no reason 
at all why in general a gas-focused tube should possess 
less trapezium distortion than a high vacuum one, 
and I doubt the correctness of such a statement. 

BOOK REVIEW 

Radio Receiver Design, Part Two. By K. R. Sturley, Ph.D., B.Sc., M.I.E.E. 

The second part of the author's book now completes 
a full and comprehensive work on radio receiver design. 

The subjects discussed are: "Audio Frequency 
Amplifiers," " The Power Output Stage," " Power 
Supplies," " Automatic Ga n Control," " Push-button, 
Remote and Automatic Tuning Control," " Measure-
ment of Receiver Overall 'erformance," " Frequency 
Modulated Reception," " Television Reception." All 
these are treated in great detail, both the theoretical 
and the practical view points being well represented. 

The last two chapters which alone cover 175 pages will 
be particularly welcome, as information on the tech-
nical aspects of frequency modulated reception and of 
television reception is not readily available. 

Complicated formulae which, in our opinion, occur 
somewhat too frequently in Part One are used sparingly 
here. 

The book should be extremely useful to the designer, 
without being too technical for the student. 

E. Z. 
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A REPORT ON 
AERIAL AND EARTH FACILITIES FOR THE RECEPTION OF 

SOUND BROADCASTING IN PREFABRICATED HOUSES 

Prepared by the Technical Committee* 

Summary 

The reception of sound broadcasting by radio depends upon the field strength of the required signal, the magnitude 
of any " static," the sensitivity of the receiver, and the efficiency of the aerial system. 

For reception at " entertainment level " a high signal to noise ratio is required. This can more easily and more 
cheaply be obtained by the aid of a good aerial than by any other means. 

In prefabricated houses as standardised by the Ministry of Works, the type of aerial system is dictated by struc-
tural considerations and cost. The two types of houses proposed are : 

(a) Non-metal or metal framed houses. 
(b) Metal-clad houses. 

For the first type (a) the occupier must provide his own aerial facilities. An indoor aerial 15-20 ft. long has been 
found to be satisfactory. 

For the second type (b), metal-clad, an external aerial is essential. For these houses, the Ministry of Works 
propose a 6 ft. rod aerial with an unmatched screened lead connecting the aerial to the receiver. Quantitative tests 
show that this unmatched lead introduces very considerable loss. It is thought that this loss will more than offset any 
hoped for advantage against " man-made static." 

It is felt that an unscreened lead would give a better signal to noise ratio, but this can only be decided by more extensive 
tests. 

Introduction 

(I) Radio reception of sound broadcasting in the 
home is now taken as an essential part of social and 
cultural life by all classes of the community irrespective 
of wealth or geographical position. There can now 
be hardly a home in the country that has not some form 
of equipment for radio reception of sound broad-
casting. 

(2) This report is primarily concerned with radio 
reception in temporary houses. Suggestions are also 
made as to the lines which further investigation should 
follow in order that such reception should be satis-
factory. 

Controlling Factors in the Reception of Sound 
Broadcasting by Radio 

(3) Satisfactory radio reception is mainly dependent 
upon the following four factors: 

(a) The field strength of the required station in the 
particular area. 

(b) The ratio, at the receiver input, of the required 
signal voltage to the voltage of any radio 
frequency interference. 

(c) The sensitivity of the receiver to be used. 

(d) The efficiency of the aerial system used, i.e. the 
height of the aerial ; its freedom from screening 
by buildings, trees, local topography, etc., its 
insulation from earth and the correct matching 
of the aerial system to the receiver. 

Field Strength 

(4) The field strength of any signal in any specified 
area is dependent upon many factors : distance, topo-
graphical and geographical position, meteorological 
conditions, etc., which are outside the control of the 
listener and the scope of this report. 

Noise Interference 

(5) The magnitude of any "noise" interference 
reaching the aerial is the factor that limits the useful 
sensitivity of the receiving set. It consists in part of 
static, that is, of radio frequency waves produced by 
natural causes, as, for example, storms, atmospheric 
disturbances, etc. The remainder of the "noise" 
received by way of the aerial consists of "man-made 
static" which produces radio waves or induces radio 
frequency voltages into the aerial system. Such "noise" 
is produced in many ways: by the opening and closing 
of switches in electrical circuits, by the sparking of 
commutators in electrical machinery, and in such 

• In December, 1944, the Council of the Institution. gave the following terms of reference to the Technical Committee :— 
• (1) To examine the facilities provided for radio reception in temporary houses, in particular, the installation of aerial and earth 

facilities. 

(2) To make recommendations as to the type and installation of such aerial and earth facilities as may be considered necessary. 
During the course of their deliberations, the Committee paid visits to the temporary housing exhibition in London, organised by the 

Ministry of Works, to whom the Council wish to express their thanks for helpful co-operation. 
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domestic equipment as vacuum cleaners, hair driers, 
refrigerators, etc., and is especially strong in densely 
populated areas. 

(6) Such interference is distributed more or less 
evenly over the whole of the normal broadcasting 
channels, and although certain valve operated devices 
have been developed to minimise such interference, 
the average broadcasting receiver is unable to dis-
criminate between such interfering signals and the 
desired signal. Much can be done by suppressing such 
interference at its source, but until legislation is intro-
duced to make such suppression compulsory, only the 
listener's own equipment can be so treated. The use 
of a screened lead from the aerial proper to the receiver 
confers a certain amount of banefit, but unless such a 
lead is correctly matched, both to the aerial and to the 
receiver, not only the noise but the required signal 
also is greatly attenuated. 

Receiver Sensitivity 

(7) The ultimate sensitivity of the receiver is limited 
by the "noise- that appears in the receiver output in 
the form of "hiss" (known as "random noise") when 
a completely interference free signal is applied to the 
input (i.e. with the receiver operating in a screened 
room and fed from a standard signal generator). It 
is the lumped total noise due to thermal agitation of 
the electrons in the input circuit "shot effect" in the 
plate of the input valve and the "noise" produced by 
the frequency changer. 

(8) The magnitude of the noise ir. the receiver out-
put is dependent upon the degree of amplification 
following the various "noise" producing networks. 
For a given sensitivity this noise output will vary 
according to the design and the ciscuit arrangement, 
being less when part of the total amplification is 
obtained prior to the frequency changer, i.e. when the 
receiver incorporates a high frequency amplifier stage. 

(9) The use of a high frequency amplifier ahead of 
the frequency changer is not common practice so far 
as normal broadcast receivers for use with an outside 
aerial are concerned. This is due partly to the tech-
nical design difficulties involved, partly to economic 
reasons—a high frequency stage adding several pounds 
to the receiver selling price, but mainly because a good 
aerial system will provide signal input voltage to the 
frequency changer equal to, if not greater than, that 
provided by a high frequency amplifying stage fed 
from a poor aerial. 

(10) In all cases, however, ii holds true that for any 
particular receiver the noise increases as the receiver 
sensitivity is increased. Mosl of the receivers manu-
factured since 1935 incorporate some form of automatic 
volume control. By this means, the sensitivity of the 
receiver, and thus the noise, decreases as the strength 
of the input signal increases. In certain cases the 
receiver is so designed as to remain quiescent until the 

input signal reaches certain predetermined amplitude, 
thus ensuring a low level of output noise. 

Aerial Efficiency 

(11) The importance of the aerial system can now 
be appreciated. The more efficient the aerial the greater 
is the desired signal voltage applied to the receiver 
input, and consequently the lower is the amplification 
necessary for a given output. Not only is the "random 
noise" thereby decreased, but the interference output 
due to "static" (man-made or otherwise) is also 
decreased. 

(12) A good aerial system is therefore desirable, far 
more as a means of reducing the noise background to 
a received signal than as a means of increasing the 
range of the receiver. 

(13) Efficient aerial systems are not synonymous with 
the unsightly rows of poles and masts that disfigure so 
many residential areas. The structure of the normal 
house lends itself in many ways to an aerial installation, 
either indoor or outdoor, that is of reasonable efficiency 
without offending wsthetically. 

Aerial Installations in Prefabricated Houses 

(14) In the all-metal prefabricated houses such as the 
Portal, the Phoenix, the Spooner and the Airoh, some 
form of outside aerial is essential. Structural con-
siderations impose serious limits on the weight that can 
be supported, and hence the height of such an aerial, 
whilst due to the density of grouping, poles or masts 
in the garden are debarred on msthetic grounds. 

(15) The Ministry of Works have therefore decided 
to equip such all-metal houses with a 6 ft. rod aerial 
mounted at the side of the house at the apex of the 
barge boards. A screened lead approximately 20 ft. 
long (also built in) connects the base of the aerial to 
an outlet socket which is located on a small panel 
adjacent to the power outlet socket at the side of the 
fireplace in the living-room. This screened lead is 
unmatched both to the aerial and the receiver. (Specified 
as Telcon type PT IM, which has a capacity of 
approximately 20 pFift.) 

(16) An earth socket is also provided on this same 
panel connected to the earth pin of the three-point 
power outlet socket adjacent. This point is some 15 ft. 
from the true water pipe earth. It is noted that no 
lightning arrestor is fitted at the base of the rod aerial. 

(17) In the non-metal or metal-framed houses, no 
aerial and earth facilities are being provided, and such 
arrangements are the concern of the occupier. 

Tests 

(18) The fact that with the rod type aerial a screened 
feeder cable is used, unmatched both to the aerial and 
to the receiver, gave rise to some doubts as to the 
efficiency of such a system, and quantitative tests were 
therefore carried out at a particular site in North 
London. 
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(19) The results of these tests are tabulated in the 
appendix. 

(20) These figures show that the use of the un-
matched, earthed screened feeder cable reduces the 
possible efficiency of the 6 ft. rod aerial over the 
medium wave band by an average of 20 db., and that 
the indoor aerial is better by an average of 6 db. over 
the medium wave band when compared to the most 
efficient performance of the specified rod aerial. 

(21) It is emphasised that the figures given are the 
results of quantitative tests at one particular site with 
one particular receiver. It is, however, thought that 
they are indicative of the general behaviour of the two 
types of aerial tested. The loss due to the unmatched 
earthed screened lead will vary with the particular type 
of aerial input circuit incorporated in the receiver to be 
used and may, in some cases, be worse than the results 
quoted. It is considered doubtful whether any 
domestic receiver will show a material improvement 
upon these figures. 

Conclusions 

(22) It is understood that the production quantities 
of all these all-metal houses will run into many tens 
of thousands, and as it is considered that the present 
efficiency could be obtained at a lesser cost or that a 
considerable improvement could be obtained at the 
same cost, it would appear desirable for further investi-
gation and measurement to be made into alternative 
positions and forms of aerial and an alternative 
method of connecting the aerial to the receiver. Possible 
lines along which such an investigation might proceed 
are given under the paragraph " Proposals for Further 
Investigation." 

(23) Presumably, the screened lead has been specified 
to guard against interference due to "static" arising 
from the electrical equipment installed in the house and 
in adjacent premises. Taking into account the 20 db. 
loss in input signal voltage that results from the use 
of this screened unmatched lead, it is considered 
doubtful whether any such advantage will, in fact, be 
obtained. Indeed, it is not improbable that such 
interference will be found to have worsened. 

(24) The method of obtaining an earth connection 
for the receiver from the earthy power supply conduit 
is also open to criticism on the grounds of the possi-
bility of the common impedance causing interference. 
A direct connection from this earth socket direct to 
the earthed water pipe is to be preferred. 

(25) In the non-metal or metal framed houses the 
conventional indoor aerial should, in general, be satis-
factory. This aerial can conveniently take the form 
of an insulated wire some 15-20 ft. long attached to 
the beading at the junction of the wall and ceiling. The 
position of the receiver in the living-room of these 
houses is governed by the position of the power outlet 
sockets, of which there are two : one adjacent to the 
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fire and one adjacent to the window. For the earth 
connection it may be possible to use the earthed 
conduit of the power supply, but in cases where this 
common impedance coupling introduces "noise" a 
lead should be taken to the nearest water pipe or 
direct to earth. 

(26) In the metal-clad houses, the proposed rod 
aerial and unmatched screened lead is considered 
unsatisfactory. 

Proposals for Further Investigation 

(27) Investigations should be confined to a more 
efficient overall aerial system within the limits dictated 
by the structure and with due regard to the question 
of cost. 

(28) With the specified design of rod aerial, an 
alternative form of aerial lead-in should be investi-
gated ; an unscreened but insulated lead from the 
base of the aerial could be supported in the loft, passing 
into a conduit only for the run down the wall from 
the loft to the outlet socket. 

(29) The degree of "man-made static." with these 
two types of lead-in should be investigated at least 
so far as the installed electrical equipment is con-
cerned. If any particular piece of equipment is found 
to generate excessive "static," then the inclusion of a 
simple capacitative filter should be investigated. The 
cost of such a filter might easily be met by the saving 
due to the difference in cost between the screened and 
the unscreened lead. 

(30) Alternative forms of aerial should be investi-
gated as, for example, a straight wire parallel to, and, 
say, 3 ft. above the ridge of the roof, an unscreened 
lead-in being used, as suggested in paragraph 28. 

(31) The technical and economic aspects of com-
munal aerials for groups of prefabricated houses 
should be examined. 

(32) It is desirable that all the above proposals 
should be investigated quantitatively in a typical metal-
clad house surrounded on each side by one or more 
such houses. The local screening effects of adjacent 
houses might otherwise invalidate the performance 
figures taken in respect of alternative forms of aerials. 

APPENDIX 

QUANTITATIVE TESTS ON AERIAL 
EFFICIENCY TAKEN ON A SITE IN NORTH 

LONDON 

These tests were carried out in North London in 
May, 1945. Measurements were made with four types 
of aerial system. 

(a) A vertical rod aerial 6 ft long, the base being 7 ft. 
6 in. above ground level, and connected to the 
receiver measuring set by 15 ft. of earthed 
screened cable having a capacity of 20.4 pF/ft. 



AERIAL AND EARTH FACILITIES IN TEMPORARY HOUSES 

(b) The same rod aerial at the same base height but 
connected to the receiver measuring set by 
15 ft. of earthed screened cable having a capacity 
of 14 pF/ft. 

(c) The same rod aerial at the same base height but 
connected to the measuring set by 15 ft. of 
unscreened but insulated cable. 

(d) An indoor aerial approximately 15 ft. long, 
constructed in the form of an inverted L, Sup-
ported at a height of 6 ft. 9 in. above ground 
level and arranged clear of the walls and ceiling. 

The above systems were not tested in metal-clad 
houses. 

The receiving set consisted of a normal superhetero-
dyne broadcast receiver fitted with automatic volume 
control (A.V.C.). The receiver was earthed in all 
the tests. 

A meter was placed in the "earthy" end of the 
A.V.C. diode load resistance reading the rectified diode 
anode current and was calibrated in terms of the input 
voltage fed to the receiver inpat terminals from a 
standard signal generator. 

Throughout the tests, the B.B.C. 663 kc/s and 877 
kc/s programmes were used for measursng the relative 

efficiencies. This was considered a more practical 
method than energising the aerial under test from a 
local oscillator and less liable to error. The test 
results are tabulated below. 

Types 
of 

Aerial 
System 
used 

Equivalent 
Input 
Signal 
877 kc/s 

Relative 
increase 

db. 
Aerial A. 
taken as 
reference 

Equivalent 
Input 

Signal 
668 kc/s 
Sery ice 

RelatiN•e 
increase 

db. 
Aerial A. 
taken as 
reference 

(a) 3.9 0 3.3 0 
(b) 5.1 /32 4.6 /9 
(c) 29. 0 17.40 38-0 21.2 
(d) 52.0 22.50 96.0 29.2 

The figures given above represent subjective tests 
on one receiver only and in one locality. It is desirable 
that more comprehensive tests be carried out, particu-
larly as regards the distribution of the total loss, i.e 
as to how much of the loss is due to the capacity 
potentiometer effect of the aerial and the aerial lead-
in, and how much is due to the detuning effect of the 
first tuned circuit by the larged lumped capacity of the 
screened lead that is reflected into it. • 

Report on miniaturisation of radio sets and valves, and uses and possible 

applications of miniature equipment 

The Technical Committee have now been requested by the General Council 

to draft a report under the above heading, and members of the Institution with 

special experience or knowledge of miniature radio equipment are invited to 

collaborate with the Committee. Comments and drafts should first be 

addressed to the Chairman of the Technical Committee, c/o the Institution. 
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NOTICES 

Honours 

Council congratulates Air Vice- Marshal R. S. 
AITKEN, C.B.E., M.C., A.F.C., on his appointment 
as a Companion of the Most Honourable Order of 
the Bath. Prior to this honour, Air Vice-Marshal 
Aitken had been mentioned in despatches and has 
been especially congratulated on his having been 
awarded the American Légion of Merit Medal for 
" exceptionally meritorious conduct in the performance 
of outstanding service." 

Obituary 

Council record with deep regret the death of Kenneth 
Ernest CLIFTON, of London, N.13 (Registered 
Student). Cfn. Clifton had served with R.E.M.E since 
1942, and was killed in an Army accident on Septem-
ber 17th last. He was 24 years of age and recently 
succeeded in part of the Graduateship Examination 
of the Institution. 

Overseas Members 

Many members from overseas are now in England 
or are contemplating visits to Great Britain in the 
near future. 

It would be appreciated if these members would 
communicate with the Secretary stating the date of 
their probable arrival or visit to the Institution as soon 
as possible after their arrival. 

Such an arrangement will enable overeas members 
to receive full information regarding meetings of the 
Institution whilst they are in England, and in other 
ways take advantage of facilities which can be offered 
by the Institution and its members. 

December Meetings 

Programme cards giving full details of all meetings 
of the London and North-Eastern Sections up to and 
including May, 1946, have already been circulated to 
members in the respective areas. Further copies of 
these programme cards may be obtained on applica-
tion to the Secretary. Other Section meetings for 
December are :— 

Scottish Section : December 11 th, 1945, at the 
Heriot Watt College, Chamber Street, Edin-
burgh 1, at 7 p.m.—a Paper by Professor M. G. 
Say, Ph.D., M.Sc., on " Ultra High Frequency 
Technique." 

Midlands Section : December 14th, 1945, at the 
Birmingham Chamber of Commerce, New Street, 
Birmingham, at 6.15 p.m.—a Paper by S. G. 
Button on " U.F.H. Aerial Technique." 

(Preprints of this Paper are available to members 
attending the meeting.) 

228 

LIGHT, Thomas 
SANDS, James Cunningham 

GRADUATESHIP EXAMINATION 

PASS LIST—MAY, 1945 (2nd List) 

Passed Entire Examination 

ZELINGER, Geza Palestine 
ORRIN, John Noel Liverpool 

Passed Parts 1, 2 and 4 only 

CANNON, Charles W. Clacton-on-Sea 

Passed Parts 1, 2 and 3 only 

ASK HA M, Leslie Leeds 

Passed Parts 1 and 2 only 

BROWNE, Colin Leigh-on-Sea 

Passed Part 2 only 

Rochdale 
London, S.W.15 

Passed Part 3 only 

MENZEL, Raoul Tel-aviv 
SEHPOSSIAN, Haig Heliopolis 

Extraordinary General Meeting 

It is necessary to hold another Extraordinary General 
Meeting in connection with the proposed revisions to 
the Memorandum of Association. For the purpose of 
the special resolution necessary, an Extraordinary 
General Meeting will be held at the Institution, 9 
Bedford Square, London, W.C.1, on December 21st, 
1945. 

Corporate members only are entitled to vote at the 
Extraordinary General Meeting, and notices have been 
circulated accordingly. 

Subject and Author Index, 1939/1945 

The Library Committee are publishing a Subject 
and Author Index covering all issues of the Journal 
since the outbreak of war, and this will be available to 
all members of the Institution in December. 

This issue of the Journal is the last of the present 
volume, and members wishing to have the volume 
bound should return all five issues of 1945 to the 
Secretary with a remittance of 10s. 6d. 

1946 Year Book 

A revised Year Book is now being prepared for 
press and will include all new elections and changes of 
addresses up to the end of December, 1945. All 
grades of members are particularly requested to advise 
the Secretary of any Honours or other distinctions 
awarded during the year of which advice has not 
already been sent to the Institution. 

Changes of address should only be in respect of 
permanent addresses and not temporary addresses. 
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Recommended Types for 
A.C. Mains Operated Receiver. 

ECH 35 Frequency changer. 
EF 39 Intermediate Frequency 

Amplifier. 

EBC 33 Detector L.F. Amplifier. 
EL 33 Output Pentode. 

AZ 31 Rectifier. 

Other recommended trees ere ova iblbte for 
A.C.ID.C.. battery and portable rece,yery. 

DOMINANT NAME IN ELECTRONICS 

THE MULLARD WIRELESS SERVICE COMPANY LIMITE D, CENTURY HOUSE. SHAFTESBURY AVE., LONDON. W.0 2 ( 135i) 
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We introduce to you a new industrial emblem 

which will in future identify the products of 

this Company. Its style symbolizes the merger 

of two famous companies and indicates that 

the vast resources of both are now combined to 

give even greater service to world industry. 

1-(• INSULATED CALLENDER'S CABLES LIMITED 

ERITtI. II E, S B , L F. (; ( Lancs.) 8: PR ES (' 0 "I' 
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CNIE" RANGE OF 

ALMOST DISTORTIONEESS AMPLIFIERS 
Here are performance figures, inclusive of out-
put transformer, for the type 15: — 

TOTAL DISTORTION, fncluding hum and 
noise, for 15 watts output: — 

1,000 c.p.s. - 0.1°,/,, ( one-tenth of one per cent) 
60 c.p.s. - 0.2°',, ( one-fifth of one per cent) 

FREQUENCY RESPONSE: level within 
0.25db. 20 - 20,000 a p.s. 

LOAD DAMPING FACTOR: 20 ( 10 times 
better than for average Class A triode). 

GAI N : The basic amplifier requires 0.5v 
RMS at grid impedance. An additional two 
stages can be supplied built into the chassis, 
thus reducing the input to 0.005v R.M.S. 

Full information on leaflet W.15 

SPECIAL NOTE: The above figures establish 
such radically new standards that they may 
occasion some surprise. We therefore wish to 
stress that no error appears in this announce-
ment. The circuits are original, and result 
from war - time research in our laboratory. 

H. J. LEAK & COMPANY LIMITED 

470 UXBRIDGE RD • LONDON • W.I2 TEL: SHEPHERDS BUSH 5626 



CERAMIC RESISTANCES 

by 

ERG RESISTORS LIMITED 
102Ia F1NCHLEY ROAD, 

LONDON, N.W.Il 

TELEPHONE: SPEEDWELL 6967 

ERG 

THE ERG process ensures non-crazed 
surfaces, free from pin holes, and of 

improved durability, with consistent 

regularity of wiring and greater mechani-

cal strength at junction of winding and 

end-wire. The special methods used 
pos tively preserve the inherent high 

qua.ities of both the porcelain bodies 

and ceramic covering. 

Available in full range of types and 

mountings in sizes from lei in. to 104 in. 

body length to tolerances of ± 

Contractors to Air Ministry, Admiralty 

and Ministry of Supply. 
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R.F. ALIGNMENT OSCILLATOR 

A new alignment oscillator operating at television frequencies, compact in 

form and robust in design, with means for self-calibration at three pre-
determined frequencies. 

In conjunction with the ordinary cathode ray oscilloscope, this alignment oscillator provides 

a ready production check of the sound and vision channels, as well as the overall performance 
of Television Receivers. 

It employs a triode oscillator whose mean frequency can be set between 35/50 Mc/s. The 

instantaneous frequency automatically varies tc cover the entire television channel 50 tir/es 

per second. A second triode oscillator is arranged so that it can be switched to any of 

three predetermined frequencies which are ma.ntained with a high degree of stability. 

A sinusoidal time base for the oscilloscope is incorporated. In production testing a response 

curve can be conveniently checked for compliance with a specified bandwidth by using a 
suitably ruled scale in front of the oscilloscope screen. 

DESIGNED AND MANLFACTURED BY 

MERVYN WORKS, MAYBURY ROAD. WOKING. WOKING 2091. 
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(IDP‘‘ FOR RADIO 

TELEVISION, 

TEST INSTRUMENTS 

and other applications 

rr HE only switch with floating rotor and double contacts is the 
OAK. Widely used by all leading British and American 

Radio manufacturers, it has, since 1939, been standardised 
by the Fighting Services of Britain and U.S.A. Available 
for a wide range of circuit combinations, it has also many 
industrial applications. 

N.S.F. COMPANY LTD 
KEIGHLEY • YORKSHIRE 

'Phone: Keighley 4221 14 'Grams: Enesef, Keighley 

(Sole Licencees of OAK Manufacturing Co., Chicago.) 
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eVe Lei ec in capacity and 

attenuation oi CO- 10( Cabies mean 

new possibilities in electronic equipment 

design both for the war etort and 

the post- War electronlc a 

for 

BASICALLY BETTER 
Atie-SPACEO 

YZIOIVIOfS@ A B 11.IM 
TRANSRADIO LTD. 16 THE HIGHWAY. BEACONSFIELD•12 • BUCKS. 

TELEPHONE: ST. ALBANS 4323-6 

In communications, wherever measurement for testing purposes is 

involved, empiricism can be ruled out. Of no avail without scientific 

instruments is anything the eye can see, the hand feel or the most 

observant remember. 

The radio engineer, therefore must have test gear on which he can 

rely and, thanks to the foresight of Marconi Instruments, Ltd., has 

a wide selection from which to choose. And he finds exemplified in 

these Marconi products the qualities so characteristic of British 

engineering craftsmanship—rational design, precise workmanship 

and technical efficiency. 

INSTRUMENTS LTD. 

ST. ALBANS, PERTS 



Prot/aces be eke 

RADIO ENGINEER 

cotteas REGD etztue 
An extensive range Df TELCON radio-

frequency cables is available to meet 

all requirements. In many of these 

Telcothene insulation is used. This 

material is the latest development in 

thermoplastic insulators. It has a 

dielectric constant of 2.2 and a power 

factor of 0.0005, is chemically inert, 

unaffected by sunlight, and highly 

resistant to moisture and dilute acids 

and alkalis. 

Further 

TELCON metals include the high 

permeability low loss alloys Mumetal, 

Rhometal, Radiometal and 2129 Alloy 

for transformers, chokes and shields. 

High Resistance metals comprise the 

nickel-chromium alloys Pyromic and 

Calomic, the low temperature-coefficient 

copper-manganese alloy Telcuman, and 

the nickel-copper alloyTelconstan. High 

conductivity beryllium- copper Alloys 

with high tensile strength for springs 

and contacts, etc., are also produced. 

information from 

THE TELEGRAPH CONSTRUCTION 
AND MAINTENANCE COMPANY LTD 
22 OLD BROAD STREET, LONDON, E.012 
TELEPHONE: LONdoq Wall 3141 TELEGRAMS: " Te-lcon, stock, London" 
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2 LO first came on the air and, 

later in the same year, I was 

associated with the promotion 

of my Company to manufacture 

Insulated Instrument Wire and 

provide immediate- personal-

attention to the multifarious 

requirements of a rapidly pro 

gressive science. 

Close co-operation with Radio 

Research and development, 

linked with rapid production 

methods and prompt service, 

Extract from 
THE STORY OF BROADCASTING 

A. R. BURROWS 

" In the summer of 1922 :here 

came indications of a changed 

attitude towards broadcasting 

by the English Post Office, the 

Government moutlpiece in 

wireless affairs. At once the 

Marconi Company's engineers 

commenced work in the 

designing of what they con-

sidered would be the Govern-

ment's idea of a British 

broadcasting station. Valves 

and condensers   

In the spring of 1922 a rival 
to Writtle appeared in the 
field at uncertain intervals. 
This was a station known as 
2 LO, a 100-watt set contained 
in a small teak cabinet, and 

housed in the cinema theatre 
on the top floor of Marconi 

House, London. This set, 
which was of a number of 
standard transmission pro-

ducts, was used for demon-

strations   

have been for 23 years and will 

remain the policy of my 

Company. 

THE SCOTT 
WESTMORELAND ROAD 

LONDON, N.W.9 

MANAGING DIRECTOR 

28th MARCH 

9 4 5 
INSULATED WIRE CO. LTD. 

TELEPHONE : COL 8871-4 

TELEGRAMS: S1LCOTENAM" 

Printed at The Baynard Press by Sanders I'hilIip & Lo., Ltd., Chryssell Road, London, S.W.. 
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("inane" and RESEARCH 

The business of our founder, Dr. Norman Partridge, is now carried on under 

the personal supervision of his partner, Mr. Arthur L. Bacchus, who has 

been associated with the firm for over 12 years. 

The solution of individual problems has for many years formed a part of our 

normal day's work. The production in quantity of PARTRIDGE TRANS-

FORMERS has been built upon the unique knowledge thus accumulated. 

Modern transformer technique is essentially the province of a specialist. 

Nothing can replace intimate practical experience supplemented by scientific 

study and positive research. Our Chief Designer, Mr. Trefor Williams, B.Sc. 

A.M.I.E.E., will be pleased to offer advice and constructive eriticism.concerning 
your proposed transformer applications. 

If transformers are employed in the equipment you manufacture, we shall 

be glad to give you the advantage of our experience and to offer the same 

efficient service that has won the confidence of the Government Experimental 

Establishments and of the Leading Industrial Organisations. . 

PARTRIDGE 
TRANSFORMERS LTD 

76-8 Petty France, London, S.VV I Telephone: ABBey 2244 

(i) 



ett CAOiCe ofCritics 

A.F. Voltage and Small-power Transformers 
and Chokes for all types of electronic appar-
atus, in all normal ratings and in a diversity 
of physical sizes. 

1-- Heavily silver-plated non-rotatable solder tags for connexions. 

2-
Tropic-grade synthetic-resin-bonded tag boards for high insulation resistance under 
all conditions. 

3.- Colour coded leads, welded to instrument-wire in bobbin. 

4 - Layered and sectionalised w;ndings of highest grade h.c. instrument wire. 

5 - Synthetic-resin bobbin holding windings in immcvable formation. 

6.- Bobbin and wirdings vacuum-impregnated and coated waterproof materials. 

7- Core shrouded and tightly clamped with mainta,ned iron-circuit and fixing centres. 

A. F. BULGIN & CO. LTD., BYE PASS RD., BARKING, ESSEX 
(The name " B 1J LG 1 N " is a registered Trade Mark) 

Telephones : RIPpleway 3474-3478 CS lines) 



ELECTRONIC AIDS for INDUSTRY 

c will revolutionise 
paint- spraying 

( -------, 

WO one can dispute that for speed the spray gun will beat 
the paint brush every time. But when spraying small 

objects a lot of paint is inevitably wasted. Further, unless 

the gun is skilfully used, runs' and tears ' will form, 

necessitating rubbing down and a re-spray. 

Now comes electronic paint-spraying. The object 

to be sprayed is placed within an electrostatic field which 

attracts the paint molecules as they leave the gun. Incredible 

though it may seem, an article can be sprayed simultaneously 

on all four sides without rotating it ! Big savings in time 

and material are forecast for this new method. 

As makers of Capacitors for Radio, Television and 

Industrial applications we are naturally interested in all 

electronic developments. Indeed, our Research Engineers are 

being continually called upon to develop special types to meet 

new applications. When planning your post-war programme 
we invite you to submit your capacitor problems to us. 

A • H • HUNT LTD • LONDON • S • W • 18 • ESTABLISHED z9ot 

GR 
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THE Services and war-time 
industry are familiar with the 
high standard of dependable 
accuracy of AVO " Electrical 
Testing Instruments. They will 
be an equally cominant factor 
in the post-war rebuilding of 
o ar great industries and the ad-
vancement of amenities worthy 
of a world at well-earned peace. 

- 

:ole Proprietors é-- Monutorturers.-

THE AUTOMATIC COIL WINDER Er ELECTRICAL EQUIPMENT CO.. LTD. 
WI N DER HOUSE • DOUGL S STREET • LONDON • S • W•I TELEPHONE: VICTOR/A 34048 

In the belligerem interim. orders 
can only be accepted which bear 
o Government Contract Number 
and Priority &Jung. 

ty 
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2 LO first came on the air and, 

later in the same year, I was 

associated with the promotion 

of my Company to manufacture 

Insulated Instrument Wire and 

provide immediate- personal-

attention to the multifarious 

requirements of a rapidly pro-

gressive science. 

Close co-operation with Radio 

Research and development, 

linked with rapid production 

methods and prompt service, 

have been for 23 years and will 

remain the policy of my 

Company. 

Extract from 
THE STORY OF BROADCASTING 

A. R BURROWS 

" In the summer of 1922 :here 

came indications of a changed 

attitude towards broadcasting 

by the English Post Office, the 

Government mouthpiece in 

wireless affairs. At once the 

Marconi Company's engineers 

commenced work in the 

designing of mint they con-

sidered would be the Govern-

ment's idea of a British 

broadcasting station. Valves 

and condensers   

" In the spring of 1922 a rival 
to Writtle appeared in the 
field at uncertain intervals. 
This was a station known as 
2 LO, a 100- watt set contained 
in a small teak cabinet, and 
housed in the cinema theatre 
on the top floor of Marconi 
House, Loldon. This set, 
which was of a number of 
standard transmission pro. 
ducts, was used for demon-
strations   
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TELEGRAMS: " S1LCOTENAM " 



MULT1CONE SOLOED. LTD. 
COMMONWEALTH HOUSE 

LONDON INC I 

The only Solder Wire with 3 cores of flux 

APPROVED BY 

A.I.D. to D.T.D. 599, G.P.O. and 

all other Government 

Departments. 

• Contains 3 cores of extra active 
non-corrosive flux. No extra flux 
required. 

• Speedily makes sound joints on 
oxidised surfaces. 

• Most economical solder to use to 
ensure speed in production and 
freedom from " dry " or 
joints. 

Firms are invited to write for comprehensive technical 
information, including useful tables of melting points, etc. 

Sent free with testing samples. 

MULTICORE SOLDERS LIMITED 
Commonwealth House, New Oxford Street 
London, W.C.1. Tel.: CHAncery 5171-2 

111111•11ILIMML 

Single reel rate nominal 1 lb. reels. 

13 SWG - 4/10 
16 SWG - 5/3 

Above prices subject to usual trade discount. 

c7, in t.—ton elotasvaaitlabbullekartainteo.s, 6gdo.o cartons 
oris 

for and electrical dealers, ironmongers, etc. 



'New" 
VORTEXION 

50 WATT 

MPLIFIER CHASSIS 

The new Vortexion 50 watt amplifier is the result of over seven years' develop-
ment with valves of the 6L6 type. Every part of the circuit has been carefully 
developed, with the result that 50 watts is obtained after the output transformer 
at approximately -10:, total distortion. Some idea of the efficiency of the output 
valves can be obtained from the fact that they draw only 60 m.a. per pair no load, 
and 160 !ma. full load anode current. Separate rectifiers are employed for anode 
and screen and a Westinghouse for bias. 
The response curve is straight from 200 to 15,000 cycles. In the standard model 
the low frequency response has been purposely reduced to save damage to the 
speakers with which it may be used, due to excessive movement of the speech 
coil. Non-standard models should not be obtained unless used with special 
speakers loaded to three or four watts each. 
A tone control is fitted, and the large e'ght-section output transformer is available in three types : 
2-8-15-30 ohms ; 4-15-30-60 chms or 15-60-125-250 ohms. These output lines can be matched using all 
sections of windings and will deliver the full response to the laud speakers wit l extremely low overall 
harmonic distortion. 

PRICE (with 807 etc. type valves) £18. 10 . 0 
Plus 25% War Increase 

MANY HUNDREDS ALREADY IN USE 
Supplied only against Government Contracts 

VORTEXION LTD. 
257 The Broadway, Wimbledon, S.W.I9 
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Measurement has become a science in itself. In electrical 
communications it must encompass the globe, yet remain 
accurate to very much less than a hairsbreadth; it must 
daily serve the conununications engineer yet anticipate 
the trend of development and research. 

Thus to describe measurement in communications is 
equally to define the function of Marconi Instruments, 

MARCONI 

ST. ALBANS, HERTS 

Ltd., makers of the highly specialised equipments which 
have reduced once complicated testing problems to the 
level of routine operations. 
We spare just a moment to review with satisfaction our 
endeavours of recent years—the tasks of to-day are no 
less vital and the expectations for to-morrow no 
less momentous in a world where communications will 
spread the truth to the far corners of the earth. 

INSTRUMENTS LTD. 

TELEPHONE: ST. ALBANS 4323-6 

C IN PARLIAMENT.... 

In the House of Commons: 

Mr. EVELYN WALKDEN asked the President of the 
Board of Trade why 120- volt Exide Batteries which are 
sold at Ils. Id. are in short supply and other 120- volt 
batteries of less reliable make, and sold at 15s. 6d., 
only are available . . . 

Mr. DALTON: Wireless batteries are now in short 
supply, owing to the heavy demands of the Services, 
and it is necessary, therefore, to make use of the 
output, although small, of the higher cost producers. 

Prices are controlled under the Price of Goods Act, 
1939, and those charged for both classes of battery 
referred to by my Hon. Friend have been investi-

gated and approved by the Central Price Regulation 
Committee. 

Mr. WALKDEN: While appreciating what my Right 
Hon. Friend has said, is he not aware that batteries are 
used largely by people in small homesteads who cannot 
understand why good batteries cannot be obtained 
while there is a plentiful supply of inferior ones. . . ? 

Mr. DALTON : I am very anxious to get a fair 
distribution of whatever supplies there are, but the 
best batteries are required for the Services in a very 
great and increasing quantity. . . . 

(Extracts from Hansard, Jan. 16) 

, THE CHLORIDE ELECTRICAL STORAGE COMPANY LTD • GROSVENOR GARDENS HOUSE • LONDON • SWI 



Many Osram valves now 
on toe secret list will be 
available, when priority 
prod u ct io n c eases, to 
meet the needs eV elec-
tronic designers in every 
sphere. 

mace it 
ossiIe 

Hullo, Red Section, tanks at nine o'clock—follow me— 
and as one well- knit unit the flight goes hurtling down to 
its target, tied together wIth an invisible electronic link. 
Close command in the air depends on radio communica-
tions, and at the heart lies the electronic valve. 

OSRAM VALVES have been in the forefront of electronic 
development during the war, and will bring to the pur-
suits of peace many well tried electronic devices to speed, 
smooth and make safer our way of life. 

PHOTO CELLS 

Q.#; b... 
CATHODE RAY TUBES 

nsram 
nraives 

Ache's. of The General Electric Co., Lte., Magi et House, Kingsway, London, W.C.2. 

(x) 



VISUAL TWO-DIMENSIONAL 

delineation of any recurrent law. 

RELATIVE TIMING OF EVENTS and 

other comparative measurements 

with extreme accuracy. 

PHOTOGRAPHIC RECORDING of 

transient phenomena. 

SIMULTANEOUS INDICATION of 

two variables on a common time axis. 

Completely embracing all the above functions, the unique Cossor 

DOUBLE BEAM Cathode Ray Tube as embodied in Model 339 Oscillo-

graph, is inherently applicable to all problems arising in the 

RECORDING 

INDICATING and 

MONITORING 

of effects and events in Electrical engineering ; and in Mechanical 

engineering when the effects can be made available as a voltage. 

Recurrent traces are studied visually and transients may be photo-

graphically recorded with Model 427 Camera. 

A. C. COSSOIR LTD. 
Instruments Dept. 

Cossor House, LONDON, N.5 

Phone: CANonbury 1234 (30F ines). Grams: Amplifiers, Phone, London. 
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WAR AND PEACE 

Although the war against Japan has still to be won, 
radio engineers may look back with satisfaction on 
the part they played in the effons of the nation between 
September 3rd, 1939, and May .3th, 1945. 

The full technical story of the war-t me advancement 
of radio science may not be completely revealed for 
some years, and it is therefore worth remembering that 
the experience gained during the first Great War was 
largely responsible for the development of radio com-
munication : subsequent progress demanded co-opera-
tion between engineers engagec in the applications of 
radio science, and it is largely due to this fact that the 
Institution was founded. Thus, dissemination of know-
ledge was not only encouraged between radio engineers, 
but also between members of the Institution and 
engineers engaged in other branches of engineering ; 
subsequently, the need for courses and training in radio 
engineering was advocated by the institution— 
although this recommendation was not fully imple-
mented until the demands of war necessitated urgent 
measures. 

Recommendations of the 1939/40 Council 

in the latter connection, the Journal records that 
in September, 1939, Sir Arroi Mair advised co-operation 
with kindred bodies and continuation of the Institu-
tion's educational work since" . . . the advancement of 
the science will be as rapid during war as in peace, 
although on specialised lines during the former." 
Subsequent alterations to the Graduateship examination 
syllabus gave opportunity for securing recognition of 
specialist ability. In another paper, Mr. J. F. Paull 
stated that the Institution's ". . . examinations are 
assisting in the laying down a definite standard of 
knowledge, and we rightly insist that all applicants for 
membership shall be up to this standard." A perusal of 
the lists of elections during the war years shows rigid 
adherence to this standard ; indeed, although the 
exigencies of war-time training in all spheres have 
tended to ease tests, the qualifications required for 
membership of the Brit.I.R.E. are, in fact, higher to-day 
than ever before. 

MAY-JULY, 1945 

War-time Work of the Standing Committees 
Keeping pace with the advancement of radio science 

has, in the matter of membership of the Institution, 
given a great deal of work to the Education and 
Membership Committees. Attendance at any kind of 
meeting has been difficult, but it is encouraging to note 
that during the war these two Committees between 
them held 95 meetings. Their work will have a great 
influence upon the peace-time progress of the Institution. 

Space does not permit of reviewing here the work of 
the other Committees, but the objects of the Institution 
have also been constantly examined by the Council 
and the appropriate Committees. In 1941, Dr. C. C. 
Garrard outlined the comparative position of the 
Brit.I.R.E. with other engineering Institutions; that 
co-operation between the Institutions would help in 
preventing abuse of the title "Engineer" was also 
advocated by Sir Louis Sterling in his Presidential 
Address in 1942. The value of the work done in these 
directions cannot yet be measured, but is reflected in 
the purpose of the Extraordinary General Meetings 
held during the past three years in order to alter the 
Institution's Memorandum and Articles of Association. 

Extension of the Sections 
Subsequent papers haie referred to the Institution's 

desire for co-operation—achieved in many directions, 
and notably with the Australian Institution of Radio 
Engineers. Considerable progress has also been made 
both at home and abroad in securing better facilities 
for members of the Institution to meet and read papers, 
and in other ways disseminate knowledge. By these 
and other means, an inva:uable contribution is made 
towards advancing the science. 

Notwithstanding the difficulties of war-time, there-
fore, the Institution has been very much alive to the 
problems that peace will bring. Good will inside and 
outside the membership, officially and unofficially, 
should ensure that on the conclusion of hostilities 
against Japan the Institution will be able to regard the 
years of war as not having been entirely wasted, but 
very much in keeping with the development of radio 
science. 
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MAGNETIC DUST CORES 
by 

E. R. Friedlaender (Member)* 

(Read before the Institution in London on November 27th, 1944, and repeated before the Midlands 
Section on February 28th, 1945, and the North-Western Section on May 4th, 1945) 

SUMMARY 

Magnetic dust cores for inductances operating above power frequencies are manufactured from very finely divided 
magnetisable material, each metal particle being insulated from all its neighbours. The metal powder is of such a fine 
subdivision that it is commercially known as metal dust. Dust cores for radio work, until recently known as High 
Frequency Iron Cores, are dealt with in detail, while dust cores for telephone work are omitted unless their treat-
ment is essential for the tracing of development trends and theories. The historical development is outlined and 
the need for planned mesearch on metal dust and core problems is stressed. Permeability and loss analysis are 
discussed, and the need for standard test specifications stated. The relative value of the mathematical loss calcu-
lation and the graphical loss analysis methods based on the calculations are reviewed and their accuracy examined. 

The application of different radio core types is set out and a table of preferred applications is given and discussed. 
The influence of magnetic dust core developments in connection with i.f. filter design and push-button tuning is 
described, together with practical implications of permeability tuning. The technological aspect is considered and plant 
used for the production of dust cores mentioned. The mechanical and electrical tolerances are stated after a survey 
of suitable metal dusts indicating their useful application. 

History 
Very few radio engineers had heard of magnetic 

dust cores in the early 1930's. It took a great deal of 
convincing to introduce the cores into wireless receivers 
and other electronic appliances. Yet dust cores were 
first described by O. Heaviside' in the Electrician of 
May 14th, 1886. It does not seem out of place to recall 
that his experiments were extremely successful in 
establishing the reduction in eddy current losses and 
hysteresis losses. 

Heaviside's experiments and his mathematical treat-
ment of the problems of long distance telephony had 
an acknowledged influence on the work of two Ameri-
can scientists, Pupin and Stone, who laid the founda-
tion for the mass application of Heaviside's dust core 
in its modern form. 

Pupin's early experiments led to the famous patent 
of 18992 on the loading of telephone lines by lumped 
inductances in regular, calculated intervals. The ques-
tion of small, compact inductances for submarine 
cables was solved by the application of iron cored 
coils, the patent describing the following advantages : 
compactness, low ohmic resistance, low eddy current 
and hysteresis losses and constant permeability in 
weak fields for coils with "a carefully designed core." 
The danger of increased losses due to bad core design 
were realised and the following core specifications 
issued : Ring-shaped (toroidal) cores were formed by 
stacked discs of 0)5 in. thickness. For further sub-
division Pupin suggested the winding of the discs from 
.004 in. diameter wire, the disc now taking the form 
of a spiral. 

Inspired by Heaviside's work in one direction, he 

overlooked the experiments on dust cores, and also 
Currie's work3. Production methods for dust cores 
were nevertheless patented as early as 1901 4, 5, but the 
wire core high permeability and its lower losses were 
against the dust cores at this stage. A promising 
avenue of development on dust cores and dust core 
materials was discontinued due to lack of sustained 
and planned long-term research. 

The wire position became critical during the early 
part of World War No. 16. The United States were 
cut off from their supplies of Continental diamond dies, 
which were required for the drawing of the very fine 
and hard wire needed for the cores, as well as from all 
supplies of finished wire for this purpose. The search 
for an immediate substitute led to the intensification 
and large-scale reopening of the dust core research in 
1915, and Elmen, Speed and Woodruff put the dust 
core for telephone work on a commercial basis. 
Concentrated effort soon gave it a performance 
superior to that of the best wire cores. Electrolytic 
iron powder was replaced by hydrogen reduced material 
in 1916, and silicon iron powder in 1919. The develop-
ment of Permalloy powder in 1921 gave the cores 
increased permeability and performance. 

Radio cores were developed quite independently. 
John Stone Stone was the first to realise the possi-
bilities of dust cores for "space telegraphy" in 1902.' 
A year later, acknowledging Heaviside's influence, 
Stone applied for a British Patent' covering inductance 
coils and h.f. transformers employing dust cores. 

Iron dust cores were developed by the Marconi 
Company in 1904' and subsequently used for inter-
valve transformers of their A 55 amplifier at a fre-

• J. G. Smithson & Co.. Ltd. 
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quency of 3 Mc, s. This development was not followed 
up, and it is necessary to explain the disappearance 
of radio dust cores up to their reintroduction in the 
early 1930s. 

The first cores were made from crude, irregular 
filings, using wax as an insulator and binder. Neither 
of these materials lends itself to mass production and 
close mechanical and electrical limits. Other compo-
nents of the tuning circuit promised an easier develop-
ment, and there was no demand for the improvement 
of the coil performance until, e.g., the condensers had 
reached such a performance that the further improve-
ment of the receiver circuits was held up by the low 
performance figures and instability of the coil design. 

Scattered and unco-ordinated research continued 
over the whole of the period, and wax was replaced as 
insulator by thermoplastic binders. The advent of the 
mains receiver presented new problems to workers 
experimenting with dust cores, and no further develop-
ments could take place until thermo-iietting materials 
replaced the thermoplastic binders. 

Powder production also made progress and carbonyl 
powders made their appearance in 1927. Production 
methods were gradually improved and the necessary 
mechanical and electrical limits came nearer to those 
envisaged for mass production. The names of Poly-
doroff in U.S.A.,and Vogt and Nissen in Germany, are 
linked with this early commercial period. The latter 
two both claim to have first produced the small cored 
coil as we know it to-day. 

The improvements in production methods and per-
formance gradually convinced the designers, and radio 
dust cores were used by the m Ilion when war broke 
out. Electrical and mechanical limits now confirmed 
to standards which were acceptable for the mass pro-
duction aim of interchangeability. Most cores were 
made from carbonyl iron powder, for which Germany 
had a virtual monopoly, or were imported from that 
country. The Salford Electrical Instruments, Ltd., 
were the only firm in this country which was ready 
with a substitute powder. 

World War No. I brought the loading coil dust core, 
a substitute which came to stay. It took World War 
No. 2 to stimulate the production of suitable powders 
in the countries of the United Nations. When war 
broke out, Germany had to all purposes a monopoly 
for the radio core raw material. Who will see to it 
that such research is not again left m the hands of 
interested parties alone? Will this be a subject for 
the proposed Radio Research Institute ? 

Patents 

The historical survey shows that no "master patents" 
can be in existence with regard to the manufacture or 
application of magnetic dust cores. All the early 
patents have expired long ago. Hundreds of patents 
have been granted in this, and other countries, cover-
ing the manufacture, the raw materials, the shape of 

magnetic dust cores, the design of the cored induct-
ances and filters and their application in circuits. 

An interesting position has arisen with regard to 
patents covering the manufacture of magnetic dust 
cores. According to the latest conception—core manu-
facture must be considered as part of the art now 
known as powder metallurgy. This is not only by 
virtue of the fact that the cores are manufactured from 
metal powder, but also by consideration of its produc-
tion methods, which have developed closely akin to 
those used in many branches of the new art. The new 
classification and attitude has a curious effect on the 
value of certain patents, for which the patentees 
applied in good faith, convinced that they had made 
a true invention. A general knowledge of production 
methods used in powder metallurgy would have shown 
them that in practice they have done nothing else but 
"found a new application for a known method, 
which could be expected of everyone versed in the 
art" which latter term stands here for the art of 
powder metallurgy. 

Should a patent be granted for such applications of 
known facts to new fields? The blame cannot be put 
on the Patent Office examiners, who follow their 
routine search. Shall we say that the Patent Office has 
not proved itself flexible enough to adapt itself readily 
to these new groupings? A Royal Commission is 
now considering the whole of Patent Legislature, and 
it must be hoped that implications as the ones men-
tioned, will not escape attention. 

Theory 
The Dust Core Losses 

Dust cores were first designed to reduce eddy current 
losses in cored inductances at, say, higher than power 
frequencies. Eddy current losses can only be reduced, 
and not eliminated, by the fine sub-division of the 
magnetisable material, and still represent the major 
portion of the total losses of dust cores subjected to 
an alternating field. The proportion of the losses 
directly attributable to eddy currents becomes more 
and more prominent with the increase of the frequency 
at which the core is employed. 

The magnetisation curve of ferro-magnetic materials 
is not simply reversible, and forms the hysteresis loop, 
the area of which is a measure of the hysteresis loss 
for every cycle of the alternating current creating the 
field. While this loss component is not of very great 
importance in high-frequency work, it is of major 
importance in telephone work. 

Analysis of the loss measurements has shown that . 
a further loss component must be present. Very little 
is known about it, and for want of a better name, 
it has in this country been termed "the residual loss." 

The core has to be subjected to an alternating field 
to measure these losses, which can only be done by 
providing the dust core with a coil winding. This coil, 
in its turn, is not lossless, and as some of the coil 
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winding losses have the same cause as those of the 
core, an accurate loss analysis cannot be carried out by 
one or two simple measurements. This difficulty, in 
conjunction with the desire of the production people to 
have one Measurement. giving direct results for the 
performance of the whole cored coil, has given growing 
popularity to the factor Q. 

The Q Factor of an Inductance Coil 

In mass production the production control wants 
to know the electrical performance of the coil assembly 
at a given frequency and checked against an agreed 
standard. For this purpose they measure the magni-
fication factor Q, sometimes called " figure of merit." 

Q = caL/R   (1) 

where R represents the equivalent resistance for the 
losses in the coil winding and the core, co the angular 
velocity and L the inductance. 

In considering the usefulness of this figure we must 
always remember that it includes the performance of 
the whole coil assembly. Some years ago, when large 
scale employment of radio dust cores in the industry 
commenced, core manufacturers issued beautiful Q 
curves, showing the performance of their cores at 
different frequencies. These curves quickly dis-
appeared as they led to endless disagreements ; the 
test coils had not been specified ! 

Nowadays core manufacturers and users agree on 
test coils and test frequencies, at which the core has 
to have a specified performance (Q value) in a given 
coil. This is very unsatisfactory and leads to a chain 
of private standards. The author feels certain that an 
attempted standardisation would at least restrict the 
multitude of private standards to a minimum. 

Losses in the Cored Inductance 

It has already been stated that the loss resistance 
R in the Q value represents two parts 

R = + Ry,   (2) 

where R., represents the core losses and Rw the losses 
in the coil winding. The previous statement that these 
two loss groups cannot be readily separated needs 
some more investigation, and the total loss R is for 
this purpose divided into losses according to phenomena 
by which they are caused, viz. : 

I. Ohmic loss. 

2. Eddy current losses. 

3. Hysteresis losses. 

4. Residual loss. 

1. Ohmic Loss 

This loss is introduced solely by the d.c. resistance 
of the coil winding. It will depend on the length of 
wire, its gauge, and conductivity of the material. Its 
reduction is one of the advantages of the dust cored 
coil, and is due to the core permeability and the small 

108 

diameter of the cored coil winding. The permeability 
cannot be increased beyond a certain value as the choice 
of the permeability is a compromise between the useful 
reduction of ohmic resistance in the coil winding and 
increase of harmful losses, due to the methods of 
obtaining a higher permeability. 

2. Eddy Current Losses 

The introduction has shown that one of the main 
stimulants for the development of dust cores was the 
reduction of eddy current losses, which increase with 
the square of the frequency. They also increase with 
the square of the particle diameter and the perme-
ability of the core. The losses will further increase 
with an increased packing factor for the magnetisable 
material, and reduce with an increased resistivity of the 
dust particles. 

The alternating field will set up the following condi-
tions in a cored inductance : 

(a) Eddy currents will form in each metal particle 
in the core. Given big enough particles and rela-
tively strong fields, the eddy currents will produce 
a "shielding" effect, thus apparently reducing the 
particle permeability. 

(b) Microscopic examinations of dust cores show 
that it is impossible to insulate every particle per-
fectly while still maintaining a satisfactory core 
permeability. Particles will group together and 
remain in direct electrical contact, even before the 
mixture of metal particles and binder is submitted 
to the moulding pressure. The latter pressure may 
also damage the particle insulation in the case of 
irregular metal particles with sharp corners being 
used. An unsuitable insulator and/or binder will 
produce the same effect. It will break down under 
the moulding pressure, and the metal particles will 
again be in contact; eddy currents will form over 
the whole area, giving the appearance of a coarser 
sub-division of the magnetisable material, by giving 
the same performance as coarser metal particles 
under better insulation conditions. These eddy 
currents can under circumstances set up a notice-
able field in opposition to the main field. 

(c) The insulator and/or binder has a very defi-
nite resistance which will depend on its general 
physical properties. The finished core will therefore 
have a measurable resistance across its section, i.e., 
at right angles to the lines of force, in which plane 
eddy currents over the whole cross section can be 
set up. The resistance of cores per cm' varies 
between 50 ohms and over 10 megohms, according 
to manufacturing processes and application require-
ments. 

(d) Most insulators and binders have also dielec-
tric properties, and the magnetisable particles can 
be considered as the plates of minute condensers 
with the binder as dielectric, thus enabling displace-
ment currents to flow in the core cross section. 
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(e) A capacity is also formed between the dust 
core and the coil winding due to the dielectric 
properties of the coil former. This fact very often 
decides the wall thickness and the material of the 
bobbin. 

(f) Eddy currents will be set up in the wire of the 
winding, and will produce a skin effect. This is 
counteracted by a fine sub-d vision of the wire into 
strands. 

(g) Further eddy currents will be induced from 
one turn of the winding to the other, and will give 
cause to the proximity effect. 

(h) Screening cans can add to the losses by eddy 
currents in their material. They are mentioned here 
because they will influence the Q figure of the whole 
produced unit or filter. Analysis measurements for 
core losses can usually be carried out without the 
can. 

3. Hysteresis Less. 

It can be shown that the hysteresis loss represented 
by the hysteresis loop per cycle, increases linear with 
the frequency, and also with the flux density and, 
therefore, with the current in the coil winding causing 
the flux. 

Hysteresis losses cause wave distort.ons, particularly 
in the third harmonic, which make the application of 
dust cores for certain telephone work difficult, and 
require special treatment of the powder for the manu-
facture of loading coil cores. 

The hysteresis loss drops co isiderably with further 
sub-division of the material. At radio frequencies the 
sub-division has reduced the permeability so far that the 
hysteresis losses become negligible as compared to the 
total losses. 

4. Residual Loss 

Various theories have been developed to explain this 
loss component, which increases linear with the 
frequency, is not affected by field alterations and does 
not cause wave distortions. It is very difficult to 
separate it from the hysteresis loss. Jordan introduced 
the term "Nachwirkungs-Verlast" which has been 
translated as "after-effect" (lagging effect may be a 
more correct translation), because he assumed that it 
is due to a time lag between induction and field. Its 
independence from flux density makes it akin to eddy 
current losses, while its linear increase with increased 
frequency, makes it possible to try to account for it 
by an additional member to the Rayleigh equation. 
An improvement in residual losses of material by heat 
treatment seems to indicate internal stresses. 

It must not be forgotten that this residual loss 
contains elements of all known losses as these are only 
separated according to an analysis which contains 
many approximations, as will be seen further below. 

The above analysis of conditions prevailing in a 
cored inductance enables us to allocate certain portions 
of the losses to either the coil winding (Rw) or dust 
core (RT.), while others will be common and cannot 
readily be separated. 

Permeability 

The permeability of a magnetic dust core can be 
expressed in two ways : 

(1) the permeability specific to a given core material, 
which is called the specific permeability, and 

(2) the permeability effective on the particular core 
under observation. 

In the case of a toroidal core the external leakage 
field will be so small that the effective permeability 
becomes the specific permeability for all practical 
purposes, and in this case the ratio between the induct-
ance of the coil winding on the toroidal test core and 
the inductance of the coil winding only is called the 
specific permeability. The specific permeability of dust 
cores lies between 10 and 140 for general purposes. 
Core materials for special purposes have occasionally 
been designed with specific permeabilities outside the 
figures mentioned. 

The accuracy with which the value of the specific 
permeability will be approached by the measurement 
of the toroid permeability will partly depend on the 
design of the core. Legg" and Welsby" have dealt 
with this problem on the theoretical side without, 
however, going so far as to suggest definite dimensions 
which could be used as a basis for a standard test 
specification. It is in the interest of manufacturers 
and users of dust cores alike that such standards shall 
be discussed by a suitable committee at the earliest 
opportunity and in the presence of the powder manu-
facturers, so that the recommendations of the com-
mittee can be made binding to all parties. 

This specific permeability figure refers to the material 
as pressed in this particular toroidal core. It does not 
refer to the insulated metal powder as such, and it can 
easily be shown that the permeability of a core can be 
increased by increasing the moulding pressure and 
compressing a larger quantity of the insulated powder 
into a given volume. With the alteration of the core 
density other characteristics of the core will alter too, 
e.g., for some time the Q figure of the test inductance 
may increase, and decrease with further increase of 
pressure. Some of these additional losses may be due 
to a breakdown of the insulation on account of exces-
sive pressure. The specific permeability as such, does 
not tell us anything about the other electrical charac-
teristics, and it seems, therefore, obvious that a link-up 
must be arranged in some way. 

So far, specifications on the indicated line have 
unfortunately been private arrangements between 
manufacturer and user. A new value has in this con-
nection been suggested by Neighbours", who does 
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not only give a detailed description of his test core 
dimensions and procedure, but also introduces the 
term "resistancy." This term is defined as the ratio 
between the h.f. resistance of a single layer coil on 
the toroidal magnetic dust core, and a similar coil 
wound on a toroidal core made from insulating material 
to the same dimensions as the dust core. Measure-
ments are to be made at 1,000 kcis. This suggestion 
does not, of course, take into account the losses intro-
duced by the insulating material core. The American 
term "apparent permeability" used in this reference 
corresponds exactly to our term "specific perme-
ability." 

The value of the specific permeability as charac-
terising a pressed core material, becomes still more 
doubtful when considered in relation to the peculiari-
ties of some radio cores. Some of the more common 
types are of uneven cross section in press direction, 
and microscope examinations show zones of different 
density, low permeability zones alternating with high 
permeability zones. It is believed that the only practical 
value of the specific permeability is for the examination 
of powders as supplied to core manufacturers, provided 
that a test insulation and procedure can be agreed upon. 

The radio designer is usually interested in core 
types other than toroids, and wishes to know what 
de facto figure he can obtain for his core permeability. 
This is established as : 

Peff = ',core Lair   (3) 
Even this simple measurement cannot be carried out 

without agreement of the parties concerned as to 
procedure, and a simple experiment will illustrate this. 
A cylindrical core is first placed into a coil, which 
covers the middle third of the core length only. Next 
the same core is placed into a winding of the same 
inductance but now covering the whole length of the 
core, resulting in a considerably higher effective 
permeability than in the first case. Agreement should 
be reached on test procedure for the most common 
types without much trouble—once the parties get 
together. 

One more point is of interest. The permeability in an 
alternating magnetic field can be represented by the 
equation : 

P   (4) 

in which B represents the instantaneous flux density, 
and H the instantaneous field. From this relation it 
follows that the permeability will depend on the form 
of the hysteresis loop and that a very flat loop, 
approximating a straight line, is essential to obtain a 
constant permeability in fields with a larger ratio of 
alteration in the intensity of the magnetising force. 
Kersten" mentions toroidal cores in which the reme-
nance is not greater than 3 x 10" of the maximum 
flux density. 

Measurements and Calculations 

Several methods arc known to measure the coil 
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performance. The large scale commercial production 
of the Q-meters has made this method the most conve-
nient as the instrument allows direct readings of the 
magnification factor over a large frequency range. 
The basic circuit of a Q-meter is shown in Fig. 1. 

Fly I 

The test coil L with its magnetic dust core is con-
nected in series with a low loss condensor C and a high 
frequency supply source. The resistance R is the 
equivalent loss resistance for all energy losses in the 
circuit. E is the injected voltage and e is the voltage 
across the capacity C. measured by a high impedance 
input valve voltmeter. 

In this circuit 

E= I  — I (OC)   (5) 

At resonance this will become 

E = IR   (6) 

The current I will produce across C or L a potential 
difference 

e = I — 1— 
(0C   

Relating e to E we can now write 

e coL 1 

E R c9CR Q   

(7) 

(8) 

Suitable choice of components can make the losses 
in the meter circuit so small in comparison with the coil 
losses that the observed Q-value can be used without 
correction factor for all practical purposes. The 
necessary data for correction at higher frequencies 
are usually provided by the manufacturers. 

The observed Q-values do not give any indication 
as to the contribution of the winding loss resistance It,. 
and the core loss resistance R. to the total resistance R. 
The use of the Q measurement for the purpose of 
checking the performance of a magnetic dust core 
requires an agreed test coil and agreed test-frequencies 
if the measurement shall have binding value between 
contracting parties. 

The reciprocal value of Q is sometinizs quoted as the 
power factor of the coil. This is slightly confusing 
until it is remembered that the loss angle (5 is still 
smaller than 3° for as low a Q as 20. The substitution 
of sin (5 for tan (5 only involves an inaccuracy in the 
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fourth decimal, and as sin (5 is equal to cos 0, the term 
power factor is justified. 

A further performance check can be arranged at the 
same time as the Q measurement : the effective perme-
ability can be checked when the Q value is established. 

The Q meter is, however, not suitable for a detailed 
analysis of the components making up the loss resist-
ance R. This is done on an A.C. bridge for which 
different designs have been described by several 
workers together with the methods of approach and 
formule. Legg's method of loss analysis" has now 
largely been accepted in English speaking countries 
and will be quoted here. 

Toroidal cores lend themselves particularly to the 
mathematical treatment and to the graphical analysis 
based on these calculations. They have, therefore, 
been chosen as standard cores for such measurements. 
The mathematical treatment itself is based on the 
assumptions that the core consists of magnetisable 
particles which are all sufficiently insulated from each 
other, evenly spaced by the insulation and moulded 
to a uniform density, thus guaranteeing uniform flux 
density. It is acknowledged that this ideal state cannot 
be obtained with present day methods and that, there-
fore, the analytical work can only give approximate 
results. It has not been possible to account for the 
ununiform character of the dust core by correcting 
members to the formulœ mhich would account for 
the deviations. This is an inherent weakness of the 
analysis as such, which makes a 30 per cent. to 40 per 
cent. approximation between calculated and measured 
losses look quite satisfactory 

Consideration must now be given to the separation 
of the winding loss resistance Rw from the core loss 
resistance R.. It has been shown that the separation 
causes difficulties. The various ways open to overcome 
it can now be described: 

(I) The toroid can be wound with a very thin single 
layer of evenly distributed stranded wire and 
Rw can be neglected, assuming that it will be 
very small compared tc R.. 

(2) The winding on the tocoid can be repeated on a 
core from insulating material with good h.f. 
characteristics. Rw can then be measured and 
will give a good approximation value. 

(3) Cage windings have been suggested" which can 
be measured with and without core, allowing 
comparative measurements of several test cores 
with exactly the same winding. 

(4) An attempt can be made to calculate the value 
for Rw with sufficient accuracy. 

Legg states that the method according to ( 1) gives 
such small values that the analysis becomes difficult 
and inaccurate, and develops a formula for a restricted 
inductance value at which R., will only introduce a 
permissible small error at the highest test frequency. 

This highest frequency is limited by the fact that the 
eddy current losses increase with the square of the 
frequency and tend to swamp the other loss compo-
nents, making them so small in comparison that the 
analysis can become valueless. Most loss analysis 
measurements are carried out at audio frequencies, 
and all below 100 kc. 

New investigation methods have recently been 
described by Oddie" who reports measurements of the 
specific permeability on cylindrical cores at frequencies 
up to 40 Mci's. The inductance change of a straight 
wire was measured with and without a cylindrical core 
co-axially arranged. The lines of flux were in this case 
at right angles to the usual direction and were not 
interrupted by any airgaps outside the core. 

The success of this method originally suggested 
by Glaisher and its reproducibility encouraged 
Oddie to undertake measurements of eddy current 
losses in the same way. While these results were also 
easily reproducible, they did not agree with the losses 
calculated according to Legg's formula. 

It would be interesting to examine the influence 
which different production methods can have on these 
results. It is feasible that the press direction will have 
an influence on the fincLngs. 

According to the usual practice the inductance L 
for the toroidal core is measured on an A.C. bridge as 
well as the loss resistance R. The permeability of the 
core can then be calculated, after correction of L 
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where L. = inductance due to the magnetic core. 

= permeability corresponding to L.. 

N = number of turns of the winding. 

A core cross section. 

d = effective magnetic diameter. 

The D.C. resistance of the winding is measured next 
and deducted from R together with the a.c. resistance 
of the winding, if the latter is too large to be neglected. 
The remaining value is R.. By neglecting the inter-
action of eddy current losses and hysteresis losses in the 
core, and treating each of the loss components sepa-
rately Legg arrives at the formula 

(9) 

(10) 
in 

L —f = a Bm c ef   

in which a represents the hysteresis loss coefficient, 
e the residual loss coefficient, and e the eddy current 
loss co-efficient. These coefficients are material 
factors determined by material charactertistics which 
are very difficult to establish in practice. For example, 
the eddy current coefficient will depend on the mean 
particle diameter as well as resistivity of the core 
material, while one of the components of a is the initial 
permeability which is very difficult to measure. 
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The only coefficient for which a detailed definition is 
not available is c. The physical causes for the residual 
effect are unknown, and its introduction tries to com-
pensate for the presence of this loss. 

The left side of equation ( 10) now consists of known 
values, while only one member of the right side varies 
with f. Measurements of R., at different frequencies 
and constant field can thus be plotted against R./y.1...0 
and will result in a straight line with an intercept at 
zero frequency. This intercept gives the value for 
a Brn c for the given field. 

Repetition of the measurements for different flux 
densities give several intercepts which can be plotted 
against B.. The resultant points do not lie on a 
straight line, thus showing deviations from the Rayleigh 
equation. A straight line drawn through most of the 
points will give an intercept on the 11,./µ.L.,./ axis 
which will give a value for the residual loss coefficient c. 
This intercept can only be obtained reasonably accu-
rately if readings are taken with great care with very 
low currents. 

The number of readings to be taken clearly depends 
on the purpose of the analysis. Routine examinations 
will be satisfactory when two or three readings for each 
curve fall all within the limits. In investigations of 
other nature five or six measurements for each curve 
are essential. 

Jordan, Deutschmann and Kersten as well as Legg 
and Welsby base their calculations on the assumption 
that Rayleigh's equation for the hysteresis losses in 
magnetic materials at low flux densities is valid for 
magnetic dust cores. Accordingly they assumed that 
the hysteresis coefficient is constant for all flux densi-
ties encountered in telecommunication work. Rayleigh 
found empirically's the independence of the coefficient 
from B and that in this case the hysteresis loop can be 
represented by two parabolas. It is generally assumed 
that the equation is valid for all cases in which the 
initial permeability does not change more than 10 to 
20 per cent. The inaccuracies described above came 
more and more under observation, and Kornetski" 
took the inconsistence of the Sen-dust hysteresis 
co-efficient at very low flux densities as an example to 
investigate the problem. 

He investigated two equations. One is a variation 
of the original Rayleigh equation, using a hysteresis 
coefficient h which is related to the Rayleigh equation 
by 

V 
h = 7.5 —   (11) 

Pa 

where pa is the initial permeability. The second formula 
is Deutschmann's equation's: 

Pws)2   
Pa 

for dust cores, h represents the hysteresis 

= h 

112 

efficient of the undivided ferro-magnetic material with 
an initial permeability ma, while h,, is the coefficient 
for the sub-divided and insulated core material with 
the initial permeability Pwa. The equation indicates 
also a coefficient value independent of flux density. 
The coefficient is also assumed to be independent of 
flux density. 

Measurements have shown that this is not so, and 
that actually the values of coefficients for core material 
vary considerably with flux densities. Two curves 
from Kornetzki's paper are reproduced in Fig. 2 
representing the coefficient measured on carbonyl 
powders E and H, the former of which is mostly used 
for radio cores ; hwa represents the value of h,, for 
H. = 0 and cannot be measured. Its graphical deter-
mination would suppose a well-known relation between 
14, and Ha which obviously does not exist. Its mathe-
matical determination must be based on assumptions 
and approximations. 
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Kornetzki nevertheless tries a strictly mathematical 
solution, and proves that the Rayleigh law cannot be 
valid for any core material if the magnetic material 
before the subdivision followed the law. Taking 
Kornetski's paper in consideration we must now come 
to the conclusion that our graphical solution is incor-
rect, and that the value for the residual loss coefficient c 
thus found, is wrong. 

Kornetski's further mathematical treatment did not 
bring him much nearer to his experimental figures, 
and he concludes his paper by saying that he did not 
expect it at this stage. 

(12) Having seen that the loss analysis cannot be correct 
with regard to the separation of hysteresis and residual 

co- loss components, we must with renewed interest 
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review the evaluation of the eddy current loss co-
efficient. In this connection Kornetzki and Weiss have 
done much theoretical work". We cannot, however, 
overlook Oddie's recently published esperimental work 
in this direction's. One of his experiments refers to 
the formula represented by the eddy current coefficient e 
in Legg's formula which has been used above. Legg's 
actual formula reads as follows : 

1.24 x 10-it2 
e -= 

p >( 

in which p is the resistivity of the magnetic powder 
in ohm-cm. and t the mean particle diameter in cm. 
The only variables for any given powder are r which 
represents the volume fraction of magnetic material in 
the core and the coefficient e. The product ex r'' 3 should 
be constant. It is nothing like constant. In considering 
this discrepancy it should, however, be kept in mind 
that any mathematical treatment is based on the untrue 
assumption that all particles are ei.enly spaced and 
well insulated from each other. 

Nevertheless, it can readily be seen that the above 
methods of loss analysis have only very limited value 
and that they are used in core investigations as strictly 
comparative measurements until a better method can 
be devised. Any attempt to use them as basis for 
advance calculations of core characteristics must be 
futile, and the method as existing now can be of value 
only to core manufacturers, and in connection with 
certain audio frequency cores for which a relative 
standard for the loss components must be established. 

The criterion for radio dust cores will, for a long 
time to come, be the Q measurement which will gain 
much in value once its procedure is standardised. 

This section would not be complete without men-
tioning Welsby's design of an improired A.C. bridge for 
loss analysis22 which has overcome many of the 
difficulties inheient in the measurement itself. 

Application 

The Two Core Groups 

Different requirements for different core applications 
have been mentioned, and two main groups were easily 
recognisable in the historical survey. The division 
into two groups has in general been maintained during 
the further development. Border-line cases have arisen 
with the extended application of cores, and the division 
is not now as sharp as it once was. 

Magnetic dust cores were developed to keep eddy 
currents down, as they represented the highest loss 
component in cores, without the extremely fine sub-
division of the dust cores. These losses do not only 
increase with the square of the frequency, but also with 
the square of the mean particle diamv'er. Loading coils 
for telephone work require a high inductance at a 
relatively low frequency. Particle diameters are there-
fore large, and the insulating film between the particles 
is sometimes kept as low as 05 micron (0.0005 mm.). 

The largest particle size which can be employed for the 
purpose will be determined by the size of the permissible 
eddy current losses, and cannot go beyond a compro-
mise point. Toroid permeabilities between 60 and 140 
are common in this core group. 

Employment of dust cores at, say, 30 Mc/s on the 
other hand will make toioidal cores unsuitable, due to 
the low inductance required. Eddy current losses 
will be of first importance, as they lead to a low all-
round performance of the cored coil, also producing 
a heavy magnetic skin effect at such high frequencies. 
The particle size will have to be very small, and the 
resulting larger surface of magnetisable material will 
have to be insulated with a thicker layer of film. The 
very fine subdivision of the core particles and the small 
pack factor of the maghetisable material in the core 
volume will keep the permeability down as well as the 
hysteresis losses. Materials of this second group have 
a specific permeability of between 10 and 20. These 
figures are still reduced for special purpose cores. 
These few observations indicate that the core 

material must be developed to suit the performance 
which is expected of it. This point has not been put 
strongly enough until now. Radio manufacturers 
still try occasionally to "standardise" the core types 
employed at their factories, and in other cases the 
mechanical design has influenced the specification 
unduly. Collaboration and frankness is often missing 
between customer and supplier. 

The first group of cores, requiring high and constant 
permeability, low hysteresis and eddy current losses at 
relatively low frequencies, is not the main subject of 
the paper, which is more concerned with the second 
group, commonly called radio cores. Filter cores for 
telecommunication work are borderline cases, which 
have also been omitted. They have been specially 
considered by American workers and recently by 
Polgreen 23 . 

Core Types and Shapes 

Toroidal air-cored coils led to the development of 
toroidal cores (Fig. 3.1) and this remained the only core 
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Fig. 3. Core types. 
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type for many years. Both Heaviside and Stone men-
tioned the cylindrical core (Fig. 3.8), which was not 
commercially produced until much later. Vogt copied 
the L-core (Fig. 3.2) and the E and I core (Fig. 3.3) 
from the normal technique for laminated transformer 
cores, and found these shapes particularly suitable 
for his first radio core material. 

It was soon discovered that cores with angular cross 
section require more wire per turn for a given induct-
ance than cores with a circular cross section, and the L 
as well as the E and I cores have lost their importance 
with the improvement of core materials. t'olydoroff's 
first core design is shown in Fig. 3.4. It is of interest 
as it illustrates Polydoroff's early attempts to replace 
the ctindenser in an oscillatory circuit by a magnetic 
dust core sliding over a single layer coil. The cumber-
some and expensive cores made the "permeability 
tuner" uneconomical. 

The current radio core design is represented in the 
next four illustrations, and all core variations can be 
traced to one of these main types. Fig. 3.5 shows the 
pot-shaped or ironclad core, which forms a closed 
magnetic circuit round the coil. The difference from 
the toroidal core is that the complete winding is inserted 
into the split core while it has to be wound on to the 
toroid core. The permeability is greatly reduced as 
compared with the toroid core. Its cheaper production 
makes a high quality performance coil a commercial 
proposition. Its effective permeability is 3-5-5. 

The next core (Fig. 3.6) can be considered as a 
variation of the pot-shaped or the reel-shaped core. 
It consists of two mushrooms, or a mus room and a 
disc, surrounded by a dust core return cylinder. 

The "reel" core type (Fig. 3.7), gets its name from 
the resemblance to a cotton reel. This core only sur-
rounds the winding partly and its effective permeability 
is lower than that of a pot-shaped core (3 to 4). The 
gap in the magnetic circuit is outside the winding. 
The centre of the coil and the two cheeks are filled 
with magnetic material. 

The last type (Fig. 3.8) is the cylindrical core. It is 
the oldest mentioned radio core type, and the most 
commonly employed core. It is manufactured in many 
variations, and fills only the centre of the coil winding. 
Its effective permeability is normally up to 3, but 
special cores with high effective permeability are used 
for special purposes. 

Inductance Adjustment. 

Permeability tolerances on cores were plus/minus 
10 per cent, when cores first became a commercial 
product, and it was fairly obvious that inductances 
could be matched only in two ways : 

(1) By winding the coil to a high inductance and then 
taking turns off until the desired inductance was 
reached, or 

(2) By adjustment of the core permeability. 
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The first method is still in use for certain air-cored 
coils. The second method is one of the advantages of 
the dust cored coil. 

Again we can define certain basic methods of adjust-
ment. In practice there will usually be a combination 
of two or more of the undermentioned methods. 
Different arrangements have been devised to obtain 
specially formed adjustment curves, by combining the 
following features : 

(1) Introduction of an adjustable air-gap into the 
magnetic path. Such adjustments can be made 
according to Fig. 4.1, which illustrates the method 
for different core types. 

(2) Alteration of the magnetic cross section as 
illustrated by the E and I core in Fig. 4.2. 

(3) Alteration of the length of the magnetic path 
(Fig. 4.3). This method is also known for 
laminated cores, and was first employed for 
L-shaped cores. Later reel cores were adjusted 
in this way and gave very good adjustment curves. 

(4) The last method can in certain aspects be con-
sidered as a variation of method 2, as it also 
varies the magnetic cross-section, but in another 
way, viz., by the movement of a cylindrical core 
in the coil winding centre (Fig. 4.4). This cylin-
drical core may be the only ferro-magnetic 
material present in the centre of a coil, or it may 
move inside another fixed core already partly 
filling the coil centre cross-section. 

M4_1 
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Fig. 4. Permeability adjustment. 

The Cylindrical Core and its Variations. 

The cylindrical core in its original form (Fig. 5.1) 
has a diameter of approximately -375 in., and a length 
of in. to in. for the m.f. range. The core diameter 
may, however, vary as much as from .2 in. to -75 in., 
and the length between I in. and 2 in. in the extreme. 
This core type is usually fixed into a coil winding and 
does not lend itself readily to permeability adjustments, 
with the exception of the very long cores which are used 
as permeability tuners in circuits of American design. 

Cylindrical cores can be provided with centre bores 
(Fig. 5.2) without much loss of permeability. The bore 
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is either used as location for tie whole coil assembly 
or it may be used as location ror a cemented-in brass 
screw. The core can be shifted in relation to the 
fixed coil winding by means of the screw, thus adjusting 
the coil inductance. The inuoduct.on of the brass 
stem does not influence the permeability of the core 
materially and this fact has been made the basis of a 
calculation by Professor Howe", in which he proved 
that this phenomenon is due to the imperfect insulation 
of the dust particles. 

Cores to Fig. 5.2 have to be cemented very carefully 
to obtain the necessary concentricity between the core 
and the screw, which permits frictionless turning in the 
coil former without excessive clearance. To improve 
the concentricity, brass stems are atso moulded into 
cores (Fig. 5.3). A core type separating the core and 
the screw by a moulded insulator, to improve the 
magnification factor of the coil assembly, was developed 
by the author in 1937. 

3 4-

Fig. 5. The cylindrical coœ and its variations. 

While brass stem cores became very popular with 
the introduction of push-button tuning, they met with 
strong competition for the application in if. filters. 
A screwed core (Fig. 5.4) was developed in Germany, 
which has electrical advantages, particularly a good 
electrical performance at medium frequencies. The 
effective permeability of this core is equivalent to that 
of a cylindrical core of slightly more than root dia-
meter of the screwed core, aid it is further reduced 

by the necessary thread depth and wall thickness of 
the former—which spaces the core from the coil 
winding. The mechanical tolerances for such cores 
are also wide. Production methods for screwed cores 
have improved but the tight for predominance is not 
yet decided. 

The Choice of Core Shapes for H.F. Work 
The different core types find their most suitable 

application in quite different ranges. In many cases 
electrical considerations have been set aside and the 
costing department has decided the choice by fixing 
a cost price which does not allow for a better quality 
core. Development in electronics is governed by the 
cost of vital components and the policy of their 
producers, which thus influence the trend of develop-
ment not only in countries but often in whole groups 
of countries. 
German designers choose the cores mainly from 

the electrical aspect, counting every avoided small loss 
as an advantage. Designers in this country balanced 
the additional price for a more efficient core against the 
improved performance of their appliances and decided, 
in the majority of cases, in favour of the less efficient 
and cheaper cylindrical core. The United States put 
up with cores of very low electrical and mechanical 
performance. Production has recently developed 
considerably in that country, and high quality cores are 
available in mass production quantities. 

Table 1 represents the different applications possible 
for the discussed core types". It will be noticed that 
the commercial choice varies considerably from the 
best choice in the majority of frequency ranges. 
The employment of dust cores in if. filters is a 

classical illustration of the clash between the two 
interests. LE filters are usually employed as anode 
loads of valves. The gain of the stage largely depends 
on the dynamic resistance. 

Rd =—  
C R 

TABLE I. 

(l3) 

Frequency 
Second 

Best Choice Choice 
Commercial 

Choice Remarks 

<150 kc/s Reel core with out- 
side cylinder 

— Reel core without- U 
side cylinder 

Chosen on account of high permeability to 
reduce copper losses in winding. Material 
which increases Q of coil not wanted 

150-400 kes Cylindrical core Cylindrical core — 

I.F. (450 kc/s) Pot core Reel core Cylindrical core — 

600-1,500 kcis Reel core — Cylindrical core — 

>1-5 Mc/s Cylindrical core 

Reel core with out- 
side cylinder 

— 

— 

Cylindrical core 

Reel core with out- 
side cylinder 

Specially desigied shapes and reduced per-
meability to reduce losses. Reel core for 
screening with outside cylinder. Cylindrical 
core mostly for trimming (threaded core) 

115 



JOURNAL OF THE BRITISH INSTITUTION OF RADIO ENGINEER S 

A combination of high inductance, low capacity and 
low loss resistance will thus ensure high gain. The 
capacity cannot be reduced too far without reducing 
the selectivity and making the change in valve capacity 
due to AV.C. bias noticeable. The choice of the core 
for the filter coil will have a marked influence on the 
dynamic resistance as the loss resistance of the coil 
is an appreciable component of the total loss resistance 
in the circuit. 

As far as the 450 kc. range is concerned this can best 
be obtained by application of pot-shaped cores with 
their high effective permeability. The cores have also 
the advantage to allow close screening. 

Unfortunately, they are the most expensive radio 
cores, due to the amount of magnetisable dust required 
for their manufacture, and to certain production difficul-
ties. Permeability adjustment over the range of 8 to 
10 per cent, can easily be arranged. The price of the 
core is still considered too high for domestic purposes, 
and cylindrical cores are employed in this country 
instead. The latter are considered to give sufficient 
value for the money spent. 

It is interesting to note that the advent of the mag-
netic dust core, in conjunction with the introduction 
of mica-silver condensers, revolutionised the filter 
tuning arrangements. Condenser trimming was used 
throughout the industry until approximately 1938, 
when it was realised that the magnetic dust core allowed 
much finer tuning and higher stability than previously 
known, particularly when put into a filter with low loss 
mica-silver or ceramic-silver condensers. 

The commercial influence can also be observed with 
regard t 3 tuning coils in the medium frequency range 
(600-1,500 kc/s). The reel core gives a performance 
superior to all other core types in this range, and also 
allow for very close screening. Following the previously 
mentioned trend the reel core is considered the only 
suitable core for m.f. in Germany. The total quantity of 
reel cores manufactured in this country for m.f. was 
always negligible, and as a result the author has not 
been able to compile comparative curves at the moment, 
due to the lack of suitable cores. 

To give, however, some impression of the relative 
position of the Q curves the following illustration" has 
been produced (Fig. 6). 
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Curve No. 1 represents the Q of a coil with a cylin-
drical core, No. 2 the coil with a reel core, while No.3 
represents coil with a pot-shaped core. All coils are 
wound to 0-2 mH on four-sectioned formers with 
20 x 47 S.W.G. litz wire. 

Dust Core Push-button Tuning 

It seems somewhat out of place to discuss push-
button tuning in the fifth year of war—when the only 
receivers produced for domestic consumption are 
utility receivers. A large number of dust cores had 
been used for this purpose just before war broke out, 
and the quantities were steadily increasing. The 
subject shows also some interesting points for designers. 

Push-button tuning made a come-back in 1937-38. 
The first push-button receivers were built and marketed 
as early as 1928, and relied on condenser tuning. They 
were unsuccessful as the padding condensers did not 
stay put, and the design was scrapped. The first 
British design used the same principle, but condenser 
production had been developed so much in the mean-
time that stability was assured. One disadvaitage of 
the condenser employment was that the trimming 
condenser used for the final tuning had a capacity of 
not more than 10 to 20 ge.‘F. It was really a pre-set 
circuit which was selected by the push-button, and the 
trimmer of which only compensated for production 
tolerances. The faults of this design were shown up 
in a very peculiar way. Radio Normandie changed its 
frequency pretty radically just after the introduction 
of the sets, and all sets in private hands had to be 
returned to the dealers for a replacement of the 
padding condensors. 

Leaving aside motor and purely mechanical push-
button tuning, which stop the ganged main condenser 
at a predetermined point, and do not provide any 
additional circuits for push-button selection, we are left 
with the possibility of replacing the factory pre-set 
circuit by channel tuning, which allows the listener to 
tune to any station within the channel and alter the 
setting himself as frequently as he wishes. Proper 
choice of the channels will allow the tuning—even of 
stations which are at neighbouring frequencies. Con-
ditions for this type of push-button tuning are stability, 
fine adjustment made sufficiently easy, and reasonably 
wide channels for each button. The dust cored coil 
meets the conditions, and brass stemmed cores with 
an effective permeability of 2 to 3 are considered 
satisfactory. 

Most sets in this country being superhets, the listener 
had to go back to the good old days of primary and 
secondary tuning when adjusting his push button 
circuit to a new station. The ganged condenser pointed 
the way and ganged permeability tuning was intro-
duced. It set some problems to designers, and a number 
of ingenious designs had been marketed when war 
broke out. 

A pre-selector circuit of a superhet covers the 
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frequencies between 500 kcis and 1,500 kc/s for the m.f. 
range. Assuming an i.f. of 455 kcis, the corresponding 
oscillator circuit will have to tune from 955 kc,s to 
1,955 kc s, the frequency ratio being 3 : 1 in the pre-
selector and 2.05 : 1 in the oscillator. Permeability 
tuned push-buttons cannot easily cover the whole 
range, but even for smaller, overlapping channels the 
rate of inductance change must be diferent for the two 
circuits. Both circuits must track at as many points as 
possible of the adjustment curve over the whole channel 
width, and follow the ideal curve as closely as possible 
on all other frequencies. Many methods are known" 
to overcome this difficulty, and the first ganged 
permeability tuners were imported from the States. 
The arrangements fall into two main groups : 

(I) Ganged tuners with cores parallel and ganged 
by means of a cross bar, thus avoiding the 
presence of a brass inside the tuning coil ; and 

(2) Tuners with cores sitting co-axially on one adjust-
ment screw, which passes through each coil. 

The problems with regard to the inductance change 
are the same for both groups, and by way of an 
example an arrangement of the secoad group shall be 
illustrated in Fig. 7. Designers did not seem averse 
to accepting the low "Q" value of the cores resulting 
from the continuous presence of the brass screw in the 
coil winding. Manufacturing tolerances could be 
compensated by altering the distance between the two 
dust cores. Due to the rubber tubing this could be 
done after assembly. This first adjustment provided 
also the first tracking point. 

fa4 sun CORE estrAsee corm 

ROBBER net 

Fig. 7. 

It is interesting to observe in which way the different 
workers obtained the two rates of inductance change. 
In most cases the coil and the -core for the pre-selector 
were standard, the core being of high effective perme-
ability. If this was the case, the osc.11ator coil had to 
have a lower rate of inductance change, which could 
either be obtained by providing dust cores of the same 
physical dimensions but lower effective permeability, 
by cores of different physical dimensions but manufac-
tured from standard core material (longer or smaller in 
diameter), or by variations in the coil arrangement 
(diameter, length or irregular winding). 

With all these arrangements the dust cores had to be 
to close specifications. In one case the pre-selector 
core had an effective permeanility of 3, which was 
diluted to 1.2 for the oscillator core. The manufac-
turing problem was to obtain either very homogeneous 

cores, or, if this was no: possible, a controlled varia-
tion of the density. In the latter case the core had to be 
coded on one side to make sure that the tuner would 
track on the specified points. 

The Brass-stemmed Cylindrical Core 

It has just been stated that the radio engineers accepted 
the presence of a brass screw in the core centre. Actual 
figures may be of interest, and are tabulated in Table 2, 
for a core similar to Fig. 5.3, and made from iron dust. 
The core diameter was - 365 in., and the length . 5 in., 
while the stem was threaded for 4BA. The coils were 
wound on four-section polystyrene formers and con-
sisted of 100 turns 9/45 stranded wire for the I Met's 
test and 4 turns 22 s.w.g. enamelled wire for the 20 MO 
test. The 1 Mc/s coil was -17g in. long, while the 20 Mc/s 
coil covered only approximately the centre I in. of the 
core. 

TABLE 2. 

1 Mc 
/J eff - 

CpF 

s 
2.1 

20 Mc,s 
lieu - 1.4  

Q Q CpF 

Test Coil only .. 234 112 118 128 

Core without Stem 
in Coil .. .. 110 185 84 I 31 

Core with Brass 
Stem .. .. I 08 163 83 132 

Core with Brass 
Stem .L.j in. separated 110 171 84 130 

Core with Steel Stem 109 105 83 125 

The cores were first tested without a stem, then with 
brass stem and with steel stem. An additional test was 
carried out in which the stem was separated from its 
usual position by approximately + in. in axial direction. 
This measurement would be equivalent to the measure-
ment of a core separated from its stem by an insulator 
of very low losses. While the tests were purposely 
made at both frequencies, with the same core material, 
this must not be taken as indicating that the same core 
material would necessarily have been recommended for 
both applications. The results of Table 2 are best 
checked against the main points raised previously in 
this paper. 

Technology 

Metal Powders for Magnetic Dust Cores 

Metal powders for magnetic dust cores have to be 
developed towards characteristics which will meet the 
electrical requirements. Mathematical formula have 
been a great help and have indicated the general 
direction in which development work has to proceed. 
Attempts to calculate in advance the properties of a 
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dust core made from a particular powder, or the 
powder characteristics required to produce a specified 
dust core, have so far been without success. The 
discrepancies between calculations and experimental 
results have been obvious for some time. The uneven 
particle distribution in the dust core and the failure to 
insulate and space the dust particles sufficiently, make 
accurate calculations impossible. 

The mathematical treatmem shows the influence of 
the following powder characteristics : 

(1) The core volume, and with it, losses in the coil 
winding and production costs are reduced by a 
high initial particle permeability of the powder. 

(2) The fineness of the sub-division and the constancy 
of the particle size distribution will influence the 
eddy current losses and production uniformity. 

(3) Increased resistivity will also reduce eddy current 
losses. 

(4) Tolerable production tolerances depend on con-
stant particle permeability and density. 

(5) The particle shape and, to a certain extent, the 
particle size, will decide the volume percentage 
and type of the core insulation. 

The first iron powder production for dust cores on a 
commercial scale followed the electrolytical process. 
The low density and resistivity led to the development of 
more efficient hydrogen reduced powders, while silicon, 
originally added to improve the mechanical pulverisa-
tion, increased the resistivity and general electrical 
performance. 

Elmen, who was so actively engaged in the production 
of the first commercial dust cores for loading coils, was 
also responsible for the development of permalloy 
powders which became the standard material for this 
type of cores in the 1920s. The most general grade of 
this material contains 84 per cent, nickel and 24 per 
cent, iron, and required an annealing process after 
disintegration and before moulding. The heat treat-
ment stage is characteristic for all permalloy materials, 
and on its proper execution depends the electrical 
performance. 

The highest permeability obtained with specially 
annealed iron powder is 60, while permeabilities up to 
140 can now be obtained with standard permalloy 
grades. With the increased permeability go lower 
hysteresis losses and a better permeability stability. 
Such improvements were balanced by certain disad-
vantages, such as the extremely critical cycle and tem-
perature of the second treatment after the moulding 
process. Only very careful observation of process 
procedure gave the required performance. 

General metallurgy experience in alloying was of 
help, and the addition of Cr and Mn made the heat 
treatment cycle less critical. The latest developments 
resulted in an addition of 2 per cent, of molybdenum", 
and it is claimed that either the permeability of a 
toroidal core can be increased by 50 per cent, for a 
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given volume or the volume reduced by 60 per cent. for 
equal permeability. The new material does not retain 
a change of permeability of more than .5 per cent. 
within three minutes after a heavy superimposed D.C. 
magnetisation. 

The dust particles of all the above mentioned powders 
are of irregular shape, very often sharp cornered. 
Their size will vary with the purpose for which the 
powder is developed. In most cases perfectly round 
particles would have been preferable and attempts 
were made early to produce such a powder with a small 
particle size, which would make it possible to develop 
good dust cores for h.f. The introduction of carbonyl 
iron powder met these requirements, and the I.G. 
Farben Gesellschaft which developed the process had 
at one time a virtual monopoly for core powders for 
radio frequencies. Carbon monoxide is in this pro-
duction passed over a spongy metal, forming in our 
case the liquid pentacarbonyl, which will decompose 
at elevated temperatures, freeing carbon monoxide for 
recirculation and producing a very fine powder which 
can then be wind sifted into different particle grades. 
The material forms perfect small spheres which are 
built up from laminations of extremely pure iron with 
a particle diameter of less than 10 microns and with a 
majority of particles about the 1 micron range ( 10 p = 
0.01 mm. = .0004 in.). The largest particles of 
carbonyl iron powder are annealed and used for loading 
coils, while the finest particles are used for radio 
frequency work. 
The high costs of carbonyl powder and the monopoly 

position lead to the employment of substitutes, and 
ground magnetite (Fe.,04) was used in Canada and 
America with little success. German firms tried to 
reduce the costs with as little reduction in performance 
as possible, and used Fe3O4 and other oxides for the 
return cylinders of pot-shaped cores and flanges of reel 
cores while retaining carbonyl for the more important 
part inside the coil winding. 
Carbonyl iron powder is now produced in many 

countries in sufficient quantities, but the search for 
cheaper powders continues. The reduction of produc-
tion costs has reached a new importance with increased-
tonnage required for other branches of powder metal-
lurgy, and the U.S.A. Government has set aside 
$600,000w for the successful development of a cheap 
iron powder production method. While such a powder 
must not necessarily be suitable for dust core purposes, 
it will no doubt influence development in this direction 
as well. 

The discussed powder grades can in the main be 
allocated to our two dust core type groups. Large 
particle size, high initial permeability, low hysteresis 
losses and high resistivity are essential for telephone 
loading work, while a very fine subdivision will be the 
main consideration for radio work. Permalloy answers 
the requirements of the first group, while carbonyl iron 
powder is chiefly used for the radio work. There is no 
sharp division, and a special grade carbonyl powder 
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is used for loading coil core purposes in Germany (due 
to the nickel shortage), while the finer grades of perm-
alloy are used for medium frequency cores in certain 
instances. 
The question of the latter employment has recently 

been discussed by Welsby25 , and the author". The 
accompanying Fig. 8 is a reprDduction from Kersten's 
paper" illustrating the basis for .the contention that an 
increase in initial particle permeability (identified by 
Pwahr) would not lead to an increased core perme-
ability p for radio cores. The curves are drawn for 
the different volume percentages of insulating material 
and the permeabilities are given as multiples of the 
permeability of vacuum, designated as p.. 

150,a. 

100 

Jz• I 
3 

o 

9 

100 400 600,. 

I NSJLATION 

vOL 7. 

Fig. 8. 

. The curves were drawn as illustration for one of 
Kersten's formule, which is only valid for cases in 
which the volume percentage of the insulation is very 
much smaller than 1. No limits are given and the 
curves are calculated and not experimentally estab-
lished. When considering the illustration it should be 
kept in mind that the initial particle permeability has 
been given as 150 for carbonyl powder", and 220 for 
molybdenum permalloy". 

TABLE 3. 

Spec. 1 Mc,'s 20 Mc,'s 
Test Core gr.   

gr,cm2 I p 

Commercial 4-62 215 
Material A 4.52 215 
Material B 414 2.15 

192 
190 
185 

1.58 131 
1.58 136 
1.58 105 

Test core dimensions : -375 in. diameter and 
.5 in. long. 
Test coils: 1 Mc,s-100 turns 945 on 4-sectioned 

former ; 20 Mc s-4 turns s.w.g. on 4-sectioned 
former. The 1 Mc, s coil covered à in. length of the 
core and the 20 Mc, s covered the middle I in. only. 
Core materials: A was a carbonyl iron powder 

with small spherical particles, and B a nickel iron 
alloy powder with larger, irregular shaped particles. 
Both were insulated in the same way but slightly 
different from the commercial test core chosen. 

Experience differed from this interpretation and 
some measurements were made which are tabulated 
in Table 3. It was decided to prepare h.f. cores from 
carbonyl iron powder (core A) and permalloy powder 
(core B) according to the same recipe and process. 
To make sure, the permeability was checked against a 
commercial core, the insulation process of which is 
not known. Its performance suggests that it is made 
from carbonyl iron powder. 

The permeability and Q figures for all cores can be 
considered as corresponding at 1 Mc/s, while the specific 
gravity values vary considerably. Nickel iron alloys 
in itself have a higher density than iron, and the low 
specific gravity at standard permeability for core B 
indicates that less metal is present. Actually cores of a 
density of 4.63 were pressed from the B material and 
showed an increased effective permeability coupled 
with a slight increase in Q at 1 Mc's. The figures for 
20 Mc, s show that the permalloy, probably due to its 
coarseness, is not suitable for higher frequencies. 

The above figures prove the value of permalloy 
powders for medium frequency cores with increased 
effective permeability. Carbonyl iron powder can be 
employed for cores up to 30 Mc/s, and reports from the 
U.S.A. mention special alloys" which have been 
employed with advantage at frequencies of 150 Mc/s. 
Nothing is, however, known about the alloy which 
would indicate to what features the good properties 
are attributable. 

The specific permeahilities of cores produced from 
the above powder groups are generally as follows : 

Radio cores, 10-20. 

Loading coil cores from carbonyl powder, 60. 

Loading coil cores from permalloy, 90-140. 

The Insulation 

The metal dust has to be insulated in such a way that 
as many particles as possible receive an independent 
insulating film which is hard enough to withstand the 
pressure. The insulated dust must also easily be 
moulded into the required shape and to close toler-
ances. The rust proofing of iron dust powder brings 
up a further problem. 

The insulating process is again entirely different for 
radio cores and loading coil cores. Even if every small 
particle in a radio core is covered with a film, the 
problem of binding the insulated particles together 
into a homogeneous body has to be tackled. The 
processes vary therefore considerably, and some manu-
facturers employ separate insulators and binders, while 
others prefer the binder to do both jobs at the same 
time, trying to obtain the insulating and binding pro-
perties by process manipulation. 

Loading coil toroids present a different problem. 
Only less than 5 per cent. of the core volume are filled 
by insulating and binding material. Due to the very 
high permeability required, the insulator has to with-
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stand much higher pressures as the specific gravity of 
the pressed toroid comes very near that of the solid 
material. The particle size and the volume distribution 
only allows for insulating films in the neighbourhood 
of 0.5 which distance can just only be detected by 
optical microscopes. It is, therefore, scarcely astonish-
ing to see the variety of insulators which have at various 
times been suggested for this purpose : they range 
from sour milk to sugar, from acids to toxic chemicals, 
and steam. 

The binder for radio cores is in nearly all cases a 
synthetic plastic material. Both hot and cold moulding 
is practised with more and more emphasis on the 
latter. Injection moulding of cores has also been 
practised in certain cases, but results in cores of relative 
low permeability. The type of plastics employed also 
governs the further heat treatment and stabilising 
process. The metal dust does not require treatment, 
and the stoving is only essential for the stabilisation of 
the core. 

The binder problem for toroidal cores of high per-
meability has different aspects. Since the introduction 
of permalloy type cores, the heat treatment after the 
moulding was required for strain relief and annealing 
purposes, and has to be carried out at temperatures 
which at least char organic substances. Refractory 
materials were therefore indicated and ceramic insula-
tions have gained ground. 

Plant 

Considerable attention was paid to the plant question 
from the beginning of commercial production. It was, 
however, found that even the real mass production 
output in this country did not allow the employment 
of specially designed machinery, and most of the plant 
consists of adopted machinery originally designed for 
the plastics industry. It can easily be seen from the 
aforementioned points that the mixing process is of 
greatest importance. No new revolutionising mixing 
methods have, however, been developed, and it seems 
that this will be one of the greatest handicaps for the 
core manufacturers. 

Radio cores with their large content of binder and an 
average porosity of 10 to 15 per cent, require relatively 
small pressures, which will be influenced by core 
material, core shape and the electrical properties of the 
metal dust. The cross sections are small and, in spite 
of pressure variations from 6 to 30 tons/sq. in., mecha-
nical presses are used in preference. 

Toroidal cores with their larger areas under pressure, 
and their high specific permeability, have from the 
start been subjected to pressures of approximately 
100 tons/sq. in. The equipment for these cores is 
essentially of the heavier hydraulic type. 
Where the plant was modernised and more closely 

adapted, the development has followed the general 
outline indicated by other branches of powder metal-
lurgy which also influenced the furnaces for the heat 
treatment. 

120 

The Tolerances of Radio Cores 

Core manufacturers are handicapped by the fact that 
the core material will not readily flow under moulding 
pressure and yet retain its structure. Slow and patient 
development was essential to obtain the mechanical 
and electrical tolerances to which the designer is used 
to-day. The Iz iermeability limits have been brought  
down to plus minus 2 per cent, from the original 
plus/minus 10 per cent. Permeability tolerances of 
plus/minus I pr cent, can be achieved with additional 
care. The m chanical limits have been reduced to 
plus minus -00 in. in general with .002 in. on bores. 
The concentricity between brass stem and cylindrical 
core is of great importance and a concentricity of .003 in. 
has been guara teed in special cases. Cores are often 
subjected to h avy strain and e.g., screw cores are 
regularly subm' ted to strength tests, most of which are 
private arrangements between customer and manu-
facturer. 

Radio cores age slightly during the first few days, 
but this process is completed before the cores reach the 
consumer. Special cores with negative and positive 
temperature coéfficient have been developed to com-
pensate circuit' members of opposite temperature 
coefficient value 
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LONDON SECTION DISCUSSION 

E. Cole : Can the author state the cause of break-
down of dust cores ? Is breakdown due to mechanical 
vibration of the particles or to some other reason ? 

J. A. Sargrove: Reference has been made to the 
benefits to be derived from standardisation. Successful 
standardisation is usually reflected in the cost of the 
article, a fact which frequently is lost sight of by the 
customers in their reluctance to abide by standards 
suggested by manufacturers. Nevertheless, I would 
plead with the radio designer to standardise not only 
with regard to iron cores, but for all radio parts. I 
suggest that more thought should be devoted to that 
problem. 

Has the iron dust core industry a real conception of 
what types of standards would be desired, and could 
it put forward recommendations which the British 
Institution of Radio Engineers, or some other body, 
could make known ? 

J. Driscoll : In connection with standardisation we 
should not overlook the existence of the British Stan-
dards Institution, which has co-operated with various 
bodies from time to time in specifying standard 
methods and tests and materials for conducting tests. 
1 remember that it has dealt, for instance, with the 
measurement of incremental permeability of some 
transformer materials ; and 1 suggest that the British 
1.R.E. should request the convening of a comtnittee 
on standards for cores. 

E. Cattanes: As to the technique of powder metal-
lurgy, particularly when using the carbonyl type of 
iron, do the core manufactuers use a lubricant of 
some sort to prevent packing ? 

Are the pot cares intended to be closed and sealed 
permanently, and if so, what method of sealing is used ? 
Judging from Mr. Friedlaender's survey of the whole 

position it seems that it has not changed very much 
during the last ten years. Mr. Colebrook made a very 
extensive survey of iron cores for the Radio Research 
Board in 1934, and published it under the title of 
"Magnetic Materials at R.F." It would appear that 
the uncertainty as to the quantitative determinations 
of both the design arid utilisation of cores which existed 
then still persists. But Mr. Friedlaender's concluding 
statement seems to indicate that we are verging on the 
point at which this state of affairs will resolve itself 
into the ability of the core manufacturers to make 
something to within very close tolerances. 

Corning to the historical side of the subject, I know 
Nissen personally, and I am very sorry that he was 
not referred to as being the man who introduced the 
present-day technique of core manufacture. His work 
was mentioned by Mr. Friedlaender, but he was not 
given credit for the modern form of iron cored coil; 
that explains the delay in using those coils in the past. 
To my knowledge he used first the carbonyl powder 
and insulated it with Trolitul; he was the first to 
produce the coils, and all modern core manufacture 
seems to derive from his work or his technique. He 
had a research laboratory in Berlin, but being a Jew 
he had to escape from Germany, and he went to Paris. 

Reference has been made in the paper to the effective 
permeability. In that connection, does Mr. Fried-
laender take into account the reduction of effective 
field due to the eddy currents ? There are two values 
of effective permeability. 

With regard to sealing cores, it is known that the 
German Neosid Company granted a manufacturing 
licence to a firm known as Ragaunot in France. They 
were the first to seal cores permanently by the method of 
polymerization of the plastic binder and insulator. All 
other seals and cores have an ageing factor by which is 
meant the effect due to the change in gap due to 
setting of the adhesive used. As ageing factors were 
not mentioned, I am wondering whether the practice 
of using adhesives still obtains. 

W. F. Randall : I am interested in the reason for the 
residual losses in the cares. I would ask whether the 
magnitude or proportional magnitude of those losses 
is the same in the case of carbonyl iron as in nickel 
iron. 

Secondly, have trials been made or has any improve-
ment been effected by the magnetic directionalisation 
of particles. 

The residual losses may be due to a slipping effect, for 
the particles are enclosed in a fairly unyielding matrix 
and the magnetisation will set up extensions which 
may cause stresses, increasing the losses within the 
particles. 

Further, figures have been shown indicating that 
the permeability is improved in the case of nickel iron 
as against carbonyl iron. That would not apply in the 
case of cores having only 40 to 50 per cent, metal in 
them, 1 gather, because dust particles may be spaced at 
a distance of four or five times their diameter from each 
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other by insulation and I should not imagine that the 
overall permeability would be increased. 

H. L. Ranson : One of the many arguments against 
the use of the more complicated forms of core con-
struction was that cost ruled them out. A second 
argument was that the higher Qs which academically 
were available were useless in practice in the ordinary 
commercial set, where the shunt resistance of the 
circuit discounted all the gain from the high Q coil. 
That point must be stressed, because in the radio 
industry, in so far as it is concerned with the ordinary 
broadcast receivers, we have to scale down the price. 
Therefore, I think we shall have to wait a long time 
before the ordinary bar core will disappear from the 
r.f. or i.f. side. 

I feel that in this country insufficient attention has 
been devoted to the crude methods of manufacture 
applied, such as the use of single impressing tools to 
pressing out the cores. The costs are proportionately 
higher and, as one would expect, the quality is variable 
as the result of crude methods of production. 

Can we rely on negative coefficients from the 
molybdenum-containing cores to which Mr. Fried-
laender has referred ? 

Secondly, as one who has had experience in the 
tropics of the peculiar performance of iron cores, I 
wonder if Mr. Friedlaender can say anything about 
the phenomenon of rust, which was very common until 
a few years ago in material used in Northern Australia, 
New Guinea, and so on. 

S. R. Wilkins : I was very interested in the remarks 
made about the presence of a metal rod in close 
proximity to the core, but was disappointed that the 
author did not take his figures a little higher. I have 
made some measurements in this connection. Mr. 
Friedlaender's permeability figure and the loss figure, 
due to the presence of the metallic rod, went hand-in-
hand to about 25 Mc s ; then there was a point 
between 25 and 35 Mc s at which the brass rod became 
very effective, and that coincided with the point at 
which the core had an effective permeability of less 
than I. There seemed to be a relationship between the 
presence of the brass rod and the effective permeability 
of the core. Has he succeeded in producing h.f. cores 
having an effective permeability up to 35 or 40 or 
even 55 Mc/s to give some reasonable variation of 
inductance? It may have something to do with the 
distribution of the particles giving rise to very distinct 
losses. 

By removing the iron dust core completely and 
leaving the metallic rod, purely by eddy current 
changes the change in effective inductance was the 
same, showing that the effective permeability of the 
rod was practically nil. Have there been more recent 
developments which allow iron dust cores to give 
high effective permeabilities at the high frequencies ? 
Have they been used effectively ? 

Dr. G. A. V. Sowter: In 1932 or 1933 I was very 
• 
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interested in dust cores, and developed a core with 
a Q of about 450. and I was wondering what improve-
ments have since been made. I would add that when 
this inductor was used in a commercial wireless set, 
the associated condenser was so bad that it was de-
cided that Ihç improved Q was not justified. As a 
result of this 1 am interested to know whether there is 
a limit to the value of Q which is desirable, and what 
actual values are obtainable with modern technique. 

Reference has been made to Sendust. I have some 
slight experience of it, but only on a few Japanese 
samples which must have been especially good. An 
initial permeability of the order of a few hundred was 
obtained, and I am curious to learn whether the use 
of Sendust has been considered for later applications. 

1 notice that resistivity is an important factor in the 
function associated with loss under h.f. conditions. 
Have the advantages of a high resistivity alloy, such as 
Rhometal, been explored ? 

Further, can Mr. Friedlaender say anything more 
about ceramics, which have been given a passing 
mention in his discourse? 

Finally, I recollect a statement in the Press that in 
certain German equipment which has been captured, 
dust cores have been incorporated in very small loop 
aerials. I should like to know whether that sort of 
device can have post-war application. 

G. L. Hamburger: I am puzzled as to why radio 
manufacturers want Q values higher than 100. If you 
have an 1.F. of 460 and a Q of 100 it gives 4 kc/s. 
What is the use of aiming at Qs higher than 100? 
You do not want to operate a receiver at I k es band-
width. 

J. Chamberlain : Mr. Friedlaender has described 
various devices for comparing the inductance of a coil 
with and without its paramagnetic core. He describes 
a "cage" in which the core is enclosed and its induct-
ance measured. The cage is then opened, and the core 
taken out so that the inductance of the cage may again 
be measured when the permeability of its interior is 
that of free space. I have great difficulty in imagining 
such a cage, for it must have dimensional stability and 
must comprise a continuous metal spiral of low resist-
ance in which the mechanical division of each turn 
is possible. 1 should be very interested to have further 
particulars of this device, and should be glad if Mr. 
Friedlaender would indicate the manner in which the 
above difficulties are overcome. 

In addition, I would welcome information concern-
ing the temperature coefficient of inductance of dust 
cores with some indication of the magnitude and sign 
of this quantity. 

I am particularly anxious to obtain material with 
high permeability, high saturation value and, most 
important of all, high specific resistance. This is for 
the construction of small A.C. electromagnets and 
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relays, and would have the great advantage that the 
magnetic circuit of such instruments could be enor-
mously simplified by being made solid instead of 
laminated. Such a material would banish the undue 
eddy current losses and skin effects which are inherent 
in all materials at present available when used for the 
purpose indicated above. 

REPLY TO LONDON 

Mr. E. R. Friedlaender (replying) : As Mr. Cole may 
be aware, breakdowns in finished cores are very rare. 
During the production they can be due to the irregular, 
sharp-cornered shape of metal particles piercing the 
insulation film. Round particles will slide over each 
other and pack better into the cavities 

It is often assumed that this type of breakdown is 
due to excessive pressure. I ant investigating whether 
this assumption is correct. It seems to me that it 
may largely depend on the binder used. 

The special interest with regard to standardisation 
lies in its application to test specifications both for the 
finished core and the metal powders required. Once 
the tests are standardtsed, many difficulties will dis-
appear. The help of the British Standards Institution 
and our Institution would be very N'aluable. 

A word of warning must, however, be said with 
regard to standardisation of cores as suggested by Mr. 
Sargrove. While standardisation can, and will, cheapen 
the core, it has its limitations. There is a certain danger 
that cores are used for other purposes than those for 
which they are designed, and the con manufacturer is 
told that the core does not come up to expectations. 
Very often, the application or circumstances ot the 
experiments are not even mentioned. On the other 
hand, core designers may not lways take the trouble 
to question the customer sufficiently about the proposed 
application before submitting samples 

Mr. Cattanes brought up several interesting points. 
Lubricants for carbonyl iron powder are not used in 
the powder metallurgical sense, since the powder is 
mixed with a binder which normally contains some 
plasticiser. Much depends on the method of moulding, 
hot or cold. 

The method of sealing the pot cores is usually left to 
the designer of coils and is not specified by the core 
designer. In many cases, the core halves are pressed 
together by mechanical means. The main point is that 
the centre bosses of the two halves meet, as an air gap 
at this point would affect the effectgve permeability. 
Permanent sealing is of importance only in very 
specialised cases. 

Ageing is a very important characteristic, and we 
have found that cores age shortly after the manu-
facture. This ageing takes place within the first week 
and usually before the core has reached the coil manu-
facturer. It produces small changes both in per-
meability and Q. The ageing effect may vary between 

Would it not be possible to produce such a material 
by the methods of powder metallurgy which Mr. 
Friedlaender has described? An additional use for 
such a material would be in the manufacture of small 
transformers. The core would be moulded solid in two 
sections, which procedure would very greatly simplify 
and cheapen the construction of this type of apparatus. 

SECTION DISCUSSION 

different brands of cores, as I am convinced that it is 
a factor of the heat-treatment of the core. 

I agree that there have been no revolutionary changes 
in the dust core industry during the last ten years. It 
has been a period of very hard development work 
which has made the dust core a commercial mass-
production proposition. If it is thought that the 
development is so small, it would be advisable to 
consider that plus/minus I per cent, tolerances on 
effective permeability can be guaranteed to-day, if 
required. 

There is a suggestion that I did not give sufficient 
credit to Nissen. There is something of a tight between 
Vogt and Nissen, both of which claim to have invented 
the iron- cored coil of modern small dimensions. As 
both put the coils forward at about the same lime, 
I have avoided mentioning this question. 

Effective permeability is measured by putting the 
core into a coil and measuring the inductance with and 
without the core. The relation between the two gives 
the necessary information. This figure includes, of 
course, the reduction of the effective permeability due 
to any eddy current shielding. 

The percentage increase of effective permeability 
produced in radio cores by the substitution of permalloy 
for carbonyl iron powder is nothing like its increase in 
audio-frequency cores, where the highest permeability 
on toroidal cores is only 60 for carbonyl iron powder, 
as compared with 150 for permalloy powder types. 
This is partly due to the fact that for these lower 
frequencies the loss coefficients are lower and the 
resistivity higher. 

It is very difficult to give Mr. Randall an explanation 
for the residual loss. Our approximations in calculating 
and/or graphically determining the eddy current and 
hysteresis losses will account for a varying percentage 
of this residual loss. It often appears to me that this 
loss is called" residual" because it contains the residue 
of all our approximations and mistakes. 

Directionalisation of powder particles has been used 
by Vogt and others. It had its origin in the crude and 
irregular powder particles employed and had no im-
portance once the better powder types were developed. 

I think it rather unfair to blame the core manu-
facturers for the high cost of the cores. Unfortunately, 
there is no getting away from the fact that powder 
prices dominate the cost of powder metallurgy. 
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The high" Q " coil is certainly not lost in an ordinary 
set if and when properly employed. As an example 
for Mr. Ranson, I would point out that the Germans 
employ ceramics in coil formers. If you use a good 
core and sacrifice the benefits to be derived therefrom 
by badly designing the set in which it is used or try to 
save on the former, then money is wasted. There is 
now a different attitude to design, and we may hope 
for better design and performance. 

Criticism has been directed to the crude methods 
by which powder cores are manufactured, e.g. the 
use of single impression tools. It is quite possible to 
design machines, giving an output of, say, 500 cores 
per minute. These machines are very costly to design 
and build if the cores shall still be subject to the now 
usual limits. These machines which Mr. Ranson 
envisages can only be employed when long runs at 
this production rate become feasible. 

I had no opportunity to test the latest toroidal cores 
containing molybdenum and can only refer to American 
papers. 

The rust proofing has been a source of considerable 
trouble. At the moment I am awaiting independent 
results on rust proofing work which t trust will be 
satisfactory. 

Mr. Wilkins raises a point which is much influenced 
by the conditions of the experiment. Our cores are 
effectively used in the 30 Mc, s range, and this seems to 
be contradictory to his experience. Cores have in the 
States been used up to 150 Mc/s. I have had no oppor-
tunity to examine such cores, and have been very 
much surprised. 

I gather that our Chairman has developed a cored 
coil with a "Q" of 450 at I Mc/s. I personally should 
be very glad to produce such a core commercially. 
Shortly before the war, a customer told me that he 
had obtained a " Q " value of 450 to 500 with our 
cores, but I am very sceptical. Discounting these high 
values, we are always trying to improve the com-
mercial core. The chain of problems is endless, and 
improvements will not be revolutionary unless the 
metallurgists supply us with an entirely new set of 
suitable powders. Other improvements will be small and 
gradual, and may include modification of core shapes. 

I am not in the position to give more details on 
ceramic insulations, but have to refer to the material 
published in the Bell System Technical Journal. 

In reply to Mr. Chamberlain, I would point out 
that the cage for measuring toroidal corex perme-
ability is described in the proceeding of the Siemens 
Works, but no details are given. I imagine that it is 
an arrangement of very fine tubes which is flexible 
enough to yield without altering markedly the spacing 
of its winding. The temperature coefficient of radio 
dust cores will vary from manufacturer to manufac-
turer and will in many cases not have been measured 
for the simple reason that it seems to have been satis-
factory enough for the users. Mr. Chamberlain's 
suggestions for small transformers are very interesting, 
but I am afraid that, due to the very distinct sub-
division of the magnetic material in dust cores, the 
permeability obtainable is too low for such purposes 
and that for the time being the solution must be 
sought in other directions. 

MIDLANDS SECTION DISCUSSION 

Mr. D. E. Head : With reference to loading coils, I 
should like to emphasise the importance of the dust 
core. Prior to its introduction, the loading pots in 
telephone cables often weighed over a ton and were 
inserted in the cables at every 2,000 yards. With the 
advent of the dust core, particularly of the modern 
type, the size of the core has been reduced by some 
70 per cent., with the result that nowadays the loading 
coil pots are very much smaller and much more con-
venient. Carrier work having been introduced into 
telephony, loading has been obviated, but again the 
dust core has entered very considerably into the 
design of filters for carrier working. It would be 
interesting to know to what extent the inductance of 
these coils varies in frequency. 

In the design of a complete coil the advantages of 
the modern core, I take it, are very much linked up 
with the copper losses of the coil, and I am wondering 
to what extent the manufacturers of the cores have 
trouble with people buying coils. That is to say, do 
the manufacturers of the cores manufacture them as a 
whole or are the cores sold as separate components 
and to what extent is there co-operation between core 
designers and coil designers? 
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As to specific permeability, for optimum specific 
permeability I assume that there are definite pro-
portions of nickel and iron. I believe that in the case 
of ordinary nickel-iron laminations the figure of 
optimum permeability is something like 78 per cent. 
nickel. Does that apply in dust cores ? I take it that 
the heat treatment which is so necessary with ordinary 
nickel-iron cores is obviated altogether in the manu-
facture of the dust core. 

Mr. A. Shipton: Some time ago I had some standard 
high frequency sets which we had taken a great deal of 
trouble to make. There were three stages of amplifica-
tion and ordinary commercial dust cores were used. 
Over a period of two years the cores appeared to have 
aged considerably. I should like to know whether 
that is a normal effect. It has been suggested that it 
might be due to the iron piling up mechanically and 
becoming cohesive. 

Mr. G. F. Knewstub : In my experience it is quite 
usual for the Q to fall off after a comparatively limited 
time—perhaps eighteen months or a couple of years— 
and the matter of changing the cores does not, as a rule, 
effect any particular improvement. In my personal 
opinion we must look for the cause in chemical changes 
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in the properties of the former on which the coil is 
wound. Another important matter is that of insulation. 
I should like to ask what effect, .f any, the use of mag-
netic dust iron cores has on the signal to noise ratio. 

Mr. W. T. Warnock: Until listening to Mr. Fried-
laender's interesting paper on" Magnetic Dust Cores" 
I had not realised that so much detail was available 
for their construction. I believe that one of the first 
attempts to arrive at something like a dust core was 
made by Heaviside. 

Reference has recently been made to synthetic 
resins, and I should like to know whether that is the 
usual separative in magnetic dust cores. 

Quite a bit of cross modulation in receivers can be 
caused in the transformers. Will dust cores alleviate 
that or leave the possible cross modulation in trans-
formers just as bad as ever ? Mr. Friedlaender has once 
again shown the need for co-ordination, not only in 
radio research, but research as a whole. Very often 
members of the research laboratories make discoveries 

REPLY TO THE MIDLAN 
Mr. Friedlaender: Radio cores are usually sold 

to radio manufacturers to wind their own coils, but 
the matter is different with telephone contracts. The 
manufacture of cores is not always determined by 
maximum specific permeability and is very often a 
compromise between optimum permeability and 
other requirements. The nickel-iron alloy for cores 
contains mostly 81 per cent, nickel and for this 
type of cores for telephone work heat treatment is 
highly essential, while radio dust cores are only heat 
treated to stabilise the core binder. 
The stability of cores will of course depend on the 

manufacturing methods and the year of manufacture. 
Modern cores will be more stable, but I wonder 
whether any conosion has been observed which could 
account for some frequency drift, but scarcely for a 
large drap in Q. 

It must be remembered that the performance of 
cores is not only dependent ol the performance of 
the core, and with regard to stability I can only speak 
for the dust core. The influence of cores on the signal 
to noise ratio is therefore a bit of a poser, as it 
really comes under receiver design and will be governed 
by a multitude of influences, indepenclent of cores. 

Heaviside's pioneer work is unquestionable, and 
I have always stressed it, as it tends to be overlooked. 
Synthetic resins are to-day used as binders for radio 
dust cores, but not for telephone cores. Sometimes 
insulators are used in addition, but in some cases the 
resin serves both purposes. The influence of cross 
modulation again depends on so many factors that 
the receiver designer is more qualified to answer. 

Considerable temperature changes do not often 
occur, but they can be compeasated for if the tem-
perature change is so large that it would affect the 

which, if pursued, might yield something far-reaching. 
Unfortunately, however, due to other considerations— 
costs, manufacturing procedures and so on—they are 
not pursued, with the result that, too often, develop-
ments which really make history come from the other 
side of the Atlantic. Now that we have the project from 
the Brit.1.R.E. on radio research, I think we should, if 
possible, try to overcome that deficiency. 

Mr. F. H. Alston: How does one of the first com-
mercial iron cores for high frequency work of about 
1930 compare with the more modern dust cores? 
How does the magnetic dust core effect ultimate 
optimum magnetic length ? 

Mr. W. Finn : With reference to losses mentioned 
which were, of course, of primary importance, could 
Mr. Friedlaender give the meeting any idea of the 
magnitude of the relative losses under the headings 
a, e and e ? With regard to metal alloys, most of them 
showed a considerable reduction in permeability 
when subjected to mechanical stress. It would be 
interesting to know whether, in pressing up the cores, 
this point was kept in mind. 

DS SECTION DISCUSSION 
permeabllity of a standard core. Quite recently cores 
have been developed using a nickel-iron alloy powder 
containing 2 per cent. molybdenum. If this per-
centage is increased to 12 per cent. the Curie point 
will occur at room temperature and the material will 
become non-magnetic at room temperatures. In 
certain cases negative temperature coefficients can be 
obtained. 

The first cores for radio purposes rather differed 
from to-day's. Long paper bands were sprayed with 
a resin and iron filings were dropped on to the paper. 
Sometimes the filings were magnetically orientated. 
The paper layers were stamped into shape and the 
necessary number of layers consolidated under 
pressure. This method was soon stopped due to 
instability and inaccuracy. 

Applications of dust cores are so many that it is 
difficult to speak of optimum magnetic length. In 
the case of permeability tuning the length of a coil 
is determined by the ratio of change of inductance 
which we want to obtain, and to obtain this ratio 
other performance characteristics must often be 
sacrificed. Maximum permeability and maximum Q 
for radio cores do not fall together. 
For a core with a specific permeability of 11.7 the 

following coefficients were obtained :— 
a = 2.7 x 10 6 

c = 8 x 10'6 

e ---- 0.51 x 10-6 

The reduction of permeability due to mechanical 
stresses is due to the high pressure used, for example, 
for toroidal high permeability cores. The previously 
mentioned heat treatment leads to stress relief, and 
this is one of the reasons why it is so critical. 
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TRANSFERS AND ELECTIONS TO MEMBERSHIP 

Since April 1st, 1945, the Membership Committee have considered 24 proposals for transfer to a higher grade 
of membership and 44 proposals for direct election to Graduateship or higher grade membership. The following 
transfers and direct elections were recommended by the Membership Committee at their last three meetings, and 
have now been confirmed by the General Council. 
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DIELECTRIC HEATING BY THE RADIO FREQUENCY METHOD 
by 

L. Grinstead, M.I.E.E. (Member)* 

(Read before the Institution in London on February 28th, 1945, and repeated before the Midlands 
Section on March 28th, 1945, and the North-Eastern Section on April 18th, 1945.) 

Summary 

After a brief reference to some of the applications of radio-frequency energy to the heating of dielectric materials, 
the general theory of the method is outlined. 
The heat and power relations governing all such uses are discussed in some detail with special reference to sources 

of electrical and thermal loss in the generator and the work. It is shown that, for minimum losses and a reasonably 
good temperature distribution, fast heating is desirable. A family of curves is included enabling relative performances 
of various generators in terms of power and time to be rapidly determined. 
The basic circuits for dielectric heating equipments are briefly reviewed and the need for correct loading of the 

transmitting valves is explained. 
Two of the more usual load coupling circuits are analysed so that the effects on loading and efficiency of varying 

circuit parameters may be studied. It is shown that the series-capacitance type of circuit can, under certain 
conditions, maintain nearly constant power in the work during a heating cycle. For transformer circuits, 
the conclusions reached show that a proper value of coupling coefficient is desirable in the interest of circuit efficiency. 
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Introduction. 

For many years it has been a well-known fact that 
any insulating material placed in an alternating elec-
tric field experiences stresses acting in the direction 
of the field. The resulting strain, whether due to 
electronic, atomic or molecular displacement involves 
cyclic expenditure of energy which is recoverable only 
when the material is perfect, i.e., there is no lag between 
stress and displacement. 

All present known materials absorb some of the 
displacement energy and thereby become heated. 
From this is derived the concept of power factor 
which is really the non-recoverable energy expressed 
as a percentage of the total stored energy. For elec-
trical purposes, stress and displacement are expressed 
in terms of volts and amperes respectively. The 
product of these multiplied by the power factor defines 
the absorbed energy per cycle which is the dissipated 
power. 

Until comparatively recent times, the heating effect 
just outlined was regarded only as a nuisance by 
engineers since such an unwanted energy loss naturally 
detracted from the overall efficiency of any piece of 
electrical or radio equipment. 

To-day, the need has arisen for essentially uniform 
heating of electrically non-conducting materials such as 
wood, plastic materials and various less well-defined 
chemical substances, all of which are poor heat-
conductors. Thus the effect mentioned above can be 
turned to account and forms the basis of dielectric loss 
heating, now being adopted in many industries. As 
this new method depends solely on generation of heat 

• Philips Lamps, Ltd. 

128 



L. GRINSTEAD DIELECTRIC HEATING 

within the mass of the material, it enables operations 
of a nature hitherto impracticable with older methods 
to be performed successfully. 

The use of radio frequency apparatus for dielectric 
heating has already been exploited, particularly in 
America, for such diverse purposes as the preheating 
of bakelite powders and pellets, prior to compression 
moulding, the drying of timber and tobacco, the spot 
welding of veneers and thin sheets of plastic material, 
the glueing of wood,' the manufacture of plywood and 
high density boards of fabric or wood veneers and the 
dehydration of various foodstuffs.' 

A great many articles have been written during the 
past two years on the subject of radio frequency 
heating, largely concerned wall processes and the 
characteristics of particular materials, but few tech-
nical papers have dealt with the matter from the point 
of view of engineering a complete equipment to meet 
specified requirements. 

Apart from a number of detailed problems dependent 
on the exact requirements of a particular heating 
operation there are two main questions to be solved 
in every case. The solutions to them both will decide 
whether or not a project is practicab.e from the tech-
nical and economic aspects. These immediate problems 
are :— 

(a) To determine the total power which must be 
supplied in terms of heat generation to carry 
out the required process at a specified time. 

(b) To provide suitable electrical circuits to permit 
the power density indicated by solution of 
question (a) to be attained. 

So far as the first problem Is concerned it can be 
said that in principle there is always a technical 
solutiont, but not necessarily an economic one. The 
factors concerned are considered in some detail in 
section (3). 

The second problem is ofte i difficult of technical 
solution where irregular objects require to be heated 
and especially so where a range of work is envisaged. 
Some of the methods employed are discussed in 
section (5). 

(2) Principles of Dielectric Heating 

No dielectric yet discovered is perfect in that all cause 
some dissipation of power when stressed by an alter-
nating electric field. In practical heating applications 
advantage is taken of this fact oy employing the non-
conducting material as the dielectric of a condenser 
which frequently takes the conventional parallel plate 
form. This is understandable when it is realised that 
uniformity of heat production demands a uniform 
electric field, i.e. a constant value for electric stress 
throughout the material to be treated. 

The equivalent circuit for dielectric heating is thus 
illustrated by Fig. 1 where R represents the effective 
resistance responsible for the power dissipation. 

R. 

Fig. 1.—Equivalent circuit for dielectric heating and 
vector diagram for derivation of power factor. 

Generally, however, the quality of the dielectric is 
expressed by its power factor cos # or, more conve-
niently, by tan (3 whenever the reactance is sufficiently 
high to ensure the condition 1/ coCR> 10 being met.. 

Fig. 2.—Rectangular block of dielectriic material. The 
temperature distribution is determined for various planes, 
parallel with the electroaes, distant x from one of the 

electrodes. 
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As the reactance of the condenser Xc is given by 
1/(oC, the current resulting from an applied voltage E 
at radio frequency, when R is small, is :-

1 = EcoC x 10-• amperes  (I) 
where E = generator voltage. 

(o 27(f. 
f = frequency in Mc s. 
C = capacitance in pF. 

The product of I and E gives the stored energy per 
cycle of the system expressed in volt-amperes, and when 
multiplied by the power-factor of the condenser leads 
to the following expression for power dissipated in the 
dielectric :— 

W = E'coC tan ô x 10-6 watts  (2) 

It is clear that the power loss in a given dielectric 
varies directly as the frequency and as the square of 
the applied voltage. As it stands, however, equation 
(2) is not convenient for practical work, and a modified 
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Fig. 3.—Pi,wer concentration necessary with various materials to secure a specified rate of temperature rise. 
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form is developed in the appropriate section of the 
paper. 

The relation does however show that, in principle, 
there is no limit to the amount of heat that can be 
generated by the radio frequency method. In fact, 
practical considerations of valves and circuits put an 
upper limit to the value of E2co, and this limit is not 
unrelated to the load capacitance concerned which 
itself is governed by the shape and physical properties 
of the material to be heated. 

(3) Heat and Power Relations 

In order to raise any body to a given temperature 
in a specified interval of time a certain minimum 
quantity of heat energy is required, and this is directly 
related to the expenditure of power. Consider the 
block of material pictured in Fig. 2. The heat required 
is : 

G+" 
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H = p.c.y. AT grin. calories  (3) 
where c = specific heat (cal. per grrn.per deg. C.) 

p = specific gravity (grm, per cm.') 
y = volume (cm.') 
AT = temperature rise (deg. C.) 

The power required to prodt:ce this minimum 
quantity of heat in the given time t (sec.) is : 

W = 4 . 18 p.c.v. AT/t watts  (4) 

For practical calculations It is usually preferable to 
work in terms of power density in the material under 
treatment, and in many industries units of minutes, 
inches and deg. F. are in common use. Equation (4) 
is then changed to : 

W' = Wir = 0 -637p.c. AT/t watts,in3 .... (5) 

This relation is shown in graph form in Fig. 3, where 
W' is shown as a function of AT/t with the product P.C. 
as a parameter. It is clear that dense materials of high 
specific heat require a high power concentration which 
increaes directly in proportion to the rate of tempera-
ture rise required. 

An important point to remember is that the power 
calculated by the use of equation ( 5) is the net power 
required without reference to losses in the radio 
frequency generator, discussed later in this section, 
and it does not take into account heat losse; by radiation, 
convection and conduction. The heat lost by con-
duction is not usually negligible in practical arrange-
ments, and the convection and radiation losses can be 
appreciable in some circumstances. In connection 
with conduction-loss, G. H. Brown' has recently 
developed some interesting equaticns as solutions to 
thermal problems encountered in the heating of wood 
blocks, which are capable of wider use wi:h suitable 
amendments to certain constants. In his analysis of 
heating by the dielectric loss method he shows that the 
temperature reached at selected plares of a rectangular 
block after a given period of time may be expressed as* 

4 b2 
T(x)= 7,„ k [(I — n" ,e) sin (7) 

(1 — e-3'2",#fr) . (3) 
sin 

(1 — 
57 — sin 57:x b )....1 (6) 

( 

where T(x) = temperature at a plane distant r cm. 
from one electrode (deg. C.). 

= rate of heat generation (grin cal. per 
sec. per cm.') 

b = thickness of block (cm.) 
k = thermal conductivity of block 

cal./cm'/sec.) 

HI 

deg. C/cm. 
Dt2 = k/ pc = thermal diffusivity. 

= time (sec.) 

• Equation (6) .s based on the assumptions that heat is uniformly 
generated within the material and that the electrodes remain at 
ambient temperature due to infinitely high thermal capacity. 

Before simplifying this relation to analyse conditions 
affecting conduction loss it is of interest to note that 
the temperature Nariation throughout the material is 
intimately connected with the time interval of heat 
generation and the block thickness. This is well 
brought out in Fig. 4, which expresses equation (6) 
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Fig. 4.—Temperature distribution throughout a rect-
angular block generalised with respect to time and 

thickness of the block. 

generalised in respect of time and material thickness 
for two values of thermal diffusivity. The units 
employed for dimensions and time are inches and 
minutes respectively. 

It will be noted that for reasonable uniformity of 
temperature the factor t/b2 should not be much more 
than 0.2 for values of a' in the range 6 to 15 x 10-4. 
This implies high power concentration in the work 
and a short heating cycle which leads to economy in 
energy consumption, but a high capital cost for the 
equipment and a poor load-factor. However, it is 
often possible to supply heat to the electrodes by 
means of electricity, hot water or steam, to equalise 
the temperature distribution in the material concerned. 

In the absence of such additional heating, thermal 
loss to the electrodes will occur, and this will modify 
the power requirements for any given operation. 
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First, the loss of heat will mean that for each appli-
cation there is a minimum power which must be sup-
plied to afford a specified temperature rise no matter 
how long the heating time may be. This may easily 
be shown by inserting the condition t = oo into equa-
tion (6). As the main interest is in the highest tempera-
ture, which is at the centre of the work, the substitution 
x = b/2 is also made. Equation (6) then reduces to 
the form: 

W' (min) = 47.4 kAT/b3 watts/in. 3  (7) 

where k 

AT 

= thermal conductivity of block 
= depth of block (inches) 
= temperature rise (deg. F.) 

Fig. 5 shows the relation just derived for various values 
of b and the product k •AT. 

Second, the heat loss by conduction means that a 
power density in excess of that calculated by equation 
(5) must be employed. For this case the temperature 
at the centre of the block is again used, permitting the 
substitution x = b/2 to be made, but the series within 
the brackets of equation (6) has to be summed for 
various values of a2 and t/b2. The additional power 
required can then be calculated from the relation : 

10 

Lo 

4.4 

02o 

b [ INCHES 

Fig. 5.—Minimum power concentration required with 
various materials to secure a given temperature increment. 
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3 

Power with losses  

Power without losses 

72 a2 t/b3 

[( — C-9.3fele ) — — 
27 

where t = time (minutes) 
b = depth of block (inches) 
a' = k/ pc 
/3 = 

e-817Orlb.). .] 
(8) 

Equation (8) is shown graphically in Fig. 6, which 
indicates clearly that for high values of thermal diffu-
sivity much additional power is necessary to make 
good thermal losses unless the value of tlb2 is kept low. 

t rb - INCHES; - MINUTES] 
ha 

Fig. 6.—Ratio of power required with materials of 
different thermal diffusivity for a given temperature rise 
in the presence and absence of electrode conduction loss. 

It is often helpful to be able to estimate the reduction 
in power that can be allowed for a given heating 
operation if the duration of the heating cycle be 
extended. Ideally, the reduction in power would be 
inversely proportional to the increase in time allowed, 
but in the presence of heat losses this relationship does 
not hold. In the extreme case of the original power 
concentration being only just over the minimum 
specified by equation (7), a substantial reduction of 
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power would mean that the required temperature 
would never be attained by the work For intermediate 
conditions a solution for relative powers for different 
time intervals can be obtained by evaluating equation 
(8) with unity substituted for the numerator. This 
results in Fig. 7, the use of which is best illustrated 
by an example. 

Suppose that by the use of Figs. 3 and 6 it has been 
determined that a power of 50 kW is needed to raise 
the temperature of a given block of wood I in. thick 
by a given amount in three minutes. Assuming 
Œ2= 10 x 10-4 for the wood, Fig. 7 shows that reducing 
the power to one-third of its former value will neces-
sitate increasing the heating cycle by 3-6 times, while 
one-quarter of the original power will involve a period 
6-7 times as long. The flattening of the curves of Fig. 7 
for high values of t/b2 (they are asymptotic to a relative 
power of 32/7r2 = 1-03) clearly shows that for the case 
considered the power could not be reduced to one-fifth 
and still raise the temperature by the required amount, 
even with an infinite heating time as the minimum 
power concentration required by Fig. 5 would not 
then be reached. 

Apart from the conduction loss, which has been 
shown to be more important with thin work specimens, 
heat loss by radiation from the open ends of a block 
of material will be of more account where large cross-
sections are concerned. It can easily be calculated* 
that for wood raised to a temperatare of 350 deg. F. 
the radiation loss is about I - 16 watts per square inch. 
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Fig. 7.—Power-time relatioes for determination of 
relative performance of a given equipment with materials 

of varying thermal diffusivity. 

• By means of the Stefan-Boltzmann reLtion : 
Wan' 368 K (T• — Te) Ifr" 

where K = a constant (0.90 for w•erage wood) 
T — final temperature (deg absolute) 
T• — ambient temperature (deg. abtolute) 

Heat loss by convection is more difficult to estimate, 
but is customarily of the same order as that due to 
radiation. However, it must not be overlooked that 
many materials have appreciable water content, the 
reduction of which at elevated temperatures by 
evaporation leads to further power demands on 
account of the high latent heat of evaporation of water 
(about 600 grm. calories per grm.). 

There will, of course, be electrical losses in the 
generator itself to add to the thermal losses before an 
estimate of the total power requirement can be made. 
These are principally to be found under the headings : 

(a) Power loss in coupling circuits (see section 5). 
(b) Anode and grid dissipation in the oscillator 

'valves. 
(c) Power lost in the rectifier unit. 
(d) Power for filament heating and control circuits. 

The major item is undoubtedly the second one, as 
anode conversion efficiencies of transmitting valves on 
high frequencies are likely to be in the range 65 to 
70 per cent, for frequencies of a few Mc/s and perhaps 
55 to 65 per cent, over the frequency band 15 to 40 Mc/s. 

Of the true power taken from the mains, therefore, 
only some 40 to 50 per cent. will be available at the 
output terminals of the valve generator. The power-
factor of the equipment as a whole is high, the nature 
of the load being essentially resistive. The apparent 
power-factors of generators incorporating the more 
popular rectifier arrangements are :— 

Single phase full wave (C/T transformer) 0.875 
Single phase full wave (bridge connection) 0-875 
Three phase half wave (single Y) .. .. 0-80 
Double three phase half wave (double Y).. 0.925 
Three phase full wave (bridge connection) 0.925 

Generally for equipments of moderate or high power, 
for example, upwards of 3 kW output, polyphase 
rectifiers are installed. 

(4) General Electrical Relations 

Before studying actual circuits for the production of 
radio-frequency voltages across the desired load 
condenser, it is of interest to note certain general 
relations which arise from the occasional necessity to 
have additional capacitance in series with or in shunt 
to the load capacitance. Even when this additional 
capacitance is loss free (i.e. tan 8 = 0) the assemblage 
will reflect a lower useful power-factor than that of 
the load itself. Consider the series arrangement of 
Fig. 8a, and suppose that R1 has an appreciable value, 
then: 

coCLCL (R, Rt) 
tan 8(eff) 

CL 

By putting C for CLCL,/(Ct CL), the effective circuit 
capacity, and expressing tan 8, as 1/a)C,R1 and tan 
as 1/a)CLR2, a short manipulation gives: 

tanan 8(eff) = — tan 81 t SL  (10) 
Ci CL 

(9) 
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The first term obviously vanishes in the case of a perfect 
series condenser C,. Normal air-dielectric condensers 
will have a negligible power factor, and it is worth 
while noting the ratio of supply voltage to load voltage 
with this condition. This is : 

1 1  , +  - + R2 
E _ jwC, j(uCL CL  

— 1 + (11) 
V 1 C, ( 1 + tan 8,,) 

---- + Rg 
icoCI, 

The parallel case of Fig. 8b is easily solved, the two 
capacitances C, and C,, practically forming an effective 
capacitance Cp with an effective power factor: 

tan 8(eff) = CL tan SL/Cp  (12) 

In practice the case frequently arises where the output 
circuit efficiency must be considered since the inductive 
branch of the resonant circuit will itself cause an 
unwanted power loss. For convenience the power-
factor of the coil, 1/Q, is expressed as tan S. Then, at 
resonance : 

= X, XL/(X, + XL) 

where X, = toL, X, = 1/coC, and XL = 1/ a)CL. Refer-
ence Fig. 8c. 

C, 

E 

E 

E 

(a) 

CL V 

(C) 

Fig. 8.—Basic load circuits used in analysing effective 
',ewer factor for dielectric heating calculations. 

134 

With an applied voltage E the total power dissipation 
is : 

E2 (tan 8,/X, + tan 52/X2 + tan 8,./Xi.) 
Only the last term in this expression represents useful 

power, from which the efficiency is determined as : 

—  tan S.  ( 13) 

((i L) tan 8, + (—!X -) tan 8, + tan .5,, 

Since the reactance-resistance ratio Q, for the 
capacitance C, will normally be from 1,000-2,000 with 
well designed air-dielectric condensers, the second term 
in the denominator of equation ( 13) may be ignored. 
The effect of the parallel condenser on the efficiency 
of the assemblage is best shown by Fig. 9, where 7/ is 
plotted as a function of tan 8,, tan 8,, with the ratio 
C2/CL as a parameter. 
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Fig. 9.—Efficiency of the parallel resonant circuit of 
Fig. 8 (c) showing influence of the condenser C, and the 

coil loss resistance. 

It was pointed out in section (2) that equation (2) 
could be modified to be more useful in practice, and this 
is advisable if only to render clear the function of 
frequency of the applied R.F. energy and to correlate 
the power concentration determined by equation (5) 
with an equivalent power density determined by the 
electrical requirements of the work. 
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Accordingly E may be substituted by F = E'b, the 
voltage gradieit in volts per inch, and EA,b may be 
written for C where A = a X I reference Fig. 2. 
It follows that : 

W a F2 f tan 3.Ab  (14) 

Noting that Ah is the volume of the material and 
inserting the necessary constants for the units chosen : 

W' = 2 -24 F2fe tan 8 10-'3 watts/in*  (15) 

In order to render this equation more simple for 
graphing, it is preferable to consider a fictitious power 
concentration W" such that 

W" = W 7E tan 3 = 2-24 F2f x 10-22 watts, in' ( 16) 

The relation expressed by equation ( 16) is graphed 

1001 

10 
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2 

3 

in Fig. 10, where W" is shown as a function of fre-
quency with the voltage gradient as a parameter. The 
voltage gradient and frequency necessary to achieve 
a power concentration in the work determined by 
equation (5) in section (3) are thus found by using 
as an ordinate in Fig. 10 the value of W" obtained 
by dividing W' by the product e.tan 8. 

It will be seen that the higher frequencies permit of 
lower electric stress in the material which is of import-
ance where thick materials are being treated. How-
ever, in general, the use of high frequencies implies, 
in the absence of special correction stubs, a limit to 
the length of the work in order to avoid unequal 
heating brought about by the standing wave effect. 
Methods of surmounting this difficulty have been 
described in a recent paper by Bierworth and Hoyler.5 
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Fig. 10.—Variation of voltage gradient with operating frequency for a given power concentration based on 

unity power loss factor. 
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There are, however, other disadvantages in employing 
unnecessarily high frequencies due to the fact that 
generator outputs for given transmitting valves are less 
than at the lower frequencies, and the efficiency of 
conversion is, moreover, lower; this is on account 
of restrictions on anode voltage and, ultimately for 
the highest frequencies, transit time dephasing causing 
losses which are no longer negligible. 

Occasionally the necessity arises to heat together 
uniformly and equally, two materials of different 
physical properties. This is possible only when a 
particular condition can be secured, as can easily be 
demonstrated by combining equations (5) and (15) 
to yield an expression for the rate of temperature rise 
in terms of voltage gradient, frequency, and the physical 
properties of the specimens, i.e. power-factor, dielectric 
constant, specific heat and density. This is : 

AT Fs f e tan 8  
— a  (17) 

PC 

As the frequency is not concerned in any relation 
connecting the ratio of heating rates it may be omitted. 
Provided the power-factors are low (e.g. < 0.1) the 
voltages across the two condensers formed by the 
specimen practically add up to an applied voltage E. 
Using subscripts 1 and 2 to denote the two differing 
materials the voltage gradient for the former is 
evidently: 

= v l  E EE2  
bit (1 CI> (€2 b1+ Elba) 

— 
C2 

Similarly F2 

(E2 b2) 

The respective voltage gradients are evidently 
inversely proportional to the dielectric constants con-
cerned. Equal values of ATit for the two materials 

(d) 
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therefore necessitates realisation of the following 
relation : 

es p2 C2 tan b=-- c1 tan 82  (18) 

(5) Circuits for Dielectric Heating 

(5.1) Valve Oscillators 

The valve oscillator for high or very high frequencies 
does not differ in principle from one operating on 
medium frequencies in that the same design problems 
exist to ensure a correct value of anode load to obtain 
full output from the valves, and sufficient grid excita-
tion in antiphase to the anode alternating voltage to 
enable the rated peak anode current to be drawn from 
the H.T.D.C. supply, together with a proper value of 
negative bias for the grid to ensure high conversion 
efficiency. 

In practice, however, there are not many circuits 
that can be considered reliable for industrial use, and 
they are generally variants of two basic types. The 
first is the Hartley circuit for frequencies up to 10 or 
15 Mc/s, dependent on the size or the oscillator valve, 
anode and grid seal arrangements and values of inter-
electrode capacitance. The second is a type of Colpitts 
circuit, relying on interelectrode capacitances and essen-
tially lead inductances only, to form the oscillatory 
circuit. The latter arrangement is useful for the 
generation of frequencies in the range 20 to 70 Mc/s. 

Apart from load coupling arrangements considered 
in a later section of the paper, the Hartley circuit is 
sufficiently well known not to require description here. 
There are, however, special features of the modified 
Colpitts circuits which need consideration, particularly 
from the aspect of grid excitation requirements. 

In the circuit shown in Fig. 1 1 a the oscillatory 
circuit comprises an inductance L and the three inter-
electrode capacitances of the valve. When this circuit 

Fig. 11. — Modified shunt-fed 
Colpitts circuit (a), redrawn to 
show valve capacitances forming 
the oscillatory circuit (b) for an-
alysis of gridexcitationconditions. 



Oscillator type TY 2-300 used in mobile 

dielectric heating equipment preceding. .14a.vi-

mum rated output is 350 W on frequencies 

up to 50 Mr.'s with anode voltage 2,000 V. 

Higher frequency operation with reduced 

output is possible with lower anode voltage. 

Oscillator type TXS 10-4,CCO for which dynamic charac-

teristics are giren in Fig. 141 . M(1.11,7111117 rated output is 

6 k W on frequencies op to 12 Mc s with anode voltage 

10 kV. Operation at 15-18 Mus is possible at 8 kV with 

reduced output. 
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is redrawn as in Fig. 1 lb it is seen that the grid exci-
tation voltage is derived from a potential-divider 
formed by the anode-filament and the grid-filament 
capacitances, although stray capacitance to earth from 
the anode end of the circuit will augment the former. 
With normal valves, Cil will often be five or more 
times the value of Caf, so that a proper ratio of anode 
to grid alternating voltages (commonly required to 
be 2 to 3) is not secured. This generally results in low 
conversion efficiency, but the effect can sometimes be 
avoided by connecting an additional condenser between 
anode and filament. This remedy will not be wholly 
satisfactory if the leads of the shunt-condenser are 
long, with a resulting reactance which is not negligible 
compared with the reactances of the capacitances 
concerned. 

For the reasons given above, the circuit of Fig. 12a 
will often be found preferable to that of Fig. 1 la, in 
that some control of grid excitation may be exercised in 
the design stage. From the equivalent circuit shown 
in Fig. 12b it is clear that when the radio-frequency 
choke in the grid resistor circuit Is removed* the grid 

RFC LA 

(CO 

exciting voltage is derived from the oscillatory circuit 
by a species of mixed Hartley and Colpitts connections. 
The ratio of anode-filament alternating voltage to that 
between grid and filament is not now governed solely 
by the valve capacitances but is dependent also on 
the tapping point chosen by the inductances. This will 
be clear by reference to Fig. 13 which illustrates the 
relation.t 

• This is quite feasible as the grid filament return circuit is 
connected to a low radio-frequency-potential point on the induct-
ance L. Lg. 

• Derived in Appendix (8.1). 

Vaf _,\I[fls(1 a)5 -F a' 81 

Vil (1 ± 82 
(19) 

where a is control cd by the tapping point on the induct-
ance, fi expresses the ratio of grid-filament capacitance 
to anode-filament capacitance and 8 is the ratio of the 
reactance of this latter capacitance to the grid leak 
resistance Rg. 

It will be observed that only by using relatively 
low values of grid resistor can reasonable excitation 
conditions be secured, but a limit will be reached 
when the grid bias voltage decreases to a value too low 
for efficient operation of the valve. 

A further type of oscillator is available tor frequen-
cies in the range of 80 to 300 Mc s, in which the normal 
lumped reactances L and C of the oscillatory circuit 
are replaced by lines a quarter-wavelength long, the 
connections being essentially similar to those of Fig. 
12a. Because of the increasingly adverse effect of 
electron transit time on conversion efficiency as the 
frequency rises, valves of small physical dimensions 

Fig. 12.—Modified series-fed Colpitts 
circuit (a) redrawn to show valve cap-
acitances forming the oscillatory 
circuit (h) for analysis of gridexcila-

lion conditions. 

( b) 

must be used with inherent reduction of power output. 
For this reason very high frequency valve generators 
are limited to a few specialised applications, such as the 
spot-glueing of plywood, or the seam-welding of 
plastic seams, where the heat treatment is severely 
localised and the power demand is accordingly small, 
usually of the order of 100 to 150 watts. 

In all the arrangements discussed in this section it will 
have been noted that no mention has been made of 
frequency stabilisation. Since practically all dielectrics 
show some variation of physical properties when heated, 
it is to be expected that any oscillatory circuit of which 
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they form part will undergo changes of resonant 
frequency and of effective resistance. The valve self-
oscillator is probably unique in adapting its operating 
frequency to meet changed conditions which would 
cause adverse if not dangerous conditions with the 
power-amplifier type of valve generator in the absence 
of automatic tuning devices. Mainly for this reason 
the power amplifier system has not been much used 
for dielectric heating equipments, while there is the 
further deterrent of neutralising circuits to be con-
sidered. Multigrid transmitting valves, in particular 
pentodes, with moderate interelectrode capacitances 
and specially low lead inductances to render them 
suitable for use at the higher frequencies could, how-
ever, be employed at power levels of a few kilowatts. 

4 

3 

t. 1 

3 

3 

10 

C 54 

o.  
3 4 

Fig. 13.—The effect of varying the grid resistor and coil 
tapping point upon the ratio of alternating components 
of anode and grid voltage for the circuit of Fig. 12 (b), 
when the grid-filament capacitance is four times the 

anode-filament capacitance. 

(5.2) Load Coupling Circuits 

It is well known that the transmitting valves only 
deliver their rated output power with good efficiency 
when the anode circuit looks into a load impedance 
of a particular value governed by the anode H.T.D.C. 
voltage and the cut-off grid voltage conditions selected.8 
For any given valve and anode voltage there is not a large 
range of load impedances permissible as will be evident 
from Fig. 14, which illustrates the dynamic character-
istics of a silica valve having a nominal output rating 
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4 

3 

2 

of 5 kW. These curves have been calculated under 
conditions of fixed minimum anode voltage and maxi-
mum grid voltage, and rated peak anode current, the 
variation of output power, anode dissipation and mean 
anode current being evaluated for various angles of 
anode current flow controlled by the alternating and 
steady components of the grid voltage. 

It is evident that output circuits for dielectric heating 
oscillators should be designed to meet the require-
ments of the transmitting valves to be used, and there-
fore a few typical arrangements in common use will be 
discussed. At the same time the efficiency of the 
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Fig. 14.—Dynamic characteristics of a 5 kW silica valve 
with fixed values of minimum anode and maximum 

positive grid voltages. 

coupling circuits themselves, which also is of import-
ance in maintaining high over-all efficiency, will be 
considered. 

(5.2.1) The Series Capacitance Circuit 

The series capacitance circuit shown in Fig. 15 is 
frequently used where long lines from the generator 
to the work are avoidable and the operating frequency 
is comparatively low, e.g. 1 to 10 Mc/s. 
The main part of the oscillatory circuit comprises 

6 
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the anode-filament (plus stray) capacitance C, and the 
inductance L across which is shunted the load control 
condenser C, in series with CL and R, he load repre-
sented by the work. 

Fig. 15.—The 
series capaci-
tance output 
circuit. The 
valve loading 
can be ad-
justed by vari-
ation of con-
denser C2. 

The derivation of the effective load resistance RL is 
given in appendix (8.2) and results in the simple relation: 

RL = —K-- (— x 1,000 ohms  (20) 
tanbL &j CI 

where K is purely a function of the ratios C2/Ci. and 
CL/Ci, L and C, being expressed in units of micro-
henries and micro-microfarads respective.y. Generally 
it is required to ascertain suitable values of Cy and CL 
when selection of a transmitting valve has already 
established the values RL must have and C, will 
probably have. With this end in view the relation 
between K and tan 8L for various values of L ii shown 
in Fig. 16. The determination of the range of load 
capacitances (with a fixed value of tan 8,) and the 
required maximum and minimum %alues of the control-
ling capacitance C, is aided by reference to Fig. 17, 
where K is plotted as a function of Cs/CI and CL C1. 
It will be observed that the frequency has not been 
explicitly stated in these relations; 
but nevertheless, it has been fixed 
since it is implicit in the function 
K. This being the case it is 
desirable to check the resulting 
value for voltage gradient over 
the work by reference to Fig. 18. 
Here the ratio of load voltage to 
anode-filament alternating voltage 
is given as a function of both 
C2/C, and CL/C, ; it is derived 
from equation ( 11) with tan 8„, 
ignored as its effect is f,,enerally 
small in practice. 

There is one point of special 
interest with this circuit. When K 
can be chosen of low value, e.g. 
around unity, Fig. 17 shows that 
variations of capacitance CL have 
little effect as K is almost constant 
when a > 4 and /3 > > 7. This 
implies nearly constant loading of 
the transmitting valve and hence 
reasonably constant dissipation of 
power in the work, which is ad-
vantageous for materials liable to 
vary considerably in dielectric 

R... 25000a 
C. 10p f 

o 

constant during the heating cycle unaccompanied by 
severe changes in power-factor. Where changing power 
factors are encountered the loading may be corrected 
by adjusting C2. 

(5.2.2) Coupled Circuits 

(5.2.2.1) Short Lines 

In many cases the work to be considered does not 
call for the use of long lines between it and the generator, 
but requires a rather more flexible circuit than the one 
just described, in particular one with the possibility of 
obtaining higher voltages than are available with any 
form of direct inductive or capacitive coupling. 

This last requirement implies a step-up transformer 
arrangement which, in practice, involves coupled 
tuned circuits because of the necessity for neutralising 
secondary reactance where low values only of the 
coupling coefficient k are possible. This is inevitable 
on account of the severe limitation imposed on coil 
dimensions at radio frequencies of 1 IvIc/s and above. 

The practical arrangement is shown in Fig. 19, 
where CL is the load condenser representing the work. 

It is easily shown that the load presented to the 
oscillator valve is 

— tan 8LijiL2\ 
k 2  

Thus the loading may easily be adjusted over a wide 
range by variation of the coupling between L, and L, 

(21) 

• For derivation of this relation refer to appendix (8.3.1) 

F 

0.05 0.1 015 
tan 

Fig. 16.—Determination of the loading factor K of equation (20) for the series 
capacitance circuit, with a given transmitting valve, showing the influence of 

inductance L and power-factor of the work (tan 8L). 139 
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Fig. 17.—Determination of the capacitance range of condenser C2 for the 
series capacitance circuit. The curves illustrate the factor K as a function of 

C,/C1 and CL/Cl reference Fig. ( 15). 

while further adjustment is available by variation of 
the inductance-capacitance ratio for the primary circuit. 
Moreover, in principle, there still remains the possibility 
of working at various frequencies, 
always adjusting L2 for resonance 
with particular load capacitances. 

In practice, as all these variables 
are not independent, the range of 
variation of RL is not quite so large 
as might be supposed from the 
foregoing remarks, particularly 
when the voltage across the work is 
considered. 

The ratio of secondary to primary 
voltage* is expressed by : 

'21 eN/(11::) 1  

where 

P (1z4 ± tan"' 8,)1 

Equation (23) is graphed in 
Fig. 20 for ranges of power factors 
and coupling coefficients which are 
likely to be met in practice. It will 
be seen that voltages substantially 
larger than that of the primary 

(22) 

(23) 

• The derivation of this relation is given 
in Appendix (8.3.2). 
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circuit are possible when the load 
power factor is low. This is 
convenient since materials of low 
power-factor are more difficult to 
heat when the working frequency is 
not very high. As will be clear from 
equation (2) in section (2) a given 
percentage increment in voltage 
increases the power dissipation in 
the material far more than the same 
percentage increment in frequency. 
As the coupling employed markedly 
affects the voltage ratio of coupled 
circuits, so that a free choice of 
this factor is not always possible, 
it is necessary to consider the 
influence of coupling on circuit 
efficiency. 

An analysis* of the circuit of 
Fig. 19 results in the following 
expression for the efficiency : 

(1 -F-91)1 (-I- ± ni)A- /221 
Q2 L._ QI Q2 %CI, j 

 (24) 
where k --- the coupling coefficient 

inductances L„ L.. 

• Reference should be made to Appendix ( 8.3.3). 

15 bo 
A. 

Fig. 18.—Variation of load voltage for the series capacitance circuit in terms 
of the capacitance ratios C,/C1 and C,Ci. 

of 

20 



L. GRINSTEAD DIELECTRIC HEATING 

Q2 = reactance/resistance ratio 
for the primary coil. 

Q2 = reactance/resistance rato 
for the secondary coil. 

QL = reciprocal of power-factor 
of load = I'tan 8L. 

This relation is shown graphic-
ally in Fig. 21 for few typical 
values of Qi. Q2 and k. It will 
be observed that weak coup-
lings are not conducive to the 
attainment of high circuit effic'-
ency and that even where this 
can be achieved with hign 
quality inductances for L, and 
L2 it can only be sustained over 
a small range of load power-
factors. 

(5.2.2.2) Long Lines 

In many situations the use of 
long lines from the generator to 
the work is unavoidable and this 
gives rise to problems peculiar 
to the case, the chief of which 
concerns matching the line to 
the work and to the generator 
valves. 

o 

P.) 

005 010 015 Q20 

010 

Fig. 20.—Variation of the voltage factor 13 of equation (23) for the coupled 
output circuit showing influence of load power-factor and coupling coefficient. 

Multiplying this factor by V(L211.1) gives the secondary/primary voltage ratio. 

f. 
Fig. 19.—The coupled output circuit comprising two 
tuned circuits. An analysis of input impedance, voltage 

ratio and efficiency is made in Appendix (8.3). 

In order to avoid standing waves on the line, it is 
necessary to arrange tor the line bad termination to be 
resistive and of value closely tha: of the characteristic 
impedance of the line. 

As the load is capacitive and normally of low power. 
factor the first condition can be 5.ecured by tuning the 
load to the desirable operating frequency by means 
of a shunt inductance at its terminals which usually 
takes the form of a short-circuited stub line. Because 
of the second requirement, the operating frequency 
must be chosen so that a practical value of line charac-
teristic impedance results, e.g. 30-100 ohms for con-
centric lines or 200-600 ohms for open two-wire lines. 
The concentric line is to be preferred if only on the 
score of prevention of unwanted radiation. 

In principle such a matched line could be of any 
convenient length but the physical properties of the 
work will almost certainly change during the heating 
cycle with the resulting condition of mis-match. Unless 
the line is A 4 or A 2 long the change in the resistive 
component of input impedance will be accompanied 
by a reactive component (previously zero) of either 
positive or negative sign dependent on whether the 
ratio of "tuned" work resistance to line characteristic 
impedance is greater or less than unity. 

Frequently the line will be shorter than a quarter-
wavelength, but it can be artificially increased by addi-
tion of a T section network to avoid the above effect. 
This is mentioned in a paper by Bierworth and Hoyleri, 
who also have devised the scheme of supplying the 
compensated line via a high reactance to minimise the 
effect of load variations on the oscillator valves. 

(6) Acknowledgments 

The author has to thank the directors of Philips 
Lamps, Ltd., and Radio Transmission Equipment, 
Ltd., for permission to publish this paper based on 
investigations carried out in their laboratories during 
the past year. 

Thanks are also due to my colleague, Mr. K. A. 
Zandstra, who undertook the production of the lantern 
slides, for helpful criticism and advice during prepara-
tion of the paper. 

141 



JOURNAL OF THE BRITISH INSTITUTION OF RADIO ENGINEERS 

(7) Bibliography 

1. " High Frequency Preheating," by G. Dring, 
British Plastics, Jan., 1944, pp. 13-26. 

2. " Heating Wood with Radio Frequency Power," 
by J. P. Taylor, Trans. A.S.M.E., April, 1943, 
p. 201. 

3. " Dehydration of Food by Radio Frequency 
Energy," by V. W. Sherman, Electrical Communi-
cation, 1943, Vol. 21, pp. 125-126. 

4. " Heat-conduction Problems in Presses used for 
Glueing of Wood," by G. H. Brown, Proc. I.R.E., 
Oct., 1943, pp. 537-548. 

5. " Radio Frequency Heating Applied to Wood 
Glueing," by R. A. Bierworth and C. N. Hoyler, 
Proc. I.R.E., Oct., 1943, pp. 529-537. 

6. " Calculation and Design of Class C Amplifiers," 
by F. E. Terman and W. C. Roake, Proc. I.R.E., 
April, 1936, 24, pp. 620-632. 

7. " A Useful Network Theorem," by J. Millman, 
Proc. I.R.E., Sept., 1940, 28, pp. 413-417. 

0.02 0.04 006 0.06 010 012 

tan 

Fig. 21.—Efficiency of coupled circuits as a function of 
coil quality, coupling co-efficient and load power-factor. 

k = 10 per cent. k = 2 per cent. 

Curve Q1 Q2 Curve Q1 Q2 
A 200 200 E 200 200 

100 200 F 200 50 
C 200 50 G 100 200 
D 100 50 if 100 50 
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(8) Appendices 

(8.1) Anode and Grid Alternating Voltages for the 
Modified Series-fed Colpitts Circuit 

The circuit of Fig. 12b being of the multi-mesh type 
makes an accurate analysis somewhat laborious. With 
a view to simplification it should be noted that the 
oscillatory circuit has two capacitive branches, one of 
which, that of the anode-grid capacitance, will normally 
possess far the higher susceptance. The major part of 
the circulating current therefore traverses this path, 
and will accordingly divide the total alternating voltage 
from anode to grid into two parts dependent on the 
ratio of La to Lg. 

It is convenient, therefore, to consider an equivalent 
circuit where La, Lg and Cag are omitted, the induc-
tances being replaced by generators having relative 
voltages (for a circulating current of I amperes) of 
Law! and Leo! equal to V, and V, respectively. 

The arrangement is that of Fig. 22 and is 
easily analysed by employing a theorem due to 
Millman.' Putting Y, = jaear, Y1 ='• iwCgc and 
Y, = 1/R5, the voltage across the grid resistance is 

V, — V2 Y2 
 (25) 

Y, Y, Y, 

or if the tapping point on the inductance is chosen so 
that V, ---- a V2 : 

VoF a — Y2  
‘Yi Yy Y3/ 

also VAF = — VoF = aV2 — Vo,  (27) 

VGF —V2 — VoF (V2 + Vol)  (28) 

substituting equation (26) into (27) and (28) gives the 
voltage ratio as : 

VAr a + Ys ( I ± 

VGF VS + (I ± et) 

(26) 

(29) 

o 

Fig. 22.—Equivalent circuit of Fig. (12b) for analysis of 
anode and grid alternating voltage ratio. 

Let CgrICaf= fi so that Y, = /3Y, and 1 wCaiR, = 
Ô= AO', so that Y3 = j8Y3 ; the relative magni-
tudes of the two voltages can then be expressed: 

— 

VAF [PS (1 a)2 82 al 
V;  ,0 2 ± (30) 
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So far, the effect of grid cu -rent on the division of 
voltage has been ignored. Its effects can, however, 
easily be studied by estimating the effective shunt 
resistance R and writing in equation (25), Y2 =-/COCgf 
+ 1/R. 

(8.2.) Effective Resistance of the Series-Capacitance 
Tuned Circuit 

In determining the load resistance presented to an 
oscillator valve by a circuit of the series-capacitance 
type a simple method is to determine the effective 
resistance R' and the effective reactance Xc' of the 
assemblage of condensers Cs, C, and CL in Fig. 15, 
and then to use the well-known relation L/C'R' to 
find RL. 

Fig. 23.—Vector diagram for the capacitive branches 
of the circuit of Fig. (15). 

The vector diagram of Fig. 23 shows the voltage 
and current relations of the capacitive assemblage 
neglecting, for the moment, inductance L. The current 
ratio ts/ts can immediately be written down by inspec-
tion of Fig. 23 as: 

= where Z.= [R2+ Xc.+XcLri 4 
Li z 2 

The effective reactance of the assemblage is clearly 
given by OA on the diagram, so that: 

Xc'ts Xci t. — Xes t. sin .4i s  (31) 
The effective resistance can be seen to be represented 
by AE on the diagram, or: 

R'ts Xc1 L2 cos 4.,  (32) 
In the great majority of practical cases the reactance 

of the secondary circuit will be far greater than the 
resistance so that the following approximations may 
justifiably be made : 

sin & = 1 
cos& = R'Xc 
to. = Xc, Xc where Xc )(es + Xcs + XcL 

Equations (31) and (32) may then be rewritten : 

Xc' = Xc, Xc'2 Xe, (Xc, + XcL) (33) 
Xc Xc 

, _ Xc 11R 
R — 

Xe 
(34) 

If the reactance of inductance L is now designated 
XL the load resistance is given by : 

L XL Xc' 
RL —  (35) 

C'R' R' 

and on insertion of equations (33) and (34) this produces 

[ Xc (Xcs + XcL)] 
RL — XL Xci R 

or in terms of inductance and capacitance only : 

R L _ L [(Cs +C) Cs (C.+CL)+C, CL] ..(36) 

C,2 — 

For convenience R is best replaced by Xc,. tan 8L or, 
after making use of the relation 

by 

.2 [c. +  e' = 1 (C, + Co 

R = tan 81. iL [C. + C2CL 
(C2-1-Cs)   

(37) 

Equation (36) can further be simplified by inserting 
the conditions C, = cc Cs and CL = Cs and then yields 
the solution: 

RL ___ (cc + i8)1(cc + + Œfi)V )  (38) 
tan 

The coefficient of 8L \i(C ) in equation (38) 
tan 

is expressed by K in equation (20) and graphed in the 
form K = f (tr, ) in Fig. 17. 

(8.3) Tuned Radio Frequency Transformers 

(8.3.1) Input Impedance 

In considering the circuit of Fig. 19 it will be assumed 
throughout the analysis that the condition co2LIC, 

= 1 is true, as it very nearly is, in practice. 
Also the coupling between the two coils will be regarded 
as weak, i.e. k = M/ V(1.1 L,)< < 1 and that Ls Ls.• 
Further, R. will be considered negligible in comparison 
with R.t The voltage and current relations for this 
circuit, ignoring for the moment Cs are given in Fig. 24 
where, in order to secure clarity the secondary react-
ance voltage vectors are purposely made short by 
comparison with that for the resistive drop. 

• Neither of these conditions is essential to the treatment, but 
it is more convenient to adopt a definite arrangement for investi-
gation. 

• Where R, cannot be ignored tan Sr. should be increased by an 
amount I/Q, (see section 8.3.3). 
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coM 
Noting that the current ratio, .., ci, is given by 

Z, 
w M 

= -- for the resonant secondary circuit the equiva-
R 

lent reactance and resistance can be expressed by : 

X' = coL,  (39) 

R' = w2M2/R = k2coL,'tan 8,,  (40) 

Since R = tan 8L/wC, and C, is in parallel with the 
equivalent series reactance and resistance just deter-
mined, the input or load resistance is given by : 

RL —  (41) 
(R, R') 

On the assumption that R, will be made small com-
pared with R' in the interests of efficiency, it will be 
neglected. Then insertion of equation (40) into 
equation (41) and elimination of w enables the load 
resistance to be expressed as : 

RL — ks 
tan 8 „j(L1) 

 (42) 

wLais 

12. 

Fig. 24.—Vector diagram for the circuit of Fig. (19) 
omitting condenser C1. 

q II 

(8.3.2.) Secondary/Primary Voltage Ratio 

The voltage developed in the secondary circuit, V,, 
can be seen from Fig. 24 to be : 

Vs = Cs/COCL = colgt,/coCLR  (43) 

The primary current is strictly of value Vi/(R, R' 
jcoL,), but again as R, must be kept low it is better 
written : 

—   
R' 71- .icoLi 

(44) 

Substituting (44) into (43) immediately gives the 
voltage ratio of the transformer as : 

V, (DM 
V ,„ams 

coCLR( 7 - jcoLl) 
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(45) 

As the relative magnitude only of these voltages 
is required equation (45) can be transformed into : 

_  coM  

or 

V ' wCLR. 

V, _ 
V1 

(")4W w2L, 2)1 
v R2 

coM 

+ ct'im` 
co21-12R 

(46) 

The relations M = kV(LIL,), w = I/V(11C') and 
R = tan &Jae!, can now be employed to simplify 
equation (46) which then reduces to : 

V ' = k  (47 
N ) V, i [ L,(tan28,, 

With a given pair of inductances then, the voltage 
ratio will be governed only by the coupling between 
them and the secondary circuit power-factor. These 
two factors are best taken together so that equation (47) 
then becomes : 

V, ' i/L,\ 
,#%if 

(48) 

where ,9 —   
(k' tan28L)i  (49) 

Equation (49) is plotted in Fig. 25 for a large varia-
tion of k and a range of values for tan 8L. At the start, 
when V< < tan k/tan 8,, and the curves are 
straight lines of slope 1/tan 8L. 

They reach maximum values when k2 = tan 8,, as 
can be seen by inspection of the denominator of 
equation (49), such that fl (max) = 1,(2 tan 80*. 
Finally, as k is increased to the point where k2 » 
tan 8,, all curves become asymptotic to the hyperbola 
fi = 1/k. 

In practice such a large variation of k is unnecessary, 
and therefore equation (49), which is also equation (23) 
in section (4), has been graphed in Fig. 20 for values 
of k up to 0'25 maximum in order to secure a more 
open scale for /J. 

(8.3.3) efficiency of Coupled Circuits 

Again considering the circuit of Fig. 19 and the 
conditions laid down in (8.3.1), but ignoring a sup-
posedly small loss for condenser C, a further equivalent 
circuit could be drawn comprising three resistances 

R, and R' in series traversed by the current el. 

The current ratio is now coN4/(R, R) and R, and 
R, are given by coLl/Q, and coL2/Q, respectively. The 
transferred resistances R,' and R' are obtained from 
R, and R, by multiplication with the square of the 
current ratio. The efficiency is then expressed by : 

&MIR  
(50) 

Ri(R,+ R)2+ co2M 2(R,± R) 

• Fig. 24 gives the phase relation of the two voltages. When the 
diagram is drawn to scale V, will be seen to be practically in anti-
phase to Vt. 
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On dividing through by R and substituting the 
appropriate values for Q, Qt being obtained from 
1/tan St : 

— 

(i i?i19) [ae2QL:L.(Q12+2—L) -t 

w 2M2 

w 21V12] 

.. (51) 

The relations cu. = 1/(L.C„) and M2 --- k2LiL, can 
now be substituted in equation (51) yielding : 

k 3 

(1+CIL)r 
\ (26/ LQ1 \ Qs QL/ 

(52) 

It will be useful to consider the requirements for 
peak efficiency with specified inductances for L. and 
L.. 

If the differential coefficient o equation (52) with 
respect to tan St (or 1/Qt) be equated to zero a maxi-
mum value of 71 is obtained when 

1 Q. 1 + 1c2Q1Q, 
tan lat — _+ k2 —  (53) 

(22' 4:22 Qts 
As k2Q.(:),»1 generally, it is convenient to write : 

tan 8(opt) = k 

Substitution of equation (54) in equation (52) gives 
the maximum efficiency attainable with given quality 
inductances as : 

7)(max)— 
k 2 

(54) 

(i 2) rQQ2 ( I +kv Q1Q2)+k.] 
k1/(22Q L 

The conditions for high efficiency of power transfer 
are clearly seen to be tight coupling of the circuits com-
bined with a high value for the geometric mean Q of 
the whole transformer and the optimum value for load 
power-factor. 

2 

f I 

o 

2 

Q' 02 03 04 QS Q6 

Fig. 25.—The voltage factor ,6 of equation (49) as a 
 (55) function of load power factor and coupling coefficient. 

LONDON 

Dr. G. A. V. Sowter: The preparation of this paper 
has clearly involved considerable labour and the data 
presented should he extremely valuable to designers 
and others dealing with this class of equ,pment. Most 
articles in the technical press have avoided giving any 
details of the radio frequency gererating system, and 
the author is to be congratulated on including data 
covering this aspect of dielectric heating in his paper. 

In connection with the tuned circuits of these valve 
oscillators, would the author say whether water cooling 
of the inductance portion has been found necessary, 
as in the case of induction heating equipments ? 

Many of the formule given in the paper require a 
knowledge of the dielectric constant of the material 
involved, but no mention has been made of the change 
of this constant with varying temperatures. 

Mr. C. E. Tibbs: The author nas covered ground 
which is new to most of those present. There have 

DISCUSSION 

been numerous papers on applications of radio fre-
quency heating but few which are of interest to the 
radio engineer. It is valuable to find that the author 
has stressed the conduction losses arising from the 
slow heating of dielectrics, because these losses can be 
substantial. In this connection, the curves in the paper 
will be of great assistance to those engaged in the design 
and use of radio frequency heating equipments. The 
author has mentioned a method of inserting the load 
condenser directly into the oscillatory circuit, but in 
my experience there are certain difficulties associated 
with that arrangement. One is, that the presence of 
long conductors might easily lead to inductive react-
ances greater than the terminating capacity reactance 
with consequent peculiar results. In practice there is a 
definite point beyond which it is not possible to make 
the load form part of the tuned circuit. With kW 
or I kW sets for example, 30 Mc/s is the highest 
permissible frequency for such an arrangement. 
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Mr. Swain: I should be glad to know when it 
would be advisable to make the work condenser form 
part of the oscillator tuned circuit. 

Mr. Dalton : In recent publications it has been 
stated that the greatest heating is obtained at certain 
definite frequencies for particular substances. Has any 
work been done on bakelite or celluloid to ascertain 
these optimum frequencies ? 

Mr. Pallett : Would the author inform us whether 
any work has been done on the subject of percentage 
change in dielectric constant due to increasing the 
temperature of a material ? 

Mr. Thwaite : With reference to some experimental 
work I have done in connection with plywood curing, 
I have found it advantageous to use two valves in a 
push-pull circuit operating from unrectified A.C. 
supply, so that each valve operated per half-wave, 
enabling a higher peak voltage to be used. The change 
of dielectric constant of glue as it dries is very pro-
nounced, but it can be overcome by using a tuned 
circuit having large capacitance in parallel with the 
plywood unit. This increases the stability of the circuit 
by reducing the overall change caused by the curing 
of the glue. 

One other interesting feature is that on first switching-
on there is obviously a very high current density in the 
glue. As this dries out, the current drops down ; this 
is of little consequence as the tendency toward the glue 
being over-cured is avoided automatically. As regards 
screening, the apparatus used was a screen in itself, 
one live electrode being used between two earthed 
platens of a press so that two plywood units were 
being cured together requiring a power of approxi-
mately 150 watts. The apparatus was used next door 
to a radio dealer's premises without complaints of 
radio interference. Has the author derived any simple 
formula for assessing the power densities in a com-
pound dielectric such as interleaved wood and glue ? 
I have found it rather difficult to make calculations 
of that kind. 

Mr. Parker : I should like to ask the author how the 
old spark gap method of radio frequencies generation 
compares in overall efficiency with valve oscillator 

methods. The spark gap method might be the less 
efficient, but this disadvantage might be outweighed 
by lower basic cost. 

Capt. W. C. Gee : As one primarily concerned with 
radio communication, I should like to ask the author 
whether precautions are taken in designing and instal-
ling radio frequency heaters, to prevent or at least 
minimise unwanted radiation particularly under 
different conditions of loading. 

Mr. Bazin : Engineers engaged in this type of work 
will be helped by the very interesting and valuable 
information given in the paper, but one aspect not 
stressed is the question of the high voltages necessary 
to heat large articles, particularly in wood, as well as 
the related question of unequal voltage distribution 
in such cases. Can the author give us any ideas about 
the voltage distribution in that connection ? It might 
be interesting to mention, in connection with the curing 
of large parts for aircraft, that the unequal voltage dis-
tribution can be utilised to advantage to cure glue in 
large joints in certain parts of spars requiring a high 
power concentration at the same time as the treatment 
of smaller ioints in other parts is being effected. 
Mr. J. A. Sargrove : Would the author tell us how 

many hours life is to be expected from silica valves 
used in these heating equipments? I feel that some 
figure distinct from the maker's normal guaranteed life 
would be of interest. 
Mr. Ranson: In the paper the author has mentioned 

only silica valves as oscillators. Could he inform us 
whether any work has been done on high powered valves 
with steel cases for these equipments ? 
Mr. J. Thompson : It is to be hoped that more publicity 

will be given to the engineering aspects of this form of 
radio heating in order to counterbalance the rather 
optimistic views many people have of the uses of the 
method. I am glad that the author has stressed the 
relations between load capacity and frequency from 
the point of view of the complete output circuit, so that 
a proper output from the valves would be secured. 
This is of importance, as many people appear to think 
that the sole criterion of effectiveness of a radio 
frequency heater is the highest frequency at which it 
will work. 

REPLY TO THE LONDON DISCUSSION 

Mr. L. Grinstead : With reference to Dr. Sowter's 
query concerning the necessity for water cooling the 
oscillatory circuit inductances in these generators, it 
can be said that this requirement does not normally 
arise since the circulating currents involved rarely exceed 
a few tens of amperes even with output powers of 10 
to 15 kW. Should industrial equipments of much 
higher power come into use, no doubt provision of 
water cooling (alternatively air-blast cooling) will be 
essential. 

Mr. Tibb's remarks on the direct connection of the 
load capacitance to the oscillatory circuit endorse the 
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author's view, implied in section (5.2.1), that this 
method can only be considered good practice in the 
absence of long lines from the generator to the work 
and/or a high operating frequency. There is, there-
fore, a frequency range, between approximately 10 Mc/s 
and 30 Mc/s for low powered sets, where discretion 
must be used before adopting the direct connection 
scheme in the absence of calculations or practical tests. 
As Mr. Tibbs rightly added, the upper limit of 30 Mc/s 
may well be reduced for equipments of higher power. 
Mr. Swain's query can only be answered in these 
general terms. 
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In the author's opinion the statement mentioned by 
Mr. Dalton needs qualification. Evidence published 
so far shows that there are no sharp optima of frequency 
for the majority of plastic substances or, indeed, for 
many kinds of wood. As the rate of heating depends 
on the power which can be dissipated in the material, 
it is of greater importance to select the working 
frequency to secure proper matching of the load to the 
oscillator, a point stressed in the paper. 

A good deal of information has been published in 
various technical journals concerning change of 
dielectric constant with temperature, a point referred 
to by Dr. Sowter and Mr. Panett. Variation of this 
constant can be appreciable, as Mr. Thwaite has 
stated ; increases of 50 per cent, up to 100 per cent. 
are not uncommon at temperatures in the neighbour-
hood of 100 to 120 deg. C. In cases of materials 
possessing high initial water content, the dielectric 
constant usually has a high initial value and here a 
reduction will be observed as increasing temperature 
accelerates water evaporation. 

Mr. Thwaite also referred to the operation of push-
pull valve oscillators airect from an H.T.A.C. supply. 
Although high voltages can be obtained in this way 
there remains the disadvantage that the valves are not 
utilised to their best advantage. As the peak anode 
current is fixed for a given type of valve, A.C. operation 
necessitates limitation of the mean anode current to 
70 per cent, of the value normally Dermitted wi:h D.C. 
operation. This in conjunction with instantaneously 
varying anode voltage leads to a reduction of approxi-
mately 50 per cent. in possible output power. The 
saving of cost by eliminating the rectifiers is liable to 
be outweighed by the loss in available output while the 
radio interference bandwidth is extended by virtue 
of the —half-sine" modulation, an undesirable feature. 

The other problem put by this speaker is a difficalt 
one. In principle calculations of relative initial power 
concentration are possible along the lines indicated in 
sections (3) and (4) of the paper, but a complication 
arises from the transfer of heat from one material to 
the other unless the heating time is short. It is a 
matter of doubt whether figures derived from the 
formule would be useful other than as a rough guide 
to conditions obtaining in the work. 

With reference to the remarks of Mr. Parker. the 
overall efficiency of spark gap systems is essentially of 
the same order as for valve generators, provided the 
spark gaps are carefully maintained Against the lower 

capital cost, however, it must be remembered that 
owing to a poor power-factor, intrinsic with the spark 
method, the kVA required from the supply for a given 
useful output power is much higher than for valve sets. 
The running costs may, therefore, be considerably 
higher, and there is the added technical disadvantage 
that spark systems have, so far, not been developed 
to operate satisfactorily on frequencies higher than 
about 800 kcis. 

Capt. Gee raises the question of interference with 
communication services. To minimise unwanted 
radiation it is usual practice to screen entirely the 
generator itself, and often the complete load circuit. 
There are, however, some applications, a small per-
centage of the whole, where complete screening is 
difficult if not impossible. There remains the possi-
bility of choosing a non-interfering frequency and 
stabilising it. How serious the stray radiation field will 
be must depend on the particular application involved, 
and so will vary from case to case. 

The author did not include a treatment of voltage 
distribution under the conditions referred to by Mr. 
Bazin, as this subject has been discussed in some detail 
already by R.C.A. engineers (see reference No. 5). 
As Mr. Bazin points out, a non-uniform voltage distri-
bution is not always a disadvantage. 

The question raised by Mr. Sargrove cannot be 
answered definitely, as valve life differs from type to 
type, and is, moreover, not independent of the condi-
tions of use. Certainly the actual lives experienced 
will be greater than those guaranteed, but it is not 
possible to indicate the margin for the general case. 

Mr. Ranson raised a question concerning the 
possible use of steel-cased valves. The author is not 
aware of any technical reason why such valves should 
not be used in high-powered equipments when desired, 
but, so far as is known to him, only demountable 
types are available in this country. Present practice 
indicates a preference for sealed-off valves on the part 
of most equipment manufacturers. 

It is heartening to have Mr. Thompson's endorsement 
of the author's view that an engineering approach to 
dielectric heating problems is necessary for proper 
development of this new technique. It is to be hoped 
that this paper will be followed by further papers as 
development of equipment progresses and industrial 
operating experience becomes available. 

MIDLANDS SECTION DISCUSSION 

Mr. D. E. Head : I have heard dielectric heating 
referred to as electronic heating, which appears to me 
to be incorrect, as one usually associates tie movements 
of electrons, as a cause of heating, with metals and 
not dielectrics. 

Mr. Beecham : Can the author tell us whether 

radio-frequency dielectric heating is cheap in com-
parison with other methods ? 

Mr. S. G. Button: With the high powers and high 
frequencies mentioned in the paper, it is almost im-
possible to prevent radiation of energy by screening, 
and I would like to know what precautions are usually 
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taken to ensure that the energy radiated does not affect 
the health of operators. 

Mr. W. W. Smith: The author is to be congratu-
lated on the wealth of detail which he has managed to 
compress into so little space. Many new problems are 
raised with this new heating technique, and I think it 
would be helpful if the author could give us some idea 
of the " work " voltages involved in practice. 

Mr. L. H. Pinkiss: I would like to mention some 
practical points arising out of my experience of high 
frequency dielectric heating of plastic preforms under 
production conditions. 

There has been some discussion of the use of very 
high voltages across the load. There are practical 
limitations to the voltages which may be used, due to 
standing arcs causing breakdown of the insulating 
supports for the electrodes. The heating chamber is a 
stout earthed metal cage, and there is no danger to the 
operator. 

It would be very interesting to know if the author has 
any practically determined figures to correspond to 
the gradients shown for the temperature distribution 
through the load and, if so, to know how he obtained 
them. 

I have made a few such measurements, not, of 
course, during heating, for the concentration of field 
by an inserted thermo couple would give quite falso 
results, but by using piles of flat pellets between the 
electrodes, stopping the heating at a suitable stage, 
and quickly inserting a thin flat thermocouple between 
two of the pellets in a given pile. 

I have found some large temperature gradients 
towards the outside surface, as might be expected. 
This matter of temperature difference is of con-
siderable practical importance. 

It is desirable to raise the average temperature of the 
work to a convenient high level. If there are large 
differences of temperature, a limitation is placed on 
the maximum average temperature which can be 
attained, for no part of the work may reach a tempera-
ture which would cause pre-curing of the material, 
and consequent faulty mouldings. 
Such considerations lead to a comparison of con-

ditions with other methods of pre-heating. The benefit 
of H.F. pre-heating over other methods depends on a 
more uniform and rapid heating of the material. 
There are serious limitations to the rate of heat transfer 
in other types of pre-heating. For again, over-heating 
of surface layers, and consequent pre-curing of mould-
ings, must be avoided and these materials in pellet or 
powder form have notoriously low thermal con-
ductivity. These limitations in turn reduce the effective 
thermal efficiency of the pre-heating oven. 

Thus, although a 50 per cent, efficient conversion of 
electrical energy into heat in the load for the H.F. 
method may seem low, it compares most favourably 
with the efficiency of other methods of pre-heating. In 
fact, the running costs for a given heat input for high 
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frequency pre-heating are considerably lower than for 
other methods. The capital cost of equipment is, 
however, high and must be taken seriously into 
consideration of the economics of the process. 

In general terms, the method has the advantage of 
greatly increased output per moulding press, par-
ticularly of mouldings of heavy section where caring 
times are normally long. 

Mr. L. L. Langton: I notice that no mention has 
been made of fringing of the electric field, which 
affects the uniformity of heating. This is purely a 
matter of relative size and disposition of the electrodes 
and the work. Another point which occurs to me in 
connection with coupled circuits is that some expres-
sions and curves are developed in the paper which 
apparently depend upon the secondary circuit being in 
resonance with the primary. In practice the condition 
implied cannot be exactly realised, and I think this 
may invalidate the conclusions reached. 

Dr. C. C. Garrard : I should like to ask the author 
whether there is any possibility of attaining a higher 
overall efficiency than 50 per cent, which, to electrical 
power engineers, is regarded as an extremely poor 
figure. The question of possible detrimental effect to 
the health of operators is important. These generators 
are usually tested inside a screening-cage of the type 
specified by the Post Office, and the operator has, of 
necessity, to go inside. Is there really any danger at all 
of his health being affected by stray radiation ? On 
the question of nomenclature, I think the process is 
properly described as radio frequency heating. The 
great advantage of the method is that it often renders 
possible the successful treatment of things which are 
practically impossible to heat except at great cost and 
inconvenience in any other manner. 

Dr. E. A. Hanney: It appears from the paper that there 
are a great number of variables concerned with circuits 
for dielectric heating, and I should like to know whether 
this implies that the method is only suitable for long 
runs where the set-up is determined by the manu-
facturer of the equipment rather than the user of it. 
Mr. Galitia : It would be interesting to have the 

author's views on the question of rating industrial 
radio frequency generators. At the moment there 
appears to be no standardisation in this connection, 
and with their increasing use I feel that this matter 
needs attention. 
Mr. E. Leyton : With reference to the previous 

speaker's remarks, many engineers are tending to the 
specification of the power available from the trans-
mitting valves into a non-reactive resistance of a 
value which just loads the equipment fully. This 
appears to be the only method available in view of the 
variation of circuit losses with work specimens of 
different power factor. 

Dr. W. W. Wilson: There is no doubt that dielectric 
heating has a great future. At the moment it is impos-
sible to set limits upon the applications of high radio 
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frequencies, and the present paper is timely in focussing 
attention on the many electrical and thermal relations 
which require study before an eFective application of 
the method to a particular process can be made. After 
the war we shall again be faced with tne difficulty of 
green timber. Those who can recall the conclusion of 

the last war will remember the troubles that arose 
from lack of seasoned timber. The author has 
mentioned that in America this method is in use for 
the seasoning of timber, so it would appear 
to be economical to carry on the process on a large 
scale. 

REPLY TO MIDLANDS SECTION DISCUSSION 

Mr. L. Grinstead: Mr. Head raises a point 
of nomenclature_ Strictly, the term electronic 
heating should be confined to those methods wherein 
displacement of electrons with respect to positive 
nuclei is concerned and, with frequencies normally 
covered by the term radio, this is not the case with 
dielectrics. However, this strict definition would not 
separate the cases where direct conduction currents 
are concerned, e.g. ordinary resistance heating, and 
hence the description electronic heating has become 
general for those methods based on the electronic art 
as distinct from normal electrical practice. 

With reference to Mr. Beecham's question, much 
depends on the application in view. It is unfortunate 
that the overall efficiency of these equipments is rather 
low, although frequently operation times can be 
drastically shortened, as evidenced by Mr. Pinkiss in 
the field of bakelite pre-heating, so that this disad-
vantage is outweighed from the point of view of 
running costs. 

Concerning the point raised by Mr. Button, it should 
be remembered that electrode systems commonly used 
are comparatively poor radiators, c.nd the field strength 
necessary for adverse physiological effects is far above 
that allowable when possible interference with com-
munication circuits is considered. So far as I am 
aware, no cases have been recorded of operators of 
these equipments experiencing difficulties, and even 
with larger powers, which no doubt wil: be necessary 
in future, elementary screening precautions can be 
expected to remove all danger. 

Mr. Smith referred to actual " work " voltages used 
in practice. In general, the tendency is to keep the 
radio-frequency voltage as low as possible in order to 
avoid excessive gradients which lead to internal spark-
ing or external flashover. Values of 1,000 to 2,000 
volts per inch are common so that the work voltage 
may vary, with different specimens, from a few hundred 
volts to an upper limit of perhaps 12,000 volts. Higher 
voltages than this with frequencies in the " megacycle " 
range lead to considerable difficulty in providing reli-
able insulation and freedom from excessive stray field, 
especially when the available radio frequency power is 
of the order of tens of kilowatts. In laboratory work, 
however, it is possible to operate equipment of 200 or 
300 watts with electrode voltages of 15,000 to 20,000 
volts without difficulty. 

Referring to a point mentioned by M7. Pinkiss, no 
attempt has yet been made to correlate practical 

temperature gradients with those determined by calcu-
lation in view of the difficulties expected. With the 
plastic pellets he mentions the temperature gradients 
will undoubtedly be less with radio frequency heating 
than with other methods, and these gradients will be 
considerably reduced when the pellets are placed 
between heated platens. As he rightly points out, an 
attempt should be made to realise as even a temperature 
as possible during pre-heating, and the calculations are 
useful in showing that high power concentration 
combined with a short heating time is essential. The 
other remarks of Mr. Pinkiss, of a most practical 
character, support the general conclusion that radio 
frequency heating has many applications which can 
be undertaken with economy, and form an additional 
reply to Mr. Beecham. 

The question of fringing electric fields referred to 
by Mr. Langton was deliberately omitted from the 
paper as a good deal of information has already been 
published about it. In connection with his remarks on 
the derivation of the input impedance of coupled 
circuits, the approximate method was adopted for 
greater speed and clarity. Strictly, the frequency con-
dition to secure a purely resistive input is cu'LIC, — 
(1-k') cu'LzC; = 1 and its adoption leads to an equation 
of the same form as (21) with an added multiplier in 
the numerator of (I-k'). Since, in practice, k is unlikely 
to exceed 12 per cent., equation (21) gives a value within 
2 per cent. of that obtained by the more formal 
solution. 

Dr. Garrard mentioned the low overall efficiency of 
radio frecicency generators. Unless some entirely 
new technique of valve generation is discovered, it is 
very unlikely that efficiencies appreciably higher than 
those stated in the paper will be realised. In connection 
with personnel operating these equipments, n ) diffi-
culties are likely to arise within the screening cage 
(provided the generator itself is also screened by reason 
of its usual closed metal cabinet) as the work con-
denser electrodes in such circumstances would generally 
not be of large physical dimensions and the stray 
field would accordingly be low. 

Although, as mentioned by Dr. Hanney, a good 
many variables are concerned in dielectric heating the 
curves included in the paper should be helpful in 
determining rapidly the conditions necessary to secure 
good results with a particular generator on varying 
types of work. Most manufacturers of these equip-
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ments provide flexible output circuits capable of 
adjustment for a range of specimens of a given type, 
but it should be clear from the analyses in section (5.2) 
that their are limitations to this flexibility ; it is fre-
quently impossible to treat materials of physical 
properties and dimensions vastly different from those 
originally intended for the given equipment. 

Both Mr. Galitia and Mr. Leyton called attention 
to the need for a proper system of rating radio-
frequency generators for industrial purposes while 
appreciating certain difficulty in its formulation. From 
the point of view of the user the main interest is in the 
useful output power available, and the author feels 
that this should be specified, in kW or BThU as desired, 
rather than the D.C. input to the valves or the output 

they give without reference to circuit losses. The 
difficulty, however, arises that circuit losses will depend 
on the power-factor of the work so that the useful 
power, under conditions of proper matching, is not 
constant. To specify the power when the load jointed 
to the generator output terminals is purely resistive, at 
least is useful for purposes of check, but leaves the 
user in doubt when the work-piece concerned is only 
of the customary low power factor, e.g. 2 to 10 per 
cent. It would appear more desirable to quote the 
output for a definite power factor based on the type 
of material the generator has been designed to treat. 
Even then it is important to consider the probable 
thermal losses which diminish the real " heat" output 
but are more properly the concern of the user. 

NORTH-EASTERN SECTION DISCUSSION 

Dr. E. Williams: In the design of Class C amplifiers 
for ordinary communications work there are not only 
the limitations imposed by the valve emission and per-
missible anode dissipation, but also there must not be 
undue harmonic generation. Many designers arrange 
that the effective Q of the total load circuit does not 
fall below 10. Has the same value of Q been chosen 
for the curves of Fig. 14 and, if not, what considerations 
were used in deciding upon the value of Q ? I have 
two questions about high frequency transformers. The 
first concerns the author's simplifying assumption that 
co2LiC2 and 0,2L2C2 were each equal to unity. Pre-
sumably in making that assumption he assumed that 
the small differences from unity which those quantities 
take up in normal oscillators would not affect the 
result. But do not small differences from unity affect 
the result profoundly because of the selective nature of 
the circuit ? In many cases I find that a very small 
departure from unity makes a very big difference to 
the equations as a small change of frequency from the 
natural resonant frequency of the circuit usually 
means a big change in the reactance. Again, the 
expression for the voltage ratio has been much simpli-
fied and does not contain any frequency-dependent 

term. Usually the voltage ratio of a transformer 
does depend physically upon frequency where the 
coupling coefficient is not close to unity. 

Dr. Craig: Many of the author's equations appear 
to be based on the assumption that dielectric heat is 
uniform between the plates. Is this actually the case 
in practice ? 

Mr. Fleming: Referring to equations 20 and 21 
governing loading conditions, is it a fact that tan delta 
does remain substantially constant throughout the 
heating process or are there occasions when variations 
occur which may upset the matching of the load to 
the oscillator ? 

Mr. Prouch : If tan delta varied during heating 
there would be a change from the condition of critical 
coupling one way or the other. If the coupling became 
greater than the critical coupling one would get the 
normal double-hump tuning and presumably a change 
in the natural frequency of the oscillation of the 
generator. I should like to know whether such changes 
of frequency can be followed so that the whole system 
remains matched. 

REPLY TO NORTH-EASTERN SECTION DISCUSSION 

Mr. L. Grinstead : With regard to Dr. Williams' 
first question, the value of Q does not enter into the 
relations depicted in Fig. 11 although a minimum 
of 10 is necessary for stability of the circuit. Within 
this limitation any value of Q is permissible which 
makes the effective resistance of the oscillatory circuit 
the desired amount, but high values lead to high 
circulating current and consequent high power loss in 
the circuit. 

Concerning radio frequency transformers, the sim-
plification of the frequency condition is justified where 
first order effects only are being studied as self-
oscillators possess the property of automatically 
adjusting the generated frequency so that the load 
circuit is non-reactive. With reasonable values of 
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effective Q for the primary circuit the frequency may, 
under certain conditions, have a value such that 
w2L,Ci = 1 or ( 1 — co2LiCi = 1. If the secondary 
circuit is to be "operative" it must be tuned, but 
whether one takes the resonance condition as oi2LiCi 
= 1 or a more involved one including the effects of 
secondary Q, the principal quantity concerned (the 
resistive component reflected into the primary R') 
remains essentially the same in magnitude. This 
point may easily be demonstrated by redrawing the 
vector diagram of Fig. 24 with wl.,2i2 made a few per 
cent. larger than i,RoCi,; the current i2 now lags i by 
a little more than 90 deg. and the angle 01 also decreases. 
When the quantities coL2i2 and Ri2 are properly drawn 
to scale it will be seen that the alteration in length of 
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the intercept R'11 is very small. The voltage ratio 
expression to which Dr. Williams refers has been 
developed only for the condition of resonance and not 
for the general case. Accordingly, the effect of leakage 
reactance, which for the "untuned" case would be 
greatly dependent upon frequency under the practical 
condition of low coupling factor, is nullified by com-
pensating capacitive reactance ; there is hence no 
explicit frequency term in equations (22) and (23). 

In connection with Dr. Craig's query, it must be 
admitted that the assumption has been made through-
out the paper that uniform generation of heat within 
the material between electrodes is secured. This is 
probably true in the majority of applications when care 
can be taken to arrange the electrodes so that the elec-
tric field between them is uniform. 

Mr. Fleming can be assured that variation in power 
factor of the load during heating will almost invariably 
occur. Frequently the change will be large enough to 
necessitate rematching of the load to the generator. 
This does not give difficulty with the series-capacitance 
type of circuit but may be troublesome where coupled 
circuits are used. 

It is doubtful whether practical circuits would, as 
Mr. Prouch implies, be operated under "critical coup-
ling" conditions ; rather higher coupling factors are 
usual so that sudden discontinuous changes of matching 
are not normally met. Under such circumstances 
it is possible to design equipment which automatic-
ally corrects the load matching during the heating 
cycle. 

BOOK REVIEW 

Worked Examples in Eleetrotechnclogy. By W. T. 
Pratt, B.Sc.(Eng.) Lond., A.C.G.L. 

This excellent book can be recommended as a useful 
aid to both teachers and students. With ils help much 
valuable classwork time can be saved. It s impossible 
to cover all the ground required in Part 1 of the I.E.E. 
Associate Membership Examination, the City and 
Guilds Examinations in Electrical Engineering Practice, 
and the Ordinary National Certificw.e within the range 
of approximately 200 examples, but the author has 
made a very praisewortny attempt. Notably, alternat-
ing current machines and thermionyc valses have not 
found a place, but present-day restrictions on space 
must lead inevitably to some omissions. Many of the 
examples, but not all, have been worked by your 
reviewer and a number used in classwork by his 
colleagues, but no fundamental errors were found. 
There is an obvious printer's error on page 169, 

example 141, where it is stated that the average value is 
equal to the maximum value of a half-wave rectified 
sinusoidal current. For the example given, the symbol 
7T should, of course, be inserted in the space provided 
under " maximum value." 

It is a sign of the times that this book should be 
priced at 12s. 6d., but when ; t is considered that each 
worked example costs the student approximately 4d., 
the result does appear to represent good value for 
money. Perhaps subsequent impressions will work 
out even cheaper and place the book within the reach 
of most students in the subject. 

The work is well arranged, and includes a complete 
Index to Problems. Pages 8-12 give Definitions of 
Terms and Definitions of Units, and are in a very con-
cise form. These will prove useful between the covers 
of such an invaluable assistant to the student as this 
book undoubtedly will become. G. A. T. 

151 



NOTICES 

NOTICES 
Honours 

Council has tendered congratulations to the following 
member on his inclusion in the Birthday Honours 
List ( 1945) :— 

Wing-Commander Rudolph Francis Tibbey (Associate 
Member) was appointed an Officer of the Military 
Division of the Most Excellent Order of the British 
Empire. 

Congratulations are also again extended to Wing-
Commander H. J. Barton-Chapple ( Member), who has 
been Mentioned in Dispatches for a second time in 
recognition of distinguished services. 

Obituary 

Council record with deep regret the presumed 
death of Angus John MacGregor, of London, S.E.5 
(Registered Student). 

First of all reported as missing since November 
7th, 1944, the Air Ministry now states that the death 
of A. J. MacGregor must be assumed from that date, 
when he was on operation with an R.A.F. Radar 
Unit. 

Registered as a Student of the Institution in April, 
1941, Mr. MacGregor had already succeeded in 
part of the Institution's examination and but for 
the war would by now have completed his candi-
dature. He was posted as missing soon after his 23rd 
birthday. 

Annual General Meeting 

Corporate members of the Institution are requested 
to note that the Twentieth Annual General Meeting 
of the Institution will be held in London on Friday, 
October 5th, 1945, at 6 p.m. Further advice and 
details will be circulated to Corporate members in 
due course. 

In the meantime, attention is drawn to Article 
32 :— 

" Article 32. Not later than the 16th day of 
August in each year the Council shall send to each 
corporate member a list of duly qualified persons 
whom they nominate for the vacancies about to 
occur in the offices of President, Honorary Trea-
surer, and Ordinary Members of the Council on 
the 30th day of September next following. After 
the issue of the Council's lists and not later than 
twenty-one days after the date of such issue, any 
ten corporate members may nominate any other 
duly qualified person to fill any such vacancy by 
delivering such nomination in writing to the Secre-
tary, together with the written consent of such 
person to accept office, if elected." 
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Scottish Section 

The Council have approved the formation of a 
Scottish Section of the Institution which, during the 
ordinary session, will hold meetings alternately in 
Glasgow and Edinburgh. 

Suggestions for papers and other information 
regarding the Section may be obtained from Mr. 
H. G. Henderson (Member), 5 Muirburn Avenue, 
Muirend, Glasgow, S.4, who has been appointed 
Honorary Local Secretary of the Section. 

North-Eastern Section Annual Dinner 

The Guest of Honour at the North-Eastern Section 
Dinner to be held on September 28th at the Royal 
Station Hotel, Newcastle-on-Tyne, will be Sir Louis 
Sterling (Immediate Past President). 

Applications for tickets cannot be accepted after 
the 1st September, and it would be appreciated if 
members made application as quickly as possible to 
the Local Honorary Secretary, Mr. H. Armstrong, 
69 Osborne Road, Jesmond, Newcastle-on-Tyne. 

Graduateship Examination 

The Pass List for the May, 1945, examination will 
be published in the next issue of the Journal. 
The next examination will take place on November 

16th and 17th and will be held, as usual, in approved 
centres both at home and overseas. Application to 
write the November examination must be lodged, 
on the appropriate form, not later than October 1st. 

Copies of papers set in May, 1945, and preceding 
examinations may be obtained for 2s. 6d. per set, 
post free. 

Correspondence on Past Issues of the Journal 

Although previous notices have been published 
regarding the availability of past issues of the Journal, 
enquiries are still being received for copies of Pro-
ceedings which are no longer available. Copies of all 
Journals from 1925 to 1938 inclusive and Volume 2 
(new series), 1941/42, and Volume 3 (new series), 
1942/43, are now out of print ; single numbers of the 
Journals in these volumes are also no longer avail-
able except on loan from the Library of the Institution. 
A few complete issues (bound) of Volume 1 (new 

series), 193940, are still available at 10s. 6d. each, 
post free. Complete bound issues of Volume 4 (new 
series), 1944 are available at 12s. 6d., post free. 

Separate copies of Journals published in 1944 and 
1945 may also be obtained by members for 5s. each, 
post free (7s. 6d. to non-members). 

Year Book 
A new issue of the Year Book will be published 

about December next. 
The work of compilation will be considerably helped 

by all grades of members advising the Institution of any 
changes in their permanent addresses. 



T-4E MUL LARD VVIRnESS SULVICE COMPANY LIMITED, CENTURY HOUSE,. SHAFTESBURY AVENUE, VV.C.2 (I19B) 

13y a complete departure from the contentioncil form of ealce cow 
struction,, Mullard have effecticely reduced the losses due to 11.F. 
resistance, inductance and capacity eects icithin the ualce itself 

'rite oll-glass technique makes use cf oil almost flat circular glass 

pressing for the base of the t'0' 

trhich short pies are sealed, 
and in the leads conlieg, from the electrodes. 

the electrodes being tcelded directly to the 'pi3. 13y thus reducing 
the legit of the lead-out connections, considerably improced 

efciency at the higher radio frequencies has been achieced. 
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CERAMIC RESISTANCES 

by 

ERG RESISTORS LIMITED 
1021a F1NCHLEY ROAD, 

LONDON, N.W.11 

TELEPHONE: SPEEDWELL 6967 

ERG 
•Ar— 

THE ERG process ensures non-crazed 
surfaces, free from pin holes, and of 

improved durability, with consistent 

regularity of wiring and greater mechani-

cal strength at junction of winding and 

end-wire. The special methods used 

positively preserve the inherent high 

qualities of both the porcelain bodies 

and ceramic covering. 

Available in full range of types and 

mountings in sizes from lei in. to 104 in. 

body length to tolerances of 

Contractors to Air Ministry, Admiralty 

and Ministry of Supply. 



MERVYN 
R.F. REACTANCE COMPARATOR 

A new production test instrument of unusually high 
accuracy, providing on a calibrated scale a direct 
visual :ndication of tolerance plus or minus. 

INDUCTANCE: Under production coniition3 a comparative 

chech a given againJI any ilandard/rom 100 III I to 100 »di 

with an accuracy teller than 1%. 

LIC Circuits can le cheched and preiel /or /requency. 

"Q" Check. Coifs with 3horted turn3 and ¿rolen .strandi in 

Liz-coi/3 are cfeari ‘indicated therety giving a ready production 

chech /or minimum Q 

CAPACITY: Comparative chech o/ capacity up lo . 001 mli. 

..7he capacity dierence, 43 or ntinui, can te read direct4 in 

pica/arad to an accuracy oi .1 pl. or . 1%, whichever a the realer. 

Variable Condenser Matching : Production malching ii 

accomplahed with high accuracy in minimum lime. ...7he Iwo 

section3 ol a twin gang condenier can le matched more rapidly 
1 flan ty any olner hnown mecum. Pouting production te3l3 require 

only the .-olation the condenier to iecure viivat indication 

over de whole 01 the capacity range. 

DESIGNED AND MANUFACTURED BY 

THE MERVYN SOUND & VISION CO. LTD. 
25, FERRY ROAD, TEDDINGTON, MIDDX. KINGSTON 5790 



Manufacturers of Switchboard and Portable Pattern Microammeters, 

Milliammeters, Ammeters, Voltmeters, Wattmeters and Testing Sets 

MEASURING INSTRUMENTS (PULLIN) LTD. 

ELECTRIN WORKS, WINCHESTER STREET, ACTON, W.3 
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BRITISH INSULATED CALLENDER'S CABLES LIMITED 



POLYETHYLENE 

MOULDED CONNECTORS 

Pressure moulded by a new 

process in detail, these fittings are 

terminations and connections used 

in electronic circuits. — he 

production o these polyethylene 

mouldings in quantity is the result 

of a new manufacturing technique 

successfully evolved by 

-61kn• 
HAMILTON HOUSE, VICTORIA EMBANKMENT, LONDON E.C.4 





fr oet( FOR RADIO 

+%e I" ea TELEVISION, 
TEST INSTRUMENTS 

and other applications 

JTHE only switch w;th floating rotor and double contacts is the 
OAK. Widely used by all leading British and American 

Radio manufacturers, it bas, since 1939, been standardised 
by the Fighting Services of Britain and U.S.A. Available 
for a wide range of circuit combinations, it nas also many 
industrial applications. 

BRI ISH N.S.F. COMPANY LTD 
KEIGHLEY • YORKSHIRE 

hone : Keighley 4221 4 Grams : Enesef, Ketghley 

London Office : IS MANCHESTER SQUARE, LONDON, W.I 

Uri 



1111%1/ 

sew Low L.Viel_S in capacity and 

attenuation of CO- AX Cables rnean 

ne  possibilities in electronic equiprnent 

design both for the war effort and 

tor the post- war electronic age. 

BASICALLY BETTER 
A/ R-SPACEL) 

M1014110flog 
TRANS RADIO LTD. 16 THE HIGHWAY. BEACONSFIELD • 12 • BUCKS. 

APPARATUS 
MADE TO SPECIFICATION 

Post-war enquiries are especially invited for 

specialised radio and electrical apparatus, made 

to individual specification and including :— 

TRANSFORMERS • SCANNING • L.F. OUTPUT • MAINS UP 

TO 10 KVA • COILS • CHOKES • WAVE WOUND COILS 

IRON CORED, etc. • ELECTRICAL WINDING, ALL TYPES 

STANLEY CATTELL LTD. 
9-11 EAST STREET, TORQUAY, DEVON 



Pro /Jets foe Me 

RADIO ENGINEER' 

C0142Te 
An extensive range of TELCON radio-

frequency cables is available to meet 

all requirements. In many of these 

Telcothene insulation is used. This 

material is the latest development in 

thermoplastic insulators. It has a 

dielectric constant of 2.2 and a power 

factor of 0 0005, is chemically inert, 

unaffected by sunlight, and highly 

resistant to moisture and dilute acids 

and alkalis. 

THE 
AND 1A1 

R EGD. 

TELCON metals include the high 

permeability /ow loss alloys Mumetal, 

Rhometal, Radiometal and 2129 Alloy 

for transformers, chokes and shields. 

High Resistance metals comprise the 

nickel-chromium alloys Pyromic and 

Cale mic, the low temperature-coefficient 

copper-manganese alloy Telcuman, and 

the nickel-copper alloyTelconstan. High 

conductivity beryllium- copper Alloys 

with high tensile strength for springs 

and contacts, etc., are also produced. 

Further information from 

4 ',e34 

TELEGRAPH CONSTRUCTION 

TENANCE Jj . Y LTA 
2TTAnTREET, LONDON, E.C.2 
TELEPHONE: Whidon Wall 3141 7-ELFGPAM;. !Y, 



ntr.,L11à1S 
offer a complete range 

of Flexible Cables & Wires 

for every Radio and 

Electronic application 

xrelcal 
CABLES ormt QUALITY 
MANUFACTURERS OF ALL TYPES 

OF RUBBER, SYNTHETIC RUBBER 

AND THERMOPLASTIC INSULATED 

CABLES AND FLEXIBLES 

All Sterling Cables are entirely British 
Made to B.S. and G.D.E. Specifications 

STERLING CABLE CO. LTD. 
Queensway, Ponders End, Middlesex 

Tel.: HOWard 2611—controlling Lancashire Cables, Ltd. 

Specialising in Paper Insulated High & Low Tension Cables 

Printed at 'lbw Baynard l'ress by SandersPhiI1tp & (.0., Ltd., Chryssell Road, London, 
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(ay-ittectiny and RESEARCH 

The business of our founder, Dr. Norman Partridge, is now carried on under 

the personal supervision of his partner. Mr. Arthur L. Bacchus, who has 

been associated with the firm for over 12 years. 

The solution of individual problems has for many years formed a part of our 

normal day's work. The production in quantity of PARTRIDGE TRANS-

FORMERS has been built upon the unique knowledge thus accumulated. 

Modern transformer technique is essentially the province of a specialist. 

Nothing can replace intimate practical experience supplemented by scientific 

study and positive research. Our Chief Designer, Mr. Trefor Williams, B.Sc. 

A.M.I.E.E., will be pleased to offer advice and constructive criticism concerning 

your proposed transformer applications. 

If transformers are employed in the equipment you manufacture, we shall 

be glad to give you the advantage of our experience and to offer the same 

efficient service that has won the confidence of the Government Experimental 

Establishments and of the Leading Industrial Organisations. 

I I 

PARTRIDGE 
TRANSFORMERS LTD 

76-8 Petty France, London,•S.W.I Telephone: ABI3ey 2244 
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Q.M.B. MAINS TOGGLE-SWITCHES FOR PANELS 
CHASSIS up to -Tig in. thick, 6-250 V, A.C. or D.C., up to 
5 A-peak ; also, SPECIAL LOW-VOLTAGE TYPES. 

Quick-action :ontrolled by nickel-plated dolly ( i.e. lever) pivoted in the 
fixing-bush. 

Indication-plar.es, keying to the fixing-bush, are made with normal 
codings :—on-off ; off-on ; radio-gramo ; etc. 

One hcle fixing (max. thickness Mg in.) by 1%2 in. e) 32 t.p.i. bush, 
• with knurled front firger-nut. 

Rear-of-panel nut, essential for firm fixing, for tightening behind panel. 

Silver-plated solder tags (integral with fixed contacts) accept wires up 
to 18 S.W.G. Jr equivalent. 

Massive silver-plated contacts, self-cleaning, ensuring low contact 
resistance, even at mirimum voltage-rating. 

Compression-spring " tumbling " action, ensurirg q.m.b. and firm 
contact pressure, even under acceleration of the order of 7-g. 

Insulant-stackirg of approved materials of tropical grade, maintaining 
any leak-to-earth currert at a negligible percentage of circuit current. 

(Output I.S.C.C.-allocated at present ) 

A. F. BULGIN & CO. LTD., BYE PASS RD., BARKING, ESSEX 
(The name " BULGIN " Is a registered Trade Ma-A) 

Telephcnes : RIPpleway 3474-3478 (5 lines) 



TO MEET THE ELECTRONIC AGE 

cr oNic SEWING-

MACPIN5jelteR 

VERY week startling new uses are being developed for electronics: 
take, for instance, the manufacture of such articles as tobacco 

pouches, waterproofs, etc. from thin thermoplastic material. Formerly 
these were thread-sewn—but needle perforations weakened the seams— 
or they were cemented, which weakened the material. 

Then one day a research worker in electronics, pondering over this 
problem of uniting two pieces of thermoplastic material, hit upon the 
idea of welding them by applying an r.f. current between a pair of 
electrodes. It worked—the problem was solved. Thus was born the 
first electronic sewing machine. 

We at Hunts are intensely interested in every electronic development 
because electronics• need capacitors—often special types of capacitors. 
The experience of dur Research Engineers is available also for you if 
you are faced with capacitor problem. 

11 TRADE MARK 

capacitors  

. HUNT LTD • LONDON • S • W • 18 • ESTABLISHED 1901 

GA 



THE world-wide use of " AVO " Electrical 
Testing Instruments is striking testimony to 
their outstanding versatility, precision and 
reliability. In every sphere of electrical test 
work, on active service and in industry, they are 
maintaining the" AVO" reputation for depend-
able accuracy, which is often used as a standard 
by which other instruments are judged. 

Orders Can only be accepted which bear 
Government Contract Number and Priority 

• Ragtag. . 
Sole Proprietors and 
Manufacturers: 

The Automatic Coil Winder & Electrical Equipment Co., Ltd. 
Winder House, Douglas St., London, S.W.I. Phone; VICtoria 3404-8 

(iv) 



RICHARD THOMAS 

BALDWIN A rg LIMITED  

COAL, SILICA BRICKS. 

IRON, STEEL & BRASS CASTINGS, 
ROLLS. 

STEEL BARS, SHEETS & PLATES. 

BLACKPLATE & TINPLATES. 

HEAVILY COATED TINNED, TERNE 
& LEAD COATED SHEETS & PLATES. 

ELECTRICAL SHEETS, 
STAMPINGS & DIAPHRAGMS. 

TANKS, CISTERNS, KEGS & DRUMS. 

• 
ALLOY STEEL INGOTS, BILLETS, 

BARS & SHEETS. 

• 

ALUMINIUM ALLOY SLABS & SHEETS. 

On Admiralty, War Office, Air Ministry, Board of Trade 
and other lists. 

(y) 
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2 LO first came on the air and, 

later in the same year, I was 

associated with the promotion 

of my Company to manufacture 

Insulated Instrument Wire and 

provide immediate - personal-

attention to the multifarious 

requirements of a rapidly pro-

gressive science. 

Close co-operation with Radio 

Research and development, 

linked with rapid production 

methods and prompt service, 

have been for 23 years and wil \ 

Extract from 
THE STORY OF BROADCASTING 

A. R. BURROWS 

" In the summer of 1922 there 

came indications of a changed 

attitude towards roadcasting 

by the English Post Office, the 

Government mouthpiece in 

wireless afrairs. At once the 

Marconi Company's engineers 

commenced work in the 

designing of what they con-

sidered would be the Govern-

ment's idea of a British 

broadcasting station. Valves 

and condensers   

" In the spring of 1922 a rival 
to Writtle appeared in the 
field at uncertain intervals. 
This was a station known as 
2 LO, a 100-watt set contained 
in a small teak cabinet, and 
housed in the cinema theatre 
on the top floor of Marconi 
House, London. This set, 
which was of a number of 
standard transmission pro-
ducts, was used for demon-
strations   

remain the policy of my 

Company. 

MANAGING_DIRECTOR 

28th MARCH 

1 9 4 5 
THE SCOTT INSULATED WIRE CO. LTD. 

WESTMORELAND ROAD 

LONDON, N.W.9 
(vi) 

TELEPHONE : COL 8871-4 

TELEGRAMS : " SILCOTENAM " 



MULTICORE SOLDERS LTO. 

COMMONWEALTH MOUSE 

LONDON WC I 

The only Solder Wire with 3 cores of flux 

APPROVED BY 

A.I.D. to D.T.D. 599, G.P.O. and 

all other Government 

Departments. 

• Contains 3 cores of extra active 
non-corrosive flux. No extra flux 
required. 

• Speedily makes sound joints on 
oxidised surfaces. 

• Most economical solder to use to 
ensure speed in production and 
freedom from " dry " or " H.R." 
joints. 

Finns are invited to write for comprehensive technical 
information, including useful tables of melting points, etc. 

Sent free with testing samples. 

MULTICORE SOLDERS LIMITED 
Commonwealth House, New Oxford Street 
London, W.C.1. Tel.: CHAncery 5171-2 

Single reel rate nominal 11b. reels. 

13 SWG 
16 SWG 

- 4/10 
- 5/3 

Above prices subject to usual trade discount. 

cwt.—ton lots at bulk rate. 6d. cartons 
tor home use, available at most good radio 
and electrical dealers, ironmongers, etc. 



VORTEXION 
50 WATT 

AMPLIFIER CHASSIS 

The new Vortexion 50 watt amplifier is the result of over seven years' develop-
ment with valves of the 6L6 type. Every part of the circuit has been carefully 
developed, with the result that 50 watts is obtained after the output transformer 
at approximately 4°, total distortion. Some idea cf the efficiency of the output 
valves can be obtained from the fact that they draw only 60 m.a. per pair no load, 
and 160 ma. full load anode current. Separate rectifiers are employed for anode 
and screen and a Westineouse for bias. 
The response curve is straight from 200 to 15,000 cycles. In the standard model 
the low frequency response has been purposely reduced to save damage to the 
speakers with which it may be used, due to excessive movement of the speech 
coil. Non-standard models should not be obtained unless used with special 
speakers loaded to three or four watts each. 
A tone cortrcl is fitted, aid the large eight-section output transformer is available in three types : 
2-8-15-30 ohms ; 4-15-30-60 ohms or 15-60-125-250 ohms. These output lines can be matched using all 
sections of windings and will deliver the full response to the loud speakers with extremely low overall 
harmonic d.stortion. 

PRICE (with 807 etc. type valves) £18. 10 . 0 
Plus 25% War Increase 

MANY HUNDREDS ALREADY IN USE 
Suplied only against Government Contracts 

VORTEXION LTD. 
257 The Broadway, Wimbledon, S.W.I9 

'Phone : LIBerty 2814 



MARCONI 

That, of course, depends. . . . Vague answers will not, however, suffice in the 
field of electrical measurement. In communications, particularly, modern 
research and engineering demands of its test gear an ever-increasing exactitude 
—and looks to the specialists, Marconi Instruments, Ltd., to provide it. 
The measurement of precise performance in communications equipment and 
their components is an intricate art, calling for a wide range of measuring 
instruments. And whatever the strides in radio technique, so, too, must the 
scope of measurement develop. 
The unique experience of the Marconi organisation—gained since the very 
origins of radio—enables it to meet all demands, so that to-day, for the in-
dispensable tools of his trade, the communications engineer confidently 
specifies Marconi. 

INSTRUMENTS LTD. 

ELECTRA HOUSE • VICTORIA EMBANKMENT • LONDON • WC2 

eixib C IN PARLIAMENT.... 

In the House of Commons: 
Mr. EVELYN WALKDEN asked the President of the 
Board of Trade why 120- volt Exide Batteries which are 
sold at lls. Id. are in short supply and other 120- volt 
batteries of less reliable make, and sold at 15s. 6d., 
only are available . . . 

Mr. DALTON : Wireless batteries are now in short 

supply, owing to the heavy demands of the Services, 

and it is necessary, therefore, to make use of the 

output, although small, of the higher cost producers. 

Prices are controlled under the Price of Goods Act, 

1939, and those charged for both classes of battery 

referred to by my Hon. Friend have been investi-

gated and approved by the Central Price Regulation 

Committee. 

Mr. WALKDEN: While appreciating what my Right 

Hon. Friend has said, is he not aware that batteries are 

used largely by people in small homesteads who cannot 

understand why good batteries cannot be obtained 

while there is a plentiful supply of inferior ones. . . ? 

Mr. DALTON : 1 am very anxious to get a fair 

distribution of whatever supplies there are, but the 

best batteries are required for the Services in a very 

great and increasing quantity. . . . 

(Extracts from Hansard. Jan. 16) 

THE CHU/RIDE ELECTRICAL STORAGE COMPANY LTD • GROSVENOR GARDENS HOUSE • LONDON • SWI 

W. MSC. 81/45 
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ELECTRONIC APPLICATION 
Valve amplifiers for all industrial purposes 

So many occasions arise where considerable 
power is required to actuate mechanical devices 
from a source providing only a very small 

alternating voltage. 

The Thermionic Valve Amplifier is an ideal 

means of providing this power. It is adaptable 
to cover a range of frequencies from that of the 

supply mains to the highest audio or radio 

frequency. 

Examples of this are :— 
Automatic Alarms 
Machine Control 
Public Address Equipment 

Stage Entertainment 

Traffic Control 
Vibration Testing 

OSRAM valves have for years set a standard 
in power amplifying valves, where a high degree 

of reliability is essential. 

Aavt. of 'lije General Electric Co., Ltd., Magnet House, Kingsway, London, W.Cz. 

(x) 



VISUAL TWO-DIMENSIONAL 

delineation of any recurrent law. 

RELATIVE TIMING OF EVENTS and 

other comparative measurements 

with extreme accuracy. 

PHOTOGRAPHIC RECORDING of 

transient phenomena. 

SIMULTANEOUS INDICATION of 

two variables on a common time axis. 

Completely embracing all the above functions, the unique Cossor 

DOUBLE BEAM Cathode Ray Tube as embodied in Model 339 Oscillo-

graph, is inherently applicable to all problems arising in the 

RECORDING 

INDICATING and 

MONITORING 

of effects and events in Electrical engineering ; and in Mechanical 

engineering when the effects can be made available as a voltage. 

Recurrent traces are studied visually and transients may be photo-

graphically recorded with Model 427 Camera. 

A. C. COSSOR LTD. 
Instruments Dept. 

Cossor House, LONDON, N.5 

Phone: CANonbury 1234 (30Imes). Grams: Amplifiers, Phone, London. 
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INSTITUTION MEETINGS 

INSTITUTION MEETINGS 

The Committees of the various Sections of the Institution, in conjunction with the main Programme and Papers 
Committee, are now preparing for the 1945/6 session of meetings which, in all Sections, will commence in October, 
1945. The new session, therefore, commences in the twentieth year of the Institution and should be marked by 
increased activity in all the Sections after six years of wartime restrictions. 

It is intended to publish for each Section a Programme Card, and this part of the work of the Programme and 
Papers Committee will be considerably assisted by members lodging well in advance manuscripts of the papers 
offered for reading before various Sections. The following provisional arrangements have already been made :— 

NORTH-EASTERN SECTION 

(All Meetings commence at 6 p.m. and are held in The Neville Hall, Westgate Road, Newcastle-on-Tyne.) 

September 28th, 1945: January 16th, 1945: 

6 p.m. Annual General Meeting of the Section 
followed by 

The Annual Dinner at 7.15 p.m., 
at 

The Royal Station Hotel, 
Newcastle-on-Tyne. 

(Tickets on application to the Local Secretary.) 

October 10th, 1945: 

A Paper by 

J. Hare and J. C. Finlay 
on 

Review of Industrial Electronics." 

November 14th, 1945: 

Paper to be arranged. 

December 12th, 1945: 

A Paper by 

H. Armstrong 

on 

" Ships' Distress Automatic Alarm Apparatus." 

MERSEYSIDE SECTION 

A Paper by 

Dr. R. T. Craig 
on 

" Deaf Aid Systems." 

February 13th, 1945 : 

A Paper by 

G. Dobson 
on 

" Reproduction from Sound on Film." 

March 13th, 1945 : 

Paper to be arranged. 

April 10th, 1945: 

A Paper by 

G. Phillips 

on 

" Short Wave Matching" 

REMAINING MEETINGS-1944/5 SESSION 

May 2nd, 1945. at 6.15 p.m. 

Meeting at :— 

The Central Hall, Renshaw Street, 

Liverpool, 1. 

A Paper by 

T. H. Turney, Ph.D., 

on 

" Wave Guides." 
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LONDON SECTION 

May 17th, 1945, at 6 p.m. 
Meeting at :— 

Institution of Structural Engineers, 
11 Upper Belgrave Street, S.W.1. 

A Paper by 
F. Jones, B.Sc.(Hons.) and R. Sear, 

B.Sc.(Hons.) 
on 

" The Measurement of Cable 
Characteristics at Ultra-High 

Frequencies." 

NORTH-WESTERN SECTION 

May 4th, 1945, at 6 p.m. 

Meeting at :— 

College of Technology 
(Reynolds Hall), 
Sackville Street, 
Manchester, I. 
A Paper by 

E. R. Friedlander 
on 

" Magnetic Dust Cores." 
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The British Institution of Radio Engineers draws its 
members from that large body of technicians who are 
now professionally concerned with what may be 
shortly termed " Radio." They are spec:alists of a new 
kind, familiar with all the intricacies of valve circuits, 
which are still somewhat of a new magic to the academic 
physicist. It would often seem that the most that the 
ordinary physicist can hope to do is to know what can 
be achieved by the new methods, the complexity of 
which is increasing every day, and to ask the youngsters 
of the new era, who have been brought up in constant 
familiarity with the new technique, to carry out the 
details when, as often happens, need for the new instru-
ments and their adaptation arises in the physics 
laboratory. Although radio is only an application of 
ordinary physical laws, the development of radio 
engineering has called for specialised study of the 
generation of radio waves, e.g., the launching of radio 
waves into space and their behaviour wnen launched, 
the influence of frequency on their propagation, aerial 
arrays, and so on—all of which are now the fields 
wherein radio engineers specialise. 

A situation arises then where physizs and radio 
science seem to be drifting apart, and I am afraid that 
the scope and significance of many of the fundamental 
laws of physics are unknown or unfamiliar to some 
radio physicists; they tend to e>plain everything in 
terms of their own specialised rules and by-laws rather 
than in terms of the general laws of physics. Radio 
science is, however, derived from these fundamental 
laws and so, of course, is the explanation of any new 
phenomenon which may come their way. But very 
often, instead of going to the common source when they 
want to explain the new phenomenon, they try to make 
a short cut across the unknown, not always with happy 
results. 

I suggest that the radio engineer, marvellous as are 
his achievements in his specialised fields, needs to be 
really familiar with the fundamental laws of physics, 

not only when it comes to making advances in new 
directions, but also quite often in his daily work. On 
the other hand, the physicist needs a knowledge of the 
general achievements of radio engineering, for there is 
to-day scarcely any laboratory technique where radio 
methods may not be wanted at any minute. It is most 
desirable, then, that physics and radio science should 
not drift too far apart, and I welcome this joint meeting 
of the Physical Society and the Brit.I.R.E., since 
personal contacts like this often lead to an interest in 
one another's problems. 

In so dwelling on the relations between physics and 
radio, I wish to show how radio has grown out of 
physics, and how the physicist has often already worked 
out those fundamental problems which grow naturally 
out of the development of radio. I propose to run 
quickly through the history of certain developments, 
starting right at the beginning and coming up to the 
present time. If sometimes I seem to be straying a long 
way from radio I beg you to be patient with me, for I 
will show that I have not forgotten my theme. 

Newton was the first man to treat waves in an exact 
manner. He not only had a clear conception of the 
mechanism of simple harmonic wave, and of frequency, 
wavelength, velocity and the relation connecting them, 
but he worked out the velocity in terms of the elasticity 
and density of the medium obtaining the familiar 

formula y= —e where y is the velocity, e the 

appropriate elasticity and p the density. This work of 
Newton's put the study of waves on a sure footing, 
and Laplace, who completed Newton's work on the 
theoretical velocity of sound by pointing out that it 
was the adiabatic, and not the isothermal, elasticity that 
was in question, referred to his work on waves as a 
monument to his genius, and said of his deduction: 
" La manière dont il y parvint est un des traits les plus 
remarquables de son génie." I think, then, that any 
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discussion, however sketchy, of the history of electro-
magnetic waves should begin with a brief tribute to the 
founder of modern mathematical physics. 

The electromagnetic theory may be said to have 
started with Faraday, who could not reconcile himself 
to action at a distance. It is very hard to get any 
physical idea of how one body can act on another 
across empty space. The mathematicians who followed 
Newton were not much worried by the question of how 
gravity acted: they were content to know the quanti-
tative laws of gravitational force and to leave any 
machinery by which the force acted as a mystery. 
Early electricians spoke of an electrical effluvium, 
supposing that an electrified body was surrounded by a 
mysterious vapour which produced the effects of 
attraction and repulsion. Faraday regarded the 
medium between two electrified bodies as the seat of 
the action. In the case of a dielectric he supposed that 
the electric force produced in it a state of polarisation, 
that is, a partial separation of the positive and negative 
electricity which it contained in equal quantities, a 
change in the distribution of electrical forces. He 
made much use of lines of force, both electric and 
magnetic force, which he assumed to have a tension 
along them and a repulsion of one another laterally. 
He was not very happy about vacua, for he liked always 
to talk of intervening particles. He supposed that when 
a magnetic force acted these particles were in a par-
ticular state which he called the electrotonic state. 

About this time those dealing with other branches 
of physics, especially with the propagation of light, 
were deeply concerned with considerations of empty 
space. Light was acknowledged to be a transverse 
vibration, and, since light travels across space void of 
matter, the question was, what could be vibrating? 
To explain this difficulty space was held to be filled by 
an ether, and this ether had the properties of an elastic 
solid. Thus the whole theory of elasticity and elastic 
vibrations was involved in the study of light: nobody 
could be versed in the theory of light unless he were 
familiar with the mathematical theory of elasticity. 
Most of the great names of nineteenth century physics 
play a prominent part in the history of elastic ethers— 
Fresnel, Cauchy, MacCullagh, Neumann, Green, 
Kelvin, Stokes, Larmor, for instance. I am often 
asked whether there is an ether or not. If you take the 
ether to be nothing more than a subject for the verb 
" to vibrate," it may be said to exist, or to be a con-
venient word in conversation. The moment that you 
try to give it any material properties, even a position, 
much less density or elasticity, it fails and leads to 
contradiction. It is rather like one of the bright 
creations of the politician—very good and comforting 
until you strive to attach some precise meaning to them, 
when they vanish in a cloud of inconsistencies, leaving 
merely names behind them! 

Do not think that ether seems remote from radio 
waves. In 1855 Maxwell wrote: "By a careful study 
of the laws of elastic solids, and of the motion of 
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viscous fluids I hope to discover a method of forming 
a mechanical conception of this electrotonic state 
adapted to general reasoning." He used Faraday's 
term for the state of the intervening space which arose 
when it was the seat of electric and magnetic forces. 
He gave a mathematical form to Faraday's thoughts, 
introducing what mathematicians call a "vector 
potential" which could be taken as a measure of the 
electrotonic state. The magnetic lines of force were 
thoilght of as something possessing mass rotating about 
their axes which gave them the properties of striving to 
shorten and to expand sideways, just as Faraday had 
conceived. This meant that the intensity of the medium 
had to be identified with the permeability 1.z. It is 
strange to think that to-day a similar theory is applied to 
material bodies, for the elasticity of rubber is being 
explained by the rotation of chains of molecules which 
tend to contract by virtue of their rotation. 

Further, Maxwell extended Faraday's thoughts on 
dielectrics. Faraday had attributed the properties of 
dielectrics to a displacement of charges within the 
insulating substance, a displacement which disappeared 
as soon as the force was cut off, just as if each charge 
was bound by springs to one spot, but could be moved 
from it by a force, the distance through which it was 
pushed being proportional to the force. This meant 
that D = e F, where D is the displacement, F the force 
and as e the dielectric constant. Maxwell thought of 
this displacement of charge as constituting a momentary 
current, just as the continuous movement of charges 
through a wire can be thought of as constituting the 
current. There is no current where F is constant, 
since then the charges do not move, but any change of 
F which leads to a movement of charges constitutes a 
displacement current. Further, Maxwell imagined the 
same kind of displacement current in empty space, 
where e = 1, and not, of course, zero. 

Without any mathematics, we would expect this to 
lead to waves. The medium has density /4 and etas-

1 stress F 1 
ticity - since elasticity — strain The velo-

e 

ij e 1 city should be, by Newton's reasoning, - = 

° Al 14« 
This is precisely what Maxwell's elaborate calculations 
gave. 

The scaffolding which Maxwell used to build up his 
equations no longer expresses our methods of thought 
on these subjects. Elastic ethers with mechanical 
properties are out of fashion for good, superseded by 
more precise, if more remote, conceptions. Maxwell's 
theory is Maxwell's equations, says the science of the 
day. But I thought it worth while to show you how 
they grew out of the physics of the time, out of Fara-
day's thoughts and out of a mechanical elastic ether. 

Let me try to contrast simply Maxwell's eleztro-
dynamics with the older views. Consider an iron ring 
with a close winding, through which an alternating 
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current passes. On the older views the magnetic field 
would be confined to the iron, where it would vary 
periodically. On Faraday's views ttere would be a 
varying electric field surrounding the ring, since there 
is a magnetic flux through any circuit looped round the 
ring. On Maxwell's views this field would constitute 
a varying displacement current, which must be accom-
panied by a varying magnetic force,,since any change 
of electric force is. equivalent to a current, which is pro-
p ortional to the rate of change of the force. 

Maxwell knew nothing of electromagnetic waves 
such as radio deals with. He showed that from his 
equations it followed that electromagnetic waves—that 
is waves in which both electric and magnetic force 
varied periodically—must be propagated with the 

1  
velocity of light: = 3 x 101° cm/sec. in empty 

'V Pe 
space if we choose the right units. Hence he concluded 
that light was an electromagnetic disturbance, and he 
and his immediate successors brought much supporting 
evidence to this theory. Now this is fundamental for 
radio, for it means that all the laws of optics, suitably 
modified for the difference of frequency, must apply to 
radio. Much of what I have to say hereafter will be 
concerned with dus transference of work done on light 
to the field of radio waves. 

I must mention the work of Hertz, who first produced 
the long waves with which radio deals. Hertz was at 
one time a Germai hero, but his Jewish parentage has 
led to the disappearance of his name from German 
scientific literature. All German scientists in Germany 
to-day say " it was shown," and not " Hertz showed." 
Nevertheless, he is still one of the heroes of science, and 
it is a great pleasure to read his wonderful papers. I 
am grateful that this address sent me back to them. 

Hertz was convinced of the correctness of Maxwell's 
equations and saw that it should be possible to produce 
electromagnetic waves by electromagnetic means, but 
the difficulty was to detect them. It was known, as a 
result of the work of Kelvin and others, following the 
lines already worked out by mathematical physicists 
for material pendulums—another example of the inter-
dependence of the different bianches of physics—that 
the discharge of a Leyden jar was oscillatory. Hertz 
realised that the strength of the wave must depend on 
the frequency; Maxwell's equations show that the 
effects are proportional to the rate of change of the 
electric force. Hertz pointed out th at the frequency of 
ordinary Leyden jar discharges was about 10° per 
second. What he did in effect was to make an oscil-
latory circuit with a very small capacity and conse-
quently a very high frequency, of the order of 10° per 
second, and to demonstrate the use of a broken ring 
as a detector, a spark passing across the very small gap 
when a wave traversed the ring. With this apparatus he 
established the existence of the waves and showed that 
they obeyed the laws of optics—reflection, refraction 
and polarisation. The waves that he used were of 

metre wave length. Radio science was founded on a 
sure basis. Just as Roentgen founded the study of 
X-rays so thoroughly that for twenty years after his 
discovery no fundamental advance was made, so 
Hertz did his work so well that nothing really essential 
was discovered for ten years after his papers appeared. 
Then Marconi's discovery of a new sensitive detector 
was the starting point for fresh advances. 

To return to optics, once it had been definitely 
established that light was an electromagnetic disturb-
ance all the optical properties of material bodies had 
to be explained on an electrical basis. The discovery of 
the electron and the establishment of its properties by 
J. J. Thomson and his school and by Continental 
workers had convinced everyone that matter was elec-
trical in structure, and the optical properties of matter 
had clearly to be worked out on the basis of the inter-
action of the forces of electromagnetic waves with the 
electrons in matter. The rapidly varying electric forces 
act on the electrons, and the electrons themselves emit, 
and so react on the waves. We are at once met with 
two cases: the electrons may either be practically free, 
and act merely as particles with inertia on which 
periodic forces act, or the) may be bound with quasi-
elastic forces, so that if moved from their equilibrium 
position they are urged to return by a force proportional 
to the displacement. Free electrons correspond to 
metals, bound electrons to insulators, for if we apply 
a steady electric force to free electrons they will drift 
steadily along, and constitute a current, but if we apply 
it to an insulator the electrons will be displaced by a 
given amount from the centres of positive charge, and 
the material will become polarised. In the case of the 
insulator the behaviour will depend upon the forces 
binding the electrons, that is, upon the period with 
which the electron would vibrate if left to itself, as 
compared with the period of oscillation of the electric 
forces, i.e. with the frequency of the wave. We are 
dealing with the case of a forced oscillation with 
damping. If the free and forced periods agree, we 
have resonance, to which corresponds a very strong 
effect on the wave, leading to absorption and anoma-
lous velocity. If the frequency of the wave is a little 
less than that of the bound electrons with which it 
interacts, the velocity of the wave is much less than the 
normal velocity in the material, that is, than the velocity 
of waves whose frequency is far removed from that of 
the bound electrons; if the frequency of the waves is a 
little greater, the velocity exceeds the normal velocity. 
On the basis that all optical effects are due to the 
periodic displacement of charges in the material body, 
the waves from the moving charges combining with 
the wave as it would be in the absence of the material, 
Lorentz and others worked out all the optical properties 
of insulators. The optics of metals were likewise 
worked out, but here the subject offers peculiar diffi-
culties, on account of the frequent collisions which the 
free electrons make with the atoms of the metal, 
leading to strong absorption. 
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I have said that near the region of resonance, the 
region of absorption—that is, in the region. of so-called 
anomalous dispersion—the velocity of the wave may 
exceed the normal velocity in the material, this normal 
velocity being, of course, less than the velocity in free 
space. However, the velocity may even exceed the 
velocity in free space; with sodium vapour, for 

instance, the velocity of a wave of length 5889-6 
(there is a sodium emission line at 5889.96) is notably 
greater than that of light in free space, the refractive 
index being 0.614 only. How is this possible? You 
have all been told that the theory of relativity implies 
that no signal can be sent with a velocity greater than 
that of light, or, if you like, that a packet of energy 
cannot travel with a velocity greater than that of light. 
This is true. In a dispersing medium, however, that is, 
in a medium in which waves of different frequencies 
travel with different velocities, we can have simple 
harmonic waves which travel with velocities above that 
of light, but in such media we have the peculiar 
phenomenon of wave groups. 

As a simple example, consider ripples on the surface 
of a pond, the velocity of which varies with the wave 
length. The effect of a stone dropped into the water is a 
group of circular wavelets running out. By watching 
carefully one of the minor wave crests towards the back 
of the group, we shall see it catch up the centre of the 
group, overtake it and then die down to invisibility, to 
be followed by another wave crest. It is clear that the 
wave trains which build up the group alone travel faster 
than the group itself does. At the highest crest of the 
group—that is, at the centre of the group—crests of the 
various wave trains of different frequency that make up 
the group coincide. If all the frequencies travelled with 
the same velocity, this central crest, and the whole 
group, would also travel with the same velocity, but 
since the different frequencies travel with different 
velocities, as they pass through the group they soon 
find themselves at some spot in front of the main 
crest, in such phase relationships that they cancel out, 
so that they appear to run through the main crest and 
vanish. Similar considerations hold for any kind of 
waves that show dispersion. Now the energy can be 
shown to travel with group velocity and not with the 
single wave velocity or phase velocity, as it is called. 

The question may be asked, why not send a signal 
by one single frequency, by monochromatic radiation ? 
The answer is that it is impossible : monochromatic 
radiation must stretch out in an infinite train in both 
directions. One has only to take up a pencil to try to 
draw it to see that a monochromatic train cannot be 
started from nothing. Any signal starting from 
nothing and building up to an approximately mono-
chromatic train must necessarily contain a range of 
frequencies, particularly prominent in this important 
initial part. If there is no dispersion they will all 
travel with the same velocity, and these considerations 
do not arise, but in a dispersing medium the signal 
travels with the group velocity. Discussion of this 
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point arose when the velocity of visible light was being 
considered: the full theory of group velocity first 
appeared, however, in Lord Raleigh's " Sound." The 
application to radio will appear later. 

Fundamental for the radio engineer is the great body 
of physical research on the electron carried out by 
J. J. Thomson and his school at the Cavendish labora-
tory in Cambridge, by such men as J. S. Townsend, 
who is here to-night, and by such workers abroad as 
Millikan, Langevin, Lenard, Wien and many others 
whose names will readily occur to you. They estab-
lished the general laws of the conduction of electricity 
through ionised gases at different low pressures, in 
terms of the rate of production of the ions, their 
coefficient of recombination and their mobilities; the 
motion of electrons in magnetic fields ; the effect of 
ultra violet light in producing ions in gases ; and the 
laws of the emission of electricity by glowing metals, 
with which the name of O. W. Richardson is particu-
larly connected. All these matters seemed very remote 
from any practical end when the fundamental researches 
on them were being carried out. I need hardly remind 
you that the work on thermionics and on the electrical 
behaviour of gases at very low pressures lies at the basis 
of the wireless valve, so that an understanding of them 
should be part of the equipment of everyone who deals 
with the generation and reception of waves. 

I want now to turn to something a little less obvious, 
perhaps, and show how an understanding of Lorentz's 
work on optics, of Rayleigh's work on wave and group 
velocity, of the properties of gaseous ions and their 
generation by ultra violet light is essential to those who 
concern themselves with the passage of the waves 
between transmitting and receiving stations. 

One of the great sensations of the early days of 
wireless was the establishment of wireless communica-
tion between England and America by Marconi, in 
1901. Attempts were made to explain this passage of 
the waves round the curvature of the earth on the lines 
of classical optical theory; as diffraction, the earth 
being regarded either as a perfect or a partial con-
ductor, but Lora Rayleigh and others showed that the 
effect of diffraction wàs far too small. The optical 
analogy would be a point of ordinary light extremely 
close to the surface of a sphere a few centimetres in 
diameter: you know how little of the light would get 
to a point 20 or 30 degrees away, let alone to the anti-
podal point. Shortly after Marconi's achievement 
Kennelly and Heaviside independently proposed to 
attribute the effect to a reflecting layer, consisting of 
ionised air, spread parallel to the earth's surface and 
acting as a roof, keeping the rays from escaping. It 
was not until well over 20 years after this suggestion 
that Appleton and his collaborators, followed by Breit 
and Tuve in America, established the existence of such 
a layer; Appleton, in fact, proved that there was more 
than one layer. Let us consider, very briefly, the 
physics of this remarkable effect. 
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The nature of the effect was investigated by Appleton 
by two methods, the first being to measure the angle 
at which rays from a given source returned by the 
upper atmosphere reached the ground again, and the 
second, which has been much more extensively used 
and proved very fruitful, to observe the effect at a 
distant receiving station of varying continuously the 
frequency of the waves emitted by the sending station. 
The general principle of this matter is very simple, 
being that of the so-called Lloyd's interference fringes 
in ordinary optics, which are produced by the inter-
ference of a direct wave with a ray from the same source 
reflected from a mirror. There is, of course, the 
difference that in the Lloyd's fringes the frequency is 
constant and the fluctuations occur in space, whereas 
in Appleton's method the frequency varies and the 
fluctuations occur in time at a fixed spo:. There is a 
third method, originated by Breit and Tuve, which 
consists in transmitting a very short pulse of given 
frequency and recording the arrival of bo;,h the ground 
ray and the ionospheric ray. This has proved very fruit-
ful and gives the same kind of information as the inter-
ference method. 

If the ionosphere could be taken to consist of a sharp 
reflecting surface, exactly analogous to a mirror in 
ordinary optics, the matter would be very simple. 
The ground ray and the reflected ray would tiavel at 
practically the same velocity and the rate at which the 
path difference, expressed in wave-lengths, changed 
with frequency, as revealed by the interference effects 
at the receiving station, would give the path difference 
and hence the height of the layer. Our problem is not, 
however, so simple; the layers of ionised air are 
thick and have no sharp boundary. Simple physics 
provides us with a picture as to how the E layer is 
formed. The ionising agent is the ultra-violet light 
of the sun, which brings us back tD the work in the 
physics laboratory on the productioh of ions by ultra-
violet radiation and its dependence on wavelength. 
The production of ions means absorption of the radia-
tion, so that the nearer we approach the earth, the 
feebler the effective radiations become. On the other 
hand, the nearer we approach the earth the more 
molecules we have in a given volume, which would 
lead to an increase in the number of ions. The two 
effects work against one another so that we should 
expect a maximum effect at a certain height, with little 
production of ions very remote from the earth, where 
the radiation is strong, but there are few molecules to 
encounter, and little production of ions near the 
surface of the earth, where there are plenty of 
molecules, but little effective radiation left. 

To explain the effect fully we have tc take into 
account the recombination of the ions and electrons. 
Chapman has also taken into account the effect of 
the rotation of the earth, and obtained very satisfactory 
agreement of calculation with observation for the 
E layer. The complex F layer offers many difficulties, 
but is also accessible to theoretical explanation based 

on the general physics of ionising radiation. There is 
no doubt that radiation from the sun is the agent which 
produces ionisation, the evidence being derived from 
the variation of the height of the layer with time of day, 
in particular the contrast between day and night, and 
from the variation with sun spot activity, which is cor-
related with ultra-violet emission. It will be seen, 
therefore, that the radio engineer cannot afford to 
neglect the physics of the sun. We shall also see that 
the earth's magnetic field has a very important part 
to play, so that geophysics as well as solar physics 
claim our attention. 

Consider, then, the interaction of electromagnetic 
waves with a wide layer containing free electric charges. 
This is just what Lorentz treated in his theory of the 
effect of matter, of dielectrics, on ordinary light. The 
earth's magnetic field must also be taken into account. 
as just mentioned. Although the charges are free our 
analogy is not the optics of metals, where the absorp-
tion is very high, but the optics of dielectrics when the 
frequency of the incident waves is very far from the 
frequency of any resonators in the dielectrics ; very far, 
that is, from the free period of bound electrons. In 
such a case the binding forces have little effect. 

Just a word on the effect of a magnetic field. When 
an electron is moved in a magnetic field it experiences 
a force which tends to push it at right angles both to its 
motion and to the direction of the transverse compo-
nent of the magnetic field. Thus, if the magnetic field 
is entirely along the direction of motion, there is no 
effect ; if it is entirely at right angles to the direction of 
motion, and both are in the plane of the paper, the 
force is normal to the plane of the paper. At the 
magnetic equator we have precisely this effect for a 
vertical beam, for the magnetic force is entirely hori-
zontal, and waves with polarisation parallel to the 
magnetic force are reflected at a different level from 
those polarised transversely to the force. 

The force is proportional to the strength of the 
field and to the velocity, but the tendency of the elec-
tron to persist in a straight line is proportional to the 
square of the velocity. the result is that, in a given 
field, the faster the electron moves, the larger the circle 
into which it is forced by a normal field. A result of 
this is that the time taken by an electron to go once 
round, or its frequency of revolution, called its gyro-
frequency, will be independent of its speed, but will 
depend on the strength of the field (and on the charge 
and mass of the electron). The electron, then, has a 
kind of resonant frequency in the field. 

Working out the optics of the waves passing through 
a cloud of free electrons, without magnetic field for 
the moment, we find that there is dispersion, that is, 
that the velocity depends on the frequency of the wave, 
and also on the density of electrons, since clearly if 
there are no electrons present there will be no effect. 
We are confronted at once with the problem of phase 
velocity and group velocity, but the student of optics 
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will have no difficulty here. He is not surprised to 
find that the refractive index of the layer is less than 
unity, which means that the phase velocity is greater 
than that of light, while the group velocity, which is 
what is measured, is less than that of light. The refrac-
tive index also depends on the frequency, as it does 
in the ordinary optics of transparent media. But if the 
refractive index of the layer is less than unity we shall 
get total reflection, as when light passes from glass to 
air. 

Considering now the magnetic field, and supposing 
it to have a component at right angles to the direction 
of travel of the waves, we are confronted with two 
cases. The electric vibration lies in the plane at right 
angles to the direction of travel, and the magnetic field 
also lies in this plane. If the two directions coincide, 
the magnetic field will have no effect; if the two are 
at right angles, the field will have a maximum effect. 
The wave will behave differently, therefore, according 
to its plane of polarisation. Waves polarised in one 
direction will be unaffected and will correspond to 
the ordinary ray in crystal optics : waves polarised in 
a direction at right angles will be affected and will 
correspond to the extraordinary ray in crystal optics. 
The absorption of the two rays will be different; in 
fact, one may be so strongly absorbed that only the 
other is received. The analogy in optics is shown 
by the crystal herapathite, the substance used in 
making polarised films. This strongly absorbs one 
of the rays, so that the light that comes out is plane 
polarised. All our textbook optics is repeated with 
small variations only. 

Appleton applied all these considerations to the 
reflection of wireless waves from the ionosphere. He 
showed that while a high frequency beam will penetrate 
the ionosphere if the angle of incident is small, it will be 
reflected if incident at an angle exceeding a certain 
limit depending upon the frequency. The way in which 
the reflection of a beam incident obliquely on the 
ionosphere leads to a "skip distance" is well known. 
We have only to remember that the ground ray dies off 
rapidly when waves of medium length are in question. 
This is perhaps the most important effects for purely 
practical considerations. The structure and height of 
the ionosphere is, however, of the greatest theoretical 
interest, and one of Appleton's chief contributions is to 
show how radio waves can be made to give detailed 
information on these points. One of the main dis-
coveries is that, with a fixed angle, say vertical incidence, 
as the frequency is increased, a value is reached at 
which the waves penetrate the ionospheric layers. 
Reflection takes place when the appropriate refractive 
index is reduced to zero, and theory shows that, 
neglecting minor complications, this zero refractive 
index is reached when 

N — 7r12 

e2 

where N is the number of electrons per unit volume 
(the "electron density"), e and m the charge and mass 

52 

of the electron and f the frequency, supposing that, 
as appears to be the case, only electrons, and not 
charged atoms, are responsible for the refraction. 
Higher frequencies than that given by the formula will 
penetrate the layer. Hence the greater the electron 
density, the greater the frequency required for pene-
tration, and, whatever the density, a sufficiently high 
frequency will be transmitted right through the layer. 
Appleton found that waves exceeding a certain fre-
quency have a much greater height for the reflecting 
layer, which simply showed that the waves had pene-
trated the ordinary E, or Heaviside layer, and been 
reflected at a much higher, the F or Appleton, layer. 
Still greater frequencies penetrate the F layer and so 
give no reflection. Appleton was also able to trace the 
influence of magnetic field on the polarisarion of the 
waves, in accordance with the theory already indicated. 
He further measured the density of electrons in the 
two layers, by the simple considerations just indicated. 
A vast amount of work has been done on the variation 
of the heights of the layers with hour and season. 
What I wish, however, to emphasise is that the whole 
of the work is optics on a large scale of wave length; 
the theory is a skilful application of the results obtained 
years before by Lorentz and others working our 
problems in the electromagnetic theory of light. 

There is one trifling illustration of the theory of 
dispersion to which I should like to refer before leaving 
the subject. An essential feature of this theory is the 
strong absorption that takes place if waves of a certain 
frequency traverse a medium containing bound elec-
trons that would of themselves vibrate with this 
frequency if disturbed—resonators, as it were. Now it 
has been found that when signals are sent across London 
a marked absorption of certain frequencies occurs, 
due to the various tuned aerials operating in the 
built-up area. They take up the energy of their own 
particular frequency and remove it from the signals. 
They must also lead to dispersion, but I have not 
heard that the effect of this has been actually measured. 

A different aspect of the application of optical theory 
is afforded by the arrays used to-day for beam wireless. 
In the transmission diffraction grating familiar to 
students of physics we have a large number of openings, 
spaced at about a five-thousanth of a centimetre from 
one another, and we are dealing with wave lengths of a 
few hundred thousandths of a centimetre. If the 
grating is illuminated normally by parallel light, each 
slit will act as a line radiator, all the radiators, being in 
the same phase. The effect due to any number of 
parallel equidistant slits—sources, that is—has been 
worked out for the purpose of spectral analysis. In the 
wireless array we are usually dealing with waves of 
length of some metres, and the elements of the aerial 
array are usually effectively spaced at half a wave length 
apart. In any case, the whole problem of the distribu-
tion of the resultant radiation—the so-called polar 
diagram—is exactly the same as the problem of the dis-
tribution of light from an optical diffraction grating, 



E. N. da C. ANDRADE PHYSICS AND RADIO 

whether a single Franklin aerial is in question, where the 
elements are in a vertical line, or whether several aerials 
are placed side by side to concentrate the beam in a hori-
zontal as well as in a vertical direction. The wave 
length is, however, some tens of million times that in 
question in optical experiments. 

I may say that I have heard propcsals to use very 
fine gratings of parallel wires, kept white-hot by an 
electric current, as the optical analog!, of the wireless 
array. This proposal shows a misunderstanding of 
the situation. In the wireless case the phase relation-
ship of the oscillations in the different component 
aerials is carefully governed by the circuits; in the 
ordinary diffraction grating the phase relationship is 
governed by illuminating the rulings with a beam of 
parallel light from one line source. With glowing 
wires there would be no phase relationship—no 
coherence, as it is called—and no interference effects. 

The use of very short, centimetre, waves has brought 
in further examples of optical diffraction. Every 
student of light knows that when a reflector or obstacle 
is of anything like the size of the wave length diffraction 
effects take place—we cannot use the results of geo-
metrical optics, which assume that light can be con-
sidered as travelling in straight lines. A concave 
mirror, to give a good parallel beam, must be many 
tens of wave lengths across, or even larger, if great 
accuracy is required. This is sometimes forgotten in 
radio. For instance, I am told that in certain short 
wave experiments when the mirror was only twelve or 
fifteen wave lengths across, consideraDle trouble was 
taken to get a parabolic rather than a spherical mirror, 
but actually the spreading due to diffraction was so 
large that this added refinement was not worth while. 
We may usefully keep in mind the Rayleigh criterion 
given for the optical case, but valid here, that varia-
tions of the surface by one-quarter wave length from 
the ideal form do not signify. The size of an optical 
mirror bearing the same relations to the wave length 
as do radio mirrors would be microscopic. 

My last example of how old physics turn up in new 
radio is the wave guide. Many difficulties, which are 
well known to most of you, attend the generation of 
very high frequencies, sometimes called hyper-frequency 
radiation or centimetre waves. The inductance and 
capacities of the leads into the valve are not negligible 
for such frequencies and problems of matching become 
very grave. These troubles are avoided by the use of 
the so-callied wave guides, the simplest form of which 
consists of a copper tube of circular or rectangular 
cross section, an inch or a few inches in diameter, 
according to frequency. The generating valve is 
placed inside the tube, so that we have perfect shielding 
from electric disturbances, and simple and robust 
construction, among other advantages. The mathe-
matical conditions governing the waves generated in this 
enclosure are different from those for waves in free 
space, since we have the condition at the metal surface 
that the component of electric force parallel to the 

surface must be zero. It so happens that these condi-
tions were worked out by Lord Rayleigh in 1897, long 
before the subject seemed to have any practical interest. 
He established the existence of the two classes of 
possible waves, namely, those which have no compo-
nent of magnetic force parallel to the axis of the tube, 
the so-called E waves, and those which have no 
component of electric force parallel to the axis, the 
H waves. He also showed that there was a certain 
lowest frequency for the propagation of periodic waves 
inside a hollow conducting cylinder and found an 
expression for this lowest frequency in the case of both 
a rectangular and a circular cross-section. The critical 
or cut-off frequency depends on the dimensions of the 
cross section and on the dielectric in the tube, if there 
is one. In the course of his paper he refers to work 
done in his Theory of Sound, which shows how general 
is the application of physical work done on vibrations. 
These wave guides can be used as generators of waves, 
and as resonators, that is, tuned receivers. The analo-
gies with sound are very striking, the émission of waves 
from the end of the guide being, for instance, very like 
the emission of sound from the end of a tube provided 
at the other end with a vibrating diaphragm, with 
which I personally have been concerned. We also meet 
again with the question of phase and group velocity: 
at frequencies near the cut-off frequency the phase 
velocity may greatly exceed that of light. In the wave 
guide electromagnetic theory, optical theory and the 
theory of sound all meet in harmony. 

There is much talk to-day to the effect that all 
scientific research should be carried out with a prac-
tical end in view; that the only object of science 
should be to minister to the material needs of humanity. 
I am far from agreement; the sublime curiosity that 
pushes a Faraday or a Rutherford to find out, to search 
by patient thought and experiment for reasons and 
meanings in nature's vast complexity, is a thing to be 
encouraged, whatever may come of it, just as great art 
is a thing to be encouraged—a manifestation of the 
nobler side of our mixed nature. Remember that, no 
matter how little the abstract scientific worker, the poet 
of the laboratory, may have practical ends in mind, 
he often founds vast industries and initiates advances 
which bring the material prosperity which some say 
he should deliberately seek. Newton, Faraday, 
Maxwell, Hertz, J. J. Thomson, Owen Richardson, 
H. A. Lorentz, Lord Rayleigh—these men had no 
practical end in view when they carried out their 
researches. Without their labours, however, the science 
of radio, if it existed, would be much the poorer. My 
attempt this evening has been to show how pure 
physics underlies all aspects of radio. My examples 
have been few, but I hope that I may have stimulated 
you to search for yourselves and to regard a knowledge 
of physics not as a polite accomplishment, but as a 
fundamental need of the radio engineer. 

A vote of thanks, proposed by Dr. James Robinson, 
was most heartily accorded to the author for his paper. 
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PROPOSALS FOR TELEVISION AND BROADCASTING TRANSMISSION 
SYSTEMS 

by W. A. Beatty (Member) 

A paper read before the London Section of the Institution on February 16th, 1944, and repeated 
before the North-Eastern Section on March 14th, 1945. 

SUMMARY 

Proposals are made for Television and Broadcasting Transmission Systems. These proposals visualise television 
standards and Transmission methods different from those previously used. It is proposed that :— 

(a) Two polarisations be used for television transmission, vision signals using vertical and sound signals 
horizontal polarisation, both transmissions sharing a common frequency spectrum. 

(b) Interference between the vision and sound transmissions be combated by the introduction of an antiphase 
sound signal into the vision signal, and by the use of a time modulated pulse transmission for sound. A method 
of combatting interference between sound and synchronising by having some synchronising between the different 
pulse trains used for sound transmission and synchronising is suggested. 

(c) Each transmitted picture has 640 lines due to a three-way interlacing, and that provision be made in the 
transmission for increasing the line structure up to 1,280 lines per picture. 

(d) Two methods of frame synchronising be available, one due to a difference in duration between line and 
frame synchronising pulses, and the other due to the changing of the basic carrier frequency during the frame 
synchronising period. It is further proposed that frame synchronising makes provision for automatic colour phasing 
in an experimental colour transmission system. 

(e) The time modulated pulses used for sound transmission have a repetition frequency of 32 kc/s, and that 
these pulses retain up to the ninth harmonic of the pulse repetition frequency. The signal to noise improvement 
as compared to amplitude modulation is discussed ; an improvement, as compared to amplitude modulation of 
29.2 db. in the case of random nuise, and 34 db. in the case of car ignition noise is claimed. 
By the adoption of three ranges of service area for different services, two polarisations, and a time modulated pulse 

system with a repetition frequency of 20 kc/s for local sound services, it is shown that one television transmission with 
stereophonic sound, and 21 broadcast sound transmissions can be provided in any one location. 

It is shown that the number of frequency channels or spectra required to give adequate television programme 
coverage to a large area of country can be decreased by increasing the frequency ; this decrease being due to the 
greater attenuation beyond the horizon for higher frequencies. 

In order to avoid interference between transmissions in different areas served by a common television programme, 
it is suggested that if frequencies in the neighbourhood of 42 Mc/s were used, seven channels would be required, as 
against five channels when using frequencies in the neighbourhood of 250 Mc/s. 

It is pointed out that there may be advantages for local sound services in covering an area by the use of a large 
number of low power transmitters, rather than by a smaller number of higher powered transmitters. The author suggests 
that the existing air raid syren poles and power supplies could form the basis of such a low power transmission system. 

INTRODUCTION 

The first broadcast radio post-war requirement is the 
design of ordinary receivers. During this initial period 
engineers can re-group themselves into well integrated 
teams capable of carrying out in a satisfactory fashion 
the design of television equipment meeting improved 
standards of transmission. 

The author wishes to emphasise the fact that he does 
not consider that the proposals which follow offer a 
satisfactory solution to the problems of post-war tele-
vision and sound broadcasting on short wavelengths, he 
is also of the opinion that none of the groups of proposals 
recently put forward by individuals or sponsored by 
professional bodies offer practical solutions to the 
television and broadcasting problems. 

Because of these and many other valid reasons which 
can_be_brought forward, it seems desirable that we resign 
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ourselves to the fact that it will not be practicable to 
restart television for at least three (3) years from the 
cessation of hostilities with Germany. 

This interim period offers an opportunity for investi-
gation into the questions of the most satisfactory television 
standards and methods of transmission. The proposals 
which follow are being put forward mainly with the idea 
of stimulating discussion, and it is hoped that such 
discussion will demonstrate the undesirability of fixing 
now or in the immediate future any post-war television 
or broadcasting standards. 

The author is further of the opinion that the question 
of fixing television standards and methods of transmission 
should be deferred until such time as competent radio 
engineers can devote the major portion a their activities 
to these problems. Any final standards should be 
arrived at as a result of open discussion between repre-
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sentatives of the radio industry, the B.B.C., Government 
services, and professional bodies. 

Prior to the war, the B.B.C. operated a television 
transmitter from Alexandra Palace, London, the vision 
and sound transmission using adjacent frequency 
spectra in the neighbourhood of 45 Mc s. Ampli-
tude modulation, with double side bands, was used 
for vision, synchronising, and sound, the trans-
mission being vertically polarised. The transmitted 
vision signal comprised 25 complete pictures per second, 
made up of 50 interlaced frames, each frame having 
202.5 lines, giving 405 lines per complete picture. White 
in the vision signal was given by a signal of positive 
sense, relative to a black level, given by 30 per cent. of 
the peak picture signals. Synchronising signals were 
transmitted in the level 0 to 30 per cent. of the peak 
picture signal. 

It has been suggested elsewhere that it would be a 
good plan to resume television transmission as soon as 
possible after the war, using the pre-war standards of 
transmission. The standards for the ire-war B.B.C. 
television transmission were fixed by E.M.I. about 10 
years ago, and since that time many developments have 
taken place in television and allied transmission systems, 
which make it desirable that the whc le question of 
television and broadcast transmission should be 
reviewed. 

No doubt various other television transmission 
systems can be put forward, and recently (1,2) there have 
been discussions regarding such other systems. With a 
view to stimulating discussion on the subject, a television 
and broadcasting transmission system is proposed which, 
in all its main features, differs considerably from the 
pre-war B.B.C. standards of transmission. 

The fact that definite proposals are being made should 
not be taken as an indication that these proposals either 
individually, or together, are considered to be the best 
compromise which can be taken on the subject of tele-
vision standards, and ultra short wave broadcasting. 

Briefly stated, the proposals are :-

1. That the frequency used for transmission shall be 
such that there is no danger of effective inter-
ference due to ionospheric reflectons, or other 
causes from other transmissions working on the 
same frequency. 

2. That vision signals be transmitted with vertical 
polarisation. 

3. That sound signals be transmitted with horizontal 
polarisation, but using a frequency spectrum 
within the frequency spectrum taken by the 
accompanying vision signals. 

4. That interference on the vision signal due to the 
sound transmission be combated by introducing 
into the vision signal a further signal which can 
be termed " An anti-phase sound signal." - 

5. That interference on the sound signal due to the 
vision transmission becombated by the use of a 
wide band time modulated pulse transmission for 
the sound signals. 

6. That interference with synchronising signals, due 
to the sound transmission, be combated by having 
some synchronisation between the synchronising 
pulses and the time modulated pulses used for 
sound transmission. • 

7. That a vestigial side band transmission be used for 
the vision signal. 

8. That vision white be given by a signal of negative 
sense relative to the vision black signal level, and 
that synchronising signals are given by a signal 
of positive sense relative to the vision black signal 
level, said black level being 84 per cent, of the 
combined vision and synchronising peak voltage 
level. 

9. That the vision signal be comprised of 161 inter-
laced frames per second making a total of 50 
pictures, each frame having 2131 lines giving a 
total of 640 lines per complete picture. 

10. That the shimmer due to the picture speed of 
161 lines be combated by an auxiliary interlacing 
giving an effective line structure of 1,280 lines per 
picture. 

11. That the aspect ratio of the viewed picture be in 
the ratio of 4-5, vertical to horizontal dimensions, 
the frame synchronising and blanking interval 
being 7 per cent: of a frame period, and the line 
synchronising and blanking interval being 15 per 
cent, of a line period. 

12. That line and frame main synchronising pulses be 
of the same constant amplitude, and that two 
types of frame synchronisation be available. 

13. That the first type of frame synchronising be due 
to pulses in the frame synchronising period, having 
a duration which is four times that of the line 
synchronising pulses. 

14. That the second type of frame synchronising be 
due to pulses transmitted at a period when the 
basic carrier frequency of the transmitted carrier 
has been changed. These pulses to be known as 
F.M. Pulses. 

15. That frame synchronising makes provision for 
automatic colour phasing with a view to the 
subsequent adaptation of the system to a medium 
grade experimental colour television system. 

16. That the sound transmission be due to the time 
modulation of a train of pulses of constant ampli-
tude, having a repetition frequency of 32 kc,s per 
second, i.e., three times the frequency of the line 
scanning frequency. 

17. That the slope of the edges of the time modulated 
sound transmission pulses be characteristic of 

55 



JOURNAL OF THE BRITISH INSTITUTION OF RADIO ENGINEER S 

pulses retaining up to the 9th harmonic of the 
pulse repetition frequency. 

18. That provision be made for stereophonic trans-
mission of sound on the television service. The 
transmission channels necessary for this service 
using horizontal polarisation and sharing the same 
spectrum with the vision signal. 

19. That two wide band pulse modulated high quality 
sound transmission channels with horizontal 
polarisation be allocated frequencies within each 
guard spectrum between the vision spectra. 

20. That additional high quality wide band sound 
channels in any one area be provided by pulse 
transmissions with horizontal polarisation, these 
transmissions sharing spectra with vision trans-
missions in other areas. 

21. That further, medium quality wide band sound 
transmission channels in any one area be provided 
by pulse transmission with vertical polarisation, 
these transmissions having a limited service area, 
and sharing spectra with vision transmissions in 
other areas. 

The various proposals can now be dealt with in 
greater detail. 

It is well known that at various times the B.B.C. 
television signals on 7 metres were picked up at places 
located considerably outside what was considered to be 
the normal service area, transatlantic reception even 
being claimed. These long ranges could only have been 
due to signals reflected from the ionosphere. Such 
reflections can well be expected under certain sun-spot 
conditions, since on occasions communication on wave-
lengths as low as 5 metres has been achieved over 
distances over several hundreds of miles. It is probable 
that there will be international agreement on one or more 
frequency spectra to be used for television, and it is 
desirable that the frequency spectra agreed upon preclude 
the possibility of interference due to reflected signals 
from other transmissions. 

The minimum acceptable signal to interference for 
vision is apparently 46 db.(5. This means that when 
amplitude modulation is used for the vision signal, any 
interfering signal should be less than 0.5 per cent, of the 
voltage of the vision signal given by a change from black 
to white, peak voltages being assumed in both cases. 

It may be that when using a wavelength of 7 metres 
for television, the interference due to reflection would, 
because of ionospheric attenuation and other causes, 
have such a low field strength in all cases that effective 
interference would not be caused. It is reasonable to 
suppose that much more is now known of ionospheric 
reflections than was the case in 1933, and those who are 
well experienced in this aspect of radio propagation will 
be able to advise which frequencies can be safely adopted 
for a general television service. 

No definite proposals are being made here regarding 
any particular frequency to be used for a television service. 
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Attention is, however, drawn to the fact that it is desirable 
that the question of the most suitable frequency for 
general television service be reviewed in the light of 
modern experience. 

Apart from the interference due to reflections, the 
possibility of interference due to direct propagation either 
within the line of sight, or over the horizon, should also 
be considered. Factors which influence the degree of 
interference likely to be experienced by transmissions on 
the same frequency are the heights of the transmitting 
and receiving antenne, the distance between transmitters 
and receivers together with the frequency and power 
used. The heights of the transmitter and receiver 
antennœ determine the line of sight or what can be 
termed the " horizon " distance. 

In an article entitled, " The Service Range of Fre-
quency Modulation," (') by Murray G. Crosby, there 
is derived from previously known formule, an equation 
for the field strength of ultra short wave transmissions, 
given by :— 

E (r-m-s microvolts per meter) = 

0.01052 ahf 0'2) %/NV 
D" (I) 

where W = effective watts radiated = power in 
antenna times antenna power gain over 
a one-half wave dipole. 

a = receiving antenna height in feet. 

h = transmitting antenna height in feet. 

D = distance in miles. 

Dh = distance to horizon in miles --

1.22 Vh 1.22 Va 

f = frequency in Mc/s. 

n = 2 for distances within the horizon, and 
varying with frequency, is taken from a 
curve for distances beyond the horizon 
(for instance n = 3.5 when f = 42 Mc/s 
and 7.25 when f = 250 Mc/s. 

The equation given by ( 1) may be re-written as :— 
E (r-m-s microvolts per meter) = 

0.01052 ahf VW 
(D—Dh)n x 

When D = Dh the above equation gives the field 
strength at the horizon. 

It can also be seen from (2) that the field strength at 
places other than the horizon varies relative to the 
horizon field strength as 

(Dh y  

(2) 

(3) 

This variation in field strength can be shown in decibels as 

20 n log, o(it)   (4) 
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If D = 0.5 Dh the increase in field strength given by (4) is 
+ 6 db. when n = 1. 

or if D = 2 Dh the decrease in field strength will be 
— 6 db. when n = I. 

The change in field strength relative to the horizon 
field strength can therefore be given as 

+ 6 n db. for each progressive halving of 
distance inside the horizon ana — 6n db. 
for each progressive doubling of distance 
outside the horizon. 1 

(5) 

Fig. 1 shows curves for field strength in decibels against 
distance, within and without the horizon, when f = 42 
Mc/s and f = 250 Mc/s, the distance scale being 
logarithmic. Since n = 2 for distances inside the 
horizon, each halving of distance gives an increase in 
field strength of 12 db. for both frequencies. 

FIGURE. I 
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However, outside the horizon, doubling the distance 
gives an attenuation of 6 x 3.5 db. = 21 db., in the 

60h. 

case of 42 Mc/s, and 6 x 7.25 = 43.5 db. in the case 
of 250 Mc/s. 

In Crosby's article, entitled " The Service Range of 
Frequency Modulation," the type of curve shown in 
Fig. 1 is made subject to a correction which allows for 
variations in field strength both within and without 
the horizon, these variations being due to fading, 
reflections, and other causes. These variations in field 
strength, when allowed for, can modify the curves 
shown in Fig. I. These curves should, therefore, be 
regarded as being representative of an approximation 
of the mean field strength likely to be encountered in 
practice. 
The method of deriving the attenuation relation given 

above for distances beyond the horizon was empirical, 
and may not be justified on theoretical grounds. 

Theoretical consideration indicates that the relation 
of field strength and distance is of exponential form. 
This attenuation relationship has been discussed by 
M. Katzin(s). 

If in practice it is found that field strength beyond the 
horizon varies exponentially with distance, the number 
of spectra required so as to avoid interference may have 
to be greater than that which would be the case where 
field strength varied as a negative power of distance. 

Referring to the curves on Fig. 1, there is shown a 
signal to random noise level of 50 db. at the horizon. 
If a frequency of 42 Mc/s is used, and one considers 
the interference likely to be experienced between two 
similar transmitters, the first of which is one Dh unit of 
distance ard the second four Dh units of distance from 
the receiver, it will be seen that the signal to interference 
level is 42 db. Similarly, if a frequency of 250 Me/s 
is used, the signal to interference level will be 44 db., 
when the second transmitter is only two ph units 
of distance from the receiver. This difference in 
attenuation of signals with change of frequency should 
have a considerable bearing on the number of adjacent 
frequency spectra allocated to a television service, so 
that adequate geographical separation can be achieved 
between transmitters working on the same frequency 
spectrum. 

If it were desired to give complete television coverage 
to a large thickly populated area such as, for instance, 
the north of France, Belgium, and Holland, there would 
be required at least seven different frequency spectra 
when using frequencies in the neighbourhood of 42 Mc,s, 
so that adequate separation can be achieved between 
transmitters using the same frequency spectrum. When 
using spectra in the vicinity of 250 Mc/s, only five 
different spectra would, however, be required. Equal 
omni-directional propagation is assumed in both cases. 
However, if specially beamed antenna were used it would 
probably be possible to reduce the number of spectra 
required to five and three in the cases of 42 and 250 
Mc s. 
Frequency spectra can be made available more readily 

on 250 than 42 Mc,'s, and therefore, apart from 
interference considerations due to ionospheric reflections, 
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there may be arguments in favour of using for the 
post-war television service frequencies much higher than 
those used by the B.B.C. prior to the war. 

Proposal (2) that vision signals be transmitted with a 
vertical polarisation and sound signals with a horizontal 
polarisation can conveniently be considered together. 

The successful use of vertical and horizontal polarisa-
tions for transmissions on the same frequency depends 
upon the amount of discrimination due to polarisation 
which can be obtained between the transmissions. Prior 
to the war, some rough tests were made on the B.B.C. 
television sound transmission, at a location in the Cray 
Valley, at a distance of 13 miles from the transmitter 
and out of the line of sight between the transmitting and 
receiving antenne. 

The receiving antenna was located inside a building 
which was surrounded by trees. The receiving conditions, 
therefore, could not by any means be considered as ideal. 

It was found that by swinging the antenna from the 
vertical to the horizontal position, the discrimination as 
judged aurally was at least 20 db., and probably much 
better than that. 

A discrimination of 20 db. only would not be sufficient 
for satisfactory operation of either the vision or sound 
transmissions, but if means can be found to improve 
upon this initial discrimination then there would be 
advantages in using two polarisations and a common 
frequency spectrum for the vision and sound trans-
missions. 

The whole of the spectrum allocated to a television 
service could be used for vision transmission, and as 
this spectrum would be much greater than that required 
for any practical type of sound transmission, more than 
one sound transmission could be accommodated within 
the spectrum, giving rise to the possibility of having a 
stereophonic effect on the television sound transmission. 

In addition, wide band transmission systems can be 
used for sound transmission, such transmissions being 
either due to frequency modulation or time modulated 
pulses, with the advantage that a large measure of 
freedom from interference due to car ignition and similar 
causes can be achieved. 

In considering what type of polarisation should be 
allocated to each transmission, the following observa-
tions may be helpful. It was noticed with B.B.C. 
television transmission that when interference from car 
ignition was experienced, the sound transmission could 
tolerate much less interference than the vision. When 
the sound transmission was completely unintelligible 
there would still be a reasonably good picture. This 
leads to the conclusion that if car ignition interference 
shows a tendency towards one polarisation more than 
another, then the sound transmission should use the 
polarisation least favoured by the car ignition inter-
ference. 

Some time before the war, the British Electrical and 
Allied Industries Research Association carried out an 
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investigation(6) into the polarisation of the interference 
due to car ignition. It was found that the average 
interference tended to have a greater vertical than 
horizontal component of polarisation. 

This leads to the conclusion that for minimum inter-
ference from car ignition the sound transmission should 
be horizontally polarised. If two polarisations are to 
be used, the vision transmission would preferably be 
vertically polarised. 

Proposals (4, 5 and 6) dealing with methods of com-
bating mutual interference between the different types 
of signals can conveniently be considered together. 

The vision and synchronising signals transmitted with 
vertical polarisation comprise a complex signal with 
amplitude modulations for vision, while pulse signals 
to be used for sound transmission are signals of 
constant amplitude. It is well known that if one has 
an initial discrimination of about 6 db., against inter-
ference in the case of constant amplitude transmissions, 
such as frequency(") or pulse modulation, then by virtue 
of the special characteristics of the transmissions the 
discrimination against interference can be improved, 
the amount of improvement being dependent upon the 
bandwidth required for the transmission. 

With amplitude modulation transmissions on the same 
frequency a discrimination of 40 db. is normally con-
sidered necessary for satisfactory operation. As far as 
is known there have not previously been proposals which 
would allow of any improvement being obtained on the 
initial discrimination existing between two amplitude 
modulated transmissions working on a common fre-
quency. A method whereby additional discrimination 
can be achieved between two amplitude modulated 
transmissions on the same frequency will now be 
described. 

If one assumes a discrimination of 20 db. between two 
transmissions on the same frequency, one of the trans-
missions being vertically and the other horizontally 
polarised, the mutual interference between the trans-
missions can be combatted by mixing with either trans- • 
mission, a signal which is the " Anti-phase signal " 
of the other, and 20 db. down on the original signal. 
This can be more readily understood by referring to 
Fig. 2, where two simple types of pulse transmissions are 
shown. 

Referring to Fig. 2, assume that the pulse train A 
curve 1, of constant voltage V, is characteristic of a signal 
used to modulate a vertically polarised transmission, 
while the pulse train B curve 3 of similar constant 
voltage is used to modulate a horizontally polarised 
transmission, having an output similar to that of the 
previous transmission. 

If one assumes that at the receiver there is only 20 db. 
discrimination between the two polarisations, the 
received signals will be characteristic of the curves 5 
and 6, i.e., either signal will have the other 20 db. down, 
superimposed upon it. • 

Instead of transmitting the pulse signals A and B as 
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shown in curves 1 and 3, there is derived from these 
signals the anti-phase pulse train a curve 2, having a 
voltage of 1/0 V and the anti-phase pulse train b curve 4, 
also having a voltage of 1/jo V and these anti-phase 
signals are combined with the original signals, as shown 
in curves 7 and 9. Curve 7 shows the original signal A, 
combined with the anti-phase s-gnal h, while curve 9 
shows the original signal B with the anti-phase signal a. 
The signals shown in curve 7 are now transmitted with 
vertical polarisation while the signals shown in curve 9 
are transmitted with horizontal polarisa. ion. 

At the receiving location, signals characteristic of 
curves 7 and 9 will be received on adjacent vertical and 
horizontal antennœ. In addition the vertically polarised 
signal will suffer interference from the horizontally 
polarised signal to the extent shown in curve 8, while 
the horizontally polarised signal will suffer interference 
from the vertically polarised signal to the extent shown 
in curve LO. 

The combination of the signals shown in curves 7 
and 8 gives a resultant signal as shown in curve 12. It 
will be seen that the signal shown in curve 11 is charac-
teristic of a signal having an amplitude 99 per cent, of 
the amplitude of the signal B, curve 3. 

It can thus be seen that at the expense of a small loss 
of power in the transmitters, the mutual interference 
between the two transmissions can be cancelled. 

In the example taken, the anti-phase signals were 
introduced at the transmitters, but if required, the 
mixing of the in-phase and anti-phase signals can be 
performed at the receiver. This, however, may com-
plicate the receiver somewhat, and it may be more 
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practical to carry out the mixing at the transmitters 
The example taken is a simple example of what may 
be termed " Anti-phase discrimination." 

If the sound transmission is due to a time modulated 
pulse train, anti-phase time modulated pulses of the 
correct amplitude and phase can be introduced into the 
vision transmission, with the result that mutual inter-
ference between the transmissions at the receiving 
terminal can be reduced. It would be necessary first to 
ascertain what would be the maximum amount of inter-
ference likely to be obtained between the two trans-
missions. The level of anti-phase signal introduced into 
the vision transmission would be dependent upon the 
maximum amount of mutual interference which would be 
experienced. This maximum would, due to scattering 
and reflections, probably occur at the limit of the service 
area. In order that a satisfactory balance between the 
in-phase and anti-phase signals be obtained at locations 
where the mutual interference is less than that allowed 
for as a maximum, it would be necessary to increase 
the mutual interference to that obtained as a maximum. 
This could be done by alignment of antennœ, or by 
coupling in the early stages of the receiver. 

It should not be necessary to introduce anti-phase 
vision signals into the sound transmission, since the 
special features of the pulse transmission will give 
sufficient discrimination against interference. 

Although the basic principles of time modulated 
pulses for the purpose of transmission had been disclosed 
as long ago as 1924, by R. A. Heising,(7) and although 
there have at intervals since that time been references 
in the patent and other literature (8-26) to this pulse 
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transmission system, the basic principle is not well 
known to workers outside this specialised field, and a 
short description of the system in its simplest form would 
probably be not out of place here. 

Fig. 3 shows a series of curves which will serve to 
illustrate the description. 

Referring to Fig. 3, curves 13, 14 and 15 show three 
trains of rectangular pulses, the first having a switched-on 
duration of 50 per cent., the second 90 per cent, and the 
third 10 per cent, of the periodic time. If the pulses 
all have the same constant voltage V, the average 
voltage level of the three trains will be 0'5 V, 0.9 V, and 
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01 V, as shown in the curves. It can therefore be seen 
that if means are available for time modulating a pulse 
train in accordance with a signal voltage, the mean voltage 
level of the pulse train will be characteristic of the 
modulating signal voltage. 

For methods of time modulating pulse trains, reference 
should be made to the patent literature ( 7,10,1416,16,21,29. 

Curve 16 shows the waveform of a signal used to time 
modulate the pulse train shown in curve 17. The pulses 
shown in curve 17 have a mean duration of 50 per cent. 
of the pulse periodic time when the waveform shown in 
curve 16 has its mean voltage at the times indicated as d, 
while the pulses have their maximum duration at the 
time c, and their minimum duration at the time e. The 
dotted line in curve 17 shows the mean level of the pulse 
train. It will be seen that the waveform given by the 
dotted line is substantially similar to that given by the 
curve 16. For practical working it is desirable that the 
repetition frequency should be at least five times that of 
the highest fundamental tone which it is desired to 
transmit. For high quality music transmission, these 
conditions can be met by making the pulse repetition 
frequency not less than 30 kc/s. 

Under practical conditions, the transmitted pulses 
will not be rectangular in waveform as shown in curves 
13, 14, 15 and 17, but will have a definite slope to their 
edges as shown in curve 18, the slope of the edges being 
dependent upon the harmonic content of the pulses. 
This will be discussed in greater detail at a later stage. 

Curve 19 shows the same train as shown in curve 18 
but with an interfering signal added. If the signal plus 
interference shown in curve 19 is applied to the input of 
an amplitude filter, having a lower cut-off voltage as 
indicated by the level f, and an upper cut-off voltage as 
indicated by the level g, the output from such a filter 
will have a waveform similar to that given by curve 20, 
which it can be seen is substantially similar to that 
given by curve 18. The interference which was superim-
posed upon the pulse train has been largely eliminated, 
the only effect of the interference being to advance or 
retard slightly the time of occurrence of the leading or 
trailing edges of the pulses. This advancing or retarding 
of the time of occurrence of the edges of the pulses can 
be regarded as a time modulation of the pulse train due 
to interference. 

The greater the slope of the edges of the pulses, the 
smaller becomes the amount of time modulation due to 
interference. The slope of the pulses increases in accord-
ance with pulse harmonic content, i.e., bandwidth 
required, and it can thus be seen that any improvement 
in signal to interference is obtained at the expense of a 
greater band width. For satisfactory, operation, the 
minimum harmonic content for the pulse train is the 
retention of all harmonics up to the fifth. Since the 
repetition frequency of the pulse train must be at least 
twice that of the highest frequency of the modulated 
signal, the retention of the fifth harmonic as a minimum 
means that, for satisfactory operation with time modu-
lated pulses, the pulse train must contain frequencies 
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up to ten times that of the highest frequency of the 
modulating signal. 

It can, therefore, be seen that a time modulated pulse 
transmission is essentially a wide band transmission 
system, and can only be recommended in certain cases. 
It is not proposed to discuss here in great detail the signal 
to noise improvement to be obtained with time modu-
lated pulse transmissions, but some reference to this 
improvement will be made later when discussing the 
details of standards for the proposed television and 
broadcasting systems. 

It is possible to make either the leading or the trailing 
edges of the time modulated pulse train occur at fixed 
intervals of time. Such edges are usually referred to as 
fixed edges. By using this expedient it is possible to make 
a fixed edge of one train of time modulated pulses to 
occur at the same time as the leading edge of the pulses 
used for line synchronisation, with the result that the 
interaction between the two transmissions is a constant 
at the time of line synchronising, thus giving line-
synchronisation free from interference. The effect of 
interference on frame synchronisation can be made very 
small and will be discussed later. 

Proposal (7) that a vestigial side band system be used 
for vision signals. The arguments in favour of this 
system can be summed up by saying that it is working 
effectively in the U.S.A. and gives a satisfactory vision 
service with economy of bandwilh as compared with a 
double side band system. 

Proposal (8) that vision white be given by a signal of 

negative sense relative to the vision black signal level 
and that synchronising signals are given by a signal of 
positive sense relative to the vision black signal level, 
said black level being 16 per cent. of the combined vision 
and synchronising peak voltage level. 

This proposal suggests a sense for the vision signal the 
opposite of that adopted by the B.B.C.; tne synchronising 
level suggested is about 0.5 of that used by the B.B.C. 

The main advantages arising from having picture 
white given by the negative signal are that the syn-
chronising pulses give a peak signa of constant amplitude 
and this peak signal can be used for A.V.C. purposes. 

The provision of A.V.C. for the vision signal may be 
important if the frequency adopted for transmission be 
such that signals are subject to variations in strength, 
due to any causes, either inside or outside the horizon. 

The B.B.C. television system had a synchronising signal 
level of 30 per cent. of the combined synchronising and 
vision peak signal level. An examination of the require-
ments for accurate synchronisation lead to the con-
clusion that a synchronising level of 30 per cent. is too 

great. 

Assume that a smaller level, such as 1/11 of the com-
bined synchronising and vision signal level, is allocated 
to synchronising. Under such circumstances the effective 
signalling portion of the synchronising signal would be 
20 db. down on the vision signal. It was previously 

pointed out that for satisfactory operation the vision 
signal should be 46 db. up on interference, so if satis-
factory operation is being obtained the synchronising to 
interference level would be 26 db. If the slope of the 
edges of the synchronising pulses is such that each pulse 
rises and falls from approximately 12-5 per cent. to 
87-5 per cent. of its peak amplitude in . 5 micro-seconds, 
the amount of time modulation given to the edge of a 
pulse by an interfering signal 26 db. down would be 
very small, and would not be noticed under practical 
conditions. 

The effect of such interference will be dealt with in 
greater detail at a later stage. 

Greater freedom from interference can be achieved by 
making the slope of the synchronising pulses as great as 
possible. The slope described above would require a 
bandwidth of approximately 1 Mcis for one side 
band, and the system about to be proposed will require 
a bandwidth of approximately 4.6 Mc/s for one 
vision side band. 

Proposals 9 to 16, dealing with the various standards 
of the proposed television system, can be considered as 
the details of the system are given. 

Before considering the details of the standards for a 
television system it is desirable that there be established 
a convenient formula which will make possible easy 
analysis of all factors dealing with picture detail and the 
frequency spectrum involved. 

It is desirable that in fixing any standard for definition 
equal time be • allocated to vertical and horizontal 
definition. With the spot size and shape limitations of 
present-day electron cameras and cathode ray tube 
reproducers, it is not possible to obtain equal horizontal 
and vertical definition with an equal time allocation to 
these definitions. However, the allocation of equal time 
for horizontal and vertical definition allows for any 
advantages likely to be obtained by improvements in the 
operation of electron beam scanning devices. 

A convenient formula which allows for equal time being 
allocated to vertical and horizontal definition(3) :-

1 p 
= - • - . r. fp . n' cycles per second   (6) 

2 a 

where f, = fundamental frequency obtained by scanning 
the picture, referred to here as the vision 
frequency. 

b = width of visible picture. 

h = height of visible picture. 

r = aspect ratio = 

n = total number of lines. 

rip= number of lines in visible picture. 

time taken to scan visible part of line. 
a — total periodic time of each line. 

g = npin• 
fp = number of pictures per second. 
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The formula given by (6) was derived as the result 
of considering a picture having an aspect ratio in 
which the width was greater than the height. The 
formula does not hold for pictures having aspect 
ratios in which the height is greater than the width ; 
hoivever such aspect ratios are not usual, and can be 
neglected for practical purposes. 

It is realised that there is some difference of opinion 
as to what are the factors determining overall vertical 
and horizontal definition. Some of these factors are 
discussed in a paper entitled "A Determination of 
Optimum Number of Lines in a Television System" 
by R. D. Kell and others(35). In that paper the relation-
ship between optimum number of lines and frequency 
spectrum requirements is determined by a formula 
somewhat different to that given by (6). 

It should be noted that fv the vision frequency refers 
to the frequency of the vision signal prior to modulation 
of a high frequency carrier signal ; therefore, with full 
double sideband amplitude modulation, the spectrum 
required for transmission will be 2 fv. 

If n = 640 

a = .85 

p= .93 

fp = 16§, 

r = 1.25 

then f,, given by (6) = 4.6 Mc/s. 

If a vestigial sideband system is used for transmission, 
allowance should be made for approximately 1 Mc/s 
for the vestigial sideband, and accordingly the system 
with the standards given above will require an overall 
spectrum of approximately 5.6 Mc/s. 
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In Fig. 4 there is shown a diagrammatic arrangement 
of 5 spectra, each spectrum being 8 Mc/s wide, giving 
an overall spectrum of 40 Mc/s, centred on 250 Mc/s. 

The hatched spectra above the horizontal dividing line 
refer to 5.6 Mc/s wide channels used for vision and 
synchronising transmission, with vertical polarisation. 

Sound channels, each 576 kc/s wide, are shown below 
the horizontal dividing line, all these sound channels 
being allocated to horizontal polarisation. The 576 kc/s 
wide channels can each accommodate a double sideband 
pulse transmission, the pulse repetition frequency being 
32 kc/s, with up to the ninth harmonic being retained. 

In each 8 megacycle spectrum, three of the sound 
channels share a common frequency spectrum with the 
vision transmission. These three channels are allocated 
to the sound side of the vision programme, and the 
anti-phase method of transmission would be adopted 
on the vision transmission. The provision of three 
sound channels makes it possible for a stereophonic 
transmission to be adopted for vision sound. 

Two other sound channels are shown in the 2.4 Mc/s 
interval spectrum allowed between each vision channel. 
These interval channels can be allocated to programmes 
which are independent of the television transmission. 

The vision and sound channels, as shown in Fig. 4, 
could be allocated to the main service in a country. 
At first sight it might seem that the number of channels 
provided would be inadequate, but it will be shown that 
with proper choice of frequency and service ranges of 
transmitters, it would be possible to accommodate any 
demand for sound channels likely to arise in practice. 

In Fig. 5 there is shown a diagrammatic arrangement 
of an area completely covered by vision transmissions 
shown by large circles using frequency spectra numbered 
1 to 5. Each transmitter is assumed to have a omni-
directional propagation characteristic. The edges of the 

circles indicate the horizon 
distance plus 10 per cent. 
from the transmitter, the 
transmitters using fre-
quencies allocated so that 
areas using a common fre-
quency spectrum will not 
suffer from mutual inter-
ference. The vision sound, 
and the two transmissions 
in the interval spectra, 
would have the same service 
area as the vision trans-
mission. The letters V and 
H in the diagram refer to 
vertical and horizontal 
polarisation respectively. 

There is also shown an area 
indicated by a circle having 
two-thirds the radius of the 
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large circles, this circle being shown in dotted outline. This 
dotted outline circle covers portions of areas served by 
spectra 1, 2, 3 and 4, and preferably has its centre at a 
location where the horizon distances of the various tele-
vision transmitters tend to coincide. The area within this 
dotted circle can be served by sound transmissions hori-
zontally polarised and using channels within spectrum 5. 
Nine 576 kc/s wide channels with guard bands of 280 
kc/s wide can be accommodated within an 8 Mc/s 
spectrum, so by this arrangement of frequencies nine 
further channels can be allocated to a given area. 

AREAS SERVED BY FIVE SPECTRA, USING 

VERTICAL AND HORIZONTAL POLARISATIONS 

FIGURE 5 
A still smaller circle, having one-third the radius of the 

largest circles and having the same centre as the circle 
shown by the dotted line, also covers portions of the 
areas served by spectrums 1, 2, 3 and 4. The area 
within this small circle can be served by sound trans-
missions vertically polarised, and using channels 280 
kc/s wide within spectrum 5, these 280 kc/s wide chan-
nels being the guard bands used for the 576 kc/s wide 
channels of the horizontally polarised transmissions in 
spectrum 5. Ten such guard bands can be accommo-
dated within each 8 Mc/s spectrum. 

The 280 kc's wide channels can be allocated to time-
modulated pulse transmissions, the pulse repetition 
frequency being 20 kc/s with harmonics up to the seventh 
being retained. A transmission having these charac-
teristics would be capable of giving quality which, for all 
practical purposes, would be up to the standard normally 
transmitted by the B.B.C. Transmissions of this type 
would be suitable for local services. 

Since pulse transmissions, like frequency modulated 
transmissions, are of the constant amplitude type, a 
discrimination of only 6 db. is necessary between 
different transmissions, in order for the special signal to 
noise improvement features of the system to be realised. 
The separation between working frequency bands shown 
above is more than sufficient for the purpose of giving 
the necessary 6 db. discrimination. 

The arguments for allocation and use of frequency 
spectra can be summarised as follows :—Because of 
propagation attentuation characteristics, it would be 
necessary to allocate at least five spectra for television 
services, so that complete coverage could be obtained. 
These spectra must of necessity be separated from one 
another by guard bands, so as to give selectivity dis-
crimination in areas where the services overlap. Anti-
phase transmission makes it possible for vision and sound 
to share a common spectrum in the television trans-
mission. The economy in bandwidth due to the sound 
and vision sharing the common spectrum makes possible 
a greater picture detail in the bandwidth available. 

Since 5 spectra must be allocated for vision, reserving 
for this service a frequency spectrum of 40 Mc/s 
it is possible by a proper choice of polarisation and 
service range to make available numerous sound trans-
mission channels in any part of the areas served by the 
television service. 

In the worst case, which is obtained when there is an 
overlapping of four television service areas, it should be 
possible to provide the allocation indicated below. 

One television vision channel with bandwidth of 
5.6 Mc/s. 

Three television stereophonic sound channels with 
bandwidths of .576 Mc/s. 

Two broadcast sound channels with bandwidths of 
.576 Mc/s. 

These transmissions, which could be referred to as 
" National," should have a service range of approxi-
mately 33 miles radius from the transmitters, which 
preferably should be served from the same location. 

Nine broadcast sound transmitters with bandwidths 
of .576 Mc/s. 

These transmitters, which can be referred to as 
" Regional," could have a service range of approxi-
mately 22 miles radius from the transmitters. 

Ten broadcast sound transmitters with bandwidths 
of . 280 Mc/s. 

These transmissions, which could be referred to as 
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" Local," would have a range of approximately 11 miles 
radius from the transmitters. 

The above allocations give one television transmission 
with stereophonic sOund, and 21 broadcast sound trans-
missions in any one location. 

The number of local transmissions could be increased 
very considerably if the service range of each transmitter 
were further reduced. For instance, if the service range 
was reduced to about two miles, it might be possible to give 
a multi-channel local service, using the existing air raid 
warning siren supports as transmitting sites. The trans-
mitters required could be very small and be remotely 
controlled. The power supply now available for each 
individual siren is much greater than that which would 
be required for small, time-modulated pulse trans-
mitters. 

If the service range of 33, 22 and 11 miles taken above 
are considered to be the horizon distance plus 10 per 
cent., these distances will be given by assuming a 
receiving aerial of 25 feet high, and transmitting aerials 
of 400, 150 and 25 feet approximately in the cases of the 
National, Regional and Local transmissions, respectively. 

The power requirements for the various services would 
vary somewhat with local conditions, but rough calcu-
lations indicate that a television transmitter having a 
mean radiated power of 600 watts and sound trans-
mitters having mean radiated powers of 100 watts in the 
case of the television sound and 20 watts for the other 
sound transmitters would give adequate service over the 

F1G 6o-

TRANSMITTrD 

V 

ranges specified, when using frequencies in the vicinity 
of 250 Mc, s. 

In designing receivers for the above types of trans-
missions it would probably be found more convenient 
to use a single stage of superheterodyne frequency 
changing for the vision signal, using an I.F. of about 
45 Mc/s. For the sound transmissions, a double stage 
superhet could be used, the first I.F. being the same or 
nearly the same as the vision I.F., while the second I.F. 
could be in the region of 4 Mc/s. 

Provision could also be made in receivers for switching 
antetntœ with either vertical or horizontal polarisation 
to the input of the sound receiver as required, when 
receiving sound transmissions which are independent of 
the television transmission. 

Before considering the details of the television trans-
mission, it is necessary to discuss the relative amplitudes 
desirable between the sound, vision, and synchronising 
signals. 

The signal to noise improvement features of the 
sound transmission can be effected with a signal to 
noise ratio of 6 db. Since a discrimination of 20 db. 
can be obtained by means of polarisation, the peak 
voltage of the vision plus synchronising signals could 
be 14 db. up on the peak voltage of the sound signal, 
both peak voltages being constant. This can be more 
readily seen by referring to Figs. 6a, 6b and 6c. 

Fig. 6a shows the voltage levels of vision plus syn-
chronising signals, transmitted with vertical polarisation,. 
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and sound signals transmitted with horizontal polarisa-
tion. The sound signals have a voltage level which is 
20 per cent. of that of the peak vision plus synchronising 
signal. 

The s) richronising signals hase a voltage level which 
is 20 per cent. of that of the sound signal level, i.e., it 
is 4 per cent. of the peak vision plus synchronising signal. 

Fig. 6b shows the relative amplitudes of the two 
transmissions as received on a vertical aerial, when a 
polarisation discrimination of 20 db. is allowed for; 
it will be seen that the sound signal ie now 2 per cent. 
of the peak vision plus synchron sing signal, and that the 
synchronising signal has an amplitude which is twice that 
of the sound signal. 

Fig. 6c similarly shows the relative amplitudes of the 
two signals as received on a horizontal aerial, the 
polarisation discrimination of 20 db. reducing the vision 
plus synchronising signal to an amplitude which is half 
that of the sound signal. 

In the example taken above, the synchronising signal 
level of 4 per cent, would be too small for practical 
working, while a voltage ratio of only 2: I in favour 
of the received sound programme, while practicable, is 
rather too close to the limit for comfortable working. 

In Fig. 7a there is shown another arrangement of 
signal levels, and this latter arrangement is suggested 
for practical working. The sound sigial is 40 per cent. 
and the synchronising signal 15 per zent. of the peak 
vision plus synchronising signal. 

When polarisation discrimination is allowed for, the 
vision signal as shown in Fig. 7b has an amplitude of 
over 20 times that of the sound signal. The sound 
interference can be further reduced by the use of anti-
phase transmission. An anti-phase sound signal having 
an amplitude of 4 per cent, of the peak vision plus sound 
signal can be introduced into the vision transmission, 
with the result that for all practical purposes the sound 
interference will be eliminated from the vision signal. 

In Fig. 7c the signals as received on a horizontal 
antenna are shown. The sourd signal has four times 
the amplitude of the vision plus synchronising signal. 
This signal to interference ratio of 12 db. is more than 
sufficient for comfortable working of the system. The 
final signal to interference ratio obtained by the use of 
the time-modulated pulse transmission will be discussed 
later. 

Having fixed upon a reasonable value of synchronising 
signal level, it will now be possible to consider other 
details of the television signal. 

With a picture having 640 lines and 161 pictures per 
second, the scanning frequency will be 10.67 kc/s per 
second. This gives a duration of 93.75 micro-seconds 
per line, there being 2111 lines in each frame, if a three-way 
interlace with 50 frames per second it adopted. 

In Fig. 8 there is shown diagrammatically portions of 
seven consecutive frames giving some details of the pro-
posed signal. 

The first frame shows portion of the vision signal, 
and this frame is assumed to finish at the end of 2131 lines. 
The black level is 84 per cent. of the peak vision plus 
synchronising signal level, vision signals being negative 
and synchronising signals positive relative to this level. 

Each line having a duration of 93.75 micro-seconds 
has a synchronising and blanking period of 14 micro-
seconds, this being 15 per cent. of the periodic time. 

The line synchronising and blanking periods are made 
up as follows. At the end of each line there is an 
equalising period at black level for 1.5 micro-seconds, 
followed by a line synchronising pulse having a duration 
of 6.25 micro-seconds, followed by a period at black level 
for another 6-25 micro-seconds. 

If line synchronising is assumed to occur on the 
leading edge of the synchronising pulse there will be a 
time allowance of approximately 13 per cent. for fly-back 
time. 

Each frame has a blanking and synchronising signal 
period of 15 lines, this being approximately 7 per cent. 
of a frame period. 

Two independent methods of synchronising are offered 
by the synchronising system which is proposed. The 
first method is due to pulse duration discrimination, as 
was done in the B.B.C. system, while the second is due 
to frequency modulated pulses. 

Each frame and synchronising signal period of 15 lines 
is made up of signals as follows. 

First line, three equalising pulses having durations of 
6.25 micro-seconds, and intervals of four times their 
duration, i.e., 25 micro-seconds. 

Second line, three synchronising pulses having a dura-
tion of 25 micro-seconds with intervals of 6-25 micro-
seconds.; i.e., each frame' synchronising pulse has a 
duration which is four times that of a line synchronising 
pulse. 

The third line is similar to the first line. 

Fourth line has one equalising pulse, similar to those 
in previous lines, followed by two or three, as required, 
frequency modulàted synchronising pulses. The fre-
quency modulated pulses referred to as F.M. pulses 
have a repetition frequency which is six times that of the 
line frequency. Each F.M. pulse has a duration of 
6.25 micro-seconds, and the first pulse in the series 
commences one-sixth of a line after the previous 
equalising pulse in the case of odd frames, and one-third 
of a line after the previous equalising pulse in the case 
of even frames. Each three consecutive frames has a 
series of two F.M. pulses in two of the frames, while the 
third frame has a series of three F.M. pulses. The 
frequency deviation can be of the order of 2 Mcis 
within the spectrum used by the vision transmission. 

Fifth and remaining lines up to a total of 15 lines have 
line synchronising pulses of 6.25 micro-seconds with 
intervals of 87-25 micro-seconds. 

All synchronising pulses will have a slope such that 
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the pulses rise and fall between the limits of 15 per cent. 
and 85 per cent. of their levels in 0.25 micro-seconds. 

If frame synchronising is given by the pulse duration 
method, that is to say, synchronising is given by the 
second line of pulses, the fly-back time allowed will be 
6 per cent. If frame synchronising is given by the F.M. 
pulses the fly-back time allowed will be 5 per cent. 
The special advantage to be obtained by the F.M. 

method of synchronising will now be considered. F.M. 
pulses for synchronising and other purposes in tele-
vision transmission have previously been suggested (27-30), 
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and it is only proposed here to consider the special 
timing aspects of the proposed system. 

Considering the first frame shown in Fig.8. This frame 
ends when 213f lines have elapsed, i.e., it ends when 
one-third of a line has taken place. The first F.M. pulse 
which follows occurs 3 f lines after the end of the first 
frame. Therefore, the first F.M. pulse in the second 
frame occurs when one-third plus one-sixth of a line 
period has elapsed, i.e., at 0.5 of a line period. 

Considering the second frame shown in Fig. 8. This 
frame ends when 426Ï lines have elapsed, i.e., it ends 
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when two-thirds of a line has taken place. The first 
F.M. pulse which follows occurs 31 lines after the end 
of the frame. Therefore, the first F.M. pulse in the 
third frame occurs when two-thirds plus one-third of a 
line period has elapsed, i.e., at the beginning of a line 
period. 

Consider the third frame shown in Fig. 8. This 
frame ends when 640 lines have elapsed, the first F.M. 
pulse which follows occurs 31 lines after the end of the 
frame. Therefore, the first F.M. pulse in the fourth 
frame occurs when one-sixth of a line has elapsed. 

Consider the fourth frame shown in Fig. 8. This 
frame ends when 8531 lines have elapsed, i.e., it ends 
when one-third of a rule has taken place. The first 
F.M. pulse which follows occurs 31 lines after the end 

FIGURE 9 
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of the frame. Therefore, the first F.M. pulse in the fifth 
frame occurs when one-third plus one-third of a line 
period has elapsed, i.e., at two-thirds of a line period. 

Consider the fifth frame shown in Fig. 8. This 
frame ends at 1,0661 lines. The first F.M. pulse which 
follows occurs 31 lines after the end of the frame. There-
fore, the first F.M. pulse in the sixth frame occurs when 
two-thirds plus one-sixth of a line period has elapsed, 
i.e., at five-sixths of a line period. 

Consider the sixth frame shown in Fig. 9. This 
frame ends when 1,280 lines have elapsed. The first 
F.M. pulse which follows occurs 31 lines after the end 
of the frame. Therefore, the first F.M. pulse in the 
seventh frame occurs when one-third of the line period 
has elapsed. 

It will be seen that the six-way interlacing is achieved 
by advancing each alternate line by one-sixth of a line 
period with reference to a three-way interlacing system. 

Frame synchronising at the transmitter can be made 
dependent upon the pulse duration method, or the F.M. 
method. 

Preferably frame synchronising at the transmitter 
should be dependent upon the F.M. pulses. When this 
is done receivers synchronised by the F.M. pulses would 
receive a picture having a detail given by 640 lines, with 
a vertical line structure of 1,280 lines, while receivers 
dependent upon the pulse duration method of syn-
chronising would receive a picture with a detail of 640 
lines, each alternate picture being displaced by 0.5 of an 
element of detail from that actually scanned by the 
transmitter. This small displacement of detail would 
probably not be observed by viewers. 

In addition to giving a vertical line structure of 1,280 
lines, the six-way interlacing method may have other 
advantages. Even when pictures with the B.B.C. 
system were known to be interlacing perfectly, a viewer 
could get the impression that correct interlacing was not 
taking place. This was due to the fact that when the 
viewer changed his angle of vision in a vertical direction, 
a stroboscopic effect was obtained between the different 
sets of scanning lines on alternate frames, or submultiples 
of such alternate frames. 

The greater irregularity introduced into the scanning 
by the method proposed may make the setting up of the 
stroboscopic effect more difficult. This could probably 
only be tried out in a practical case. Should an improve-
ment be obtained in this connection the method described 
would have useful application to large-scale television 
as shown in cinemas, more especially when considering 
viewers close to the screen. 

The amplitude of the shimmer or interline flicker is 
dependent upon the number of lines in a frame. The 
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would be characteristic of a picture frequency of 161 
and 81 pictures per second. 

With the pre-war B.B.C. system the amplitude of the 
interline flicker was approximately the same as would 
be obtained with the proposed system. The flicker was 
characteristic of a picture frequency of 25 pictures per 
second. 

Practical tests would probably be necessary before one 
could decide which standard would prove the more 
acceptable. The higher definition of 640 lines would be 
achieved at the expense of interline flickers having a lower 
frequency than was obtained with the pre-war B.B.C. 
system. 

In Fig. 8 each third frame is shown as having a series 
of three F.M. pulses. These groups of three pulses can 
be used for obtaining automatic colour phasing in a 
colour television system. The necessity for having such 
automatic colour phasing has previously been discussed 
in the patent literature (1°,29) and elsewhere (31). There 
are known methods of making a pulse dependent upon 
the occurrence of a series of pulses having discreet 
spacings, the more useful of these methods being 
dependent upon the use of delaying circuits(92,93). Using 
one of these known methods, a pulse can be derived from 
the third pulse in each series of three F.M. pulses. This 
derived pulse can be used for synchronising apparatus 
giving automatic colour phasing in a colour television 
system. 

In Fig. 8 each series of three frames is shown allocated 
to the sequential transmission of the colours red, blue 
and green, and colour synchronising is shown as taking 
place on the frames transmitting green. 

This colour synchronising system should not be taken 
as a proposal for an immediate introduction of colour 
television, but it does indicate a method of providing 
for automatic colour phasing on what is normally a 
monochromatic system, in such a manner that the later 
introduction of colour would not affect the synchronising 
of receivers adapted to receive monochromatic pictures. 

It is realised that the straightforward adaption to 
colour of the monochromatic system described does not 
offer the best solution for colour television, but this 
subject can be considered in much greater detail when 
finally fixing monochromatic and colour television 
standards. 

It will be seen from Fig. 8 that each alternate frame 
synchronising pulse when the F.M. pulses are used for 
synchronising is advanced by one-sixth of a line period 
from a normal three-way interlacing. This introduces 
a time error of one-sixth of a line in 2131 lines, which 
equals 1 part in 1,280 in each alternate frame. An 
error as small as this will not affect accurate triggering 
of frame scanning signal generators, and it can be 
neglected for all practical purposes. The error intro-
duced into the automatic colour phasing can also be 
neglected. 
The special sequence of pulses shown in Fig. 8 is more 

complex than that normally employed, but the generation 
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and keying-in of the various pulses should offer no diffi-
culties to those who are skilled in the art of pulse gener-
ation. In fact, various methods of generating and keying 
the desired pulses can be suggested. It is not proposed, 
however, in this paper to deal with the subject of pulse 
generation, except to emphasise that all the pulses 
required can be obtained by well-known methods. 

The relative amplitudes and mixing of the vision and 
sound signals as transmitted and received is shown in 
Fig. 9, curves a to I. 

Referring to Fig. 9, curve a shows the vision signal 
with synchronsiing signal added. 
Curve b shows the sound wave to be transmitted. 

Curve c shows a train of time modulated pulses with 
a repetition frequency of 32 kc/s, the time modulation 
being characteristic of the sound wave-form shown in 
curve b. The leading edge of each third pulse is fixed 
in phase with each line synchronising pulse, the 
leading edges also being synchronised with the leading 
edges of the equalising pulses. 

Curve d shows a train of pulses which are the anti-phase 
pulses of the train shown in curve c. 

Curve e shows the vision and synchronising signals 
mixed with the anti-phase sound signals. 
Curve f shows the sound signal as received on a vertical 

antenna, this signal being 20 db. down on what would 
be received on a horizontal antenna. 

The mixing of the signals shown in curves e and f 
gives a resultant which is similar to the vision and 
synchronising signals shown in curve a. 

Curve g shows the sound signal as received on a hori-
zontal antenna with an interference 20 db. down from 
the vertically polarised vision transmission. The dotted 
lines drawn through curve g indicate the upper and lower 
amplitude limits of an amplitude filter, so adjusted that 
it accepts the mean value of the complex signal and 
rejects amplitudes subject to vision interference. 
Curve h shows the pulse output given by the amplitude 

Curve i shows the wave-form due to the integration 
of the pulses shown in curve h. It will be seen that 
this wave-form shown in curve i is similar to the original 
sound wave-form shown in curve b. 

Signal to Noise Ratio and Mutual Interference 
between Signals 

The discussion which follows on signal to noise 
improvement, to be obtained with the various trans-
mission arrangements proposed, is not to be taken as a 
rigorous treatment of the signal to noise improvement 
aspects of time modulated pulse systems. This is a 
subject which is outside the scope of the present paper. 
The discussion must be regarded as a simple approach 
to the problem as exemplified by special conditions. 

Up to the present very little has been published on the 
subject of signal to noise improvement obtainable with 
time modulated pulses. Some aspects of the subjects 
have been dealt with by previous workers in 1935(9), 
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and in this discussion it is not intended to enlarge greatly 
upon previously published information. 

The envelope of a square-shaped wave-form of constant 
amplitude can be resolved into a Fourier series, as is 
well known, thus :— 

sin 2a cos 2 pt 

7r 2 
f (p) = —2 V -I- sin a cos pt 

2 

sin3a cos 3 pt   (8) 
3 

where ce equals one-half of the pulse duration in angular 
measure, and p equals the angular velocity of the pulse 
repetition frequency. 

In Fig. 10a there is shown a curve derived from the 
formula given by (8), when the pulse duration is 50 per 
cent. of the pulse repetition period, and harmonics up 
to the ninth are retained. Only a portion of the wave-
form dealing with the edge of the pulse has been plotted 
as this is the portion mainly concerned with signal to 
noise improvement. 
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Fig. 10b shows the type of pulse usually generated in 
time modulated pulse systems. This pulse has a constant 
amplitude between its edges, whereas the pulses derived 
according to (8) have periodic variations of small ampli-
tude between the edges, the periodicity of the variations 
depending upon the number of harmonic terms retained. 
However, the curve shown in Fig. 10a is near enough, to 
what is used in practice, for the purpose of considering 
signal to noise improvements and mutual interference 
between the various transmissions. 

Interference of Sound Programme on Vision 

It has been stated that if anti-phase transmission is 
used, the interference due to the sound programme on 
vision can be eliminated. This assumes that the anti-
phase signals have an exact anti-phase relationship to 
the sound pulse signals. There may be difficulties in 
obtaining an exact anti-phase relationship, and it is 
desirable that the tolerable limits for phasing be deter-
mined. 

It was previously shown that with the standards 
adopted, the interference of the sound on the vision 
signal would have a level which is 4 per cent. of the 

peak vision plus synchronising signal. The vision signal 
has an amplitude 84 per cent, of the peak vision plus 
synchronising signal. 

The amplitude of an interfering signal which can just 
be observed as an interference on the vision signal is 
0.5 per cent. of the amplitude of the vision signal, that 
is to say, with an interfering signal 0-4 per cent, of the 
peak amplitude (i.e., 10 per cent. of 4 per cent.), there 
will be a just observable interference on the vision signal. 

Referring to Fig. 10a, the point a on the curve indicates 
the mean amplitude of the signal given by the wave-form, 
and at this point the curve has its maximum slope. The 
point b on the curve indicates where the amplitude of 
the signal is two-fifths of its maximum, that is to say, 
it is 10 per cent. less than that given by the point a. The 
time taken for the signal to change from a to b is approxi-
mately 1/200th of the pulse repetition period. 

Since the repetition frequency of the sound pulses is 
32 kc/s, the pulse period is 31.25 micro-seconds, and 
1/200th of this period is 0.15 micro-seconds. 

From the above it should be obvious that if the anti-
phase pulses depart by more than 0.15 micro-seconds 
from being exactly out of phase, interference is liable to 
be noticed on the vision signal. 

The phasing of the anti-phase pulses can be very 
accurately adjusted at the transmitter, and any out of 
phase at the input of the receiver would be due to 
difference in the transmission paths for the vertically and 
horizontally polarised signals. 

Assuming that correct phasing of the anti-phase pulses 
was achieved at the transmitter, a path difference in 
transmission of 45 metres would give a phasing error of 
0.15 micro-seconds. If the vision and sound antennae 
were mounted vertically above one another on the same 
mast stnrcture, the vertical and horizontal antennœ 
could be separated by a distance of 45 metres, and with 
receivers directly under the antenne, the phase difference 
of 0.15 micro-seconds would be obtained. 

It should not be necessary to have the vertical and 
horizontal antenne separated by as much as 45 metres, 
and the further the receiver was located from the trans-
mitter the less would be the difference in the lengths of 
the transmission paths. It would, therefore, seem that 
in this respect the anti-phase methods of transmission 
would prove satisfactory. Other factors not considered 
here, such as reflections from buildings and difference in 
field strength for the two polarisations, may arise in 
practice and experimental proof of the working of the 
system would be desirable. 

Signal to Interference Aspects of Pulse Transmission 

For satisfactory operation of a time modulated pulse 
signal, the signal to interference ratio should be 6 db. 
as a minimum. Receivers have been operated with a 
signal to noise interference ratio of 4 db., but this latter 
ratio cannot be regarded as practicable. 

With pulse modulation receivers the bandwidth of the 
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I.F. circuits must be twice that of the highest frequency 
in the pulse transmission, but subsequent to final R.F. 
detection, the pulse signals can be passed through a 
low-pass filter adapted to pass only frequencies up to the 
highest frequency retained in the pulse signal. Passing 
the pulse signal and interference through such a filter 
prior to the pulse amplitude filter, ensures that the slope of 
any inte rference is not greater than the slope of the pulses. 

Certain types of interference, as for instance that due 
to car ignition, may have slopes less than that of the 
pulses("), but random noise and interference due to the 
vision signals can be assumed to have initially slopes 
which are greater than the slopes of the pulses. However, 
since all sound pulse signals would, in the case under 
consideration, be passed through a low-pass filter passing 
up to 288 kc/s, i.e., the ninth harmonic of the pulse 
repetition frequency, the slope of the interference due to 
random noise and vision signals would be the same as 
the slope of the pulses. 

The effect of an interference signal 6 db. down on the 
pulse signal will now be considered. Such a signal plus 
interference would appear on an oscilloscope screen 
somewhat as shown in Fig. 10c. The dotted lines 
indicate the amplitude filter levels, and it can be seen that 
the interference during the constant amplitude portions 
of the pulse is eliminated. The effect of the interference 
on the sloping edges of the pulse is to advance or retard 
the time of occurrence at these edges, relative to the 
amplitude limits set by the amplitude filter. 

It has previously been shown that the passing of the 
combined signal plus interference through the amplitude 
filter has the effect of cutting out the interference which 
may be present during the constant amplitude periods of 
the pulse. Therefore, the only time when interference 
can affect the pulse is during the times taken for the pulse 
to rise and fall between its constant amplitude conditions, 
i.e., during the times of occurrence of the pulse edges. 
It should be obvious that the less time taken for the pulse 
to change, between one constant amplitude condition 
and the other, i.e., the greater the slope of the pulse edges, 
the less will be the time during which noise can affect 
the edges of the pulses. The slope of the pulse edge can 
be increased by the retention of a higher harmonic 
content in the pulse, this entailing a greater bandwidth. 

Referring to Fig. 10a there are shown, in addition to 
the curve 1, indicating the pulse edge, three other curves 
numbered 2, 3 and 4. 

Curve 2 shows the wave-form of an interfering pulse 
having half the amplitude of the pulse signal shown in 
curve I. The interfering pulse is in anti-phase with the 
pulse signal. 
e, Curve 3 shows the wave-form of a signal derived by 
the addition of the wave-forms shown in curves 1 and 2. 

Curve 4 shows the wave-form of a signal derived by 
the addition of the wave-form shown in curve 1, and a 
wave-form similar to that shown in curve 2, but being 
led by the pulse edge by a time period of 

I t   (9) 
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where t is equal to the periodic time of the highest 
harmonic, i.e., the ninth, of the pulse repetition fre-
quency. 

The limits of the amplitude filter are indicated by the 
dotted lines Lb and Lu, which refer to the lower and upper 
amplitude limits respectively. 

The mean amplitude of the amplitude filter and of the 
pulse signals is given by the dotted line Lm . 

An examination of the various curves shows that the 
wave-form given by curve three passes through the mean 
level of the amplitude filter at the same time as the wave-
form 1 given by the pulse signal. Therefore, when the 
interfering pulse is inexact anti-phase with the pulse edge, 
the amplitude filter gives its mean output at the same 
time as when no interfering signal is present. The same 
condition will also hold when the interfering pulse is 
exactly in phase with the pulse edge. Therefore, there 
will be no time modulation of the pulse signal when the 
interference is exactly in phase, or in exact anti-phase 
with the pulse edge. The slope of the edge of the pulse 
given at the input of the amplitude filter will vary with 
interference such as that considered above, but the noise 
output given by this change of slope is very small, and for 
practicable purposes can be neglected. 

Consider now the waveform given by curve 4. This 
wave-form was derived as a result of combining the 
wave-form given by curve 1, with a wave-form similar 
to that given by curve 2, the latter wave-form being lead 
by the pulse edge by a time equal to ¡ t. 

It will be seen from an examination of curve 4 that it 
passes through the mean level Lm at a time which is 
later than would have been the case if no interference 
were present. This difference in the normal time of 
occurrence of the mean amplitude of the pulse is on 
examination of the curves, shown to be nearly 

¡ t   (10) 

This time of one-sixth t is the time modulation of the 
pulse, due to one condition of interference, i.e., when 
there was a particular phase relationship between the 
pulse and interfering signals. If the interfering signal is 
given different phases it will be found on examination 
that the time of ¡th t is approximately the maximum 
time modulation due to noise which can be given to the 
pulse for the signal to noise conditions taken. 

An examination of the effect of the random phase of 
the noise on the time modulation of the pulse train due 
to noise can be made by considering the pulse edges to 
be fixed in phase, and the noise pulses to have variable 
phase relative to the pulse edges. 

If a number of curves are derived in a manner similar 
to that in which curve 4, Fig. 10a, was derived, an 
approximation of the effect of random noise will be given 
by considering random phase of noise over a period 
covering a large number of signal pulses. During half 
the period, the time modulation due to noise will tend 
to average ¡th t, during one-quarter of the period 
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will tend to average eith t, and during the remaining 
quarter of a period will tend to average *th t. 

If a time modulation of one-si>th t over one-quarter of 
the period is considered to be one unit of time modu-
lation, the time modulation due to noise over the period 
taken will be given by 1 + 1 ± ± 1. 

If the noise power due to the maximum time modulation 
of one-sixth t is regarded as being one unit of noise 
power, the total noise will be given by 

1 -f 1 A- 1 + = 
whereas if throughout the whole period the time 
modulation due to noise has been at a maximum, the 
noise power would be unity for the whole period, and 
would equal 4. Therefore, the random phasing of 
the noise has the effect of approximately reducing the 
noise power in the ratio of 2* to 4, which equals 1 to 
1.7, as compared to maximum time modulation for the 
whole period. 

A power ratio of 1.7 equals 2.3 db., and accordingly 
the final signal to noise ratio can be arrived at by calcu-
lating the signal to noise for maximum time modulation 
and adding a figure of 2.3 db. to account for random 
phasing. 

The time t was taken as being equal to the periodic 
time of the highest harmonic is retained in the pulse, 
and in the case under considera:ion the ninth harmonic 
is being retained; therefore, t le periodic time for the 
pulse will be given by 

9 t   (11) 

Each sloping edge requires a time t, therefore the time 
available for modulation due to the signal will be given by 

7 t   (12) 

It was shown that the maximum time modulation due 
to peak noise was one-sixth t, ( 10), therefore the time 
modulation due to the signal relative to the time modu-
lation due to the peak noise is given by 7 over one-sixth 
equals 42 times, i.e.. 

S/N for peak noise = 32.4 db.   (13) 

The final signal to noise when considering one edge 
of the pulse can be obtained by adding 2.3 db. to allow 
for the random phase of noise, and a further 10 db. to 
allow for the effective noise due to its random amplitude, 
giving 

32-4 + 2-3 A- 10 = 44.7 db.   (14) 

The second edge of the pulse will introduce an equal 
amount of noise power; therefore, the figure of 
44.7.db. given by 04) must be reduced by 3 db., giving 
a final signal to noise ratio of 

41.7 db.   (15) 

The final S/N of 41-7 db. given by (15) was obtained 
when the initial S/N ratio of the pulse signal to noise 

was 6 db. The improvement in signal to noise 
obtained, therefore, is given by 

41-7 — 6 = 35.7 db.   (16) 

Comparisons with Amplitude Modulation 

It is interesting to compare the special case taken for 
the time modulated pulse transmission with an amplitude 
modulated system. Consider first the case of random 
noise. 

Assuming that frequencies up to 15 kcis audio-
frequency were present in the modulating signals for 
both the pulse and amplitude modulating systems. The 
pulse receiver requiring a bandwidth of 288 kc/s prior 
to the amplitude filter would have a bandwidth require-
ment of 18 times that of the audio output stage of the 
amplitude modulated receiver. With random noise, the 
peak value of the noise increases as the square root of 
the band-width. 

Thus, with the case taken, the peak noise increases by 

V18 times = 12.5 db.   (17) 

However, with amplitude modulation 50 per cent. of 
the main transmitter power is taken by the modulating 
stages, whereas with pulse modulation practically the 
whole of the main transmitter power can be allocated 
to the final output stage. This gives a power gain of 
3 db. A further gain of 3 db. is due to the fact that 
the average pulse duration is only 50 per cent. Thus, 
there is a power gain of 6 db. to offset against the loss 
of 12.5 db. due to the increase of bandwidth in the 
pulse transmission system. Therefore, there is an initial 
loss in the pulse system of 

6.5 db.   (18) 

The improvement given in (16) is 35.7 db for the 
pulse system, so that allowing for the loss of 6.5 db. 
given in (18) the particular pulse system taken gives an 
improvement of 

29-2 db.   (19) 

as compared to an amplitude modulated system. 

This improvement would be obtained when the signal 
to noise ratio was 6 db. When allowance is made for 
the initial loss of minus 6.5 db. given by (18), the 
improvement would be obtained at a distance from the 
transmitter where the S/N ratio of an amplitude modu-
lated transmitter radiating one-half the power of the 
pulse transmitter was 

12-5 db.     (20) 

Consider now the case of car ignition noise. One of 
the most troublesome sources of interference with-
television programmes was that due to car ignition. It 
is more difficult to assess what the final noise due to 
impulses of the car ignition type would be, with the 
pulse system taken, than it is for random noise. 

This difficulty arises from the fact that the slopes of 
the noise pulses varies with different cars, being generally 
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much less than the slope of the pulses taken in the 
particular pulse transmission system. In addition, the 
periodicity of the car ignition varies with different types 
of cars and variations in engines speed. 

The type of car ignition noise investigated by G. K. 
Jansky" can, however, be taken as an example. This 
noise had characteristics such as that increasing the band-
width above 90 kc/s did not add appreciably to the peak 
amplitude of the noise. From this it follows that the 
car ignition noise had a maximum slope which was 
characteristic of a filter having a pass band of 90 kc/s, 
i.e., about one-third of the pass band required for the 
pulses having frequencies up to 288 kc/s. Therefore, the 
slope of the car ignition noise would be one-third 
that of the pulses. 

The audio bandwidth is again taken as 15 kc/s, and 
the increase in car ignition peak noise voltage will be 
six times, i.e., 90/15 kc/s. The noise voltage increasing 
directly with bandwidth. 

A voltage increase of six times equals 15.4 db., and 
this must be offset against the power gain of 6 db., 
giving an initial loss of 

— 9-4 db.   (21) 

The effective value of the car ignition noise will 

increase as V6 times for a band-width increase of six 
times, equals 

7.7 db.   (22) 

A signal to peak noise ratio of 6 db. will be given 
when the amplitude modulated transmission has S/N of 

9.4 db. + 6 db. = 15.4 db.   (23) 

In the case of random noise previously taken the S/N 
ratio at the limit of the service range was 12.5 db. for 
the amplitude modulated transmitter. Therefore, in the 
case of the particular car ignition noise the initial S/N 
requirement is 

15-4 — 12-5 = 2.9 db.   (24) 

higher than for random noise. 

The effective noise increases as the square root of the 
bandwidth, i.e., it increases in the same manner as 
random noise. If the effective noise had shown no 
falling off in increase of voltage up to 288 kc/s, the 
increase in effective noise voltage would have been 

V18 times equals 12.5 db. instead of the 7.5 db. obtained 
as a result of increasing the bandwidth by six times. 
Therefore, the improvement of the pulse modulation over 
the amplitude modulation will in the case of car ignition, 
as compared to random noise, be increased by the 
ratio of 

12.5 — 7.7 = 4-8 db.   (25) 

The final improvement in S/N in the case of random 
noise for the pulse as compared to the amplitude modu-
lation was given by (19) as 29.2 db., therefore the final 
improvement for the comparison in the case of car 
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ignition noise will be 29.2 db. given by (19) plus 4.8 db. 
given by (25) equals 

34 db.   (26) 

Owing to the fact that the initial S/N of 6 db. would 
be obtained at a distance from the transmitter, which 
gave an increase in field strength of 2.9 db. given by (24) 
as compared with the case of random noise, the service 
range would be slightly reduced as compared to that 
obtainable under random noise conditions for a trans-
mitter having equal power. 

Interference of Vision Signal on the Sound Programme 

It was shown earlier that when an allowance of 20 db. 
has been made for polarisation discrimination the 
received sound pulses will have a voltage of four times 
that of the interfering vision signal. Therefore, the 
initial signal to noise is 12 db. The vision plus syn-
chronising signal can for practical purposes be con-
sidered wholly as a signal of random occurrence. This 
initial improvement in signal to noise of 12 db. gives 
6 db. greater final S/N as compared with the figure of 
41 .7 db. given by ( 15), i.e., a final S/N of 

47.7 db.   (27) 

20 kc/s Pulse System 

With the 20 kc/s pulses retaining up to the seventh 
harmonic, signal to noise improvements can be calcu-
lated in a manner similar to that shown for the 32 kc/s 
pulses with the ninth harmonic retained. It is not 
proposed to give here details of these calculations, except 
to state that as compared to amplitude modulation, a 
final improvement of approximately 28 db. could be 
obtained for S/N conditions similar to those taken in the 
previous example. It will, therefore, be seen that the low 
power of 20 watts for the local transmitters would give a 
service comparable with that given by 13 kilowatts using 
amplitude modulation. 

Film Transmission 

So far nothing has been said regarding the transmission 
of films. With 16f pictures per second this would be 
more difficult to arrange than when 25 pictures per 
second were being transmitted. There have, however, 
been various suggestions made previously for the 
obtaining of television pictures from films, where the 
number of pictures per second given by the films do not 
coincide with those given by the television signal. For 
instance, alternative film frames can be scanned twice. 
It is not proposed here to discuss in any detail the subject 
of film transmission, within the standards proposed. No 
doubt various satisfactory solutions to the problem can 
be put forward. 

It should be realised that the main object in presenting 
this paper is that of promoting discussion, so that the 
whole question of post-war television standards and 
broadcasting methods as applied to short waves can 
receive the attention it deserves. 
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fier and picked up at the end by " ringing " colis, and 
these used to trigger the scanning mechanism. 

Secondly, whatever line and frame standard is 
adopted do not let it be so ambitious that even with 
the best available spot size C.R. tube it still cannot be 
followed ; rather limit the standard to a somewhat less 
ambitious level at which the improved mechanical-
optical systems can follow it. This way the cinemato-

W. A. Beatty. 
W. A. Beatty. 

W. A. Beatty and C. T. 

W. A. Beatty and C. T. 

W. A. Beatty and C. T. 

*Refer to anti-phase receiving methods 
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graph industry, which will at least partially adopt this 
technique, can receive and reproduce topical items 
directly from the B.B.C. transmissions. This would be 
a contribution from the radio industry towards the 
cinematograph industry which may result in a recipro-

, cal contribution whereby the pre-war limitation on 
televising films would be removed, to the very great 
benefit of both industries. 

Lastly, whatever standards are adopted they should 
be such that the recently developed systems of" signal 
converter" for producing the scanning waves in the 
receiver can be efficiently used, as these are likely to 
improve materially the reliability of the receiver and 
also are potentially less expensive. 

Mr. O. S. Puckle : First I would like to emphasise 
that this paper shows considerable thought, together 
with the existence of a mind which is certainly not "hide 
bound." As the author himself states, none of the 
principles suggested are new, but the applications are, 
in many cases, original. As the paper is so full of new 
ideas and there is little time to spare, I shall spend it 
on a criticism of those ideas with which I am not in 
agreement. 

With regard to the author's suggestion for anti-
phase discrimination: the loss in transmitter power 
should be avoided if possible on grounds of economy, 
and this can be achieved by carrying out the principle 
at the receiving end. This method will also take into 
account any variations in the dipole discrimination 
which will not always be 20 db. as suggested. Further-
more, it is not likely that this scheme will function in 
practice when selective fading is present unless the 
anti-phase signal is inserted at the receiving end. 

It is, in any case, very doubtful whether the use 
of the same frequency for vision and sound provides 
a worth-while reduction in bandwidth in view of the 
difficulties involved in anti-phase cancellation of 
interference. 

The author suggests that a transmission of high 
quality music by the time-modulated pulse method 
requires a pulse repetition frequency of not less than 
five times the highest modulating frequency. He also 
states that this results in a pulse repetition frequency 
of 30 kc/s per second. This assumes a high frequency 
limit of 6,000 cycles, which is quite insufficient. The 
limit should certainly be raised to 12 or 14 kc/s for 
the sound portion of a television programme, giving a 
repetition frequency of 60 kc/s to 70 kc/s. 

A statement is made that equal times are required 
for horizontal and vertical definition. This is quite 
untrue since, if there are 500 elements in a line, the time 
for the vertical definition is 500 times greater than that 
for the horizontal definition without allowing for the 
synchronising period. If the latter is, say, 10 per cent. 
of the line period, the ratio is increased to 550. 

It is doubtful if stereophonic sound reception is 
required, especially in view of the fact that it is only 
effective when the acoustics of the listening room are 
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the sarhe as those at the transmitting end, and when the 
microphone and loudspeakers are in equivalent posi-
tions. This cannot occur in practice excel,/ in one or 
two very isolated instances. The cost of the trans-
mitter and receiver will each be increased by something 
of the order of 25 per cent. to 50 per cent., and the 
advantage accruing is likely to be of a negligible order. 

The power to be radiated seems to be on the low side, 
especially for the vision transmitter. It will be remem-
bered that the B.B.C. employed 17 kW at 45 Mc's 
and obtained a service range of approximately 35 miles. 
The author expects to get the same service range for 
600 watts at 250 Mc/s. 

Mr. Sargrove made a suggestion, during the dis-
cussion, which I consider to be most unfortunate; he 
stated that television would gain in value and achieve 
a reduction in programme costs if films could be trans-
mitted, and that the cinema industry might provide 
these films in return for permission to give to their 
patrons television programmes of direct transmissions 
of outside events. Such a scheme would be a welcome 
addition to the existing news reels where the time of 
the external event enables it to be fitted into the 
cinema programme. So far so good. I agree with 
Mr. Sargrove entirely in this respect, but he went on to 
say that, since the limitations upon the mechanical 
methods of television presentation are greater than 
upon the electronic methods, the television standards 
to be adopted in the future should be kept within those 
limits which it is possible for mechanical television to 
reach. Now, I consider this to be an extremely 
dangerous policy. Television cannot, and must not, 
be fettered by any arbitrary decisions of this nature. 
While no one desires to throttle mechanical television 
presentation, mechanical television cannot be allowed 
to limit the development of television as a whole. 
It is particularly important to remember, as Mr. 
Sargrove himself pointed out, that television is not 
just an interesting development for the engineer, it is 
a means of entertainment and education for the general 
public, and the public must be given the best possible 
service. The public is interested only in obtaining 
the best possible picture with the widest variety of 
programme distributed all over the country at the 
cheapest possible price, and it is quite uninterested as 
to whether that service is provided by mechanical or 
electronic means. They will not tolerate any reduction 
of quality or service because engineers, or some of 
them, wish to use a system in which (according to 
Mr. Sargrove) there are greater limitations than in 
another system, thus producing an artificial limitation 
to the quality of the results obtainable. 

Mr. G. Wikkenhauser: We should question whether 
the public was satisfied with the pre-war picture or 
not. The picture itself certainly needed some improve-
ment. Whatever we do we shall have to use lenses, 
and lenses do not give unlimited definition when using 
ordinary light. Due to these lens limitations the 
cinema picture does not have a definition higher than 
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650 or 700 lines. When I say lines I do not mean 
television lines, but interlaced scanning running to a 
great number of dots. 

I believe the introduction of colour to be essential, 
since it adds to definition, but we must not forget the 
difficulties of programme presentation. The pro-
gramme is rather a difficult matter, but if colours can 
.be introduced, greater variety of subjects would be 
immediately available for transmission. 

I feel that the size of the picture given by the majority 
of pre-war receivers was not large enough, and if the 
public is to be satisfied, larger pictures are essential. 

Dr. Van den Bosch : Regarding colour television, if 
as is anticipated, new standards for monochromatic 
transmission are adopted, a spectrum sufficiently wide 
should be allocated to each transmission, so as to 
incorporate at •some later stage a colour transmission. 
It would not be necessary tc use the whole of the 
allocated spece rum for the initial monochromatic 
transmissions. 

Another feature to be remembered about colour 
television is that the human eye is not equally sensitive 
to all the colours of the spectrum. In a three-colour 
system special precautions may have to be taken in 
transmission, so that unequal temes are allocated to the 
transmission of red, green and blue, in order to com-
pensate for the fact that the human eye is more sensi-
tive to blue light than to red. Experiments which 
have been carried out in the United States by the 
Columbia Broadcasting System show not only the 
possibilities, but also the relat ve efficiency of a three-
colour resolution television system. 

It is essential that a single television programme 
should not be restricted to a small area, but should 
cover the whole country by means of relay stations. 
In my opinion radio relays are preferable to transmission 
over special cables. Television as we knew it before the 
war was restricted to the London area, and the reaction 
of the public as a whole was confined to the few 
Londoners who could afford, or chanced to buy a 
receiver. Thus, there was no factual television industry 
as a national industry. The adoption of a relaying 
system, making nation wiie television coverage 
possible, is an essential requirement for the establish-
ment of a trub national television industry. 

It is worth noting that the Americans havé allocated 
for television six bands, between 50 and 300 Mc/s, 
each having a band width of 6 Mc/s, but they propose 
using relay stations at 500 Mc/s. They must have 
reasons for this, but I fail to see why we could not use 
the main transmitter and the relay stations at the same 
carrier frequency. 

Mr. G. L. Hamburger: I should not be surprised 
if negative modulation and one or two synchronising 
pilot frequencies of relatively stronger power would 
give, even with heavy motor car interference, a steadier 
picture with a countable number of black picture 

points as visible interference instead of the well-known 
intolerable "snowball" display. 

I am strongly in favour of continuing the suspension 
of television transmissions for a limited period after the 
war. If only a fraction of the efforts up to now directed 
towards the development of war weapons would be 
used for the evolution of television, frequency and 
pulse modulation, radio links, etc., it should be possible 
to come to decisive conclusions within a relatively 
short time. The public—actually those 20,000 set 
owners—has been deprived of television for such a 
long time that, I feel, it could not be considered as a 
particular hardship to extend this period by a limited 
time. As a reward the public would have a really good 
system which may then be considered as essentially 
final, and once again may place Britain first in the 
art of television. Any further progress could then be 
fitted within the framework of a wisely chosen post war 
television standard. 

To emphasise my point, I should like to refer to the 
gramophone industry. Owing to the huge investments 
in ordinary disc-recording technique any new system 
offering technical and economic advantages was, and 
most probably will a priori be condemned to a labora-
tory existence or at most to some very spasmodic 
application. It would be unwise to provoke a similar 
position in the art of television by a rash re-opening of 
a service with essentially a pre-war standard. Inci-
dentally I feel sure that the radio industry is bound 
to be amply engaged in satisfying the needs of sound 
broadcasting as soon as the war will be over, thus 
bridging the gap to the new television boom. 

Mr. K. I. Jones: I wish to emphasise the importance 
of starting a television service immediately after the 
war. The benefit to the radio industry of an early 
resumption of television cannot be over-emphasised. 
It might be agreed that at the outbreak of the war 
only 20,000 television receivers were in use, and, there-
fore, the service had not been accepted by the public. 
I do not think that was true ; • those who possessed 
television receivers appreciated the high entertainment 
value to be obtained from the service. It is possible 
that the small number of receivers in use was due to a 
general feeling of technical uncertainty. 

We should not be satisfied after the war with the 
pre-war system, or something as good, but something 
better, incorporating proved technical advances which 
can be utilised without causing delay. Post-war stan-
dards, whatever they may be, should not be liable to 
frequent changes, but should be guaranteed for a long 
period. 

Mr. D. A. Bell : I think Mr. Puckle's suggestion 
that the compensation between vertically and hori-
zontally polarised transmission should be made at the 
receiver is valuable. 

I am doubtful regarding the practicability of a time 
modulated pulse transmission for sound. I have been 
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personally concerned with some frequency modualtion 
developments, and I am surprised that claims are being 
made for pulse modulation which appear to make that 

system slightly better than frequency modulation. 
If we are to build up a system quickly we had better 
adopt something which is well known. 

REPLY TO LONDON SECHON DISCUSSION 

Mr. Sargrove suggests that frequency modulation 
be used for synchronising. While agreeing with him 
that this method of synchronising should be more 
reliable and less costly than the pre-war amplitude 
modulation and time discrimination system, I cannot 
agree with his suggestion that satisfactory synchro-
nising would be achieved with a small frequency 
deviation of 5 or 10 kc/s. 

For satisfactory line synchronising, the waveform 
of the effective synchronising signal should be sub-
stantially independent of picture brightness, and should 
have a slope such that the maximum error under normal 
interference conditions would not give a misalignment 
of detail greater than one-half of one scanned unit. 
In practice this would require the transmission of 
synchronising signals having a slope at least half that 
required for the minimum definition of the vision 
signal. 

The minimum bandwidth required for the trans-
mission of such synchronising intelligence, whether by 
means of amplitude or frequency modulation, will be 
the same, i.e. approximately half that required for 
the vision transmission. 

Frame synchronising requirements are not so 
rigorous as for line synchronising. For good two-way 
interlacing the effective synchronising signal should 
have a wave front such that the maximum error in 
synchronising consecutive frames is not greater than 
10 per cent. of a line period. In practice this would 
require the transmission of a synchronising signal 
having a slope approximately ten times as great as the 
slope of a sine waveform having a periodic time equal 
to the line scanning period. Such a waveform cannot 
be satisfactorily derived from a "ringing" coil tuned 
to 10 kc/s 

Mr. Puckle suggests that a repetition • frequency of 
60 to 70 kc/s would be required for high quality music 
transmission. Practical experience has shown that this 
is not so, the suggested repetition frequency of 32 kc/s 
is quite adequate. 

With time modulated pulses the modulating intelli-
gence can have frequencies up to one-half of the pulse 
repetition frequency, therefore a 30 kc/s pulse frequency 
will allow for modulating frequencies up to 15 kc/s. A 
characteristic of time modulated pulses of the type 
mentioned in the paper is that at sub-harmonic 
frequencies of the pulse repetition frequency, inter-
modulation beat frequencies are generated under 
modulation conditions. The lower the sub-harmonic 
the greater the degree of intermodulation. With sub-
harmonics greater than the fifth the intermodulation 
can be ignored, but at a frequency of one-fifth the pulse 
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repetition frequency, the intermodulation beat frequency 
will be about 2 per cent. when the time modulation is 
approximately 60 per cent. At one-half the pulse 
repetition frequency the intermodulation beat frequency 
will be about 10 per cent, for the same degree of 
modulation. 

Consider now the case of music transmission: one-
fifth of 30 kc/s is 6 kc/s, i.e. a frequency higher than the 
normal fundamental tone of any orchestral music. 
Of course, tones higher than 6 kc/s are present in music, 
but these tones in general are overtones having an 
amplitude less than that of the fundamental tone. If 
one considers a musical note having a frequency of 
2 kc/s, the third harmonic (mathematically) of this is 
6 kc/s, i.e. one-fifth of the pulse repetition frequency. 
The modulation due to the overtone would be much 
less than 60 per cent., and the intermodulation beat 
due to this would be much less than 2 per cent. of the 
main modulation. In practice any beat frequencies due 
to the time modulation of the pulse train by overtones 
are entirely masked by the main time modulation. 

With time modulated pulse transmission the quality 
of the transmission tends to improve slightly as the 
modulation frequencies are reduced. In this respect 
pulse modulation is superior to frequency modulation 
as with the latter, any distortion due to non-linearity 
of frequency discriminators is more liable to show up 
with heavy modulation, which generally is due to the 
lower tones in music. 

Regarding the statement that equal time is required 
for horizontal and vertical definition. I agree that 
here the paper is lacking in clarity ; however, I was 
not looking at the problem in quite the same way as 
indicated by Mr. Puckle. I was more concerned with 
the bandwidth requirements for equal vertical and 
horizontal definition. It is generally agreed that 
vertical and horizontal definition are equally expensive 
in bandwidth, and bandwidth is a function of time. 
The system proposed in the paper probably does not 
give equal vertical and horizontal definition, but it 
should give a flat picture free from line structure. 

Mr. Puckle draws attention to the low power of 600 
watts proposed for the vision transmission. The figure 
of 600 watts is a mean power figure, whereas the 
B.B.C. figure of 17 kW was peak power. The mean 
power of the system was approximated by considering 
that a frame period comprised synchronising pulses for 
1/10, black level for 1/10, and a picture varying linearly 
from black to white for 4/5 of the total time. When 
allowance is also made for a lower antenna and an 
increase of six times in the transmitted frequency, it 
will be found that the field strength given by the 



DISCUSSION TELEVISION AND BROADCASTING SYSTEMS 

proposed system should be very close to that given 
by the B.B.C. system. 

Mr. Wikkenhauser has brought out an important 
point, when he draws attention to the fact that lenses 
limit the definition to 650 or 700 lines I have proposed 
a definition corresponding to 640 lines, but with a line 
structure of 1,280 lines. If no great improvement in 
definition due to lenses can be visualised in the near 
future, it would seem that a definition of 700 lines 
would be the maximum likely to be obtained. That 
being so, we could now fix the bandwidth of the spectra 
required for monochromatic and coloured television 
services. 

I agree that many pre-war receivers gave a much 
too small a picture. I suggest that after the war 
the minimum size of cathode ray tube used for tele-
vision should have a diameter of 12 inches. Even 
this will be considered by many to be a low minimum 
standard of picture size. 

Dr. Van den Bosch's suggestion that we now allo-
cate spectra for colour television is useful, in that it 
would force engineers to consider some of the prac-
tical difficulties likely to be encountered in the trans-
mission of coloured television. Such considerations 
would probably emphasise the desirability of using high 
frequencies for transmission, even higher than the 
250 Mcis which I suggest. We now have sufficient 
information to operate transmitters and receivers at 
these higher frequencies, and if there are no propa-
gation disadvantages it might pay us to use these 
higher frequencies for the first post-war monochromatic 
services. 

Apart from the fact that no provincial stations 
existed, such television industry as did exist before the 
war was dependent upon the continuance of one 
transmitter, located in a building which was built 
without much consideration for fireproofing. In my 
opinion an essential requirement for the establishment 
of a stable television industry is the provision of 
functionally designed, fireproof buildings for all the 
studios and transmitters. 

I do not agree with Dr. Van den Bosch that it 
would be practical to use the original carrier frequency 
for relaying. In fact, when considering a number of 
sequential relays, the pre-war television standard for 
transmission to the public may not be suitable for 
relaying purposes. It may be desirable to consider 
public transmission and relaying between main trans-
mitters as entirely different problems. Frequency or 
pulse modulation might with advantage be used for 
relaying, the signal being reconstituted at each main 
transmitter into something like the pre-war system. 

Mr. Hamburger has indicated that he appreciates 
the danger of starting post-war television on the pre-
war standards, since there would arise the possibility 
of these unsuitable pre-war standards being adopted 
for a long period. I agree that this danger would be 

present if large numbers of new receivers were manu-
factured to the pre-war standards. 

We must face up to the fact that during the year 1939 
the programme presentation of television improved 
enormously. The B.B.C. were beginning to reap the 
benefit of the experience gained since the opening of 
the service in 1936. As soon as possible after the war 
the B.B.C. could, with advantage, resume their good 
work of programme presentation if the old transmitters 
were started up without change of standards. In my 
opinion any such restarting of the old transmitter 
should be accompanied by a definite ban on the manu-
facture of new receivers to the old standard. 

Mr. K. I. Jones stated that the benefit to the radio 
industry of an early resumption of television cannot be 
over-emphasised. 

I do not agree with Mr. Jones. I think an early 
resumption of television on the old standards, with a 
very definite ban on the manufacture of new receivers, 
is desirable. 

In the long run it is the viewpoint of the public which 
will matter most in television. The public in ten years' 
time will not thank the radio industry of the present 
time, if it is then found that the immediate post-war 
radio industry, in order to gain a temporary employ-
ment advantage, commenced large scale manufacture 
of television receivers to a standard lower than that 
which could be attained. The public eventually would 
have to bear the cost of changing to an improved 
standard. 

In the radio industry three main groups of persons 
are concerned with television, these groups being 
engaged upon research, production and distribution. 

The decision to adopt a new standard ensures imme-
diate employment for a large group of research 
workers as soon as these workers have been gathered 
together from their war-time activities. 

The production group can be sub-divided into radio 
and electronic groups. The radio group can be fully 
engaged for at least three years on the manufacture of 
ordinary domestic receivers, and even then will not 
have met full demands. 

The electronic group can be further sub-divided into 
valve and cathode ray tube groups. The valve group 
can be fully employed for years on domestic require-
ments. 

A delay in starting television would probably affect 
the cathode ray tube workers. However, it must be 
realised that this group of workers need not be large 
in order to meet any practical post-war television 
programme. During the war considerable progress 
has been made in the methods of manufacturing 
cathode ray tubes. At the present time 100 persons 
engaged upon C.R. tube manufacture could, in a few 
months, make all the C.A. tubes used on the 20,000 
receivers manufactured prior to the war. Of these 100 
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persons not more than 25 per cent. need have special 
skill or knowledge requiring a long experience. 

The small groups of highly skilled and key workers 
in the C.R. tube industry can no doubt be guaranteed 
employment on C.R. tube work in connection with the 
peace-time application of radar. 

We can, therefore, see that in as far as employment 
is concerned there is no great advantage to be gained 
by an early resumption of television. 

Mr. Jones also stated that the small number of 
receivers in use prior to the war was due to a general 
feeling of technical uncertainty. 

A large-scale television industry must be served by a 
competent distributive service, and such a service 
cannot be started very quickly. Prior to the war the 
distributive side of the television industry was very 
weak, and if the position is to be improved after 
the war some changes of methods and types of 
personnel employed seem inevitable. 

I agree with Mr. Jones that we should have stability 
in any standards which may be adopted. I suggest a 
minimum of ten years with six years' notice of any 

NORTH-EASTERN 

Mr. J. C. Finlay : With reference to the mutual 
interference between the proposed sound and vision 
signals, due to the imperfect discrimination between 
vertical and horizontal polarisation, I note that the 
author suggests that a correcting anti-phase signal be 
added either at the transmitter or receiver, the former 
being, of course, the cheaper procedure. However, I 
presume that in any case some individual correction 
will be necessary at every receiver, probably by adjust-
able aerials. If these are used will the need for the 
anti-phase signal be eliminated ? 

If it is impossible to produce adequate discrimination 
in the aerial system alone, and the anti-phase signal is 
still required, the receiver will surely have to provide a 
variable in-phase (or anti-phase) signal for local 
balancing. In this case the whole correction might 

intended changes which are likely to affect the operation 
of receivers. 

Mr. D. A. Bell stated that claims made for time 
modulated pulse transmission would appear to make 
that system better than frequency modulation. 

It was not my intention to claim that time modulated 
pulse transmission was better than any other system. 
All the known systems of modulation have their own 
special useful applications. There are so many con-
siderations when choosing a sound modulation system 
for television that the choice of the most suitable 
system will not be an easy matter. Some of these 
considerations are availability of bandwidth as against 
the signal to noise improvement likely to be obtained 
with a wide band system of transmission, practicable 
stability of domestic type receivers, propagation dis-
tortion, and freedom from interference due to reflec-
tions. I am of the opinion that when full consideration 
has been made to the subject of sound transmission 
it will be found that for a television service a time 
modulated pulse transmission system is somewhat 
better than either a frequency or amplitude modulation 
transmission. 

SECTION DISCUSSION 

as well be done at the receiver. Is such correction 
likely to vary from time to time owing to tropospheric 
and other reflections, as this will be an important 
factor in determining the type of correction to be 
applied ? 

H. Armstrong : It would seem that pulse modulation 
can be usefully employed in certain limited fields. 
It would be of interest to have some indication as to 
what these fields are likely to be. 

What are the advantages of pulse modulation as 
compared to frequency modulation ? 

Is it necessary to allow for high fidelity audio up to 
15 kc/s ? Would a lower fidelity of, say, up to 10 kc/s 
allow of the pulse repetition frequency being reduced 
considerably without noticeable deterioration of the 
transmission ? 

Discussion on this paper will be continued at the London meeting to be held on April 19th, 1945, and will be 
recorded in the August Journal. 
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NOTICES 
Honours 

The Council has tendered congratulations to the 
following additional members on their inclusion in the 
New Year's Honours List :— 

Major Richard James EYNON (Associate Member) 
was appointed a Member of the Most Excellent Order 
of the British Empire (Military Division). 

SiLdr. James Frederick MAZDON (Associate) was 
appointed a Member of the Most _Excellent Order of 
the British Empire (Military Division), having pre-
viously been mentioned in despatches. 

Obituary 

Notification has been received of the death, on 
active service in Italy, of Flight Lieutenant Robert 
Riley GREEN (Associate), of Marlow, Bucks. 

Flt. Lieut. Green was registered as a Student of the 
Institution in May, 1938, and obtained a transfer to 
Associateship in June, 1942. He leaves a widow and 
two young children to whom Council has expressed 
sympathy. 

Extraordinary General Meeting 

An Extraordinary Genera Meeting of Corporate 
Members of the Institution v. as hell at the Institution 
on the 23rd March, 1945, in accordance with the 
notice given in the last issue of the Journal and as 
circulated to Corporate Members. 

A copy of the Schedule may stilt be obtained from 
the Institution ; all the revisions proposed by the 
General Council, both in the Memorandum and 
Articles of Association, were unanimously approved 
and came into effect immediately. 

The main revision in the Memorandum covered the 
objects of the Institution which are now declared to be: 

' The advancement of the science and practice of 
radio engineering and to afford the means for 
facilitating the acquisition and preservation of. the 
knowledge pertaining to tne profession of a radio 
engineer and to promote the general advancement 
of and to facilitate the exchange of information and 
ideas on radio science and engineering including the 
theory, science, practice and engineering of elec-
tronics and all kindred subjects and their applica-
tions.' 

The alteration in the Articles governing election to 
the various grades of membership and including the 
new grade of Companion, are now included in the 
revised regulations governing membership, a copy of 
which will be sent to any member on request. Members 
wishing to obtain a transfer to a higher grade of 
membership are especially requested to obtain a copy 
of the regulations before lodging a proposal. 

SCOTTISH SECTION 

The President has accepted an invitation to address 
the Radio Industries Club of Scotland at a luncheon 
to be held on Wednesday, June 6th, 1945. 

Members of the Institution who are not members 
of the Club but who wish to attend the Luncheon, 
should communicate with the Secretary of the Club, 
Mr. A. J. Couper, 149 West George Street, Glasgow, 
C.3. 

The President will be accompanied by the Secretary, 
and it is intended to hold an informal meeting of 
members in the evening of June 6th, in order to discuss 
the formation of a Scottish Section of the Institution. 

Personnel of Committees 

Lt. Colonel J. D. Parker, M.B.E. (Member), has 
been appointed to the Technical Committee of the 
Institution, and Mr. C. Tibbs (Associate Member) has, 
for the time being, had to resign from the Papers Com-
mittee. These amendments should be made to the 
reference to Standing Committees published on page 45 
of the January-February, 1945, Journal. 

GRADUATESHIP EXAMINATION 

PASS LIST—NOVEMBER, 1944 (2nd List) 

The following Candidates Passed entire Examination 

CRAWFORD, Robert Prisoner of War 

RICHARDSON, Leonard (S) Australia 

The following Candidate Passed Parts 3 and 4 only 

STEIN, Gabriel (S) Jerusalem 

The following Candidates Passed Parts 1 and 2 only 

Heliopolis 

Prisoner of War 

Prisoner of War 

India 

SEHPOSSIAN, Haig (S) 

THOMPSON, R. 

SIMMONS, Henry 

MASEYK, Norman (S) 

The following Candidate Passed Parts I, 2 and 3 only 

PICKERING, Simla 

1944 EXAMINATION PRIZE WINNERS 

Counci: has approved the following awards to the 
most outstanding candidates appearing in the 1944 
Graduateship Examinations : 

PRESIDENT'S PRIZE 

ROBINSON, Peter Chelmsford 

MOUNTBATTEN MEDAL 

CRAWFORD, Robert Prisoner of War 

L.C.R. PRIZE 

LUCKETT, William Roy • Hereford 

. MEASUREMENTS PRIZE 

BUMSTEAD, Maurice Charles Hythe 
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TRANSFERS AND ELECTIONS TO MEMBERSHIP" 

The following proposals and elections were recommended by the Membership Committee at their meetings 
held on the 14th February and 8th and 27th March, 1945. At these three meetings the Committee considered a 
total of 71 proposals for transfer or election to Graduateship or higher grade membership. The following list 
completes the elections for the year ended March 31, 1945, and makes a total of 203 elections or transfers during 
the year as a result of the 319 proposals lodged. 

Transfers 

From Fellow to Honorary Member 
MOIR, Sir Arroi, Bart., B.A. London, S.W.1 

Transferred from Associate to Associate Member 

BLUNDELL, Norman Howard, 
Capt. London, S.E.27 

COLTON, Norman Kenneth Swansea, Glam. 

PATTERSON, Stanley Hull, Yorks. 

WATTERSON, Vernon, M.A. 
(Cantab.), Capt. London, W.13 

From Student to Associate Member 

HOLLAND, Richard Dolling Bognor Regis 

OSBORNE, John Laurence Langley Cheam, Surrey 

PATRICK, Alan Montague Edinburgh, 10 

From Graduate to Associate 
BIRAM, John Graham Hindhead, Surrey 

MURFITT, Ralph Hubert Bradford 

SHARPLES, Ernest Alan Manchester 

From Student to Associate 
COGHLAN, Arnold Edward 

DEHN, Rudolf 

ERDOS, George, B.Sc.(Hons.) 

HUGGINS, Peter 

JAMES, Leslie William 

MADIGAN, Henry 

MUNDY, Everett Bernard, B.Sc. 

Hove 

Exmouth 

Loughborough 

London, S.W.5 

Rugby 

London, W.5 

London, S.W.19 

From Student to Graduate 

BUMSTEAD, Maurice Charles Hythe, Kent 
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Direct Elections 

To Member 
MINGAY, Oswald Francis 
WARDMAN, Basil 

To Associate Mem 
BROWN, Norman Hillier 

DULEMBA, Boleslaw 

JACKSON, Brian Bannister, 
Lt.-Col. 

PINCHBECK, John Douglas 

SMITH, Alfred Joseph 

To Companion 

BURNHAM, Walter Witt 

NORMAN, Alexander John 

To Associate 

BLANCHARD, Allan Robin 

DIVE, Leonard George 

ELLIS, Norman William Warr 

GRAY, Reginald Irvan 

GREENHALGH, Wallace, B.A. 

HALLIDAY, Douglas Frank 

HONAN, John 

JONES, Anthony Mervyn, Major 

KNOWLES, John Hall 

KYME, Richard Cyril 

LENO, Bernard Albert 

NICHOLSON, Philip Ian 

PUCKETTE, James Henry 

REID, Oliver Walter 

ROBINSON, Peter 

STURGE, Geoffrey Howard 

WINDOWS, Clifford Edgar 

WRIGHT, Leonard Thomas 

To Graduate 

STEVEN, Robert, B.Sc. 

Sydney, Australia 

London, N.W.3 

ber 

Hayes, Middx. 

Edgware 

Chislehurst 

Swindon 

Aldershot 

BI island, Cornwall 

Blundeston, 
Suffolk 

Bury, Lancs. 

Sanderstead 

London, S.W.1 

London, S.W.I. 

Manchester 

Dumfries 

Dublin 

London, N.6 

North Shields 

Reading, Berks. 

Richmond, Surrey 

Reading, Berks, 

London, W.C.1 

Cape, S. Africa 

Chelmsford 

Guildford 

London, S.W.18 

Bromley, Kent 

Hayes, Middx. 



STUDENTSHIP REGISTRATIONS 

STUDENTSHIP REGISTRATIONS 

The following were Registered as Student members of the Institution at meetings of the Membership Committee 
held on February 1st and 14th, and March 8th and 27th, 1945. At these meetings the Membership Committee 
received a total of 82 proposals for Registration as Student members, making a total for the year 1944/5 of 367 
proposals received during the year, compared with 300 for the year 1943/4. 

ARCHARD, Stanley James 

BACKHOUSE, Norman 
BARNARD, Jack Richardby 
BATCHELAR, Robert Cyril 
BENNET'T, Charles Roy 
BROWN, Frank Ridley 
BURKE, Norman William 

CALDWELL, Jack Rowson 
CECIL, David John 
CHADWICK, Harold Sidney 
CLAYTON, Anthony 
COCHRAN, John 

DAGNALL, Charles Sidney 
DUFFY, James 

EMERY, Trevor Munslow 

FORD, David 
FORD, Edmund Alfred 
FORREST, Michael Augustus 

GAVIN, Kenneth Turnbull 
GENGE, Ronald George 
GILBERT, Alan Edward F. 
GRIERSON, Francis A. 

HAMILTON, William Ian 
HARRINGTON, Peter F. O. 
HAYES, Cornelius John 
HOBSON, John Peter 
HODGKINSON, John Thomas 
HOPPEN, Donald Walter 
HOVVE, Lionel Alfred 

IN MAN, William John 

JACOB, Robert Claud 
JOBSON, Philip Frank 
JOHNSON, Wilfred 
JONES, Kenneth Oliver 
JONES, Patrick Joseph 
JOSEPH, Norman 
JOYCE, Alfred Waterworth 

KAGALWALA, Abid F. 
KENNEDY, Matthew 
KUMAR, Krishan 

Hutton, Essex 

Halifax 
Rossington, Yorks " 
New Zealand 
Stockport 
Dukinfield, Ches. 
Bromley, Kent. 

Australia 
London, W.1 
Worksop 
London, W.9 
Harrow 

Solihull 
Greenford 

Bangor, Co. Down 

Norfolk 
Wolverhampton 
Manchester, 21 

Penrith 
Wimborne 
Dudley 
Dumfries 

Newcastle, 4 
Kingston 
Southall 
Victoria, B.C. 
Mombassa 
London, S.W.2 
London, S.E.15 

Bristol, 6 

Feltham 
Gravesend 
Scarborough 
Upminster 
Arva, Co. Cavan 
Cardiff 
St. Neots 

Bombay 
Renfrew 
Nairobi 

LAYTON, Frank John 
LOWE, Philip 

MAHONEY, Douglas 
MANNING, John William 
MARTIN, Ronald Stewart 
McKENNA, Patrick, B.Sc. 
McNEILL, Ian 
MEAD, Stanley Rangi S. 
MEEK, Charles 
MORRIS, Victor 
MOURAD, Abraham 

NAVIN, Edmund 

ORSBORNE, Charles L. 
OVENDEN, David William 

PAGE, Henry Ignatius 
PARKER, Frederick G. 
PATCHER, Julius 
PEPPERCORN, Albert E. 
PRESTWICK, John D. 
PRINCE, Herbert D. 

'QUIGLEY, George Thomas 
QUINN, Norman Thomas 

RAO, Perundria L. G. 
REA, George 
REED, Ronald Frederick 
REILLY, James Joseph 
ROTTENBERG, Robert 

SCOTT, John George 
SEEAWN, Behari La11 
SHEARS, Philip Antony 
SIMMONDS, Douglas C. 
SMITH, Basil Boyd 
STANNARD, Robert 

TEER, Cyril Arthur, B.Sc. 
TITHERADGE, John P. 
TURNER, Lewis Edgar 

VINCE, John Holistor 
INNELL, Lionel F. 

WALTER, Norman Edward 
WEINBERG, Hans W. 
WILLIAMS, Trevor 

ZAHLER, Gunter, B.Sc.(Hons.) 

Brentford 
Birmingham, 28 

Dundee 
St. Albans 
Sydney, N.S.W. 
Middlesbrough 
Glasgow, E.2 
Watford 
Glasgow, C.5 
Denham 
Cairo, Egypt 

Newry, Co. Down 

Peterborough 
Margate 

Sheffield, 11 
Sibsey, Lincs. 
London, S.W.9 
Bexley, N.S.Wales 
Liverpool, 9 
Bloemfontein 

Bromborough 
Victoria, Aust. 

South India 
Huyton, Lancs. 
Bristol, 6 
Dublin 
Cairo, Egypt 

Slough 
Rohtak, India 
Cheltenham 
Glasgow 
Homebush,N.S.W. 
Frome 

Ayrshire 
London, N.19 
Deal 

Hove 
Wells, Somerset 

Nairobi 
Tel-Aviv 
London, N.4 

Manchester, 16 
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SOME ASPECTS OF SPECIAL ELECTRON TUBES 
By F. E. Lane (Associate Member) t 

(A paper read before the London Section of the Institution on January 27th, 1944, and repeated 
before the Midland Section on March 31st, 1944, and the North-Eastern Section on April 26th, 1944) 

SUMMARY 
A considerable amount of material has been published in recent years concerning radio tubes and other electronic devices. Much of this data 

has, however, been aj a theoretical nature. This paper describes various specialised types of tubes and their more useful characteristics and deals 
with a number of types under three main headings, suitably sub-divided. 

Section 1. Tubes for Voltage Amplification. 
The amplifying function of the electron tube is well 

known, but it is proposed to deal with the less usual 
applications, and to endeavour to describe how certain 
tubes have come into being to fulfil special functions. 
Let us take first of all tubes for the amplification of 
very small voltages in the audio range. The require-
ments of such a tube may be tabulated as follows :-

1. A mechnical construction that is not responsive 
to acoustic vibration. 

2. A low noise level. 

3. In the case of high impedance devices, such as a 
crystal microphone and the photo cell (vacuum 
or gas-filled type), it is necessary that a high value 
of resistance constituting the load be used. It 
follows therefore that the input resistance of the 
tube must be high, and this must be ensured by a 
high degree of insulation between the electrodes. 

4. It is desirable, in a number of cases, that the 
contact potential be as low as possible in order 
that this does not interfere with the operation of 
the circuit. 

The use of triodes in a 
voltage amplifier will be 
considered in order that 
sufficient gain over a given 
frequency band be obtained 
to supply the input to the 
main amplifier. It is essential 
to use more than one valve, 
as the very best stage gain 
we can obtain from a triode 
will be of the order of 70. 
It will be found that the 
usual type of triode used 
for audio frequency work, 
etc., is subject to quite a 
number of troubles when 
used as a microphone am-
plifier, and perhaps the worst 
of these troubles is micro-
phony, often due to the fact 
that the tube structure has mechanical resonances, 
usually situated between 1,000 and 2,000 cis, accord-
ing to the type. This may be remedied in a number 

CRYSeAL 
MICROPHONE 

of cases by the use of an anti-microphonic valve-
holder and acoustic damping, such as felt pads placed 
round the tube. However, there are many cases 
where the pre-amplifier must be placed near the micro-
phone, by even using part of the microphone mounting, 
and in such cases space is usually at a premium. 

It is quite common practice for the voltage supplies of 
such amplifiers to be obtained from batteries, and hence 
several tubes have been specially designed for the 
purpose. The Tungsram Company have produced an 
indirectly-heated tube, Type HL4G, which has a small 
electrode structure, and the control grid is brought 
out to the top of the bulb to ensure the highest possible 
degree of electrode insulation. This tube may be run 
either with A.C. or D.C. heated filament. The General 
Electric Company also produced a small tube, type 

0.05 Mit 
HT + 

0.25 Mn 

IMn 

------

I 

04F— 

I 0,4.1 ISO 

 .OUTPUT TO MAIN 
AMPLIFIER 

0.005,,F OR MIXER. 

8,41F 

PREAMPLIFI 

6J 7G 

SP.4. 

ER STAGE FOR CRYSTAL MICROPHONE.  

Fig. 1. 

A.537, with a special base and a non-microphonic 
construction. The grid connection is also brought out 
to the top of the bulb to increase insulation, and the 

British Tungsram Radio Works Ltd. 
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structure is small and rigid. 
This tube can only be run from 
batteries. The G.E.C. has., 
however, produced another tube, 
the M.H.40, which is suitabbe 
for use for A.C. filament sup-
ply, and this tube has a rigid 
mechanical construction with 
ceramic insulation to increase 
the input resistance. All these 
types are designed to have a 
very low background noise 
level." It is worthy of note 
here that on no account should 
these tubes be subjected to over-
heating of the cathode, as this 
will increase the background 
noise, even when the tube is 
operated again at • its normal 
rating.5 It is not uncommon to 
find special materials used for 
the anodes with a view to 
reducing secondary emission. It 
is also unwise to allow the 
valves to operate at a reduced 
heater rating, as conditions" of 
temperature limited saturation, 
due to lowered temperature, may occur with a con-
siderable increase in noise level." However, as 
previously mentioned, the gain is low and it is quite 
common to use a single pentode as a pre-amplifier, and 
a figure of such a circuit is shown in Fig. No. 1. The 
fact that a high value of anode load will increase the 
noise level is partly balanced by the reduction of 
anode current, and the high magnification factor of 
the pentode. The screen current is also extremely 
limited so that the factor introduced by this electrode 
is quite small. Tubes which are suitable for micro-

phone work may also be 
successfully used in various 
instruments, such as valve 
voltmeters and instruments 
for measuring galvanic 
pulses in biological work. 

Amplifiers for use with 
photo-cells of the vacuum or 
gas-filled lypes require tubes 
with a very high input 
insulation resistance, as it is 
common to use a load in 

110 210 the range of 10-20 megohms. 
Naturally, this value is 
reduced by the shunting 
effect of the tube input 
impedance, and this must 
be kept as high as possible. 
A further application with 
specially designed triode 
tubes is the electrometer 
triode, which has an 

39 

Fig 2. 
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extremely high input resistance and is operated under 
conditions where very small current flows. This tube is 
specially suitable for ionization gauges, pH meters, 
etc. Fig. 2 shows an illustration of the Osram 
ET1, and Fig. 3 shows a common application of such 
a tube. It will be observed in this tube that the 
supporting members of the electrode are so designed 
that the leakage paths are very long. This is, of 
course, absolutely necessary if the tube is to be used 
with a glass electrode which may have a resistance of 
the order of 30 to 100 megoluns. 
Some tubes designed for R.F. amplification should 

now be considered. Where amplification is required 
for narrow band-widths, such as in the normal broad-
cast receiver,'" one may choose an R.F. type of 
pentode with what might be considered average 
characteristics. For such purposes, the internal 
screening of the tube is such that the capacity between 
the input and output circuits is reduced to a minimum. 
If this is not so, voltage will be fed back to the input 
and oscillations will occur before the full gain of the 
circuit can be achieved. The capacity between the 
input and output of such tubes is usually very small, 
and of the order of -005 pF. Such a value is there-
fore suitable for reasonably high frequencies, providing 
that it is not called upon to do other than amplify a 
signal over a narrow band of frequencies. These pentodes 
are high impedance devices" in which the object of the 
designer is to obtain a minimum change of anode cur-
rent for a maximum change of anode voltage. A further 
point concerning this aspect of the tube is that the 
higher the impedance of the tube, the less will be the 
damping of the tube circuit which acts as the tube load." 
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Some plates are shown illustrating the design of 
several of these R.F. pentodes (Fig. 4). From the 
point of view of signal to noise ratio in such amplifiers, 
it is desirable that the slope/anode current ratio be 
kept as small as possible and also that the screen current 
be reduced to a minimum. With the advent of the ultra 
high frequencies it rapidly became obvious that the 
ordinary types of tube were unsuitable," and in the 
case of television amplifiers, where the magnification 
of a wide frequency band is essential, the high slope 
R.F. pentode' came into being. The high input and 

Fig 4.—Construction of R.F. Pentodes, 

output capacities were relatively unimportant as these 
became part of the tuned circuit, but the high slope of 
6-10 milliamps per volt gives useful amplification with 
the low anode load used ( 1,000 to 2,000 ohms) over a 
band of frequencies up to 2 Mc's wide. These tubes, 
however, were more or less conventional in design, 
and degenerative effects due to lead inductance and 
transit time became more troublesome as higher 
frequencies came into use. Tubes in this class are the 
Mazda SP41 and the R.C.A. 6AC7. This latter tube 
is a single-ended pentode,6 the object being to reduce 
unwanted lead inductance in the input circuit. All 
these tubes have the advantage that the slope to anode 
current ratio is as near as possible to unity and that the 
screen current is low (about 25 per cent, of the anode 
current). As a result of these characteristics, the 
equivalent noise resistance of these tubes is con-
siderably reduced. This point should always . be 
considered in the design of wide band amplifiers, as 
thermal noise is proportional to the square root of the 
band width. The reduction of screen current in rela-
tionship to the anode current has also a great effect in 
reducing noise, and, in this instance, attention must be 

drawn to tubes in which the grids are optically 
aligned (Fig.- 5), the electrons being formed into 
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beams, with a cross-over point which occurs between 
turns of the accelerator grid. In this way the screen 
current becomes very small, and is of the order of 10 
per cent, of the anode current. A further example of the 
low noise R.F. amplifier is type EF8, marketed by the 
Tungsram and Mullard Companies, and the E.F.38 
by the latter concern. These tubes are, strictly speaking, 
hexodes, employing aligned grids. The additional 
grid in these tubes assists in the function of focusing 
the electrons and may be used as an additional control 
electrode. Fig. 6 shows the principles of construction 

of this tube. The EF8 is 
only possessed of a medium 
slope, and it is not suitable 
for use in wide band ampli-
fiers. It is an extremely 
useful tube for improving 
signal to noise ratio in short 
wave reception, where one 
can use the maximum gain. 

A great deal of reference 
material on fluctuation 
noises may be found, and 
in this country D. A. Belts 
F. C. Williams and E. B. 
Moullin have dealt with the 
matter in considerable 
detail. In the United States, 
a five-part paper by B. J. 
Thompson, D. O. North 
and W. A. Harris, entitled 
" Fluctuations in Space 
Charge Limited Currents at 
Moderately High Frequen-

cies," gives a very wide review of the whole problem 
of tube-generated noises. 

o 

00 00 

Fig. 5.—Optical align-
ment of EF8 grids. 

A great deal of this work is carried out using as the 
basis for experiment and calculation the well-known 
Nyquist formula-

4kTg à f 
where 
g = Mutual conductance k = Boltzmann's constant 

T = Absolute temperature and à f = band width 

is equivalent to the mean square of the short 
circuit current fluctuations. 

If we keep this formula in mind it will readily be 
understood that the random fluctuations in currents 
which are an integral part of the electron stream in a 
tube will induce by their passage through the electrode 
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system a corresponding fluctuation in the structure of 
the electrode. This question of induced currents will be 
dealt with later in the description of the inductive 
output amplifier and the Klystron tube. This 
phenomenon is particularly important in the case of 
the control grid, which will exhibit a certain value of 
slope for a given fluctuation. A formula has been 
deduced for this by D. O. North and W. R. Ferris in a 
paper entitled " Fluctuations Induced in Vacuum Tube 
Grids at High Frequencies," Proceedings LR.E., 
13.1.41, published by R. C. A. Technical Service in 
March, 1941. 

Fig. 6.—EF8 cutaway and grid fitting. 

It will be seen that in addition to the normal noises 
generated by a tube this further effect becomes very 
important in ultra high-frequency tube design, and 
many attempts are being made to reduce the effect to 
a minimum. 

With regard to the signal/noise ratio, in the first 
tube of an ultra high-frequency receiver, it will be 
found that the optimum aerial coupling for best 
signal/noise ratio is not the same as for maximum gain, 
and it will be found that the relative performance is 
considerably better if the coupling is adjusted for the 
best noise conditions. Considerable practical informa. 
tion on aerial coupling will be found in " Technique 
of Radio Receiver Design" by Zépler. The subject is 
also dealt with in some detarl in the R.C.A. Review, 
Volume 6, No. 3, January, 1942. 

In an attempt to improve the input impedance" and 
to reduce fluctuation noise" and input lead inductance, 
a special high slope pentode was developed in the 
Tungsram Research Laboratories by Zakarias. This 
pentode (SP.4/U1) is fitted with three cathode leads, 
and the control grid and one of the cathode leads are 

brought out to two caps at the top of the tube, thus 
separating the input circuit from the output circuit. In 
the base of the tube are the anode, heater and two 
cathode connections and also the accelerator grid, and 
in an experimental amplifier it was found that an input 
impedance of 60,000 ohms at 40 Mc/s was obtained. 
The actual point of connection of the cathode return 
lead is bound to be very important. 

One of the most undesirable effects in frequency 
changing tubes at high frequencies 13 ' 80 is the capacity 
coupling between the signal and oscillator grids, and 
owing to finite electron transit time this capacity7'" is 
somewhat dependent upon frequency and the relative 
phase angle of electrons at a given point of the .cycle." 
A considerable amount of work has been done in 
investigating this problem by E. Lukacs. Two papers 
of note are" Frequency Changing Problems," Wireless 
World, 26.1.39 and 2.2.39, and here the author dis-
cusses the various merits of types of frequency changing 
tubes and the steps taken to reduce capacity effects at 
high frequencies. This undesirable capacity coupling, 
particularly in the case of octodes, is mainly due to 
space charge influence effects, and the question of 
production of parasitic oscillations" and the depend-
ence of gain upon frequency is dealt with in the paper 
by Lukacs in Wireless World, page 238, 17.3.38. 

Combined tubes can be made to function satis-
factorily up to 30 Mc/s, but for higher frequencies it is 
desirable to employ a separate oscillator. At these 
higher frequencies it is also very important to remember 
that the time constant of the grid leak and condenser 
must be arranged to prevent squegging, particularly if 
several wavebands are covered by switching. The 
simplest method here is to arrange a separate gridleak 
and condenser for each waveband. 

A considerable amount of interesting work has been 
carried out by E. W. Herold, of the R.C.A. Manufac-

Fig 7.— 
Footless tubes. 
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turing Company, on systems of superheterodyne 
frequency conversion, and there are several detailed 
discussions on the behaviour of tubes used with 
various methods of oscillator injection. One of the 
most important aspects discussed is the fluctuation 
noise and input resistance at high frequency for the 
various methods used. There is also a description of 
the modifications of the tube designs carried out to 
meet the requirements of these methods in a paper by 
E. W. Herold, "The Operation of Frequency Convertors 
for Superheterodyne Reception," Proc. LR.E., 1.10.41. 

An interesting range of tubes with many possibili-
ties in the moderately high frequency band is the 
so-called footless range," a glass equivalent of which 
was introduced into this country by the Tungsram 
Company (Fig. 7). These valves employ the so-called 
optical alignment, but the electrode structure is 
mounted horizontally and the cathode and leads are so 
placed that no lead is greater than 1 in, in length and 
capacity coupling between the input and output of the 
tube is reduced to a minimum. The electrode struc-
ture is not mounted on the conventional pinch ; the 
electrode support wires are on the periphery of a glass 
disc, a procedure which reduces the glass leakage and 
capacities between leads due to the wider spacing and 
the previously-mentioned shortening of leads. The tube 
is fitted with a modified octal type of base with 
" waisted" pins which locked with the spring contacts 
of the valveholder. Arrangements are made for a 
metallic screen to be fitted in between the pins. 

A high slope RF pentode which has come to the fore 
just recently is type EF50. The assembly of this valve 
is mounted on a disc seal, and the pins are extensions 
of the electrode wires. The whole tube is enclosed in 
a special metal case and the disc seal is also covered 
by a metal disc, while the pins protrude through holes 
in this disc. The tube is also fitted with a grooved 
spigot, which is held in the valveholder by a spring 
clip, thus preventing the tube from becoming dislodged 
by vibration or being mounted in other than an 
upright position. 

Another tube of a similar nature 
is type EFF50, manufactured also 
by the Mullard Company, and this 
comprises two high slope pentodes 
in one bulb ; it is extremely use-
ful for push-pull operation. Two 
makes of tube worthy of note are 
the Mazda SP41, 42 and the Osram 
Z62. These latter tubes are, how-
ever, fitted with normal bases and 
are subject to the shortcomings of 
such arrangements. However, they 
have proved very useful for wide 
band amplification at high fre-
quencies." As, however, higher 
frequencies came into use, it 
became obvious that considerable 
modifications in design would 
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become necessary, and in this respect the Acorn tube 
is an example of the attempts to bring electrode lead 
length down to the absolute minimum, reducing 
the physical size, and thereby the inter-electrode 
capacitances, input lead inductance and transit time 
troubles." 

However, such tubes are extremely difficult to 
manufacture owing to their small physical size and the 
extreme difficulty of the glass fabrication. Acorn tubes 
can be successfully used in circuits employing fre-
quencies up to 600 Mc/s, but, of course, the available 
power is very small (in the neighbourhood of ¡ to 
1 watt). One quite common application of the Acorn 
is its use in the probe of a vacuum tube voltmeter."," 
It is suitable for such instruments as it has a very small 
input capacitance, and if slightly under-run, the contact 
potential is reduced to a very small value, and this 
enables a very low voltage range to be covered by the 
meter. A very noticeable feature of modern tube 
design is the tendency to discard the tube cap or base 
and use the extension of the electrode support rods as 
the contact pins." This feature is embodied in a 
recently introduced range of R.C.A. tubes in which 
the member supporting the electrodes is a small 
glass button, with the electrode support wires arranged 
in a small circle. These are extended through the glass 
to act as the contact pins. It is interesting to note that, 
although this button is considerably smaller than the 
normal pinch, the average spacing between the wires 
is greater than can be attained in the pinch type of 
supporting member, and in addition the leads are 
considerably shortened. At the present moment this 
range is confined to battery types in which the filament 
is rated at 1.4 volt, .05 amp, and the types available 
are a pentagrid frequency changer, IRS, a variable 
mu RF pentode 1T4, a single diode pentode, 1S5, and 
output pentodes types 1S4 and 3A4. The obvious 
application of these tubes is in the design of light-
weight portable apparatus, and this is demonstrated 
by the midget personal receivers introduced in 
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the States a year or two ago. The tubes are only t in. 
in diameter, and just over 2 in. long. They can be 
operated on a 45 volt high tension supply, and the 
filaments can be supplied from a dry battery. It will 
be seen that, combined with the use of midget compo-
nents, a very small but reasonably efficient piece of 
apparatus can be designed. The circuit shown in Fig. 8 
is typical of the present set aS used in America. It 
will be noted that there is no oscillator anode in the 
frequency changer, a cathode coupled oscillatory 
system being used. Fig. 9 shows a number of circuits 
for application to the 1R5. 

AVC 

+F HT + HT' AVC 

CIRCUIT. I. 

TYPE.IR5. 

HT + 

CIRCUIT. II. 
TYPE.IR5. 

TYPE.IR5. 

FEED 
BACK 

CIRCUIT A. 

+90VOLTS 

TYPE.IRS. 

FEED 
BACK 

CIRCUIT B. 

and a triode in this form. These tubes are listed as the 
9001, 9002 and 9003, but as these are slightly modified 
forms of the Acorn structure, it is unlikely that they 
will be used to any marked extent. A number of tubes 
for various high frequencies have been produced on 
the dish type of seal by Standard Telephones, Western 
Electric and R.C.A., and the 3B/250A and 4316A by 
the first company mentioned operate at frequencies 
up to 1,700 Mc/s and 700 M/cs respectively. The 
Western Electric Company have already introduced 
tubes for such frequencies and much experimental 
work is being carried out with hollow wave guide horn 

radiators, using such types. Some 
reference to this will be found in 
" High Frequency Thermion ic 
Tubes," by Harvey. 

A small triode which is designed 
for operation at frequencies of the 
order of 250 Mc/s is the HY615, 
made by the Hytron Company of 
America, and a similar tube is 
available in this country manufac-
tured by the Osram Company. 
This type of tube has the anode 
and grid connection brought out 
to two terminals at the top, and this 
forms a very convenient arrange-
ment when the tube is used as a 
self oscillator, as the tuned circuit 
can be connected directly to the 
tube. Another similar type of tube 
coming from America is the R.C.A. 
IC21. 

TYPE . 1 T4. 

TYPE .174. 

+ 90 VOLTS 
TyPE.IRS. , TYPE.IT4. 

CIRCUIT C. 

Fig. 9.-1R5 circuits. 

+90 VOLTS 

At the present moment a considerable amount of 
interest iscentredon the small portable type of receiver 
(known in theUnitedStates as a "walkie-talkie"), and it 
is interesting to note that the signal to noise ratio may 
be improved by the use of an R.F. amplifier stage 
even in the case of the frame aerial set. This R.F. 
stage may be tuned or untuned, dependent on the 
design of the receiver such as the Q and tuned impe-
dance of the frame aerial, noise introduced by the 
frequency changer tube and the total gain from the 
R.F. stage itself. The main point in considering 
these effects in small receivers is to deduce the equivalent 
noise resistance of the tube (Nyquist formula), the 
frequency at which the improvement is required and 
the band width. 

At present these midget tubes are not available for 
A.C. operation, but the R.C.A. market two pentodes 

Power Amplifiers 

In dealing with tubes in power 
amplifiers, it is desirable to review 
the fundamental problems con-
fronting designers, as it will be 
found in many cases that some of 
the basic requirements have been 
overlooked in such design work. 

The fundamental problem here is the conversion of an 
amplified signal voltage into A.C. power (Fig. 10) to 
be delivered to the output load, i.e. loud-speaker, relay, 
deflector coils for cathode ray tubes, phonic motors, 
recording or other devices. It is not considered within 
the scope of this paper to discuss these systems in detail, 
but the purpose of mentioning them is mainly concerned 
with the types of tube which have been designed to 
meet the requirements of these systems. After deciding 
what are to be the requirements of the output stage, 
the designer must consider what system he is going to 
use, and then select tubes which are most suited to this 
system ; the first of which to suggest itself is the single-
ended output stage. In the case of audio amplifiers 
the single-ended output stage consists of a single 
triode or pentode in which the grid bias is adjusted so 

that the signal swing in a positive or negative direction 
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causes the working point to travel over the straight 
portion of the anode current grid voltage characteristic, 
resulting in a change of anode current which develops 
a voltage across the load, thereby producing a certain 
amount of A.C. power. It is not necessary to describe 
this in any greater detail as it is fundamental in prin-
ciple, but it is as well to point out that the system is 
uneconomic, as the ratio of power obtained to the 
power consumption is very low. An improvement 
was effected by the use of high slope tubes, which 
needed only a small input for maximum anode swing. 
Here it is as well to point out that the output pentode is 
not, strictly speaking, a suitable tube to use for the 
conversion of signal voltage to power owing mainly 
to its high internal impedance, and also to the fact 
that the pentode was originally designed for maximum 
voltage amplification. 

IA 

Eg 

Eo 

CLASS . A. 

IA 

CLASS ABI CLASS . AB 2. 

Eo 

IA 

IA 

CLASS. Cl. CLASS.C2. 

Other systems have been developed, and we have 
Class AB., in which the working point is situated near 
the cut-off point of the tube. Under these conditions 
twice the signal input is required, and each tube only 
operates over half the input cycle. This not only means 
that considerably more power is obtainable, but the 
mean anode heat dissipation is reduced. It is permis-
sible, therefore, with a suitably designed tube, to increase 
the anode voltage until the dissipation is near to the 
rated figure, and thereby gain an additional increase 
in power output. These systems have approximately 
four times the output of the single-valve type. It will 
be seen that the ratio of power output to power con-
sumption has been considerably improved, but the 
main disadvantages of such a system is that the per-
centage of harmonic content arises with reduced drive 
to the grids of the output tubes. In choosing tubes for 

this type of amplifier, it is essen-
I A tial that the cathode be capable 

of supplying the peak emission 
required for maximum signal 
swing. It will be noted that in 
none of the systems described 

9 has grid current been allowed 
to flow at any point of the input 
signal and this brings us to 
Class AB2 amplification, in 
which grid current flows over 
part of the input cycle. 
The circuit is arranged so that 

the input voltage swing makes 
an incursion into the positive 
grid region, and, as a result, gr,id 
current flows. This means that 
the tube impedance is now no 
longer high, and power must be 
supplied by the preceding stage 
to overcome the effects of this 
flow of current. A further point 
to remember is that power is dis-
sipated in the form of heat at the 
grid of the output tube. In this 
system the whole of the anode 
current - grid characteristic is 

used, and a copious supply of emitted electrons from 
the cathode must be available. Furthermore, it must be 
remembered that grid current flowing through the 
resistance in the grid circuit develops a voltage in oppo-
sition to the grid bias, and arrangements must, there-
fore, be made that this voltage drop does not unduly 
affect the grid bias voltage when signal is applied. It is 
possible to obtain a power output from two tubes in Class 
AB2push-pull of 60 watts, with a drive of 1-2 watts, whilst 
the anode dissipation in form of heat is only of the order 
of 60 watts. In such an amplifier great care must be taken 
that the H.T. line volts are maintained with ± 10 per 
cent. from zero to full load, and that the grid bias regu-
lation previously mentioned should not be greater than 
± 3 per cent. If these precautions are not taken, a large 
increase in harmonic content in the output occurs. 

Fig. 10.—Systems of amplification. 

About thirty years ago a patent was taken out for 
the use of two tubes connected in series as an amplifier. 
This, in effect, is the first push-pull amplifier which 
appears to have come into use. The arrangement was 
known as Class A. push-pull, and the working point 
chosen is the same as for a single tube. The use of 
triodes in push-pull removes, to a great extent,the even 
harmonics caused by curvature of the tube charac-
teristic, and furthermore, although the output is nearly 
double the power consumption is also double, and the 
efficiency is therefore no better than the single tube. 
It is interesting to note that the anode loading for a 
push-pull stage, even of the Class A type, is not twice 
that of a single tube, but approximates to 14 times 
the load value for a single tube. It is governed to some 
extent by the permissible distortion." 

88 



F. E. LANE SOME ASPECTS OF SPECIAL ELECTRON TUBES 

The systems described deal with audio requirements, 
but one further system worthy of note is the Class C 
amplification which is used ma:nly in the transmission 
and reception of telegraphy (I.C.W.). In this system, 
the grid bias is set at twice the cut-off value of the 
tube and the signal applied swings into the positive 
grid region. Thus, the whole of the tube current is 
used, i.e., from zero to peak emission, and a large 
increase in power can be obtained under key-down 
conditions by virtue of the fact that with no signal no 
current flows. This results in a considerable reduction 
in the heat which the tube is to dissipate, and it is 
possible to use much higher voltages in such amplifiers 
and still work within the safety factor of the tube.. It is 
obvious that this system will introduce considerable 
distortion into the output, but in the case of code 
transmissions, this is relatively unimportant in view of 
the increase of power output and efficiency. Fig. 10 
shows the input and output wave forms of the various 
systems described. 

Having briefly reviewed the systems of amplification, 
the question of tubes for the purpose should be con-
sidered. It is not proposed to deal wth Class A types 
of tube, as this covers the main design of tubes," 
but to commence with suitable tubes for Class AB,, a 
large number may be considered suitable for this 
purpose, but the following precautions must be 
observed. 

Firstly, a large reserve of emission must be available 
from the cathode, and an idea of this can be gained by 
observing the heater rating. If this is reasonably large, 
it can be assumed that a large emission current is 
available. The next point to consider is the mean 
current drawn from the cathode as current flowing 
from cathode to anode will represent a heat loss to the 
cathode by virtue of the kinetic energy transferred. 
If this represents a small percentage of the cathode 
wattage, the tube is equipped with a suitable emission 
source. This is important when increased anode voltages 
are used to bring anode dissipation up to its rated 
value, the mean heat loss being less in AB, if normal 
anode voltage is used. 

In the case of directly heated tubes, the cathode 
return current should not exceed 10 per cent, of the 
filament current, otherwise uneven heating occurs due 
to the current distribution in the cathode. The usual 
phenomenon here is the development of a hot spot on 
the filament. The overheated metal of' he core stretches 
under the tensioning system, resulting in a reduction 
of filament diameter. Thus, local overheating is aggra-
vated, and an early failure due to fracture occurs. 

A tube which is run in Class AB, or AB, conditions 
must also be equipped with a glass pinch (electrode 
supporting member) designed to vie the greatest 
possible spacing between the anode and other electrode 
lead wires, and the pinch must be of ample proportions 
in order that the glass temperature be kept at the 
lowest possible level. As in ihe case of AB, it is 

essential that the grid be of substantial design with 
adequate cooling fins or other devices, in order that the 
power dissipation, radiated heat from the cathode and 
reflected and radiated heat from the anode does not give 
rise to grid emission current, and, of greater importance, 
the release of occluded gas in the metal." This require-
ment also applies to tubes used for Class AB,, particu-
larly in cases where a high slope tube is used. It is as 
well to point out here that whilst the high slope short 
grid base tube can be used for Class A and Class AB, 
push-pull, it is not good practice owing to the difficulty 
of matching such tubes and the fact that the charac-
teristics vary considerably during life. 

It is also pointed out that such tubes, although fitted 
with a large capacity cathode, cannot be driven very 
hard owing to the large peak emission required and 
the inability to dissipate large amounts of heat. Lastly, 
the requirements of a high slope tube do not usually 
permit the design' of a grid which can dissipate heat, 
and the tube is prone to develop grid emission." The 
grid volt to anode current curve is. usually rather 
badly curved at the grid cut off voltages, and this tends 
to introduce unwanted distortion if class AB, ampli-
fication is used. Thus the high slope short grid base 
output pentode should only be used where it is desired 
to obtain a moderately large output for a small input 
drive. As was pointed out in the case of Class A, it is 
a relatively simple matter to calculate loads" for a 
given degree of distortion from the anode volt to anode 
current curves, but it is to be deplored that only a few 
tube manufacturers publish curves suitable for this 
purpose. 

There are some cases outside the general system 
described which are worthy of comment, as follows: 

It is usual in the case of tubes over the 25-watt anode 
dissipation class to adjust the anode current of the tube" 
for the rated wattage rather than to use the actual 
specified grid bias, and in the case of very large tubes 
the filament voltage is controlled to maintain the 
emission supply. This has the effect of increasing 
tube life." 

WATTS OUTPUT. 

Tube Type siAniie A.PP A..PP AB' AB, C Watts 

APP4B .. 3.6 7 10 — — — — 
APP4E .. 8 it 17 — 28 -5 — — — 
EL2 .. 1-2 — — 8'5 — — — 
EL6 .. 8'2 — 16 — — — — 
6V6 .. 4'25 — — 13 — — — 
6L6 .. 6.5 — 18 -5 24•5 47 — — 
P12/250 .. 2-8 6-0 — 8.3 — — — 
P25/500 .. 4 — 12 — — — — 
P26/500 .. 6-5 16 — 30* — — — 
P27/500 .. 5 13 18 50t — — — 
P30/500 .. — — — — — — — 
015/400 .. 3.7 — 10 — — — — 
P60/500 .. 9 35: — 70 — — — 
P100/1000 30 — — 90 200 — — 
0240/2000 45 — — — 500 I- I . 5 kW — 
8071 .. — — — — 1201 — — 

• Low loading. 
t Approximate output in esperimental direct coupled amplifier 

Increase anode voltage. 
Small R.F. power tetrode. 
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As a final point in this general review of amplifier 
tubes, attention is drawn to a little publicised aspect. 
This concerns high and low loading of push-pull output 
stages. It will be found on examination of the anode 
current/anode volts curve, of certain tubes that a given 
peak swing of anode voltage is obtained at maximum 
undistorted output with an optimum load. Now this 
may be within the safety factor of the physical design 
of the tube, but if we use Class ABI or AB2 or C, the 
maximum anode voltage swing with optimum load may 
greatly exceed the capabilities of the peak insulation 
resulting in a flash-over between the leads and/or to 
rapid deterioration of the glass of the pinch due to 
electrolysis. This phenomenon is most pronounced 
in the glass at high temperatures when two polarised 
leads are inserted in it. The ultimate result of this 
trouble is that, due to denaturing, the glass becomes 
porous and admits air to the tube, thereby ruining it. 

However, by choice of a load which will give a 
reduced voltage swing and an increased current 
swing, the compromise may be reached from the point 
of view of permissible distortion. This will, of course, 
necessitate a recalculation of the grid bias and the 
effective input drive voltage in addition to the calcula-
tion for a power value of load. Put in another way, low 
loading of a P.P. stage results in a reduction in distor-
tion which is a net increase of power output. 

Owing to the cancellation, or rather reduction of 
even harmonics and hum in push-pull stages, distor-
tion is reduced, and it is permissible to reduce the load 
resistance to increase the output, so that more than 
twice the output of one tube may be obtained. This 
question has been dealt with in considerable detail in 
various other papers",",","," and for purposes of 
calculation the system described in the R.C.A. 
Receiving Tubes Handbook for Power Amplifiers is 
also a very good practical method. Numerous methods 
of calculating distortion are readily available.","," 

It is hoped in a later paper to deal with the aspects 
of high and low loading in push-pull amplifiers in 
much greater detail. 

Little has been done of recent years with Class B 
amplifying tubes, and such tubes are usually designed 
with a high magnification factor so that they may be 
used with zero grid bias. It must be noted that under 
these conditions grid current flows, and therefore the 
driving tube must be able to supply sufficient power to 
overcome these losses. In order to reduce distortion 
grid driving power must be considerably greater than 
that dissipated at the grid of the output tube. 

R.F. Power Amplifiers 
The same basic systems of amplification" apply for 

this purpose, but obviously the same types of tube 
cannot be used; hence the introduction of low loss 
bases, dish-type seals" (familiarly known as "door-
knob" tubes), multiple leads for electrodes at R.F. 
potential," and double assemblies (Fig. 1 l) in one 
envelope for push-pull operation. 
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When choosing tubes" for R.F. power amplifiers, 
every consideration must be given to the operating 
frequency. The question of lead losses is of very great 
importance, and electrode capacitance must be given 
careful consideration, owing to the large currents 
which flow at high frequencies, the effect of transit 
time on input mutual conductance, and also the variation 
of input impedance with varying cathode currents. 
Another point which receives little consideration is 
the fact that, due to finite electron transit time, relative 
phase angles are encountered in the electron stream 
through the tube, resulting in undesired capacity effects. 

One method of reducing output capacity at very 
high frequencies is to apply the excitation in series 
with the cathode of the tube. The grid then acts as 
an earth shield and the output capacity is considerably 
reduced. It should be noted, however, that this in no 
way compensates for variations of input impedance 

Fig. 11.— 

Double doorknob 
tubes and UHF 

oscillator. 

due to cathode current variations. A detailed descrip-
tion of this system is given in a paper " The Inverted 
Amplifier," by C. E. Strong, of Standard Telephones & 
Cables, Ltd. 

Careful attention must be paid to the total available 
emission and the frequency at which it is desired to 
operate the tube. It is general for tube manufacturers 
to give a figure for total cathode emission" and/or 
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to give several typical operating conditions (in some 
cases with circuit design values) (Fig. 12). It is as 
well to point out at this juncture that the power 
amplifier tubes in a transmitter have to supply energy 

SECTIONAL DRAWING OF A 600-Mc 
PARALLEL-PLATE OSCILLATOR 

Fig. 12.—Construction of oscillator. using UHF oscillator. 

Figs. 13, 14, 15 show various forms of R.F. amplifier 
tubes which have been developed for special purposes, 
and the following points are worthy of note from the 
constructional point of view. 

The leads are well spaced and of ample 
dimensions, care being taken to keep them as 
short as possible, and in some cases the lead 
itself forms the connecting pin. Their loca-
tion is designed for the optimum condition 

Shield Cover Is Removed To from the circuit point of view. In this con-
nection it will be noted that several doorknob 
types of tubes which contain two identical 
types of structures (see Fig. 11) have been 
designed. This enables very efficient push-
pull amplifiers to be constructed owing to the 
reduction in lead length and stray capacities. 

Anodes are constructed of material suit-
able for the purpose in view; i.e., a tube 
which is intended to run at high temperatures 
owing to space limitation is often equipped 
with a tantalum anode which has a strong 
gettering effect, and will withstand extremely 
high temperatures. Recently, however, tubes 
have been manufactured with zirconium 
coated anodes. This metal also has a strong 

gettering action, and when plated on a less expensive 
base material tubes become more economical to manu-
facture without, however, losing any of their efficiency. 

In fact, it is possible to be more 
generous in the design of the anode 
and thereby obtain greater mechani-
cal stability. 

Carbon is used to a considerable 
extent, but has the drawback that 
it is unsuitable for ultra high 
frequency amplifiers because of its 
rather high H.F. losses. It has 
slight gettering action, but tends to 
sublime at moderately high tem-
peratures, and to reduce the heat 
dissipating properties of the tube. 
It also reduces the effectiveness of 
the electrode insulators. 

A system of power output 
measurement is shown which is of 
interest owing to its suitability for 
high frequency measurement, and 
consists of a tungsten filament lamp, 
the light output of which is measured 
by a S.44 selenium cell and galvano-
meter. (Fig. 16.) 

In the particular model shown a 
220-volt, 200-watt lamp is used, 
and by using a shutter the output 
range can be extended from 30 to 

200 watts; the calibration of the instrument is carried 
out with D.C. 
The design and development of three new ultia high 

Show Circuit Layout 

to the tank circuit feeding the load, and the ratio of 
energy stored in the tank to that passed on to the load 
is of the order of 12: 1. The power that the tube can 

Fig. 13. Fig. 14. Fig. 15. 

Examples of UHF amplifier and oscillator tubes. 

deliver is, of course, also dependent on the impedance 
which the tank circuit displays to the anodes of the 
tubes at resonance (i.e. unity power factor). 
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frequency transmitting tubes was described by 
C. E. Haller in Proc. I.R.E., 24.6.1941 : he discussed 
several of the novel constructional features, such as the 
reduction of grid emission, choice of anode material, 
design of mechanical structure, etc." 

Much consideration has been given in the design of 
R.F. amplifiers to " anode efficiency," in order that 
economy in consumption may be effected. This 
possibility was previously mentioned with respect to 
audio amplifiers, and apart from any technical aspect 
it is attractive from the commercial point of view, 
particularly in the U.S.A., where broadcasting is on a 

Fig. 16.—Power output meter 

commercial basis, and amateurs are permitted the use 
of greater power than is the case in this country. 

TABLE 1— Plate Materials. 

IGraphite M°IYb" Tantalum denum 

Melting-point °K. 
Temperature of operation 

average °K. 
Ease of fabrication .. 
Cost of finished anode .. 

3947* 

600 
Medium 
Lowest 

Thermal radiation constant at 
9000 K. in % efficiency .. 94 

Rigidity-maintenance of inter-
electrode spacing .. .. Excellent 

Tendency to warp with heat 
due to crystal strains .. None 

Ease of degasificationt .. Difficult 

Temperature of degasification 
1050 

Gettering action .. •. : Possibly 
some 

Vapour pressure at a given 
temperature .. Very low 

or nil 

2893 

750 
Difficult 
High 

8.3 

3123 

900 
Readily 
As high or 
slightly 
higher 

8.8 

Both good, depending 
on degree of rein-
forcement 

Slight 

Hard 

1200-1500 
None 

Medium 

Little if 
any 

Slightly 
harder 

2000-2600 
Fairly 
good 

Low 

• Temperature of Sublimation. 

t Attempted weighted averages which take into account the 
requirements of equivalents, time and skill. 
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Secondary Emission Tubes. 
Photomultipliers. 

In dealing with photomultipliers it is essential to 
review briefly the action of the photo-cell in which 
light falling on a cathode coated with certain metals 
releases electrons which are collected by an anode 
maintained at a suitable potential." 

Here the number of electrons released in a given 
time is proportional to the intensity of the incident 
light and the maximum energy of the freed electrons is 
dependent on the wavelength of the light but not upon 
the intensity. 

According to the quantum 
theory, if y = frequency or vibra-
tion per second, and h = Planck's 
constant (6.55 x 10-27 erg seconds, 
then one quantum Q = hv ergs. 
If we assume that the kinetic 
energy of a released electron is 
1 m.v2 and P is the energy given 
up by the action of releasing itself 
from the cathode, then 1 m.y2 = 
hv — P. It will be seen here that 
hv — P must be positive, otherwise 
the electron would not be released, 
and if hv = P emission ceases. 
Thus if vo = the minimum fre-
quency for electron emission, 
then P = hy. and 1- mv2 = H 
(y— y.) ; v0 is described as 
the threshold frequency and P 
is the work function of the 

cathode. Thus caesium, for example, has a thres-
hold frequency of 3-75 x 10", wavelength 8,000 

À, and a work function of 1-54 volts. As men-
tioned earlier on in this paper, it is essential to use 
a very high value of load, with the usual vacuum or 
gas-filled photo-electric cell, owing to the very small 
currents involved. This fact led to the use of secondary 
cathodes (Zworykin)", and to describe this action 
simply it may be said that electrons are caused to 
strike a surface specially treated, so that for each 
primary electron four or five secondaries are released 
by impact. These electrons are then directed to a 
collecting electrode which contains the load circuit.","'" 

An interesting photo multiplier tube has been 
produced by R.C.A. and described in Electronics, 
December, 1940, by J. A. Rajchmann and R. L. 
Schneider." Fig. 17 shows the curved targets or 
dynodes which are used for multiplying and directing 
the electron beam. A sensitivity of 10 amperes per 
lumen is claimed for this tube, and it has the added 
advantage that it is quite small, being only 2 • 8 in. long 
and 1-25 in. in diameter. This is quite an important 
improvement as most multipliers of this type have the 
disadvantage of large physical dimensions. 

In Britain the Baird Television Company developed 
a photo multiplier in which the secondary cathodes 
are in the form of a fine mesh grid," and the 
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secondary emission is directed to the next stage by 
virtue of the penetration of L he next positive field. 
These caesium multipliers were deve:oped mainly for 
mechanical systems of television scanning, and the 
sensitivity of the primary cathode is 30 microamps per 
lumen, and the overall sensiti%ity is greater than one 
ampere per lumen. The drawback of these multipliers 
is the high voltage necessary for a number of stages, 

P 

COLLECTOR. 
Fig. 17.-9-stage multiplier. 

and also the fact that any overload destroys the second-
ary cathode surfaces. The final collector currents must 
also be limited otherwise excessive heat is developed, 
and in some cases will even melt the fine mesh of the 
grids." 

In addition to the Baird organisation thermionic 
and photo-multipliers have been developed in this 
country by Vacuum Science Products, Ltd." 

The secondary cathodes in these tubes are perforated 
discs which are coated with suitable material for 
secondary emission. The thermionic multiplier follows 
the usual practice of mounting the control grid very 
close to the cathode in order that a high slope may be 
obtained. Here again the primary cathode current 
is very small 110 microamps , so that a high input 
impedance is maintained and is not greatly affected by 
variations of cathode current at ultra high frequencies. 

The perforations of the secondary cathodes are in 
the form of funnels with an angle of 60 degrees, this 
being the best angle of impact for the optimum release 
of secondaries into the accelerating field. Unfortu-
nately, these multipliers, in common with other efforts, 
suffer from transit time effects at ultra high frequencies 
and the output conductance is a function of frequency. 
Investigations into this phenomenon are being carried 
out both in this country and in the U.S.A. (The 

Behaviour of Electrostatic Electron Multipliers as a 
Function of Frequency : Malter, Proc. LR.E., 12.3.41, 
and Electronics and Television. V.S.P.) 

An interesting thermionic multiplier has been 
developed in the United States (H. M. Wagner and 
W. R. Ferris, Proc. LR.E., 10.1.41)" described as the 
orbital beam secondary emission multiplier. (Fig. 18.) 
This tube is designed on acorn principles and the 
input electrode system consists of a cathode and control 
grid GI, with an accelerator grid G2. The faces of the 
cathode joining GI are made flat in order to obtain a 
beam. The electron stream from the cathode follows 
the path A.A. shown in the diagram, the focussing 
electrode .11 being at a high positive potential. When 
the other focussing electrode J2 is at zero potential, 
the electrons strike the secondary emitter K2, releasing 
about five secondaries for one primary electron. These 
secondaries are then collected by the plate P which is at 
a considerably higher potential than K2. 

INCIDENT 
LIGHT. 

FOCUSSINd/) 
ELECTROPÉ 

(J2) //// 

AA( ii 

\ 

FOCUSSI14G \ 
ELECTROM, , 
(Ji) •\ 

PLATE 
(P) 

I 
/BB 

CATHODE CONTROL GRID 
(KO CG1) 

- ' 

GFilDNo2--1' 
CG2) 

Fig. 18.— R.C.A. Orbital beam multiplier. 

It is interesting to note that gain control is not 
exercised in the usual manner, i.e., by adjusting grid 1 
voltage. This would cause variation of the primary 
cathode current with its attendant changes of input 
capacitance and conductance, but the path of the 
electrons is controlled by the potential applied to J2. 
Thus by making J2 negative, the electron path becomes 
BB, and the electrons do not strike the secondary 
cathode K2 but are collected by JI. 

This tube has a slope of about 15 milliamps per volt, 
and a figure of merit (from the point of view of a wide 
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band amplifier) of about twice that of the normal high 
slope R.F. pentode. 

Using this tube in a 500 Mc/s amplifier, gains of 
seven times for 6 Mc/s bandwidth and five times for 
11 Mc/s bandwidth were obtained. 

Very little loss in trans-conductance was found due 
to the spread of emission lag (transit time effects) 
which is less than 10-° seconds. The accelerators and 
focussing electrodes act as electrostatic shields reducing 
the capacity between input grid and output anode 
substantially to zero. 

It has been suggested that this tube would be very 
suitable for repeater systems in television transmission. 

It has also been found that unless the input trans-
conductance of thermionic multipliers is high, the noise 
level compares unfavourably with ordinary tubes, and 
also that when this trans-conductance is high, it is 
difficult to stabilise the control grid voltage. 

The principal advantage to be obtained from the use 
of multipliers is in the ultra high frequency band where 
input loading and capacity are important. The reduc-
tion in trans-conductance of the input system for a given 
overall gain which is permissible, leads to a drop of 
input trans-conductance (whether due to transit time 
or to lead inductance) and input capacity. (See B. J. 
Thomson, Voltage Control of Electron Multipliers, 
Proc. 10.1.41.) 

The Klystron Tube. 

The klystron tube belongs to that class of amplifier 
and oscillator tubes where the transit time of the 
electrons is usefully employed instead of being a 
detrimental factor. It must be mentioned in this 

Es FIELD 
BUNCHER 

ACCELERATOR 

mm.17 OXIDE 

CATHODE 

LE 
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COUPLING FOR 
FEEDBACK 

Fig. 19.—Principals of the Klystron. 

connection that the first members of this group so 
classified were undoubtedly the magnetron and the 
Barkhausen-Kurtz type of tube. But the new element 
embodied in the klystron is the bunching of electrons 
due to velocity modulation. The application of cavity 
resonators—fancifully called rhumbatrons in the case 
of klystron tubes—was not entirely new, and has, 
indeed, been suggested and tried out before. 

For the sake of clarity, however, it is important to 
realise the salient features of cavity resonators, and 
it is proposed to give here an engineering approach to 
their operation. An exact mathematical analysis has 
so far been achieved only for hollow structures of 
extremely simple geometric design like spheres, rect-
angular boxes, etc. A resonating dipole may serve 
as a starting point for the following evolution. It is 
well known that a dipole has a very low Q—in the 
order of 10 depending on its thickness and geometrical 
shape—owing to its radiation losses; indeed, radiation 
or emanation of energy is ordinarily its very purpose. 
If it would not radiate its Q would be very high and 
solely determined by the relatively small copper losses. 
To achieve a high Q one has, therefore, to prevent 
radiation. Imagine now that the dipole were bent 
circularly so that its ends would almost touch one 
another. There is no reason why this re-shaped dipole 
should behave fundamentally differently from its 
previous shape ; actually it is a better resonator than 
the previous. Incidentally this very type had been used 
by Hertz as a resonator indicator for his historic 
experiments on electromagnetic waves. Such a circu-
larly bent dipole is indicated in Fig. 19, as the gapped 
heavy circle underneath the word "buncher." Imagine, 

further, that this resonating circle 
be rotated round the horizontal 
axis of symmetry thus producing a 
toroidal structure with a circular 
slot at its innermost contour. This 
system will still resonate, i.e., a 
strong alternating electric field will 
be set up between the two edges of 
the slot (the former tips of the 

CATCHER original dipole), the magnetic field, 
however, will consist of closed cir-
cular lines of force existing entirely 
inside the toroidal enclosure, thus 
being deprived of any chance to 
escape into space. Hence no radia-
tion can take place (the gap radia-
tion is negligible) and, therefore, the 
Q of this rhumbatron, as the 
toroidal resonator has been chris-
tened, is tremendous, namely, in 
the order of a few thousand. The 
connection of two perforated circu-
lar discs to the two circular edges 
of the slot makes no difference to 
the resonating properties of the 
rhumbatron and a strong electric 
field now pulsates between them. 
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Imagine now electrons of constant velocity to be 
shot from the gun through the perforations of the discs 
or grids of the oscillating rhumbatron. According to 
the momentary strength and direction of the electric 
field in the grid space they will be either decelerated, 
remain unimpaired or be accelerated according to 
whether the instantaneous field is negative, zero or 
positive. The first electrons will leave the resonator 
with a speed slower than at entering, certain later 
electrons will emerge with their original velocity and, 
therefore, catch up with the first slowed down electrons 
after a certain amount of drifting. Still later electrons 
will also catch up with the first, for they have been 
provided with an additional positive increment of 
speed. Therefore all electrons considered will meet 
after a certain time somewhere along the axis and form 
there a concentration of negative charge or a bunch 
of electrons the density of which is far in excess of that 
of the original beam. The periodic field of the resonator 
will therefore produce the formation of periodic 
bunches appearing at the certain point along the tube. 
For this action this resonator is called the buncher. 

At the meeting place of the electrons another rhum-
batron of identical shape is installed so that the highly 
concentrated electron bunches rush through its grid 
space. Imagine now that the rhumbatron also oscil-
lates, and that the field in the grid space is just opposing 
the movement of the electron bunch during the short 
interval when the latter is within the grid space. The 
effect will be that the bunch will be retarded thus losing 

TYPICAL R-F AMPLIFIER CIRCUIT FOR TYPE 825. 
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Fig. 20.—R.C.A. Inductive output amplifier and circuit. 
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kinetic energy. The total of this loss of kinetic energy 
will then appear as an additional increment of electro-
magnetic energy contained in the resonator. This 
transformation of one form of energy into another is 
brought about by the medium of charge induction 
from the bunch to the metal structure of the second 
resonator called the catcher. 

If, then, energy is fed back from the catcher to the 
buncher the circle of functions is complete, i.e., the 
tube will oscillate continuously. Of course, the feed 
back has to occur at the right phase so that the bunch 
passing through the catcher is always being decelerated. 
This can be achieved by adjusting the length of the 
concentric feedback line. 

An interesting tube which has beeii developed along 
these lines is the inductive output amplifier" described 
by A. V. Haeff and L. S. Nergaard, Proc. LR.E., vol. 28, 
pages 126/30, March, 1940. (See Fig. 20.) 

In this tube the intensity modulation of the beam is 
obtained by grid control, the grid being placed very 
close to the cathode to reduce transit time effects, 
and to improve the relationship of slope to input 
capacity. 

The output capacity which depends on the design of 
the resonator is of the order of 1 to 2 pF at 500 Mc's. 

A special combined system of electro-static and 
electro-magnetic focussing is used owing to the fact that 
the size of the output electrode is determined by the 
cross-section of the electron beam, and a larger outer 
conductor is required to reduce the output circuit gap. 
Thus, the effects of beam divergence due to mutual 
repulsion of electrons, de-focussing due to electrostatic 
fields, and de-focussing due to high frequency electric 
fields are largely overcome. The latter effect mentioned 
is most important since electrons are required to 
transverse the output gap across which exists a very 
high potential difference which changes considerably 
during the time of electron transit. 
The first magnetic lens compensates for accelerator 

divergency and the second magnetic lens compensates 
for the high frequency field at the gap. The gaps are 
made adjustable by controlling the electro-magnet 
current, and this prevents electrons bombarding the 
accelerator electrode and glass wall of the tube. It will 
be observed that the resonator is placed outside the 
glass walls of the tube, and the currents induced in it 
are so generated by influeitce through the glass walls. 
The collector voltage is adjusted for optimum condi-
tions, and the electrode itself is designed so that it also 
suppresses and collects secondary electrons released by 
the impact of the primaries. 

The Magnetron 
It is not proposed to deal with this particular type 

of tube in any cletail,","•",", as a very good description 
of the mechanism of the tube is given in the paper 
entitled " Magnetron Valves for Ultra Short Wave-
lengths," by E. C. S. Megaw, B.Sc., D.I.C., in the 
G.E.C. Journal, vol. 7, No. 2, May, 1936. 
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In Broadcast News, December, 1935, there appeared 
an article by Irving Wolff and E. G. Linder describing 
the beam transmission of 9 cm. electro-magnetic waves. 
A split anode magnetron was used as a generator, in 
conjunction with a parabolic reflector. Transmissions 
were made over a distance of 16 miles and a thorough 
investigation into attenuation due to atmospheric 
conditions was made. It was found that the only effect 
measurable was caused by heavy rainfall which resulted 
in an attenuation of approximately 0.1 db. per mile. 

Fig. 21.—Magnetrom with built-in resonator. 

An interesting point with this type of tube is in the 
life of the filament. These filaments are usually of 
tungsten, but due to the bombardment by emitted 
electrons under the action of the magnetic field, the 
life is reduced to about 10 per cent, of the same type 
of filament in a normal tube. 

M. D. Guravich has published a considerable amount 
of useful information in an article, " New Types of 
Tungsten Cathode for Magnetrons."" 

The Telefunken concern in Germany has produced 
a magnetron" in which the resonators are sealed into 
the tube and are connected to the alternative segments 
of a four-sector anode. An illustration of this tube 
is shown in Fig. 21. 

A large section of " High Frequency Thermionic 
Tubes," by A. F. Harvey, deals with 
magnetrons, particularly in the limi- TELEVISEDE 
tation of wavelength by the magnetic OBJECT. 
field, electrode voltages and dimensions.","," 

Special. Tubes 
The Iconoscope. 

It is only necessary to describe briefly the iconoscope 
tube used in the television camera," but the basic 
principles are shown in Fig. 22. 
The most important part of this tube is known as 

the mosaic, and consists of a large number of minute 
photo elements on a thin mica sheet. The other side 
of the metal sheet is coated with a metal film which is 
connected to a lead-out from the tube. Thus a relation-
ship of the photo elements to the film is the same as 
that of a set of condensers with one common plate. 

If an image is projected on to the photocells by means 
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of an optical lens system, each element will produce 
a charge (or release electrons) in proportion to the 
light intensity as previously mentioned in the descrip-
tion of photo cathodes. Owing to the release of 
electrons the cathode of the cell will assume a positive 
charge, and in order to discharge the cell an electron 
beam is used as a scanning device. This induces 
varying charges in the metal film by virtue of the 
condenser effects and these charges are developed into 
a signal voltage across a load placed in series with the 

output lead. This is then followed 
by the conventional wide band 
amplifier. The drawbacks of the 
tube are as follows :-

1. Secondary emission produced 
from the photo sensitive sur-
face by impact of the high 
velocity electrons in the beam 
falls back on the mosaic and 
discharges it in the vicinity of 
the beam. This gives rise to 
an apparent dark patch, some-
times known as the spurious 
signal. This can be compen-
sated for electrically, but tends 
to leave white lines at the 
edges of the picture. 

2. Secondary emission tends to charge the glass and 
reduces contrasts in the picture. 

3. Owing to the two previous troubles the mosaic 
has a rather low storage efficiency owing to the 
various discharging effects, and the distance of 
the scanning beam anode also affects the storage 
capacity. Because of this trouble, the loss of 
definition in contrast results in an overall efficiency 
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BASIC ICONOSCOPE. Fig. 22. 
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of something like 10 per 
cent., and in addition the 
device is not linear from a 
photometric point of view. 

An improvement was later made 
by combining the image converter 
with the mosaic system. 

In the image converter (Fig. 23) 
a plain photo cathode is used, and 
a light image is projected upon it 
thus releasing photo electrons. 
By a system of electrostatic 
acceleration and a combined 
electrostatic and electromagnetic 
focussing field," these electrons 
are projected along parallel paths 
until they strike a target. In some 
cases this target is composed of a 
fluorescent material, and thus a 
picture or image of the original is 
formed. 

This device was used in the 
image iconoscope (Fig. 24), but 
the fluocescent screen was substi-
tuted by the mosaic. The original 
photo cathode is formed on 
a translucent plate and the light 

PHOTO 
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BASIC IMAGE CONVERTER  

image is projected on the back of 
this cathode. Thus, by making 
use of electrons emitted from the 
primary cathode, use is made of 
secondary emission from the 
mosaic to increase storage effi-
ciency, and in addition the 
device has become photometric-
ally linear. An efficiency of some 
ten times that of the normal 
iconoscope is claimed, but it still 
suffers from secondary emission 
caused by the scanning beam. 

A still further development 
introduced in 1939 by R.C.A. is 
the orthicon" (Fig. 25), in which 
attempts have been made to over-
come secondary emission effects 
by using a low velocity scanning 
beam, and to make it strike 
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the mosaic perpendicularly owing to the fact that 
low velocity electrons are considerably de-focussed 
if they do not strike the mosaic in this manner. This 
is due to the fact that electrons tend to "skid" off 

Fig. 23. the mosaic surface in much the same way as a beam of 
light is reflected from the surface of a mirror. 

An ingenious system of beam deflection is used to 
prevent de-focussing by strong electrostatic and electro-
magnetic fields or by not striking the mosaic at right 
angles. The horizontal deflection is electrostatic, but 
the beam is made to emerge from the plates in a paralld 

VERTICAL DEFLECTION 

HORIZONTAL DEFLECTION COILS. 
PLATES. 

ELECTRON 
GUN. ELECTRON TRANSLUCENT 

SCANNING BEAM. MOSAIC. 

AXIAL FIELD COIL. 

Fig. 25.—Principle of the Orthicon.' 
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path to its entry, by using a magnetic field where the 
lines of force are parallel with the axis of the beam 
(low velocity electrons will follow these lines, of course, 
unless otherwise interfered with). The tendency for 

CONTROL 
GRID. PY ANODE. 

2"-e' ANODE. 

:=== 

Fig. 26.—Basic cathode ray tube gun. 

electrons to develop a spiral or cycloidal path is pre-
vented by a fringing field, in other words, by making 
the gradient of the electrostatic field gradual at the 
entry and exit of the deflecting plates. This is usually 
done by curving the edges of the plates. An electro-
magnetic vertical deflection system is used, such that 
the beam always strikes the mosaic at right angles. 

The mosaic is maintained at the 
electron gun cathode potential and, 
therefore, the electron beam veloci-
ties on arrival at the mosaic are so 
low that no secondaries are pro-
duced. Furthermore, the condition 
of saturated photo-emission is ful-
filled as the electrons forming the 
beam themselves discharge the cells 
of the mosaic, and the signal current 
can, therefore, only be as great as 
the beam current, which is of the 
order of 1 microampere. This 
makes the tube linear from a photo-
metric point of view, and it has 
the theoretical storage efficiency of 
100 per cent. ; more than five times 
as much as the normal iconoscope. 

The Electron Microscope 

The electron microscope is an 
example of the practical use of the 
fact that an electron beam under 
the influence of electrostatic and 
electromagnetic fields behaves in a 
similar fashion to a beam of light. 
A considerable amount of investi-
gation into this has been carried out 
by De Broglie and Busch. Fig. 26 
shows the cathode ray tube gun 
with the electrostatic field as corn-
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PLATE) 

pared with an optical system, and in the electron 
microscope this is used to substitute the normal light 
system. We then find that magnetic lenses are used 
as substitutes for the condenser objective and projector 
lenses. Fig. 27 shows the similarity of the two systems. 

As the wavelength of the electrons is only at veloci-
ties between 30 and 100 kilovolts, 1/100,000 of that 
of light, it will be seen that the resolving power is 
considerably greater than that of the light microscope, 
and in theory will cope with atomic dimensions. 
Present electron microscopes have a resolving power 
of some 50 times that of the light microscope." 

High voltage power supplies are obtained from radio 
frequency sources which are fairly easy to screen, and 
somewhat reduce the problems of voltage regulation." 
This system has been used owing to the strong magnetic 
fields which would be produced by high voltage 
supplies at mains frequency. Special airlock chambers 
are used for inserting specimens and photographic 
plates, whilst the electron lenses are controlled by the 
current in these coils. Any adjustments necessary after 
the insertion of a specimen are done by means of a 
bellows system. 

It will be seen that as the electrons must go through 
the specimen, a quite different technique of specimen 
mounting is necessary." This is achieved by using a 
very thin collodion film on a wire mesh holder. The 

ELECTRON 
SOURCE. 

MAGNETIC 
CONDENSER. 

MAGNETIC 
OBJECTIVE. 

INTERMEDIATE 
IMAGE 
PROJECTOR. 

SECOND STAGE 
MAGNIFIED IMAGE. 

Fig. 27.—Electron microscope principles. 
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LIGHT 
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BEAM 

MICA TUBE 

FACE. 

ANODE. 2. 1 MICA OUTER WALL 

ANODE.I. SUSPENSÍON 

ELECTRON GUN. 

SEMI-TRANSPARENT 

ELECTRODE. 

TELEVISION LIGHT VALVE.  

Fig. 28. 

specimens are then " fixed " on the collodion film, and 
the wire holder is placed in position at the magnetic 
objective lens by means of the airlock system already 
described. 

Television Light Valves. 

In the past many attempts have been made to solve 
the various problems involved in projected television 
with varying degrees of success. In this country 
Scophony have attempted to deal with this, and con-
siderable information has been published on the 
diavisore and the skiatron, and various experiments have 
been made by the Baird Company 
with polarised benzine cells (the Kerr 
cell), etc. A very recent develop-
ment in U.S.A."," is a light valve 
consisting of colloidal graphite sus-
pended in a solution (Fig. 28). The 
form of the graphite particles is that 
of very small flakes or plates, and if 
they are placed between two elec-
trodes with a polarising voltage 
between them, they will assume a 
definite position relative to the lines 
of electrostatic force and dependent 
upon the insulating and specific 
characteristics of the solution used 
—in this case a medium viscosity HYDROGEN 
oil. In the cell described the sus- iNLET 
pension is held between two glass 
or mica walls, one of which has a 
semi-transparent conducting coat-
ing on it. If the other wall is held 
at a potential such as would be 
provided by a cathode ray beam, 
an electric field is set up across the 
cell, and variations of this field will 
cause the particles to orient them-

S 

FILA MENT  
LEADS. 

PROJECTION 
SCREEft. 

selves accordingly. Thus we have a 
form of variable shutter which can 
be controlled by a beam modulated 
with the television signal, and an 
independent light source focussed 
through the cell will be modulated 
accordingly. 
Re-orienting of the particles is 

obtained by the use of secondary 
emission, and a diagram of the tube 
is shown in Fig. 28. This system 
has considerable possibilities, but 
is, of course, only in the experi-
mental stage as yet. 

The Cyclotron. 
Considerable interest has been 

aroused from time to time by 
various attempts at "atom-smash-
ing." Lord Rutherford achieved 
some success many years ago, and 
opened a wide field of investigation. 

Since that time practically all the known elements have 
been transmuted by bombardment by alpha rays, high 
speed deuterons, etc." Owing to the high positive 
charge of the atomic nucleus it has been found that 
charged particles have not been very successful when 
used as "bullets" to break or alter the atomic structure 
Electrons, even at high speed, will not penetrate far 
into the various orbits of an atom and are deflected 
outwards again at various angles, according to the 
nature of the atom and the velocity and charge of the 
electrons. This effect, however, has been found very 
useful in the examination of crystal structures. Heavy 

OUTPUT OF OSCILLATOR. 

VACUUM 
CHAMBER. 

EXIT WINDOW FOR 
HIGH SPEED IONS. 

Es. DEFLECTOR. 

BOMBARDMENT 
CHAMBER. 

Fig. 29. BASIC PRINCIPALS OF ' CYCLOTRON: 
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positive particles will not penetrate deeply into a 
structure, and in any case a very large repulsive force 
from the nucleus of the atom prevents penetration. 
However, in 1935 the existence of a charged particle, 
the deuteron (the deuteron is the nucleus of heavy 
hydrogen (deuterium), and consists of one proton and 
one neutron) was found, and these particles are 
themselves best suited as projectiles to be fired 
at atomic structures. The use of positively charged 
particles can be adopted if they can be suffi-
ciently accelerated. Thus, if a positively-charged 
particle travels from a positive to a negative point 
in an electrostatic field, the kinetic energy expressed in 
joules is equal to the product of the charge of the 
particle in coulombs and the potential drop in volts. 

It is at present an accepted fact that the proton 
(nucleus of hydrogen) has a positive charge equal in 
magnitude to that of the electron. This also applies 
to the deuteron (nucleus of" heavy" hydrogen), and 
it is possible to arrive at a new unit energy, one electron 
or similarly charged body will acquire in falling freely 
through a potential difference of one volt. This is 
given as 1.59 x KT" joule (known as the electron 
volt"). The cyclotron is an attempt to accelerate these 
particles to the required velocity in order that penetra-
tion may be achieved (Fig. 29). The instrument 
consists of two hollow semi-circular electrodes very 
similar to a flat pill-box cut along one of its diameters. 
These electrodes are connected to the output of 

an oscillator which in this case operates at 12 Mc/s. 
In between the two electrodes is placed a tu•ngsten 
filament which emits electrons. The whole of this 
structure is placed in a vacuum chamber which is 
maintained at about 1,000 volts positive with respect 
to the filament. Hydrogen is admitted to the chamber 
through a valve and considerable electron current 
flows between the filament and the chamber. The 
hydrogen ions thus released are attracted to one of the 
electrodes which happens to be negative at that instant. 
Upon entry into the cavity it is freed from electrostatic 
fields and is governed only by the magnetic field, the 
direction of which is shown in the diagram. This 
magnetic field causes the particles to assume a circular 
path, and after a time the particle will leave the cavity 
at that section. At this instant, however, the relative 
phase of the two electrodes has changed and the particle 
is attracted towards the other cavity, at the same time 
receiving a push, so to speak, from the cavity it has 
just left. Thus its velocity increases and the radius of 
its circular path will also increase. This action is 
repeated until the particle reaches the outer circum-
ference, when it will leave one of the electrodes by 
virtue of a window provided for that purpose. Placed 
near this window is an electrostatic reflector maintained 
at 20,000 volts negative. The purpose of this electrode 
is to maintain the particles in a beam form. The 
bombardment chamber is a tube in which is fixed a 
very thin metal window, the rest of the chamber being 
open to the air. The high speed particles pass through 
the window and bombard any material placed in the 
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chamber. With regard to the design of the oscillator 
and electrodes, it will be seen that the frequency of the 
oscillator can remain fixed, although the particle 
paths are continually increasing in length. In other 
words, the time required to travel at velocity y through 

a semi-circular path of radius r equals t = Ir—vr. Now 

centrifugal force due to the curved path is —r where 

M = the mass of the particle. 
The centripetal force = Hey where H = magnetic 

field, e = the charge of particle, and from this it can 
Mv2 

be said that —r Hey. Thus solving for y and 

7T M 
substituting it for t it is found that t = — This is 

He • 
constant for a given type of particle and a given H, 
and so t is independent of the radius of the path and 
the proper frequency of oscillation is found by setting t 
equal to one-half the period of oscillation. 

U.S.A. Trade Marks. 
I. Tungar or Rectigon, a low voltage high current 

rectifier suitable for battery-charging apparatus, 
etc.. This tube is high pressure gas-filled. 

2. Kenotron. High voltage, high vacuum rectifier 
suitable for low current supply, e.g., cathode ray 
tubes, X-ray apparatus, etc. 

3. Pliotron, any large power amplifier or oscillator 
tube with air or water cooled anodes. 

4. Magnetron, generator of U.H.F. oscillations, the 
frequency of which depends on the strength of the 
magnetic field and electron transit time. 

5. Grid-pool tube. High voltage, high current 
mercury pool rectifier. Striking of arc controlled 
by an internal grid. 

6. Glow tube. Gas-filled voltage regulator, stabiliser, 
relaxation oscillator, etc. 

7. Strobotron, gas-filled tube for photographic 
purposes, also strobocopic measurements. 

8. Iconoscope, television camera tube, with silver 
mosaic screen. 

9. Kinescope, television reproduction cathode ray tube 
with magnetic or electrostatic focussing. 

10. Orthicon, television camera tube with specially 
corrected beam to compensate for angle of inci-
dence on mosaic screen and suppression of 
secondary electrons from the screen. 

11. Monoscope, small television monitoring tube. 
12. Phanatron, low pressure gas tube used as voltage 

limiter trigger relaxation oscillator, etc.°1 
13. Thyratron, grid control gas-filled rectifier.","0 ° 
14. The Permatron, external magnet control gas-tube. 
15. Ignitron, high current high voltage mercury tube 

fitted with striking electrode. May be used for 
rectification or D.C. to A.C. inversion, frequency 
conversion, etc. 

16. Kathetron, gas-filled rectifier, with external grid 
control. 
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SOME ASPECTS OF SPECIAL ELECTRON TUBES DISCUSSION 

LONDON AND MIDLANDS 

G. L. Hamburger: The mechanism of electron 
emission from oxide cathodes is, I understand, of 
a rather complicated nature. It seems that the 
cathode should operate under its protective space 
charge cloud, which implies that saturation current 
with its consequent break-up of this space charge 
cloud would damage or even destroy the emis-
sion centres of the cathode. In many radio sets I have 
noticed the mains rectifier valve to be of the directly 
heated oxide coated type. Owing to the shorter time 
constant of a directly heated cathode the H.T. will in 
these cases be at full value some time before the 
receiver valves have reached their full emission. How 
seriously does this damaging effect work out in prac-
tice. Have any experiments been made along these 
lines, and if so, what are the results" 

Mr. J. Parry: In the orthicon a method is adopted for 
paralleling the beam or making the beam vertical to 
the mosaic, whereas in the reproducing cathode ray tube 
that is not the case. Would it not be as well to emit 
a beam at an angle to the mosaic in the one case and 
to the screen in the second case? 

SECTIONS DISCUSSION 

Mr. J. Porter: Certain observations are made from 
time to time with regard to noise from the cathode. Is 
not that also the function of the rate of dissipation of 
heat from the glass envelope in the small pin valve ? 

Secondly, what would be the order.of accuracy to be 
expected from the photographic lamp device for 
measuring the anode dissipation of a valve at high 
frequencies, bearing in mind that photometric methods 
are accurate to something of the order of 5 or 6 per 
cent. ; and that the measurement of normal light inten-
sities with the photo cell would be of the order of 
accuracy of 2 per cent. ? 

Mr. R. L. West: Have attempts been made to put a 
screen between the heater and cathode of a valve, in 
the interests of noise reduction ? 

Mr. Stokes : Is there any special significance in the 
letters EF for the EF12 ? 

Mr. Alston: Why is it more difficult to exhaust a 
small bulb than a large one ? It seems that the reverse 
should be the case, since less air should be removed in 
less time. 

REPLY TO LONDON AND MIDLANDS DISCUSSION 

Mr. F. E. Lane: Replying to Mr. Hamburger, I 
would emphasise that the danger from full line voltage 
when the rest of the tubes in a receiver are under 
heated is not so great as is first anticipated. It must 
be remembered that electrolytic condensers are more 
prone to break down from this cause than any other 
component in the receiver. In any case, these con-
densers act as a buffer and prevent the voltage from 
being unduly high. 

As far as the tubes are concerned, a number of 
manufacturers publish maximum electrode voltages 
under cold conditions. It is also common practice for 
tube manufacturers to check heating time of cathodes. 

A further point is that the internal impedance of a 
tube is high under these conditions, and this, com-
bined with associated circuit components, tends to 
limit the cathode current of the tube. 

Mr. Parry doubtless appreciates the fundamental 
difference between the orthicon system and the cathode 
ray tube. 

In the orthicon it is the function of the beam to 
discharge the individual cells of the mosaic, and 
therefore the velocity of the electrons in the beam 
should not be higher than is necessary to perform this 
function. 

With the cathode ray tube the emission of light 
from the phosphor is dependent upon the velocity 
with which the electrons strike the material of which 
the screen is composed. This electron velocity is far 
greater than that required in the case of the orthicon, 
and it is not possible to control the beam in the same 
way as in the orthicon. 

Concerning the generation of noise from the glass 
bulb (Mr. Porter) it appears there may be some con-
fusion with noise generated by static charge on the 
glass walls. This is usually dealt with by carbonising 
the bulb. Metallising is also of some assistance in the 
case of R.F. tubes. 
With regard to the accuracy of the output meter, 

it must be pointed out that this factor depends upon 
the initial calibration, human error amongst other 
things. No actual figures are available, but something 
of the order of 10 per cent, should be obtained. 

Mr. West should note that if the heater is screened 
then the cathode cannot be heated efficiently. 
The noise voltage is dependent, among other things, 

upon the sum of the mean squares of the random 
variations of the plate current. In other words the 
current flowing in the valve must be considered as 
consisting of a number of discrete particles all flowing 
in one direction. 

If viewed as a bulk quantity a mean steady value is 
obtained, but the quantity varies either side of this 
mean level at a much greater rate than a D.C. meter 
could indicate, and in any case the magnitude of the 
variations relative to the mean level is so small that 
such a meter would not be sufficiently sensitive to 
indicate these variations. 

In reply to Mr. Stokes, there is a system of coding 
valves on the Continent which, in my opinion, is more 
logical than the system used in this country. They 
choose the first letter to represent the filament voltage 
rating and the next letter determines the type of valve. 
The figure represents the number in the series. 
Obviously EF9 was the ninth of a series of RF pentodes. 
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Mr. Alston raises an involved problem. It is impor-
tant to have the largest possible diameter piping 
leading to the pumps, and to know the capacity of the 
pumps and their ability to remove gas of a given 
volume in a given time. The mercury vapour pump 

will, if given a large enough orifice, remove gas at an 
enormous rate, but only if it has a pre-vacuum. In a 
small bulb the viscosity of the gas reduces the final 
degree of vacuum owing to the fact that with a large 
bulb there are less molecules of gas per unit volume. 

NORTH EASTERN SECTION DISCUSSION 

Mr. H. Clayton: Can any information be given as 
to the speed of orientation of colloidal graphite under 
the influence of an electric field in the skiatron ? 

Mr. J. Hare: In the electron multiplier; starting 
from the cathode one sends off, say, one electron to 
No. 1 anode and obtain several secondary electrons 
from the No. 2 anode, which is at a higher potential 
than the first anode, and so the multiplying proceeds. 
Why do they not return to the first anode? In the 
R.C.A. 931 multiplier tube it appears, from one of the 
diagrams showing the paths of the electrons, that they 
miss the corner of the second anode. It is at a higher 
potential than the first and thus the field in the vicinity 
of the second anode is more intense than the first. 
One would expect the electrons to proceed to it. 
Referring to the question by the previous speaker, on 
colloidal graphite, I would suggest that the mass of the 
graphite particle would result in it taking an appreciable 

:77 

time to move on its axis under the influence of an 
electrostatic field. 
Mr. A. Wolfenden: How is the photo-cell apparatus 

calibrated to measure power output ? With regard to 
noise in electron amplifiers, how does it compare with 
an ordinary valve? Finally, would Mr. Lane indicate 
how oscillations are produced in the klystron ? 
Mr. J. Finlay: With regard to the economic aspect 

of high frequency tubes, I am interested in the con-
structional differences between the acorn and glass disc 
seal types, particularly from the point of view of glass 
technique. I should like to know what practical 
advantage the straight through lead has to offer in 
valve manufacture. Perhaps Mr. Lane can also say 
whether he considers the adoption of plastics will assist 
in making special types of valves. 
Mr. G. A. Hay: Am I right in assuming that in 

the klystron there is no such thing as grid input loss 
due to cathode leakage ? 

REPLY TO NORTH EASTERN SECTION DISCUSSION 

Mr. Lane: Mr. Clayton raises an interesting point 
concerning the skiatron. The orientation appears to 
depend to some extent on the viscosity of the oil and the 
rate of discharge of the image on the surface of the 
mica. One thing I am not satisfied about is whether 
colloidal graphite settles to the bottom of the container 
during the life of the tube. Nothing has been pub-
lished about that aspect. The device is something 
quite new and it offers great possibilities, although at 
present it is still in the laboratory stage. 

In reply to Mr. Hare, electrons have a certain 
kinetic energy, and the path taken is a question of field 
intensity. The problem was originally worked out in 
an electric curve trough, and as a result of the research 
it was found possible to design the tube to avoid the 
effect he mentions. With reference to his last remark, 
I have seen a photograph of a picture taken with this 
device which was not by any means perfect. However, 
the basic idea is good as the graphite particles can be 
made extremely small. 

With reference to Mr. Wolfenden's remarks, a 
special lamp was manufactured for measurements at 
high frequency. It proved to be reasonably accurate, 
and was at that time more accurate than any other 
method available. An ordinary lamp can be used 
for measuring power outputs up to quite high fre-
quencies before one has to use the special lamp. The 
question regarding noise in electron amplifiers is rather 
important. It is not very good unless one takes special 
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precautions, the main requirements being very high 
input impedance and insulation. His last question is 
rather difficult to answer in the space at my disposal. 
I tried to give an idea of velocity modulation starting 
in the beam. There is the tendency for electrons to 
collect in individual bunches in the beam, and it is 
necessary to keep these bunches of electrons completely 
separated from each other and to give each particular 
bunch a high charge density. The section of the paper 
dealing with the mechanism of oscillation has been 
added to the printed paper. 

Replying to Mr. Finlay, the A.E. 50 is a straight 
glass tube with a pinch at the bottom which is not 
quite the same as valves with glass disc seals. If one 
makes a glass seal 2 in. in diameter, one needs a certain 
amount of glass, in the form of molten glass or of 
powder; the variation in quantity may be plus or 
minus 1 or 2 per cent, for satisfactory operation of the 
machine with suitable quality glass. If one takes a 
small glass seal requiring only one-twentieth of the 
quantity of glass in it, the supply of glass cannot be 
made more accurate. That is one of the biggest 
troubles when making tiny glass articles in a machine; 
one cannot accurately control the machine, and hence 
the manufacture of miniature valves is uneconomic on 
account of this glass difficulty. Plastics have little 
application at the moment because of the high tem-
peratures required in processing valves. 

Mr. Hay is correct in stating that grid input loss is 
avoided by the klystron principle. 
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CERAMIC RESISTANCES 

by 

ERG RESISTORS LIMITED 
IO2'a FINCHLEY ROAD, 

LONDON, N.W.II 

TEL EPHPNE: SPEEDWELL 6967 

ERG 

THE ERG process ensures non-crazed 
surfaces, free from pin holes, and of 

improved durability, with consistent 

regularity of wiring and greater mechani-
cal strength at junction of winding and 

end-wire. The special methods used 

positively preserve the inherent high 

qualities of both the porcelain bodies 
and ceramic covering. 

Available in full range of types and 

mountings in sizes from lee in. to 10+ in. 

body length to tolerances of ± 5%. 

Contractors to Air Ministry, Admiralty 

and Ministry of Supply. 

(xiâ) 

GR 



MERVYN 
R.F. REACTANCE COMPARATOR 

A new production test instrument of unusually high 
accur2cy, providing on a calibrated scale a direct 
visuch indication of tolerance plus or minus. 

1NDUCTA.NCE: Under production conditiono a comparative 

chech iigiven againot any olanciardirom 100 III-I to 100 mH 

with an accuracy letter than 1%. 

L/C Circuits can le cheched and preoet /or lrequency. 
, • r7 

"Q" Check. (—gib with ohorted turno and lrohen otrando in 
ctitz-coilo are clear, ‘indicated Merely giving a ready production 

chech /or minimum Q. 

CAPACITY  : Comparative chech o/ capacity up to . 001 mli. 

-7he capacely iii/erence, pluo or minuo, can le read directly in 

pica/arado an accuracy oi . 1 or . 1%,  ti e rea ter. whichever • th t 

Variable Condenser Matching 

accompliohed with high accuracy 

sectiono o/ a twin any conienoer 

than ly any other hnown meano. 

only the rotation o/ the 

over the wl;ole of th 

: Production matching ii 

in minimum lime. .2e two 

can le matched more rapidly 

Pouting production bolo require 
conienoer to secure viouai indication 

e capacity range. 

DESIGNED AND MANUFACTURED BY 

THE MERVYN SOUND 86 VISION CO. LTD. 
25, FERRY ROAD, TEDDINGTON, MIDDX. KINGSTON 5790 



Manufacturers of Switchboard and Portable Pattern Microammeters, 

Milliammeters, Ammeters, Voltmeters, Wattmeters and Testing Sets 

MEASURING INSTRUMENTS (PULLIN) LTD. 

ELECTRIN WORKS, WINCHESTER STREET, ACTON, W.3 



inches 

- 

BELLING & LEE LTD 
CAMBRIDGE ARTERIAL ROAD, ENFIELD, MIDDX 



Our radio frequency cables are playing an important part in the 
control of operational aircraft. 
We are specialists in te manufacture of all types of low loss 

and low capacity cables for use at high frequencies. Our research 
and technical services are available in connection with high fre-
quency cable problems relating to radar, electronics, television and 
telecommunications. 

CALLENDER'S CABLE ik CONSTRUCTION CO. LTD. 
An over the World 
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for 

Radar 

Electronics 

Radio Equipment 

Television 

Telecommunications 

fia 

N HOUSE, VICTORIA EMBANKMENT.LONDON, E.C.4 
Al! over the World 
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THE INSTITUTION'S ANNUAL APPEAL 

Wearite " Stratosd Sealed" Vibrators 

operate efficiently and with the utmost 

reliability in all situations irrespective 

of climatic conditions. They embody 

many features exclusive to this type of 

component and are available just now 

only for purposes directly connected 

with the war effort. 

All steel construction — men 
to the rivets — eniuring uni 
form expansion under ex-
tremes of temperature. 

Reed driving coil— wound on 
a bakelite moulded bobbin to 
meet all climatic conditions. 

— Metal mrs, sponge rubber lined 
—Acoustically and electrically 
shielding the Vibrator. 

Driving contact ol non.tarnish• 
able precious metal — ensuring 
starting under the lightest id 
pressures and voltage. 

Contacts ground almost to 
optical limits. 

Stack assembly. Mica and 
steel only are used. 

Base sealed by the WEA RITE 
ST RATOSIL proms. 

Everyone grows weary of appeals; particularly in these days, it becomes impossible to respond generously 
to each request. The Brit.I.R.E. has not added to the wartime burden of its membership by making 
frequent requests for support of the Funds; instead, these Funds have relied almost entirely on the odd shillings or 
guineas which accompany a member's annual subscription. 

Subscriptions are now due, and it is again hoped that as many members as are able will renew their support 
of the Building and Benevolent Funds, although, this year, we add an urgent request for support of the Prisoner-
of-War Fund. 

Brit.I.R.E. BENEVOLENT FUND 

It is very probable that in the immediate future there will be a demand upon the Benevolent Fund; the object 
6flheeind is to help those members of the Institution and their dependants who have suffered loss of employment 
through ill-health or who are otherwise passing through times of stress. 

Donations may be spread over a number of years if subscribers will complete a deed of covenant for seven years, 
or for life (whichever is the shorter period), and thereby enable the Trustees of the Fund to recover income tax on 
subscriptions. Forms for this purpose will be gladly sent on request. 

Brit.I.R.E. BUILDING FUND 

The Institution's own post-war planning scheme envisages a building belonging to the Institution and capable 
of meeting the needs of members by offering all the facilities traditionally associated with a professional Institution. 

Although obviously not so imperative in its need as the other two Funds, the support given to the Building Fund 
is of great future importance to the Institution which, in these days of high taxation and increased death duties; 
must inevitably rely upon the annual support of its members if a fitting building is ultimately to be acquired. 



FOR RADIO 

+Yele*"ea TELEVISION, 
TEST INSTRUMENTS 

and other applications 

IT HE only switch with floating rotor and double contacts is the 
OAK. Widely used by all leading British and American 

Radio manufacturers, it has, since 1939, been standardised 
by the Fighting Services of Britain and U.S.A. Available 
for a wide range of circuit combinations, it has also many 

industrial applications. 

KEIGHLEY • YORKSHIRE 
'Phone : Keighley 4221 ,4 'Grams : Enesef, Keig,hley 

London Office: 25 MANCHESTER SQUARE, LONDON, W.I 
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ee 1-0\14 t.eiets in capacity and 

attenuation of CO- AY, Cabtes 

$ rnean 

new ossibilities eiectronic equipment e 

design both for the war ffort 

p and 

for the post - war e‘ectronic age. 

BASICALLY BETTER 
.4 IA-SPACED 

MIOlflaff II,EÈ 
TRANSRADIO LTD. 16 THE HIGHWAY. BEACONSFIELD • 12 • BUCKS. 

APPARATUS 
MADE TO SPECIFICATION 

Post-war enquiries are especially invited for 

specialised radio and electrical apparatus, made 

to individual specification and including :— 

TRANSFORMERS • SCANNING • L.F. OUTPUT • MAINS UP 

TO 10 KVA • COILS • CHOKES • WAVE WOUND COILS 

IRON CORED, etc. • ELECTRICAL WINDING, ALL TYPES 

STANLEY CATTELL LTD. 
9-11 EAST STREET, TORQUAY, DEVON 



»Debeeebe for Me 

RAD 10 ENGINEER 

PEGID• 

CAWS 
An extensive range of TELCON radio-

frequency cables is available to meet 

all requirements. In many of these 

Telcothene insulation is used. This 

material is the latest development in 

thermoplastic insulators. It has a 

dielectric constant of 2.2 and a power 

factor of 0.0005, is chemically inert, 

unaffected by sunlight, and highly 

resistant to moisture and délute acids 

and alkalis. 

it104415 
TELCON metals indude the high 

permeability low loss alloys Mumetal, 

Rhometal, Radiometal and 2129 Alloy 

for transformers, chokes and shields. 

High Resistance metals comprise the 

nickel-chromium alloys Pyromic and 

C atomic, the low temperature-coefficient 

copper-manganese alloy Telcuman, and 

the nickel-copper alloyTelconstan. High 

conductivity beryllium- copper Alloys 

with high tensile strength for springs 

and contacts, etc., are also produced. 

Further information from 

THE TELEGRAPH CONSTRUCTION 
AND MAINTENANCE COMPANY LTD 
22 OLD BROAD STREET, LONDON, E.C.2 
TELEFHONE. LONd)n Wall 2141 TELEGRAMS: "Ten, Stock, London" 



offer a complete range 

of Flexible Cables & Wires 

for every Radio and 

Electronic application 

er 4%f 
CABLES OFWAWQUALITY 
MANUFACTURERS OF ALL TYPES 

OF RUBBER, SYNTHETIC RUBBER 

AND THERMOPLASTIC INSULATED 

CABLES AND FLEXIBLES 

All Sterling Cables are entirely British 
Made to B.S. and G.D.E. Specifications 

STERLING CABLE CO. LTD. 
Queensway, Ponders End, Middlesex 

Tel.: HOWard 2611 — controlling Lancashire Cables, Ltd. 

Specialising in Paper Insulated High Ite Low Tension Cables 
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