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D.C. Volrs : 2.5mV. to 10,000V. (Max. Input Resistance 1111 M)

D.C. Current : 0.25 uA to | amp. (150 mV drop on 2!l ranges )

A.C. Volts : 0.1V. to 2,500V. R.M.S up to I#cs. With external
diode probe 0.1V, to 250V and up to 200 Mc s

A.C. Output Power : 5SmW. tc 5 watts in 6 different lcad resist-
ances from 5 to 5,000 ohms.

Decibels : —10db. to 20db. Zerc fevel SOmW.

Capacitance : 0CO! pf tc 50 puF. o

Resistance : 0.2 ot ms to 10 M) . r/.s,

Insulation : 0.1 M{) tec 1,000 MC2 criseore

7 N
st e Dot svesreerels

Fuily descriptive leaflet availcble on coplicerion.

‘THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO., LTD.
WIMDER HOUSE DOUGLAS STREET . LONDONS. W. I TELEPHONE : VICtorla 3404-5
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'EDISWAN |
MAZDA VALVES & TELEVISION TUBES

are specified for use in the

Electronic
Engln.eering

TELEVISOR

~

TYPE

DESCRIPTION

CRM 92
CRM 121
T 44
Pen 45
Pen 45
Uu s

U 22

PRICE inc. Tax

9” Magnetic Triode C.R.T.

127 ” " ’”
Thyraton

Beam Power Tetrode

Telev. Scanning Amp. Tetrode
LH. F.W. Rectifier

ILH. H.W. Hi-Voltage Rectifier

126/10d.
302/5d.
12/10d.
12/10d.
18/3d.
18/3d.
18/3d.

Further details supplied on request
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|1 The charge for these advertisements is twelve words or less 5/- and 4d. for every additional word.

i in the case of advertisements in ‘‘Situations Wanted’’ when it is added free of charge.

3 advertisement. Replies to box numbers should be addressed to: Morgan Bros. (Publishers) Ltd.,
i, London, W.C.2 and marked ‘‘Electronic Engineering.””

) in the following issue.

Flectranic Engineering

CLASSIFIED ANNOUNCEMENTS

Box number 2/- extra, except
A remittance must accompany the
28, Essex Street, Strand,

Advertisements must be received before the 10th of the month for insertion

) OFFICIAL APPOINTMENTS

Facancies advertised are restricted to persons or employ-
“ients excepted from the provisions of the Control of
§ngagement Order, 1947.

“{HE ADMIRALTY INVITE APPLICATIONS
br appointment as_ temporary  Draughtsman
A}\Icchanica], Electrical, Electronic, Constructional), at

esearch and Devclopment Establishnents situated
i1 various parts of England and Scotland (principally

‘outhern England).  Candidates must be British
1)1bjects and have served an engincering apprenticeship

r had equivalent workshop experience, If 23 years

f age or over, they must possess the Higher National

ertificate (or equivalent); if under 23, they shculd
wossess  the Ordinary = National Certificate  (or
quivalent). Drawing office experience in the pre-
yiration of designs cf components and ccmplete

Jrojects desirable. Lixperience connected with experi-
“aental and development work will be additional
. ivantage. Salary will be asscssed on age and
spericnce within the range of £283-£440, rising to
Js25 accerding to age, experience and location cf
rmploynient,  Appcintments will be on temporary
.‘.,1sis but with an opportunity, which it is expected
Y 1 arice within twelve mcnths, to compete for
wtablished appointinent.  Successful applicants will
2 liable to appointment to anv of the establishments
soncerned,  Applicaticns should be sent to C.E.11
MiRoom 88), Empire Hotel, Admiralty Bath. Original
y}zstimouials should not be forwarded. Only candidates
fir interview will be advised.

"HE MEDICAL RESEARCH COUNCIL have a
trcancy for a Technician (Male) at their Unit for
arch on Mclecular Structure of Biclogical Systems

Cambridge, for the construction and maintenance
i X-ray equipment. Candidates should be aged
‘etween 25 and 35, and must have had experience in
‘lectrical engincering and, if possible, vacuum tech-
que. In addition, they should have taken the
Jigher Naticnal Certificate in Electrical Engineering
't some equivalent qualification, and have some kncw-
pdge of workshop practice. The salary will be at a
roint on the scale £450 by £20-£530 per annuin,
ticcording  to qualifications and experience. ~ The
Cppointment would be subject to a six months’ pro-
Yatjonary period, and if this period were served
‘atisfactorily, the member of the staff would be
C.dmitted to a centributory superannuation scheme.
s.nnual and sick leave would be given at the same rate
Is for Civil Servants in analogous grades. Applications,
;'1 writing, giving name, age and address and full
"etails of scholastic qualifications and subsequent
‘areer, and the name and address of at least one
‘eferee under whom the candidate has worked, should
‘se sent to Dr. M. F. Perutz, Cavendish Laboratory,
Jambridge.

‘,f*IlNISTRY OF SUPPLY invites applications for
‘2llowing unestablished pests at the Tropical Testing
"stablishment, Nigeria :—(1) Senior Scientific Officer,
5 lead a group of physicists and engineers studying
flect of tropical conditicns on Service materials and
‘quipment. Candidates must have a goed Honours
"Degree in Physics or Tlectrical Engineering, with
j'xperience of radio communications or of methods of
Yhysical and mechanical  testing. (A.403/48A.)
2) Scientific Officer, to work in analytical or bio-
hemical investigations into deterioration of equipment
#inder tropical ccnditions. Candidates must have a

';‘,!ood Honours Degree in Chemistry, with expelience of

|

%‘F}icro-annlysis or bicchemistry.  {F.429/48A.)
inclusive salary ranges (men  only) are :—Senior
iscientific  Officer, £700-£900 ; Seientific  Officer,

([400-£050. Foreign service allowance varying from
szoo {0 L0680 also payable. \Write, quoting the appro-
jpriate reference number, to Ministry of Labour and
Wational Service, Technical and Seientific Register
.ﬁ‘l{), York House, Kingsway, London, W.C.z, for
[lnpplication form, which must be returned completed
ivy roth January, 1949.

#3.8.C. invites applications for a senior post in the
Arelevision Section” of the Research Department at
']ﬁ(ingswood, Surrey. Candidates must possess a
niversity Honours Degrec in Electrical Engineering
Hr Physics, and must have a sound knowledge of
%,e]ecommunications theery. They must also have a
ilound knowledge and practical experience of modern
Nelevision. Knowledge and experience of the optical
“ind celour problems involved in television, and of the
:‘vorksbop techniques involved in the construction of
‘J:!ectrical and optical apparatus are very desirable.
U

Experience of labcratory vacuum plant and a know-
ledge cof photc-electricity are also desirable. The
successful applicant will be expected to show initiative
and take a leading part in Research work in television,
especially that on high definition and colcur. Such
werk will include the development of experimental
mcnochrome and colour television apparatus, and of
ancillary equipment. It will also involve the devising
and carrying out of subjective and cbjective appraisal
tests. Copies of any original papers sheuld accompany
applications for this post. The salary is in a grade
rising by annual increments of £60 to a maximuru of
£1,360 per annum. Applications, stating age,
qualifications and experience, shculd reach the
LEngincering Establishment Officer, Brecadcasting
House, London, W.r, within scven days of the
appearance of this advertisement.

SITUATIONS VACANT

SENIOR DEVELOPMENT ENGINEERS required.
Must have good technical training, preferably with
Honours Degree in Physics or Engineering and Radio
Laboratory experience. Able to carry through
deveclopment, with assistants, to production stage.
Salary up to £800, according to qualifications. Apply,
in writing, to Personnel Department, Murphy Radio,
Ltd., Welwyn Garden City, Herts.

LABORATORY ASSISTANT rcquired for the
Association’s electronics section, to be engaged mainly
on construction of laboratory equipment. Must be
able to work direct from circuit diagrams. Written
applications, giving age, experience and salary required,
to Motor Industry Research Association, Great West
Road, Brentford, Middlesex.

E.M.I. ENGINEERING DEVELOPMENT offer
outstanding opportunities for experience and advance-
ment in development work in many branches of
electronic engineering, including major radar pro-
jects, radio communication, television receivers,
audio-frequency engineering, magnetic recording, etc.
Applications will be welcomed from men with Engineer-
ing or Physics Degrees or the equivalent, with design
experience. Starting salaries, £400 to £800, according
to qualifications, experience and degree of responsi-
bility. Also Juniors for the same work, with Inter.B.Sc.
and preferably some practical experience. Send full
details of experience and gualifications to Personnel
Department, E.M.1. Ltd., Blyth Road, Hayes, Middx.

PROGRESSIVE LAMP FACTORY in Yorkshire
manufacturing low-voltage electric lamp bulbs and
employing about 350 women, require a highly efficient
manager ; must be very thoroughly experienced,
bighly qualified and good disciplinarian. Permanent
and progressive post for right man. Applicants should
state in detail, age, education, qualifications, references
and salary required, to Box 398, E.E.

APPLICATIONS are invited by the Standard
Telecommunicatien Laborateries Ltd., for the following
posts :—(1) A Research Engineer or Physicist fer
design of specialised testing equipment for making
measurements on dielectrics, 1nagnetic 1paterials,
semi-conductors, rectifiers, crystals, etc. Mathematical
analysis, electronic circuit design, constructed work
and ~composition of reports is invelved. {2) An
Assistant Chemist for development and research work
on materials and processes for telecommunication
components. Work will be mainly ¢f an experimental
nature, involving both physice-chemical and organic
operations. Candidates must have aptitude for the
job, and should preferably be University Graduates
with some practical experience. Applicaticns should
be made tc the Personnel Manager, Standard Tele-

communication Laboratorics Ltd., Prcgress Way,
Lnfield, Middlesex.
DRAUGHTSMAN. Vacancy, London, for young

draughtsman with general experience precision light
mechanisms or instruments. Llectronic knowledge an
advantage Dbut applicant with interest in design of
electro-mechanical product preferred.  Gocd practical
and tcchnical training. State age and full details
experience and technical qualificaticns, also salary
required. Box 416 E.E,

YOUNG RADIO ENGINEER recquired for assisting
in amplifier production and servicing, now starting,
Must have had practical experience.  Salary according
to qualifications and experience. Apply MANcsion
House 6744.

VACANCY occurs in Engineering Division of
established company for young technician to assist
with production” and engineering problems. London
area. Applicants should preferably be of Higher
National standard in Electrical Engineering or Radio
and have had scund practical training. Experience
with test gear or similar work, including circuitry
and ability to produce sketches an asset. Good
prospects.  Minimum commencing salary, from £350
per annum, depending upon experience and qualifica-
tions. State age and full details education, technical
training and cxperience. Box 417, E.E.

APPLICATIONS are invited from Engineering and
Physics Graduates and from designer-draughtsmen
with a degree or cquivalent qualifications, by the
Rescarch Laboratories of the General Electric Co.
Ltd., East Lane, North Wembley, Middlesex, fcr work
on telecommunications equipment. Experience of
pulse and wave-form techniques an adr-antage. Apply
to the Director, stating age, academic record and
cxperience.

SENIOR CHEMIST for clectronic research required
for new chemical laboratory in Essex. Applicants
must have B.Sc. in Chemistry and not less than seven
years’ research experience. A flat in the country will
be available for the succcssful applicant. State full
details to Box 419, E.E.

RADIO TECHNICIANS rcquired at Ongar W/T
Transmitting Station. Candidates should have had
practical experience of operating high-power trans-
mitting apparatus. Preference given residents North
Weald and district. Apply, in writing, to Manager,
W/T Station, Cable and Wireless Ltd., North Weald,
Epping, Essex, giving qualifications and experience.

LARGE WELL-KNOWN FIRM in N.W. London
has vacancies in its Engineering Department for several
qualified Engineers. Applicants must have Degree or
equivalent in Electrical Engineering and will be
requircd to undertake design and development of light
electro-magnet mechanisms and/or, small rotary A.C.
machines. Applicants should be preferably under 30,
have some natural ability fcr this type of work and
state experience and qualifications in full and calary

required. Bex 408, E.E.
EXPERIENCED senjor and junior radio, radar,
television, electronic, acoustic engineers, preference

B.Sc.,
Other positions also available
Agency, 179, Clapbam Rcad, S.W.9.

YOUNG INSTRUMENT ENGINEER for cngineer-
ing laboratory of large N.W. London cencern.
Applicant would be required to test and develop small
clectrical instrument mechanisms of an experimental
naturc and should have ability to construct these
mechanisis where necessary. Applicant should state
experience in full, qualificaticns and salary required.
Write Box g07, E.E.

TECHNICAL REPRESENTATIVE required. Must
have sound electrical kncwledge. Preferably some
experience cn aircraft clectronic equipment, although
not essential. Flying experience or previous associa-
tion with acronautical industry an advantage. Pcsition
involves a certain amount of travelling. Apply,
with full details ¢f age and experience, Box A.C. 35271,
Samson Clark, 57-61, Mcrtimer Street, W.1.

TECHNICAL INSTRUCTORS rcquired.  Must
have electronic experience, preferably in aviation, and
be used to organising and conducting Instrument and
Electronic Technical Courses. Write, with full details
of age and experience, Box A.C. 32574, Samscn Clarks,
57/61, Mortimer Street, W.r1.

ELECTRONIC ENGINEER required with a Degree
or equivalent technical qualification and design experi-
ence of centimetre wave transmitters, receivers and
test equipment. A vacancy also exists for a general
Electronic Circuit Engineer. Write, indicating salary
required, etc.,, to Personnel Manager, The Sperry
Gyroscope Co. Ltd., Great West Road, Brentford,
Middlesex.

H.N.C. Also similarly experienced dranghtsmen.
Technical Employment
BRIxton 3487.

INDEX TO ADVERTISERS
SEE PAGE 36




CLASSIFIED ANNOUNCEMENTS (Cent'd)
VACANCIES ecxist in the research laboratories of a

large electrical enginecring firm in the North-East
of England for Electrical Research Engineers and

Physicists  as  under — (1) An
(B.Sec. er Hons, B.Sc.) with some research and general
engineering cxperience. Experience of industrial
applications of electrical techniques an advantage.
(2) An_Electrical Research Engineer (B.Sc. or Hons,
B.Se.) interested in high voltage engincering research,
Some experience of clectrical power plant, especially
transformers, desirable. Preference given to a good
mathematician. (3} An Electrical Rescarch Engineer
(B.Sc. Standard) for experimental work, mainly on
magnetic measurements in connexion with electrical
power plant. (4) A Research Engineer (B.Se. or
Hens. BBS L) possessing  a scund theoretical  and
experimental  chemical background to carry  out
experimental werk on the developnient f msulating
mwaterials in connexion with electrical power plant.
() Vacancics also oceur for a few Assistant Electrical
Research Engincers with Higher National Certificate
or cquivalent qualifications, fer work in cach of the
above fields.  Salaries according to age and qualifica-
tions.  Write, Bex 411, £ E.

TECHNICAL ASSISTANT required by SV,
London firm. Aged approximately 25, with B.Se. (Eng.).
Should have had some experience of electronic develop-
ment werk. Write, giving full details cf age, experience,
qualifications and salary required, to Box 635, ¢ 0
J. G King & Son, 150, Fleet Street, Londen, E.CJ.
CORRESPONDENGCE CLERK required by leading
manufacturer of radio and clectrical components,
Lssential qualifications are ability to handle volumaine us
and  varied correspondence, rudimentary  technijeal
knowledge and similar recent  experience, Write,
stating age, experience and salary rcquired, te Box 414,
SN DN

Electronic Engincer

THE ADVERTISERS under Box 342, in the issues
dated October, November and Dccember, wish to
thank applicants and to advise that the vacancics have
now been filled.

LEADING COMPONENT MANUFACTURERS
require chief inspector possessing drive and initiative,
Applicants must be sound technicians with qualifica-
tions at least equivalent to Inter-B.Sc., and with
cxperience of mcdern testing technique., Dutics would
mclude dealing with government inspection depart-
ments.  West London arca, Write, stating expericnee
and salary required, to Bex 420, E.E.

VACANCIES for Draughtsman Designer (Mechanical)
and junior Television Development Enginecers. Write,

Personnel Manager, Sobell Industries Ltd., Langley
Park, Langley, Bucks, stating  age, qualifications,

experience and salary required.

MAINTENANCE ENGINEERS required by Sy,
London  firm. Successful applicants  should have
Higher Naticnal Certificate or cquivalent and some
experience in service and maintenance of clectrical

control equipment, with particular reference to pro-
sramunie  controllers an general electrical furnace

centrol equipment.  Aae 25-30.  Write, giving details
of age, qualifications, experience and salary required,
to Box 634, clo ], G. King & Son, 150, Fleet Street,
London, E.C.4.
RADIO OPERATOR MECHANIC required  for
radio station situated fifteen miles north cf London,
Applicant should be able Lo receive Morse at 30/35
WP, using typewriter, and Possess good ali-round
technical knewledge, particularly communication
receivers.  Experience in teleprinter operation and
waintenance an advantege.  Shift  duties Salary
according to qualifications. Write, stating experience,
qualifications ete., to Box 410, E.E.

PLANNING and Estirating Engincer required for
modern South \Wales factery engaged in the manu-
facture of sound and clectrical cquipment, Applicants
must be thoroughly conversant and have ccnsiderable
experience  in  process planning  and estimating,
Knowledge of fracticnal H.P. meters an advantage.
Write, in first instance, giving details of expericnce and
positicns  held, te Box No. T., Smith’s Library,
Aberdare, S. Wales.

SITUATIONS WANTED

HONS. GRADUATE, 28, wide experience high
vacuum engincering, adaptable, secks post in Southern
England. Bex No. 424, EF.

RADIO ENGINEER, 22, desires post in London, or
cverseas, working cn audio cquipment.  Five years’
extensive  experience  of teleccmmunications” and
television—in “civilian and government departments.,

Box 409, I.L.
EX-SERVICE MAN, Studeut of Physics (evening
classes), hard and cnthusiastic worker, linguist, desires
apprenticeship in clectronic industry or valve manu-
facture in London area. Boey 423, E.E.

Electranic Engineering

TECHNICIAN, age 27, married, three years as
transmitter engineer in B.B.C., five years in R.A.F. as
radic  mechanic  and operator ‘airerew,  industrial
experience, seeks post as technjcian in research or
development laboratory.  Prespects mere important
than pay. Box 412, EE.
RADIO ENGINEER, 23, studying City and Guilds,
Brit.I.R.E. Studentship ~ exarminations. Seccndary
Grammar educaticn, P.O. radio mechanie (Radar}
in FLALAL desires junicr pest, radic er allied. Home or
overseas.  Experienced in servicing  all  television
receiving equipment.  Box 413, E.E.

RADIO ENGINEER, 26, Grad. Brit.1.R.

. City and

Guilds  Final Certificate, secks progress post in
industry. N.\W, England preferred. Box 415, E.E.
CONSULTING PHYSICAL CHEMIST, own

laboratory, high academic qualifications, offers ser.ices
for  Research and Development on Physical and
Chemical problems, development of inventions, ete.
Box 418, E.L.
ADVERTISER. Senicr Engincer small electronics
firm, seeks new responsibie positicn in communications
or radar. Ten veary experience receiver, transmirtter
and measuring instrument design. Component design.
Familiar with ass production and <ervices require-
ments.  2nd Class Hons., City and Guilds Radio
Communications. Grad. LE.E. Box 422, KI5,
ELECTRONIC ENGINEER, 30, good education |
ten years' radio communication experience ; research
last six mncluding industrial electronies, photographic
oscillography, mechanical designing, technical Writing,

sceks post “where inventive and organising ability
required.  Good references, Proof of criginal work.

Box 421, B.

EDUCATIONAL
AM.LE.E., City and Guilds, ete., on “ NO PASS—

NO FEE * terms. Over 95 per cent. successes.  I'or
full details of modern courses in all branches of

Electrical ‘Technology send for our I12-page handbook
—FREE and post free. B.I.E.T. (Dept. 3378), 17,
Stratford Place, London, W.r.

SERVICE
LOUDSPEAKER repairs, British, American, any
make, moderate prices.—Sinclair Speakers, 12,

Pembroke Street, London, N.1.
REWINDING. A specialist winding serviee covering
AF. transformers, relays, solenoids, and to specifica-

tion. S.T.S., Ltd., 297 299, tigh Street, Croydon,
Surrev  Telephane : CROvdan 4850,

RADIO MANUFACTURERS fan  undertake
development and assembly of radio or clectronic
equipment. Winding shop with vacuum impregnation
plant.  Ample space and labour available. Box 316,
E.E.

COMPLETE  cojl winding  ~ervice, Rewinds,
* Speaials,” Prototypes  or quantity  vroduction,
Layer, Wave and Progressive way e winding,  Desiop
and  Development. Rynford Lud., 17, Arwonack

Strect, Falmouth,

MISCELLANEOUS

WE WILL BUY at your price used radios,
converters, test meters, motors, pick-ups speakers,
ete,, radio and electricat accessories.  \Write, phone or
call, University Radio Ltd., 22, Lisle Street London,
W.C.2. GERrfard 4447.

PHOTOGRAPHY., We specialise in advertising and
Cata]ogue»photography, and in series photographs for

amplifiers,

instruction sheets. Our pictures tel] the story.  Behr
Photography, 44, Temple Fortune Lane, N.wW.(;
(SPEedwell” 4208},

PATENT

IT IS DESIRED to secure the full COMIner, pal
development in the Unijted Kindgom of Briyp Patent
No. 505,206 which relates to " Transmutting Pictures
between Spaced Points either by wav of the grant

of Ticences or otherwis O Lriis acceptable 1o the
Patentee.  Interested pParties desiring coprer ot the
patent -pecification and further barticulars, <hoyld

apply to Stevens, Langner, Parry & Rellinson, 5 1 [5}
Quality Court, Chancery Lane, London, W.C 5

FOR SALE

WEBB’S 1048 Radio Map of World, new multi-colour
printing with up-to-date call signs and fresh informa-
tion ; on heavy art paper, ¢s. 6d., post 6d. On linen
on rollers, rrs. 6d. post gd.

IN STUCK. Recutiers,  Accumulator Chargers
Rotary Converters, P.A. Awplifiers, Mikes, Mamns
Transformers, Speakers of niost tapes, Test Meters, erc,
Special Transformers quoted {or.~ University Radio
Ltd.. 22, Lisle Streef. London, W .C 5. GERrard 4447.‘
COPPER WIRES : enameclled, tinned, Litz, cotton,
silk covered. All gauges. B.A. SCrews, nuts, washers,

soldering tags, eyelets, Ebonite ang laminated
Bakelite panels, tubes. Paxolin coil formers.  Tufnol
rod. Permanent detectors, ete.  List S A E, Trade

supplied, Post Radio Supplies, 33, Bourne Gardens,
London, E.4.
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BRAND NEW PHASE-CONTROL
Design ““ E.” Input, 230V
former,

UNITS
50 cycles, containing tray,
Output 250-0-250V, 73 075V, 4V at 3 ampg
1.5 amps., valves UUy rectifier, thyratr
GTiC, condensers, resistances, ete, in super mat;

i in wooden container, £3, carrjag
paid. Brand new ex-R.A.F. power units, containip
o-1mA MC meter, meta, rectifier, 2 v 32 ©F 600 vy
condensers, 2> 300mA 2¢ Henry 1..F, chokes, heay,
duty mains transformer, input 230V 50 cycles, outpu?
250-0-350V  at 300mA, 2> 6.3V, sV, o0 20V 3x
LEFs50, EAso, 5U4G condensers, resistances, thermy
delay switches, fuses, ete. all in wooden packing case
bargain, £6 155, carriage paid. Valves GT1C, 105,
EFso0, 555 EFsy, 7s. 6d. ; EAso0, 45,5 Vigoy {5,000V

rectifier), 7s.; sU4G. 1os.; television condensers-
0.01-4,000 VDC, 0.03-2,500 vDC, 0.05-3,500 VD,
s, S5.AE. list, Cross, Skerries, Cross Lane, {Vegt

Kirby, Cheshire.

RADAR SETS, type ANJAPN4, 5 in. short per-
sistence electrostatie C.R.T., suitable for oscilloscope
or television, 25 valves, circujt diagram available, {7,
ASN7’s, 6SJ7's, 6SL7’s, tested, 6s. each.  Stamp for
defails. Box 378, E.E.

AIR POSITION INDICATORS, Ex-RAF. 4y
incredible bargain, containing a host of precision parts,
abprox. 40 gear wheels, 14 roller bearings, repeater
motor rev. counters, ete.  Ideal for experimenters,
model constructors, 25s., carriage paid, Passingham
(Dept. E.L.), North Strect, Keighley.
TELEVISION E.H.T. TRANSFORMERS i
stock @ 5KV, 4V, 1.5, rect. guaran‘eed. C.0.D. or
CW.00at 3 gns. each, post rs. od. R, F. Gilson L,
Ira, St George's Road, Wimbledon, S.Wrg.

AUDIO FILTERS. Field-free, Hi-Q,  toroidal
windings on Permalloy cores. Low- high- or band-pass,
serateh, winsile or cross-over filters to specification,
Individual inductors supplied.  Stock i<t Lynca
Laboratores, 29, Camborne Road Morden, surrey,
LIBerty 3247

SWITCH PLUGS, best quality sa 3p, 6s. cach
Sapphire gramophone  needles, 4~ 3d. each, plu
I~ gds Purehase Tax,  Drive cord, spun glass, nylon
covered, everlasting wear, 43. 6d. dozen yards.  Pétter
Radio  and Electrical Supplies, 203, Forest Road,

\\Il]rhan\,\un\;
AN IMPROV ENT in Signal Noisc ratio fcr long
distance  television reception  can be  effected by
cmployving a SPENCER-WEST television pre-ainplifier.
Tt price, 1o gn., complete.  Full particulars from
Spencer-Wee, Quay Works, Great Yarmouth,
TRANSFORMER LAMINATIONS. Offers wanted
for 430 gross qa sil. 11 1,000 Ib. cach of 108 Sankey,
~talloy and 188 nickelaron.  Jack Davis, 30, Percy
Street, London, \W.g. MUseum 7900.

MAGSLIPS and Selsyns frony 20s, 5 1auny types fa
~tock, meluding  resolvers. coincidence transmitters,
B T.H. and Admiralty type Selsyns for up 1o +5 b, per
meh torgque. Send for hot and technical literature,
Alo high torque motcrs (Rotax), A.C. D.C., 12-24
velts, 000 . 1 reduction drive, final torque 43 1b. per
mrch, reversible, and fitted with magnetic brake, 30s
Berco Mo hinear potenticnieters 10 watt wirewound
1,000 ohins, 4~ od ; 50 K, 55 All goods guaranteed and
Post frecs Hopten Radio, 1, Hopton Parade, Streat-
hom High Read, London, $.\.16. STReatham 0163,

MAINS LOwW,  [f You are troubled on your pio-
duction line foldering or on yvour test benehes, by lew
mains volts, a Ferranti dutomatic voltage regulatcr
WL give vou FR.V.AL of steady 230V, Ideal for
tolevision recerver testing, lamp life tests, fluorescent
Im-tallations,  ete, Delivery ~ex-stock. Telephone
TUDor 3277, BOM T7 STGIEAR, London, W.C.1.

SIGNAL GENERATORS for television production
testing. We have g large stock of high-grade signal
generators by Marconi Instrumont:‘, Ferris, General
Radie, ete., which are suitable tor television r(’cﬂ\:cl’
testing (beth stations) and can also supply special
wmoditied  tvpes  for producticn lines.  Telephone :
TUD 52770 By TESTGEAR, London, W.C.1.

277,
SECOND-HAND AND SURPLUS TEST GEAR
IS often a <nare and a delusion, BUT —we specialize
- high-grade IAhomtmy and  production testing
Instruments, and carry comprehensive stocks of signal
generators, cseillescopes,  valyve voltmeters, wave-
meters, I!lk’L’()thIll(’tt’l‘S, impedance and indlutdanB
bridges, audio oscillators, ete.  All our apparatus is
reconditioned and checked or recalibrated throughout
Up to makers’ specifications. You can therefore save

E.ry.

money cn o vour budget with every confidence by
consulting ., Telephone : TUDor 52577 BCM/
T TGEAR, London, W.C 1.

WANTED
URGENTLY REQUIRED. Jnl. 1.E Vol. 93,

1114, No. 5. g,m:, Highbury

Write, Librarian, A. C. Co
Grove, N.s.
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( Tufnol wrip bars raised the standard of Ny
operations on electrically operated drop stamp ‘,,.r"'/ :
hammers by withstanding well over a million and Can TUEFNOL impmve
j a half knocks in eight months and still  giving :

reliable service—previously, 'Lignum Vitae had your prﬁduc'&s

Jasted only 4 weeks.
! Engineers in practically every industry have
‘ found the value of Tufnol in thousands of

different ways. Our Engineers will glad
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STANDARD brings to the manufacture of

dust cores an unusually wide range of
experience gained as large-scale users in the

fields of radio and telephony. This experience,

linked with incomparable research facilities,
has resulted in uniformity of manufacture and
a wealth of knowledge which Is at your
disposal, whether you require an experimental

‘one-off* or several thousands of one of

wide range of standard core types.

our

Sramdard

Srandord Telephores and Cobles Limmired

NORTH WOOLWICH, LONDON, E. 16
Teleghone : Albert Dock 1401
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t The Mazda 29D2 is a directly heated lonisation

' Gauge designed for use in High Vacuum Measure-

! .

» ment work. Coupled with a meter of I microamp

sensitivity it is capable of recording pressure as low

i as 1 millionth of an atmosphere, making it particularly

; uselul for rescarch purposes in laboratories, universitics,

y ete. Its accuracy and sensitivity under stringent operating
conditions has been proved by its use in the fields of

; Flectron Microscopy. Vacuum Plating and Atomic Research.

b

TECHNICAL DATA

The envelope is of CY glass (Boro Silicate type) which will with-
stand temperatures up 1o 450 C. The collector is nickel and can
be bombarded up to approximately 40 wat 150 mA maximum @ the
internal wire electrode is of molybdenum and can be bombarded
at 20-25w with 60-100 mA,

’ Rating
Filament Volts (approx) - - - - - S - 6.0
Filament Current (amps) (approx) - - - = = /.3

g Collector Voltage - - - - = s = - 225

g Internal wire electrode voltage - - - - - - 185 T
Internal wire electrode current (mA) - = = = - 1.0
Collector current pAf/micron pressure - = S - 20

© It is advisable to inciude 100.000 ohm resistor in series
vath this electrode

+ It is advisable to include a 500 chra resistor in series
with this electrode

List Price £4.10.0

Further detatls on request.

! D) |SA7/AIR]

é MAZDA

j’, RADIO VALVES AND CATHODE RAY TUBES

THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS ROAD, LONDON, W.C.2

83
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PHOTO-ELECTRIC RELAY

Mfor “ON” or “OFF”

The standard relay is extremely
sensitive and responds to the in-
cidence or interruption of a beam
of light, the intensity of which may
be as low as I-Foot candle and the
duration as short as one-tenth of

a second.

Applications to indusirial processes
include :—

Control of temperature, liquid level,
Iighting,register,dimensions,weighing,

counting, etc. ; also alarm devices.

Delivery from stock

BRITISH THOMSON-HOUSTON

THE BRITISH THOMSON HOUSTON COMPANY LIMITED - RUGBY - ENGLAND

A3854
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POTENTIOMETER

b
\y"
ﬁ TYPE D-72-A
i
4 For all measurements based on potential difference
‘a
b
j
]
1
zfs
I
{
)
;,
1
. Measures from — 0.01 volt to +1.92 volts on three ranges
} of X1, xX0.1 and Xo0.0I1.
‘ Smallest subdivision on X 0.01 range, 10 microvolts.
¥
Small negative reading ensures absolute zero volts
p position, ACCESSORIES FOR USE
i Accurate current control by stud rheostat and slide wire. WITH THIS INSTRUMENT
i Separate standard cell balancing circuit. VOLT RATIO BOX .. .. TYPE A-202-A
. 3 et : WESTON STANDARD CELL TYPE D-113-A
. Terminals for two external circuits selected by switch. CALVANOMETER .. .. TYPE D-41-A
: LAMZSTAND .. .. .. TYPED-T4-A
{
d 1
' :
: MUIRHEAD
( 5 A &
x'
? Muirhead & Co. Limited, Elmers End, Beckenham, Kent. Telephone : Beckenham 0041-2

FOR OVER 60 YEARS DESIGNERS & MAKERS OF PRECISION INSTRUMENTS

C.R.C.35
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OUARTZ CRYSTAL UNITS

Available in g variety of types for frequencies from 4 Kcfs. to 15 Mc/s. !
Send your enquiries to - -

ELECTRICAL INSTRUMENT S LTD
WORKS, SALFORD 3, LANCS., ENGLAND

Proprietors ; THE GENERAL ELECTRIC co. 17D, of ENGLAND
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FOR SWITGHES

' and all radio components
"‘ FREQUENTITE-FARADEXK-TEMPRADEX
. STEATI AIN PRODUCTS LTI

‘?i Stourport on Severn, Worcester Telephone : Stourport [l Telegrams : Steatain, Stourport

S.P.54
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FERRANTI
The Ferranti Neostron is a cold cathode tetrode filled with neon, designed for use as a
stroboscopic light source, a flashing indicator, or an electronic relay.
The discharge in the anode is started by initiating a glow discharge between the screen and grid

electrodes, the screen being at a fixed positive bias, a negative impulse being applied to the grid.

Operating Characteristics } NSP1 [ NSPT ‘ ASP}
 Max. Anode Voltage 400 650 400 .

Normal Anode Voltage 300 600 300
Mean Anode Current 40-100* mA  40-100* mA 40-100* mA
Peak Anode Current | 250 Amps. | 250 Amps. . 250 Amps.
Max. Operating Frequency ! 250 c.p.s. 250 ¢.ps. 300 c.p.s.
Anode Connection ' In base | Top cap in base
Gas Filling [ Neon Neon "~ Argon

*Dependent upon frequency of operation

All types can be supplied with English 4 pin or American 4 pin bases.

FERRAI

ELECTRONICS DEPT. MOSTON MANCHESTER 10
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"AND VACUUM IM-

PREGNATED FOR ABSOLUTE PROTECTION

AGAINST

Erie High Stability Resistors, besides
displaying characteristics well within the
limits laid down in the current R.CS.C.
Specification, are fully insulated, fully
tropical, and extremely robust; and are
therefore eminently suitable for operation

~in restricted spaces and under the severest

of conditions.

&

HUMIDITY

ACTUAL DIMENSIONS OF UNIT EX-
E LEADS I2in. - .!in. dia.

ot

o

2756

. Time-proven ceramic end seal.
. Wire leads (1] in. by 0.032 in.) and spring caps

securely connected to resistor body, thus
eliminating open circuits.

. Ceramic case with insulation resistance of

more than 1,000 megohms at 500 volts.

. Special resistor element consisting of carbon

deposit, on ceramic tube, spiral cut to required
value and tolerance.

. Colour coding bands (to R.C.5.C. standard)

which retain their true colour when applied to
the white ceramic case.

IS BUILT INTO EVERY DETAIL

Type 100, } wate, illustrated above, is the
first to be released and will be followed in
due course by Type 108, | watt; and
Type 109, { watt.

Manufacturers and Research Establishments
are invited to write for full details and test
data.

G AU

LONDON N.W.9 - ENGLAND
Cables: Resistor, London
ERIE, PA., U.S.A.

CARLISLE ROAD + THE HYDE
Telephone: COLindale 80!}

FACTORIES: GT. YARMOUTH, ENGLAND - TORONTO, CANADA -
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Never had your favourite programmes spoilt by a background of hissing,
crackling and spluttering noises ? No ? Lucky you ! But for thousands living in
towns and cities near industrial electrical apparatus, near trolley-bus routes or in
the vicinity of high frequency equipment such interference is only too common,

The B.I.C.C. Anti-Interference Aerial,
when properly erected, will give you better

listening and reveal many stations you
never heard before.

The aerial is a 60 ft. polyethvlene
insulated dipole type with suspension insulator
and matching transformer. The 80 fi. down
lead is a fully screened coaxial cable with
polyethylene plugs moulded to each end ; it
is matched to the receiver by a transformer
with easily fixed suction mounting.

It acts as a “ T type aerial on long
and medium waves and as a true dipole on
short waves.

Write to-day for descriptive tolder
No. 221N on *“ Anti-Interference Aerial.”
Obrtainable through radio dealers.

Price £6o 80 o.

Licensed under Amy Aceves & King,
Ine. Patents Nos. 413917, 424239 and 491220.

Al Nave
ANTLINTERFERINCE

H INSULATED CA
LK HOUSE, NORF

LLE
Fo 0 LK
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All types of \
MICROPHONES,
STANDS
and SPEAKERS
available from
stock including
12 in. GOODMAN
P.M. SPEAKER

30-Watt RECORD

REPRODUCER

in metal case
PRICE 30} Gns.

10-Watt RECORD
REPRODUCER with
MICROPHONE
STAGE, in case
PRICE 25} Gns.

CP20A AMPLIFIER

for A.C. Mains and

12-volt Battery
PRICE £28.0.0

. J

“SUPER FIFTY WATT” AMPLIFIER

This AMPLIFIER has a response of 30 ¢s. to 25,000 cs within
!db, under 2 per cent distortion at 40 watts and | per cent at
I5 watts, including noise and distortion of pre-amplifier and
microphone transformer. Electronic mixing for microphone and
gramophone of either high or low impedance with top and bass
controls. Qutput for 15250 ohms with generous voice coil
feedback to minimise speaker distortion. New style casy access
steel case gives recessed controls, making transport safe and easy.
Exceadingly well ventilated for long life. Amplifier complete in
steel case, with builtin 15 ohm mu-metal shielded microphone
transformer, tropical finish. As illustrated, Price 36} Gns.

FOUR-WAY ELECTRONIC MIXER

This unit with 4 built-in, balanced and screened microphone
transformers, normally of 15-30 ohms impedance. Has 5 valves
and sclenium rectifier supplied by its own built-in screened power
pack; consumption, 20 watts.

Suitable for recording and dubbing, or large P.A. Installations since
it will drive up to six of our 50-watt amplifiers, whose base
dimensions it matches. The standard model has an output
impedance of 20,000 ochms or less, and any impedance can be
supplied to order. Price in case with valves, etc. £24d.

OUR FRIENDS OVERSEAS
are invited to write for Export Terms

257-261 THE BROADWAY, WIMBLEDON,
LONDON, S.W.19, ENGLAND.

TELEPHONES : LiBerty 2814 and 6242-3.

LIMlTED TELEGRAMS : ' VORTEXION, WIMBLE, LONDON.




14 Electronic Enginering

PEN STENCILS
ASK West’s advice on g

Drawing Office Equipment
Sensitized Papers

Blue Prints and Dye Line Prints
True-to-scale Prints

Surveying Equipment

We can help you from start to finish

A. WEST X PARTNERS LTD,

36 BROADWAY, WESTMINSTER, S.W.|

pgais aio ot

PANEL
MOUNTING
INSTRUMENTS

Made to special
requirements if
desired. In sizes
ranging from I[#
to 4" diameter.

4"also 2" square
flush case.

27, 24" & 347
projection type.

RANGES: &3
A.C. From -
IV—10kV Skeleton Type— Fully
25uA-100 Amps. Tropicalised — Panel
D.C. From:— Mounting—For Labora-
5mV—10kV tory Use—For the
SieA-5000 Amps. Manufacturer.

Write for illustrated

folder and price list
of complete range.

VICTORIA INSTRUMENTS

Proprietors  V.I.C. (Bournemouth) Ltd.

MIDLAND TERRAGE - LONDON - N.W.10
Telephone  ELGar 7871)2

January, 1949

(osts (oss 2o rtaintiin!

Because —

Made principaily of steel

Steel - preserving
electrolyte

Fully enclosed
active materials

Practically free from
sclf-discharge

CNLBC Nif%e Batteries are not vel avarls

aole jor private cars or domestic radio)

STEEL BATTERIES

NIFE BATTERIES -

REDDITC\H - WORCESTERSH IRE

THE “FLUXITE
QUINS ™" AT WORK

“Give us a hand,
Wrench him clear,
Steady now, boys,
Mind his ear."”
"“And lis ten, young sprite
Next time you

FLUXITE

Just get at this set from
the rear,

Far all SOLDERING work —yocu need FLUXITE—the paste
flux—with which even dirty metals are soldered and “‘tinned.”’
For the jointing cf lead—without solder ; and the * running '
of white metal bearings—without *¢ tinning ”’ the bearirg.

It is suitable for ALL METALS—excepting ALUMINIUM—
and can be used with safety on ELECTRICAL and cther
sensitive apparatus.

With Fluxite Joints caa be “ wiped” success-
fully, that are impossible by any other method

Used for over 40 years i Government
Works, and by leading Engineers and Manu-
facturers. OF ALL IRONMONCERS—
IN TINS—10d., 1,6 and 3.

ruts Fluxite
where you
want it by
a simple
Pressure.
rice 1/6, or
filled 2/6.

Write for Leaflets on CASE HARDENING STEEL and TEMPERING
TOOLS with FLUXITE also on ““ WIPED JOINTS."" Price id. each.

FLUXITE LTD. (Dept, T.V.) Bermondsey St., London, S.E.1
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CONDENSERS
Special offer.

Metal-cased tubular.

Cardboard tubular. 0.1
Mica. 20, 80 and 200 uF, 3d.

VALVE HOLDERS

American octal. Paxolin. 3d.
KNOBES

I.F. TRANSFORMERS

[4°6 per pr.

VALVES

BRAND NEW COMPONENTS

Four gang 300 uF.
Ceramic insulation.

Electrolytic. Vertical aluminium can.

Manufacture. Complete with fixing clips.

8-8 uF, 450V, 4/9 8-16 pF, 450V, 5.3

o 32 wF. 350V, 3/~ 32 pf, 275V,2'9.

Wire-end tubular. 8 p.F, 500V, 39 50 ;LF, 12v, 1,3,

Sprague 0.01 uF, 1,000V and 0.25 uF, 350V, 6d.
Sprague 0.02 uF, 750 V and Micamold 0.1 uF, 350V, 4d.
wF, 350V, 4d., 3/3 doz.

Midget 0.1 uF, 150V and 0.05 uF. 350V, 6d.

Paper block. Aerovox 1.0 uF, 600V, 2.
TCC 1.0 puF, 600V, 10d. 4 uF, 250V, 1-

Amphenol American octal. EF50 ceramic. 6d.

Fluted instrument knobs. Black.

Midget. 465 Kc-s. Permeability tuned. § in. by } in. by 1} in.

Standard type. 485 or 110 Kc's., 12,6 per pr.

MAINS TRANSFORMERS

Drop-through type with voltage adjustment panel  Top shrouded.
Primary tapped for 200 to 250V, 50 ¢/s.
60 mA, 4V, 4.5A, 4V, 2A, 15:-.

EF50 (VR91). Brand new: boxed. 7/6
VRIQ5 voltage regulators, 8:6
Tkis is a representative selection from our stock.
Complete list available.

M. WATTS & CO.,

8, Baker Street, Weybridge, Surrey
Telephone : Weybridge 2542

EL32 (VT52), §/-

Trade supplied.

3/6 each.
All good makes. Recent

16 wF, 350V,29

[y wn., 94d.

in diam., 7d.

Secondary, 300-0-300V

unboxed, 5'-.

SELENIUM
PHOTO-CELLS

Best
in the
World

lhiowoand,
applucalions

The exceptional response of EEL cells
with their high and uniform standard of
performance in Colorimeters, Reflecto-
meters, Photometers, etc., gives them
a thousand applications in the industrial

For the accurate standardisation

.of colours in the paint, plastics
cloth dyeing and paper indus-
tries, for the precise measure-
ment of density and gravity of
tiquid for the chemical trades,
for the automatic action of
relays in the electrical trades—
all these applications are now
ripe for development thanks to
the research and craftsmanship
that have made EEL cells
available to the world in
sufficient quantities.

A product of

EVANS ELECTROSELENIUM LTD.

Harlow

Essex

-

-

Type 36EHT rectifier. Twosuch
units only 2}” long by 7 dia.
will give an output of 53 KV.

N

SIMPLE and RELIABLE

EH.T.

SUPPLIES

E.H.T. from the line

' Westeht *°

E.H.T. supply fiyback transformer, or
unic. . 5KV from the normal 350-0-
tput .

3;0?0%35'-0028 350 volts winding of the
input without mains transformer . . .
‘ha :“'_55 of an or, if you prefer it,
& f<.>r'mct:,ans- from an E.H.T. trans-

former. You get it

most easily by the use

METAL RECTIFIERS

Write for data sheets Nos, 52
and 60 to Dept. E.E.|

WESTINGHOUSE BRAKE & SIGNAL Co. Led,

82, York Way, King’s Cross, London, N.i.

If you are after...

¢ [.E.E.,
e BRIT.L.R.E
o C(EYTY & GUILDYS . ..

IN YOUR OWN INTERESTS first find out the
regulations governing the above examinations before
taking a course of study.  Ask us for this informa-
tion and also that concerning EXEMPTION from
Brit.I.R.E. examinations obtained by taking our
POSTAL COURSES.

We will gladly supply the necessary information
together with our FREE BOOKNLET which gives
details of POSTAL and ATTENDANCE courses
covering the above and other examinations  Postul
Courses in Radio, Television, Maths, cte.--2 and 3
year Day Courses in Telecommunications nginecring.

Special terms for groups of five or more postal
students enrolling together.  Students
not requiring full courses may take parts
at correspondingly reduced fees.

Write for Booklet to:

E.M.I. INSTITUTES LTD.

Dept. |1, 43 Grove Park Road, Chiswick, London, W4,
Tetephene Chilswick 4417 8
EIL L Inatits tes —baeled by the Eleciranie Grganisetion which instudes
CHLM VT Marcuniphone, ( olumbia, ete. K. 10d
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IENTS
for sound measurement
and analysis

® Type 1400, SOUND LEVEL 2%
METER measures intensity leve!

over full range of hearing.

® Type 1401, A. F. ANALYSER
measures relative amplitudes of
component frequencies. ‘

Full particulars will be sent
on request to —

TYPE NUMBER
FLASHOVER KV DC (TOP)
A

MAXIMUM AMPS.

The new range of U.1.C Hermetic Seglﬁ g\;irna:\[i:lst
air and moisture-tight sealing even wit 2 Ty
pressure differences of up to 20 lbs.res g
developed metallizing techmgue en‘sueram'lC e
adhesion between metal coating agc € A e

d permits soldering at tempe:ature b
3;0°C¥?) and 310°C. Full particulars gfbﬂptxls v?gur

¢ rrent carrying capacity and be a

Z?li‘elgzzegupressure are available on request.

OTTOM

% i
eI
R ' B
e
s ‘é"f o

FLASHOVER (KV RMS) B
- - > w oo

100 300 IODOS
FREQUENCY (KC/S)

[ ——
UNITED INSULATOR €0. LTD. OAKCROFT RD.

Telephone : Elmbridge 5241 (6 lines)

TOLWORTH SURBITON SURREY

Telegrams : Calanel, Surbiton
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Walier Instruments
LIMITED -
GARTH ROAD 0 TLOWER MORDEN o SURREY a TELEPHONE : DERWENT 4421-2-3.
DESIGNERS AND MAKERS OF SWITCHES AND C/A\PACITOQE“SO
C
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Photoecells

for industry

and research

These new " Mullard caesium-antimony (*A’
Type) photocells have been developed for
applications demanding a particularly high
sensitivity to daylight and blue light. Both the
B8G <207 series and the miniature B7G «90°

series are of all-glass construction which provides

maximum cathode area with minimum size.
T g snulia N Characteristics 20AV 90AV
This form of construction also results in com (BSG Base)|(B7G Base)

plete rigidity and freedom from microphony.

These features make these photocells valuable

* Sensitivity (WA/L) 45 45
additions to the existing range of Mullard all-
glass <« C’ type (caesium silver oxide cathode) Max. Anode Voltage (V) IS0 109
photocells intended for applications demanding Max. Cathode Current (uA) i0 5
a large current output and a high sensitivity to Max. Dark Current (uA) 0.05 0.05

incandescent light and infra-red. The sensitivity
to dayllght Of thC new ‘A’ tYPe Phot()cells * Measured with lamp of colour temperature 2,700°K,

Is seventy times that given by the latter type.

Other features include :—

Low dark current - Reliability and long life - Stability of characteristics
Single-ended construction with a low leakage - Positive location with uniform
cathode orientation.

Please write to Transmitting and Industrial Valve Department for full technical data and
prices for these and other Mullard industrial photocells.

Mullard

THERMIONIC VALVES
AND ELECTRON TUBES

RS

Wavelength (4)

3800 5660 7060
Ulera-violet -violet-blue-green-yellow-red

Spectral Response Curve of Type ‘A'Cathode Surface
INDUSTRIAL POWER VALVES * THYRATRONS - INDUSTRIAL RECTIFIERS - PHOTOCELLS

FLASH TUBES * ACCELEROMETERS * CATHODE RAY TU5s - STABILISERS AND
S REFERENCE LEVEL TUBES - COLD CATHODE TUBES . FLECTROMETERS, ETC.

MULLARD ELECTRONIC PRODUCTS LIMITED, CENTURY HOUSE, SHAFTESHU Y AVENUE, LONDON, W.C.2
MVTy43A
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EDITORIAL, ADVERTISING AND PUBLISHING OFFICES, 28, ESSEX STREET, STRAND, W.C.2.

TELEPHONE : CENTRAL 6565 (10 LINES) MANAGING EDITOR: G. PARR, M.LE.E. TELEGRAMS : LECTRONING, ESTRAND, LONDON
Monthly (published last Friday of preceding month) 2/- net. Subscription Rate : Post Paid 12 months 26/-.
b
;
| Vol.2l. No. 25 CONTENTS January, 1949
| The Electron Microscope in Medical Research ... i A Phase Discriminator for F.M. Reception 25
) By F. G. Newall and J. G. Spencer
Frame Synchronising Signal Separators 2
y A. W. Keen, M.l REE. The Electronic Engineering ¢ Televisor >’ 27
i LSl Etey i Electronic Equipment 28
" The Electronic Measurement and Control of c
Heat By J. H. Jupe, AM.LEE. k] orrespondence 30
J Simplified Resistance Calculations 17 Notes from the Industry 31
: By J. C. Finlay and F Oakes
‘ The G.E. Variable Reluctance Pick-up . 21 EEOR GISAED 32
: By Alan Doug[as January Meetings 35
A Direct Reading Impedance Meter 0 22
HHEES LGRS Ly By N. H. Crowhurst Abstracts of Electronic Literature 36

ITH the commencement of a

new volume we extend a cordial
welcomc to new readers of Errc-
! rroNIc ENgINgErING and for their
| ' benefit we are re-stating the service
i and pubhoatlons available at the
' present time.

;lndex
j The present issue commences
‘Vol. 21. The Index for Vol. 20 is

' now in preparation and will be sent
rto all subscribers as soon as pub-
i lished. Separate copies will be sent
. on application, price 6d. post free.
i Binders
“ Easibind >’ self-binding covers,
" which can be used as temporary or
, permanent binders for ELECTRONIC
IINGINEERING can now be supplied.
. Each sclf-binder will hold 12
" copies securely, and is lettered in
} gold on the spine with space for
|malklng the year of issue. The
price, in maroon cloth, is 12s. 6d.
‘i (postage 6d. extra) and orders, to-
. gether with remittance, should be
. sent to the Circulation Dept. at the

' address given above.

Back Copies

Before applying for back copies,
please inquire whether they are
avatlable. This will save the staff
time and trouble in returning money
sent for copies not in stock.

=T N Vel

T T e T T -—

Information

The Circulation Department will
be pleased to hear {rom readers who
have back copies in good condition
for disposal.  Please send in-full
details of the month and year of
issue, but do not send the copies
until requested.

““ Televisor’’ Booklet
The third edition of the booklet

covering the construction of a high

A New Editor for ¢“E.E.”

THE Publishers announce that they
have appointed

Mr. H. G. FOSTER, M.Sc., M.LE.E.

as Editor of ELECTRONIC ENGINEER-
ING in succession to Mr. G. Parr, who
is resigning his appointmentin February
to join the Board of Messrs. Chapman &
Hall as Technical Director.

Mr. Foster graduated at King’s
College, Strand, in 1924, and joined
the Western Electric Co. as develop-
ment engineer. He has also had
experience in electrical and electronic
apparatus design, and for the past ten
years has been engaged in the teaching
of telecommunications engineering at
Cape Town and the University of
Birmingham.

The Publishers are confident that,
under Mr. Foster’s direction, the
journal will continue to maintain its
high reputation for technical accuracy
and the quality of its contents.

quality television receiver is now
ready, and includes all amendments
and corrections to the previous
editions (see also p. 27 of this issue).
For less experienced constructors,
a detailed wiring diagram for the
receiver 1s also available, price
3s. 6d. post free.

Monographs

The following monographs are in
stock at the prices quoted:
Frequency Modulation

(3rd Edition) 2s. 8d.
Photocells in Industry 3s. 2d.
The Electron Microscope

(2nd Edition) 4s. 9d.
Electronic Musical Instru-

ments 3s. 9d.

All the above prlLes 1nclude postage.

Other monographs are in prepara-
tion and details will be announced
on this page when available.

The Synchredyne

This original receiver design was
first described in the March, 1947,
issue and further details appeared in
the August and September issues of
that year. We regret that reprints
of the original article can no longer
be obtained, but reprints of the
second series of articles, including
circuit diagrams of the receiver, are
still available, price 2s. 2d. including
postage.
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The Electron Microscope
in Medical Research

New Electron Micrograms of Viruses

Right : Single crystals of the necrosis virus, showing mole-
cular arrangement, Individual molecules are shown as
spheres approx. | mm. diameter (x 100,400)

Below : Elementary bodies of psittacosis virus (parrot
fever) shadowed with chromium (x 33,200
~—both by ccurtesy of Dr. R. Wyckoff, Nat. Inst. of Health, U.S.A.

Abcve : Molluscum contagiosum virus from human lesions,
verifying Dr. Helmut Ruska’s work (gold shadowed). This
shows the direct application of the electron microscope to
the diagnosis of diseases of the skin (x 32,300) !

—by courtesy of Dr. Roke, Squibb Institute

Left : Molecules of plant virus protein aggregating round
periphery of a dried droplet of solution (X 100,700)

~—by courtesy of Dr. Wyckeff
Phetographs supplied by R.C.A.
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Electronic “Engineering

Frame Synchronising Signal Separators

By A. W. KEEN, M.IRE., AMBritlRE.*

This article is a slightly condensed version of a Paper read before the Television Society in January 1947

I. Introduction

HE general adoption of inter-

laced scanning in modern tele-
vision systems has raised the problem
of accurate synchronisation of the
frame time base at the recelver.
From an inspection of the standard
signal waveform (given for the
B.B.C. transmission in Fig. 1) this
problem would not appear to be
formidable, but commercial re-
ceivers are often incapable of main-
taining exact f{rame registration
over a sufficiently wide range of
operating conditions.  This failing
is usually due to the choice, dictated
by the need for the utmost economy,
of the simplest types of frame signal
separator. On the other hand a
wide variety of circuit arrangements
are feasible and these will be
described briefly in the following
sections.

An important feature of the
B.B.C. signual is the difference be-
tween alternate frames of the length
of the last active line {Nos. 203, 405
of Fig. 1). While this irregularity
does not preclude or render difficult
the achievement of satisfactory
interlacing, it must be borne in mind

when the circuit constants are
selected.

* Sobell Industries Ltd.

EVEN FRAMES

2.0. General Characteristics of Framing
Signal Separators

2.1.

The input to the framing signal
separator will ideally be the syn-
chronising signal of Fig. 1, either in
the polarity shown or inverted. In
practice spurious fluctuations will
also be present and may easily be
sufficlently strong to make perfect
synchronism very difficult to obtain.

Specification of Requirements

The framing signal separator
must satisfy the following general
specification :

(i) The framing pulses must be
raised sufficiently above the line
pulses to render the latter ineffec-
tive or readily removable by
“ clipping.”’

(11) The ‘‘ build-up ’* of the fram-
ing signal produced must occur
sufficiently rapidly to enable the
frame flyback to be completed with-
in the period available.

(iii) The amplitude accentuation
process must be achieved without
the loss of the (liscontinuous serra-
tions provided for correct timing of
the flyback (7.,Y» of Fig. 1).

(iv) The transmission of spurious
signals must be as small as possible.

(v) The separator must be insensi-
tive to the waveform irregularity
previously pointed out.

As usual these restrictions are
mutually conflicting; thus (i1) and

(iii) require a wide frequency
response characteristic, whereas (1v)
necessitates a narrow pass band.
Tor a given band width, the circuit
having the shortest time constant is
best. The majority of separators
have a low-pass characteristic; such
a response is superior to a band-pass
characteristice, since for a given time
constant the latter type of response
has double the width of the former.
Moreover, band-pass structures hav-
ing a sufficiently short time con-
stant require rather high Q com-
ponents.
2.2. Classification of Types of Separator

A study of the large number of
practical circuit arrangements em-
ployed or proposed reveals several
fundamentally different types: (i)
The most obvious way of accentuat-
ing the framing pulses is to pass the
synchronising signal through a net-
work sharply responsive to the
frame frequency. (1) Considera-
tion of the synchronising signal as
a recurrent transient, on the other
hand, suggests the use of shaping
networks. (iii) The best method of
retaining the steep edges- of the
original wave, however, involves the
super-position of two or more time
separated versions of the signal.
(iv) A similar method uses a locally
generated. waveform to provide
pedestals for the frame synchronis-

Y, Y. Y. '
! Vime or Y 0 & P ! ! i
J ' ONE LINE) Jr h l ) i !
)
| 4 lJ
1 1 B
LINENo: | 404 } 405 1/ 1 2 I 3 1 4 1 5 :
| [ I | 1
1 1 ’| 4 ’
ODD FRAMES n ! W 2 Y3 : : :
i { | ! ' |
* * +| : I !
INE ' Y | IJ
LINE No: | 20/ | 202 | 203 ! 204 | 205 ! 206 1 207 !
, !

I 1
Fig. 1.

The B.B.C, frame synchronising signal



ing pulses, thus allowing separa-
tion by an amplitude filter.

2.3 Facilitation of
Shortening

Before proceeding with a detailed
discussion of these four lines of
attack, it will be appropriate to
discuss briefly a general method of
facilitating the problem. The “ratio
between the pulse periods, only 4:1
m the current B.B.C. transmission,
can be increased by reducing the
period of all pulses by the same
amount, say n nicro-seconds, since
(40 — n) /(10 — n) > 40/10 for all
positive values of n. Thus for n =
1, 2, 3, - 9, the ratio becomes
4.3, 4.8, 5.3, 6, 7, 8.5, 11, 16, 31
respeetively. A practical method of
applying this principle involves
passing the signal through two
parallel channels having suitably
different transmission times; the
two signals produced are combined
in a mixer before being passed to
the separator eircuit,

Separation by Pulse

3.0. Framing Signal Separation by
Frequency Selective Networks
3.I. The Use of Circuits Tuned to Frame

Frequency

This method was employed almost
exclusively in the earlier days of
television and is still frequently
found in commercial receivers. The
simolest arrangement uses a trans-
former with the secondary circuit
only resonant, but norntally both
windings are tuned. In more refined
developments, the tuned trans-
former is associated with additional
filter sections. The latter com-
monly include a low-pass filter in
order to reduce all forms of m.r.
interference (Fig. 2(a)). An in-
teresting elaboration of the method
(IPig. 2(h)) incorporates a composite
filter  between the tuned trans-
former secondary and the time base;
elements, R., (4, R:, C» and (s, form a
low-pass filter, and the series combina-
tion Ls, Ci effectively short-circuit
any line frequency (10, 125 ¢/s.)
component of the input, while s
tunes La to twice line frequency and
serves, together with coupling over
Cs, to accentuate the fundamental
frequency of the framing pulses in
order to improve interlacing.

The majority  of time - base
generators are of Lthe relaxation
type aund arve nol disposed to oscil-
late at a definite frequency, as
determined chiefly by the linear cir-
cuit clements; they lack the fly-
wheel >’ property of oseillators
based on a low-pass tuned circuit.
This property is desirable to a cer-
tain extent n a time-hase genera-

Electranic Engineering

Rt

C1

Input

8]

January, 1949

@CR TYPES
(a)

{i} Ditterentiator

(b)

Current-operated

Voltage -operated

r [L4

dnp

5 L% L% (3

[ T oTeToT |

() LR TyPES

(i) Integrator

(<)

Moditied choracteristic
\ due to wavetrap
~

11 f2 3 g
=211 =3f1 =411
Syne.
Input !

C
L1
Ci

— —
r1 Cl g ) ;
“VHPRRCLC,
c2
o T o

tor, however, particularly when the
synchronising signal is small or
accompanied by heavy random
interference. It is therefore note-
worthy that a tuned circuit through
which the synchronising signal is
filtered can, by suitable connexion
(Fig. 2d) be arranged to exereise
a marked stabilising effect on the
scanning oscillator.  1f the time
base is rendered sharply frequency
sensitive, however, automatic fre-
quency control becomes essential.

3.2, Frequency Selective Based
on the Low-Pass Filter

Networks

A better basis is provided by some
form of low-pass filter. A typical

TIME BASE GENERATOR

(i1) Differentiators

I r ; é m"% %I

Voltage-operated  Cusrent-operated

(i) Ditferentiating Transtormer

(4 { —o

@

Fig. 2 (left). Use of tuned circuits
and low-pass filters in frame
signal separators

Fig, 3 (above). Differentiating and
integrating networks

example of this development is
shown in Fig. 2, in which a =
type low-pass section is followed by
a number of series resonant shunt
arms tuned to successive harmonics
of the line frequency. It is parti-
cularly desirable to eliminate the
line fundamental and its odd har-
monics.  An additional trap can be
obtained by parallel tuning of the
inductance in the series arm of the
filter. :

Since sharp cut-off is not essential,
the hasic LP tilter may be of the RC
type. Additional elefents may be
inserted to produce a transfer mini-
mum which can be set at line fre-
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quency by suitable choice of clement
values. The simple bridged-T
arrangement of Fig. 2e is a typical
example.

4.0. Frame Pulse Separation by Shaping
Networks .

4.1.

The transient approach to the
synchronisation problem has led tof
the development of a wide variety
of simple non-resonant shaping net-
works well-suited to the trigger
method of synchronisation.  These
networks, which are widely used in
commercial reccivers, are built up
from the familiar integrating and
differentiating circuits (Fig. 8) and
achieve accentuation of the framing
signal by distorting it as a whole,
rather than by bringing out particu-
lar components of it—as 1n the case
of the arrangements discussed 1in
Section 3.

A certain measure of amplitude
diserimination may Dbe obtained
simply Dby passing the signal
through a CR coupling (configura-
tion of Fig. 3a (1)) having a time
constant of the same order as the
period of the framing pulse, i.e.,
140 microseconds. The change in
value of the p.c. component upon
commencement of the framing sig-
nal (Iig. 4b), causes the entire
wavelorm to drift exponentially ta
a new cqulibrium level (Fig. 4c),
which must be reached well within
the duration of the framing signal
to ensure good separation. A very
short time constant brings out the
waveforin  difference between alter-
native frames; a satisfactory com-
promise is 40 micro-seconds. Prac-
tieal circuit arrangements based on
this principle have been developed;
an  cxample 1s given in Fig. 3a.
Satisfactory operation requires a
large signal and the shaping circuit
should be followed by a limiting cir-
cuit adjusted to clip off the line
pulses.

Linear Non-Resonant Circuits

It is more usnal o employ the
arrangement of Fig. 3a(ii) in which
¢ and R of the preceding circutt are
lransposed to form the {familiar
“integrator.”’ The output wave-
form isnow as shown in Fig. 4d; it will
bhe noted that, for the same output
polarity of the resulting synchronis-
img pulses, the input wave must be

inverted as  compared with the
previous case, in which the dif-

ference hetween the input and out-
put waveshapes (1.c., the waveform
of the voltage across C) is of the
same form as the integrator output
wave.  This waveform (Fig. 4d) is

Hectronic Engineering

(a) Sync. signal (positive going)

DL “Component

(b) Sync. signal (negative going)

(¢) Output of medium time constant CR coupling
with input (b) (CRZZ¢)

(d) Integrator (CR==t) output for input (a)

(e) Differentiator output for input (a)
(CR=1uS.)

(f) Addition of (d

) and (e)
(g) Addition of (d)

te inversion of (e)

Fig. 4. Waveforms derived
chronising signal

from the syn-
by differentiation and
integration

less satisfactory than that of Fig.
4c¢ because of the absence of sudden
increases; on the other hand the in-
tegrator forms an effective noise
filter and provides a basis for im-
proved circuits. Superior results

can be obtained with a cascade of
integrating sections. It is possible
to place the integrator ahead of the
synchronising signal separator so
that the entire signal is integrated
before the amplitude limiting pro-
cess is carried out.

With current input, as from a
pentode sync. separator, € and R

are connected in parallel (¥ig.
3a(11)).
Precise  synchronism is most

readily achieved by the use of a
synchronising waveform having a
“spiky natuwre, as may be
obtained by differentiation of the
signal (Fig. 4e). Addition of this
peaky wave to the integrator out-
put represents a considerable im-
provement and may be arranged
without difficulty since a waveshape
closely approximating the signal
is available across the integrator R,
(Fig. 3a(il) (voltagec-operated case).
Accordingly, connexion of a CR
differentiating branch across R,
with appropriate change of output
terminal is all that is necessary to
obtain the required result. The
resultant network is of the form of
a bridged-T (Fig. 5d). Element
values will depend to some extent
upon the terminating impedances
and must be chosen to obtain dif-
ferentiation without impairing the
integrator action.  The choice of
element values should also take into
account the steady state frequency
response of the cireuit, since the
Jatter can have a transmission mini-
mum in the region of line frcquency.

To achicve a similar effect with a
current-operated integrator the dif-
ferentiator 1is conneccted across an
additicnal R placed in series with
the parallel CR. Element values
are less interdependent in this case
(Fig. 5¢).

Another method of utilising the
differentiator to improve the perfor-
mance of the simple integrator in-
volves conversion of the integrated
frame signal into a single square
pulse in a limiting amplifier. The
latter, which is also operated as an
amplitude filter against line pulses,
feeds through a short coupling CR
to the time base.

More satisfactory combination of
the integrator and differentiator
outputs can be achieved * electroni-
cally ”’ by the use of a mixing valve,
which need not be additional since
an existing valve may be arranged
to serve as a mixer while perform-
ing its normal function. Two basic
arrangements may be distinguished
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Fig. 5. Separators employing differentiating and in‘tegrating networks

according as the two shapers are
operated with in-phase or anti-phase
inputs.

Two developments of the first
type arc included in Fig. 5e and f.
In both cases the time base dis-
charge valve acts as the mixer. The
first arrangement requires a special
(double-grid) type of thyratron, but
no such restriction occurs in the
application of the method to the
blocking oscillator type of scanning
generator in which an ordinary
screened-type hard valve is used.

It will be evident from a com-
parison of Fig. 4f and g that opera-
tion of the two shaping circuits with
anti-phase Inputs provides an im-
proved synchronising waveform.
There are a variety of methods of

supplying the necessary biphase
output from the single phase syne.
separator output, ¢.g., an amplifier
type circuit with anode and cathode
loads, or a paraphase arrangement.

The hexode is the most suitable type

of mixer for this method. Sce Fig.
5g.
The shaping networks discussed so
far are all constructed from CR
integrating differentiating circuits.
These have LR equivalents (Fig.
8b) derived by substituting L for R
and R for C, which are capable of
developing the same waveshapes
provided the indnctances have a
high Q factor. This practical
restriction limits the usefulness of
these equivalents and the CR
arrangements are generally pre-

ferred. Inductive shapers are parti-
cularly suitable, however, for use
with Dblocking oscillator scanning
generators since the inductive ele-
ment may take the convenient form
of an additional winding on the feed-
back transformer, allowing phase
inversion of the signal, together
with impedance transformation if
required (Fig. 5h and j). Combined
inductive integrators and differen-
tiators have been used.
42. The Use of Non-Linear Elements

The degree of discrimination be-
tween pulses of dissimilar width
obtainable with purely linear shap-
Ing networks is limited, and, parti-
cularly in the case of transmissions
not including equalising pulses,

improvement in this respect 1s
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Output of [
non-linear network

\:* Integrated
i sync. signal

necessary for satisfactory practical
performance. This can be achieved
by the use of non-linear devices 1n
cither of the two ways:

(i) By passing the output of the
lincar shaper through a network
having a suitably non-linear trans-
mission characteristic.

(i) By inserting non-linear ele-
ments into the shaping network.

The principle of method (i) will
he elear from Fig. 6a. During the

small amplitude line pulses the
operating point remains on the low
slope part of the transmission

characteristic. The cumulative effect
of the framing pulses, however,
brings the operating point up to the
steep portion of the curve. — The
overall result is a considerable in-
erease  in  the amplitude ratio
hetween the frame and line syn-
chronising pulses, particularly when
the curve cut-off is sharp.

A good example of the second
method is the use of a coil having
a core of high-permeability ferro-
magnetic material (e.g., Mumetal,
Radiometal) in the inductive type
of integrator. By operating the
magnetic circuit over a suitable por-
tion of its characteristic, a large
drop in impedance, with a corres-
ponding amplitude change of out-
put, can he obtained during the
framing signal; circuit Fig. 5h is
often used in applications of this
prineiple.

Flectronic Engineering

Syne.input

: 1

{b) Association of Diode (Non-linear Element)
with CR integrator.

Fig. 6.

Use of non-linear elements in frame
signal separators

scillator
T.B.Gen,

wWE

Blocking

Sync.Control

{c) Typical Practical Arrangement
Incorporating (b) —Pye Ltd.

Another example is shown in Fig.
6b; in this case a diode is associated
with a current-operated CR integra-
tor. The applied synchronising
pulses arc negative-going and have
sufficient amplitude to cut off the
normally conduclive diode, thus
allowing the diode cathode potential
to drop by an amount depending o1
the duration of the cut-off period,
i.e., on the synchronising pulse
width. In the practical example
of Fig. 6¢ a separator of this kind
is followed by a diode amplitude
filter which blocks the smaller
amplitude line pulses in the separa-
tor output,

5.0. Frame Pulse Separation by Delay
Networks

5.1, The Principle of the Method

The methods of pulse width dis-
crimination described in the last
section all depend on amplitude
difference arising from the time con-
stant characteristic of circuils con-
taining lumped reactive elements.
The next line of attack is quite
different, since it involves no
deliberate distortion of the original
signal, but only shifting of its phase,
usually in a network having dis-
tributed parameters. The amount
of phase shift required increases
linearly with frequency, so that the
entire signal is shifted in time with-
out change of form. 'The principle
is the addition of two copies of the

syne. signal having a time difference
just sufficient to avoid superposition
of the two sets of line pulses. Ampli-
tude doubling (for equal signal
amplitudes) then occurs during the
framing signal and the latter 18
casily separated from the line pulses
by a clipping cireuit. See Fig. 7.

5.2. Double Channel Circuit Arrangements

The obvious method of applying
the above principles requires a
double channel cireuit. A hexode
is usually chosen for combining the
phase separated signals (Fig. 8a);
the triode hexode is the basis of
several practical variants, one of
which is shown at Fig. 8h.

5.3. The WUse of Artificial Lines

The most suitable network for use
in these circuits is the familiar delay
“line ” composed of a chain of low
pass ladder type filter sections
having such small element values
that the parametlers are substan-
tially distributed and the entire net-
work behaves as a continuous line so
that the waveform is not seriously
impaired. Such an arrangement 1s
shown in Fig. 8c; it will be moted
that the terminal capacitances are
one-half the value of the remainder
due to the mid-shunt termination.
The total amounts of L and €
required are determined simul-
taneously by the two restrictiens:

(1) t = (LL) seconds
(L henries, C farads)

(i) z = (L/C) ohms
where 1 is the end-to-emnd transit
time and z the characteristic impe-
dance of the *‘line.”

5.4. Reflecting Linre Arrangements

Since, for the current B.B.C.
transmission the delay must exceed
10 #s the minimum number sf sec-
tions required to ensure reasenable
preservation of the steep edges of
the waveform is approximately 10,
which is rather large from the point
of view of cost and cempactness.
This difficulty may be halved by
operating the ‘‘line ”” with the end
remote from the input en open cir-
cuit. Complete reflexion ef the sig-
nal then occurs and the two waves
are readily combined at the input
end of the network. Two skeleton
circuits embodying this modification
are shown in Fig. 8d and e.

6.0. Frame Pulse Separation by Com-
bination with Locally Generated
Signal

6.1.
The methods of separation so far

described have a eommon feature,

viz., the signal recetved from the

Comparison with Preceding Methods



synchronising separator is passed
through a network and emerges

considerably changed in one or more
of its parameters, bhut retaining its
original form in at least a recognis-
able degree.  Thus, there is a
definite correspondence between the
sections of the input and output
waveforms (c¢f. Fig. 4).  Various
circuits have utilised a basic process
involving the additive combination
of the original syne. signal and a
derivative, or of iwo dertvatives, of
the signal.  TIn the next, and last,
method of attack to he described,
the distinguishing feature is the
superposition  of the undistorted
sync. signal on a locally generated
waveform synchronised with it. The
term ““locally generated ” is used
rather broadly and includes fluctua-
tions produced by applying the sig-
nal, diveetly or indirectly, to a low-
decrement resonant circuit, i.e., by
“ringing,” or shock excitation.

6.2. Arrangements “ Ringing »*

Circuits

Employing

The simplest method of developing
rapidly an amplitude-separable sig-
nal upon commencement of the
frame pulse train consists in shock-
ing into oscillation a lightly damped
tuned circuit. The oscillation trains
may be arranged to occur either
during the frwming pulses or in the
intervals between them.

In the first case the process in-
volved is illustrated by Fig. 9A. If
a_ voltage step, of the form of
Heaviside’s Unit Function, (a) 1s
applied to the serics L, ¢, R com-
bination (b) having less than criti-

ATY

2L LC

the voltage set up across ¢ swings
from 0 to 2E (nearly) in time T/4,
where T is the period of natural
resonance of the circuit, and decays
in an oscillatory fashion about the
mean value E (c¢). If the applied
voltage is removed (d) before this
oseillation has ceased, the latter will
end abruptly and a new oscillation
will commence in the opposite direc-
tion {e). It can be arranged that
this reverse oscillation be heavily
damped; moreover, damping is neces-
sary in the present application and
may be achieved in various ways,
e.g., by alternate switching, due to
the signal, of the output impedance
of the driving stage. A skeleton
practical circuit shown in Fig. 9B(a);
a useful secondary feature of this
arrangement is the possibility of

cal damping, [.e., (
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choosing the resonant circuit para-
meters to produce attenuation at
the line time base frequency.
The reactive elements (L, (') may he
paralleled, however, with magnetic
(Fig. 9B(b)) coupling to the time
hase. Tt will be noted that heavy
anode current flows Dbetween the
frame syne. pulses, thus severely
damping the resonant circuit during
these periods.

(e)Configuration of a commonly used delay network art ificial line”)

Sync. Input

Separators using delay networks

In the second method of using
shock excitation the input stgnal to
the driving valve is in positive phase
so that the large amplitude ring
occurs between syne. pulses. In this
case a higher resonant frequency is
necessary, thas allowing smaller
component values and providing a
steeper response. This method is
Superior to the former, also, in that
the oscillatory responses are more
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Fig. 9. Separators employing shock-excited

tuned circuits

suitably phased for correct syn-
chronism. Again the actual reso-
nant circutt may have L, C in series
or in parallel.

6.3. The Use of a Local Oscillator Circuit

A more elaborate interpretation of
the technique just described uses a
valve-maintained oscillatory circuit
which 1s keyed by the sync. signal
and whose output i1s used as a
pedestal wave for the signal. This
method is illustrated in Iig. 10a,
Practical applications of it differ in
the manner of deriving the synchro-
nous sine {or similar) wave and in
combining it with the syne. signal,
although in the latter process con-
ventional mixing methods are em-
ployed. The frequency of the local
oscillations 1s, of course, twice line
frequency (20, 250 c¢/s.); methods of
producing 1t include:

(1) A scparate local oscillator,
locked to the sync. signal.

(i) The line time base scanning
circult energising a resonant circuit
tuned to 1ts second harmonic.

(i11) A tuned circuit maintained in
oscillation at the required frequency

Flectronic Engineering

by suitable injection of the sync.
signal.

Of these (1) is probably the most
satisfactory but (il) and (ii1) have
the advantage of not needing an
additional valve.

A similar development is the com-
bination in a mixing stage of the
signal and a rectangular pulse wave
derived in appropriate phase at linc
frequency from the line time base.
See Fig. 10B. In effect the. pulse
wave 1s used to key the channel
feeding sync. to the frame generator.

7.0.

In the case of commercial receivers
economic limitations continue to
restrict choice of separvator from the
wide variety of possibilities outlined,
to the simpler forms of Section 3, 4.

Conclusion

Of these, the shaping circuits, used
in conjunction with a simple non-
linear valve ecircuit, are most
popular. It is probable, however,.
that familiarity gained in artificial
line design {for radar equipment
during the war will tempt designers
to develop the methods of Section 5.
While television is confined to the
metropolis, the interference menace
will continue to influence circuit
choice and mav lead to gencral adop-
tion of fywheel syue.; already this
method is in use commercially in
the U.S.A.

The original article® (loc cit) was
published by permission of Sobell
Industries, Ltd., and included a full
list of applicable patents,

* Jour. Television Society Vol. 5 No. 2 p. 49.

(220,250 ¢ps
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Fig. 1.

HIS cquipment, designed and

munufactured by Fielden (Elec-
tronics) Ltd., of Muanchester, pro-
vides an  interestine exaraple of
modern electronic technique applied
to a problem in one of our oldest
industries.  In the manufacture of
textiles, particularly in the bleach-
ing and dyeing industries, it is neces.
sary to dry the materials several
times, und this process is one of the
major costs in these factories. There
are many different types of machine,
cach with its particalar upplication,
but basically the process consists of
passing  the fabric  over heated
evhnders  or  through a  heated
chamber at a speed adjusted by the
operative to deliver the material in
a dry state.

This practice inevitably resulted
in the operative tending to over-
dry the material, with a consequent
loss of production and deterioration
in the quality of finish.  As is well
known, all textile materials  are
hygroscopic, thus the drying pro-
cess need only be continued until the
material contains its normal mois-
ture. It was lmpossible to achieve
such an ideal by human judgement,
but it has been possible since the
introduction  of the ** Drimeter
some two yvears ago, and now there
are many hundreds of these instru-
ments in use throughout the textile
industries of the world. In some
cases the introduction of this instru-
ment increased the production of the
machine as much us 50 per cent.

The ““Drimeter” (Fig. 1) operates
by making a4 continnous measure-
ment of the dielectric constant of
the material, The fahric is passed
through two plates arranged as a
capacitor supported by a stout cast-
ing which is bolted to the frame of
the muchine. A modulated r.F. of
about 500 Ke/s., is applied to

Electronic Engineering

View of front panel of Drimeter

an  R.¥. bridge system, which
ts arranged to balance with no
waterial between the test condenser
plates., The introduction of any
material between the electrodes pro-
duces  an out-of-balunce  current
which is amplitied, demodulated and

January, 1949

THE DRIMETER

An  Automatic Moisture Control

Equipment

weightls of material. The tirst blani
part of the scale represents the out
of-balance due o the dry
matertal, und the numerical seale
the o of monsture 1o the iaterial,
The austrument has only one con
trol, the pguan of the amphticr, and

Liasie

applicd to an outpnt meter cah the opcrational procedure v very
brated in terms of moisture content. sitnple. The operatinve runs b
o 3
Fhe zero of the moisture seale s maching very slowly at the start of
posttioned at  about  one quarter  cach bateh of cloth so that the out
FiS.D.o which enables the nstru put is quite dry. He then adjusts
ment to be adjusted for Jdifferent  the coutrol until the meter shows
CreCtraags Fabdr,,
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X b Tarh
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Fig. 2. Arrangement of Moisture control

and indication applied to drying machine
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AMPLIFIER
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Y
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Motor
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Relay
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FLIP FLOP

Y
o
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Fig.J3. Simplifiedfschematic arrangement of Drimeter automatic control system

““dry ”> or zero moisture content,
then runs the machine up in speed
until the required moisture 1s
present.

In some instances it is more con-
venient to record the dry setting
sensitivity so that the instrument
can: be adjusted without stopping
the machine, and in these cases a
Calibration Unit is supplied.  This
auxiliary equipment enables the
operative to switch the Drimeter
from the condenser head of the
machine to a calibrated variable
capacitor shunted by a pre-set capa-
citor, the latter being adjusted to
equal the capacity of the electrodes.
The variable capacitor has a suit-
able value to cover the increments
in capacity due to dry fabrie, thus
various fabric settings can be re-
corded on a suitable chart, and the
equipment adjusted at any time
without recourse to a dry sample.

This visual indication of moisture
content enables the operative to
maintain the drying machine at
maximum efficiency, but to do so
he is called upon to make correc-
tions constantly to maintain a level
output. The Automatic Control
Unit about to be described takes
this responsibility from him and dis-
charges this task in a more efficient
manner.

The problem of controlling drying
plant efficiently i1s complicated by
the time delays, which are inevit-
able between any correction to the
speed of the machine and the effect
of that correction on the moisture
content of the output. It will be
readily understood that if a correc-
tion to speed were to be continued
until the required moisture content
was obtained, the result would be a
large over correction, and the
machine would be constantly
accelerating and decelerating (hunt-
ing). Consequently, it is necessary
to replace the ¢ judgement’ of

E

the operative, and to make the
amount of correction suitable for the
error in moisture content. Once a
correction has been made, it is
necessary to wait to see its effect
before making any‘ further correc-
tion. The period between correc-
tions must be long when the
machine is going slowly, and short
when the machine is going quickly.
If the corrections are too frequent
hunting will result, and if they are
too infrequent, efficiency is lost.

The mechanism which provides
the correction must be initiated by
the error. Otherwise, if it is merely
timed at set intervals by the
machine, a considerable amount of
wet material could be delivered if a
correcting period had just passed.

The control must also become in-
operative if the machine is stopped
or Tuns out of material.

A simplified schematic arrange-
ment is shown in Fig. 2. A small
fractional m.p. motor is fitted to
turn the ‘ Handle ”” which controls
the speed of the drying machine.
The direction and amount of rota-
tion of this motor are controlled by
manually operated push buttons or
by the automatic control unit,

Information is fed to the control
unit from two sources :

1. The Drimeter which gives an
output voltage having a relation-
ship to the moisture content of the
material.

2. A small alternator driven by
the machine providing a voltage
provnortional to machine speed.

The control unit with the informa-
tion received from 1 and 2 takes
complete charge of the machine and
satisfies the conditions outlined.

A simplified schematic diagram of
the electronic control circuit 1is
shown in Fig. 8. The output from
the Drimeter, an alternating volt-
age of 500 c/s., is fed to a stable
power amplifier which provides one

output at low impedancc which is
applied to a bolometer hridge and
another at relatively high im-
pedance which is used as a reference
phase in a phase discriminating
gate.

The input voltage to this amplifier
is controlled by the moisture level
dial on the front panel of the instru-
ment which is suitably calibrated to
allow the bolometer bridge to
balance at the required level of mois-
ture content. When the material
is being delivered at the correct
moisture level, there is no out-of-
balance voltage at the bridge; any
departure from the required mois-
ture level produces an out-of-balance
voltage proportional to the error.
The out-of-balance voltage (when
present) is amplified and used, first
to determine the direction of rota-
tion of the correcting motor and,
secondly, to control the length of
time for which the meter will run,
i.e., the amount of correction to the
speed of the drying machine.

The phase gate consists of two
pentodes with their suppressor grids
driven in anti-phase by the reference
voltage derived from the pre-
amplifier, and their control grids
driven by the amplified out-of-
balance voltage from the bridge.
These valves are biased to a non-
conducting condition and the two
relays A and B in their anode cir-
cuits are normally de-energised.
Any unbalance of the bridge pro-
duces a voltage at their control
grids, which opens up one of the
valves and energises the appropriate
relay. ‘

These relays are fitted with
multiple spring sets and perform
several operations. They determine
the direction of rotation of the cor-
recting motor. (They do not start
the motor; relay C attends to this).
They operate suitable signal lamps
on the front panel of the instru-



Fig. 4. The complete instaflation applied to a hot air drying stencer
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Inset : View of

electrodes through which the cloth passes

(P

ment, and prepare an interlock cit
cutt  (completed  when relay
operates) which prevents the rever
sal of the motor while it 1s running.
They start the charge of a capacitor
which, after a three-second time
interval, initiates the quiescent flip
flop.  This time delay  of three
seconds allows  wet  sewings  and
other irregularities to pass withoul
any  correction  heing  made.  1f
during this interval normal condi
tions are restored, relay or B
15 again de-energised and the flip
flop never operates.

The quiescent flip-flop is of un

tesy F S R dale}

conventional design, and the anode
current of one of its valves Hergises
reliy €, which <tarts and stops th
correcting motor, locks the circu
while tl nmotor ts orunning  on
operates a signal lamp at the front
el The “fip” period of this cn
curt s the tune for which the
recting motor runs, and jts o
period 1s the mterval between cor
rections. It is so designed that the
“thp”’ period 1s proportional to a
rectitied voltage derived from the o
of-balance voltuge amphfier, thus the
resulting correction is proportional
to the error 1n moisture content

Ul
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The Electronic Measurement and Control of Heat

EFORE starting to consider

details of electronic devices in
connexion with heat it 1s as well
to consider a few general points,

Temperature and temperature
changes affect human affairs and
desires practically more than any
other physical phenomenon. The
successful cooking of a cake, the
operation of a synthetic oil plant, or
even the correctrness of a decision to
carry a raincoat, may all depend on
a knowledge of temperatures.

To have complete control of
changing circumstances, however,
one must be able to gauge and
record past and present conditions
and it 1s obvious that any accurate
system of temperature control must
start with accurate temperature
measurement.

This is a point on which there
Is a certain amount of misunder-
standing and the degree of accuracy
with which temperatures can be
measured is shown below. This table
represents the Dbest figures attain-

able which are internationally
recognised.

Temperature Accuracy of
Range Measurement
0—100° C. .001°

101—44.5° C. .01°
14.6—960.5" C. 1°
960.6—1,063° C. 1.0°

So anyone claiming to measure
the temperature of molten steel to
within _0.1° C. is claiming some-
thing that cannot be substantiated.
Changes of temperature, however,
can be detected with a much higher
degree of accuracy and the detec-
tion of variations of the order of
0.000001° C. are not impossible.
Confusion of actual temperature
measurement with change of tem-
perature sometimes leads to large
errors and loose statecments.

Another important point to be
borne in mind is that in any
measuring instrument, accuracy and
sensitivity may be widely different
factors and may not follow the
same laws of variation.

In temperature measurement, too,
we are faced with the troublesome
fact that few bodies are at a per-
fectly uniform temperature and
that unless elaborate precautions
are taken, any material will have a

Part | of a series of three articles

By JOHN H.JUPE, A.M.LE.E.

large number of temperatures and
isotherms, all changing at speeds
too fast to permit recording and yet
too slow for an averaging method to
be very accurate.

In control we are faced with the
difficulty of various forms of lag,
varying from thermal and mechani-
cal forms to the transit time of
electrons across thermionic devices.
Thus we are only able to act on a
knowledge of temperature as it was
and not as it is. The variation takes
the form of a complex wave which
defies mathematical analysis—at
least, in any reasonable period of
time. This does not mean that
accurate temperature measurement
is a hopeless task but it is a sound
principle in any problem to keep the
inherent difficulties well to the
front.

Most electronic devices have heen
applied in the field of heat acting in
conjunction with other mechanical
or electrical devices, often with very
good results, but because of a cer-
tain amount of conservatism which
tends to hold all electronic develop-
ment back, the correct method of
approach to the problems has hardly
been attempted, i.e., to design tem-
perature measuring devices which
are intrinsically electronic. This
point will be dealt with later.

Qualitative Control—Combustion

Under this heading are included
alarm and guard devices and certain
labour saving systems. A common
arrangcment is to interrupt a beam
of light falling on to a photo-cell
and although this scheme is simple,
it works well and has some varia-
tions worth detailing.

Fire alarms using this principle
have the tremendous advantage of
being ahle tc detect smouldering
fires by the presence of smoke—a
very difficult matter without using
photo-cells, particularly in the case
of ships’ holds and large warehouses.
One method has small pipelines run-
ning to each space being protected
and air is drawn from each in turn
and subjected to photo-electric
observation. At four-second inter-
vals a motor-driven selector switch
operates solenoid valves in each
pipeline and drives an indicator

showing which line is being sampled.
Smoke causes operation of an alarm
bell and stops the selector switch so
that the indicator shows the smoke
producing area.

With some inflammable materials,
however, flame may precede smoke
and a simple photo-cell and light
arrangement can be made to cover
both these conditions. A cell and a
mirror are mounted on parallel wires
of similar material, one vire being
covered. Light falls on to the mirror
and is reflected on to a photo-cell,
thus catering for smoke- detection
by the interruption of the beam.

Should, however, a sudden out-
break of flame occur, the wires will
have hot air circulate around them
and as one of them is covered, will
expand at different rates, resulting
in the mirror twisting, and again
interrupting the beam. Slow changes
of ambient temperature will affect
both wires uniformly and so will
not cause the mirror to be twisted.

Naked Flame Control

With gas- and oil-fired furnaces
there is always the danger of jets
clogging or the flames failing from
other causes, raising the possibility
of explosions and fires. A successful
method of guarding against this has
been devised and utilises the fact
that a flame is rich in ions and is
therefore an electrical conductor.
A single electrode is mounted on a
heat resisting insulator, so as to he
in direct contact with the flame,
and is connected to a valve arapli-
fier circuit so that the valve receives
its covrect grid bias so long as the
flame touches the electrode. If the
anode current changes, following on
the removal of grid bias by flame
failure, electrically operated valves
cut off the fuel supply.

Like so many electronic devices
this one js capable of much flexibility
and can be set up to allow a delay in
cases of momeuntary faltering, or for
automatic ignition under safe con-
ditions; also for cut-off to take place
if the flame increases in size and
touches a second electrode. Break-
down is guarded against by inter-
locks and this method is rather more
robust than one using a photo-cell
to observe the flame.



Resistance Thermometer with Elec-
tronic Additions

The ‘“ bridge > principle has been
applied in many ways to the
measurement of temperature, but
only three particularly interesting
examples will be mentioned here.

As in a great part of the field
covered by this series of articles,
there 1s but a small division between
the measurement of heat and its
control and these three examples
cover combination instruments.

The first was developed by the
Shell Development Co., and is
capable of very precise control
within a few thousandths of a degree
at any temperature between zero
and about 240°F. It is arranged that
when the temperature moves from
the set wvalue the wusual out-of-
balance voltage appears across the
‘“ galvanometer > points of the
bridge, which is fed with a.c. at
mains frequency. This voltage is
passed through a phase shifting net-
work and a two stage amplifier, the
output of which is applied to the
grids of two thyratrons as shown
simplified in Fig. 1 and a voltage
180° out of phase with the line volt-
age as applied to the anodes. The
anode current is passed through a
saturable reactor, one winding of
which is in series with the mains
supply and an electric heater for
supplying heat at the point being
controlled. To prevent overloading,
automatic gain control is incor-
porated in the circuit.

The second instrument using a
resistance thermometer is in the
Foxboro electronic recorder, where
the bridge is composed of two resis-
tors (one being in the chamber
whose temperature it is desired to
control) and two capacitors, one
fixed and the other variable. A
1,000 c/s. oscillator feeds the bridge
circuit as shown in Fig. 2, also the
power amplifier; the latter supply-
ing power for the push-pull recipro-
cating solenoid motor. The motor
windings consist of two solenoids
mounted co-axially, with the core
suspended between them and con-
nected by a link to the recorder
pen, and the rotor of the balancing
capacitor. Both coils of the motor
are continuously energised and any
unbalanced voltage is amplified and
fed to the motor, which then has
unbalanced currents through its
coils and moves to drive the variable
capacitor back to the balanced con-
dition. The action of the motor is
fully reversible, as the direction of
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core movement depends only on the
relative coil currents and not on the
core position.

The third type of instrument
serves once again to show that
a branch of electrical engineering
very well known and perfectly
straightforward, i.e., the Wheat-
stone bridge, is still capable of hold-
ing hidden surprises.

The development consists of using
a resistance bulb in one arm of the
bridge made up of metallic wires
dipping into a liquid having a very
high temperature coefficient of resis-
tance, approximately 2.5 per cent
per degree F., and with a high
specific resistivity. This results in
a device which can be easily coupled
to a valve amplifier and the input
leads may be hundreds of feet long
if necessary.

The basic circuit is shown in k'ig.
3, and operates as follows.  When
the resistance of the bulb changes,
an a.c. voltage appears across the
usual ‘“ galvanometer >’ points and is
applied to the triode amplifier in the
next section.

The output stage is a discriminat-
ing circuit which receives an a.c.
input and delivers a pulsating D.c.
flow between the anodes of the two

™\

LENS
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triodes, capable of operating an
indicating Instrument or a sensitive
relay. This stage is in itself a

Wheatstone bridge, with one triode
section serving as the variable arm.
Change of pD.c. output with varia-
tion of the resistance of the bulb is
produced by {fecding the double
triode in the last stage with a.c.
1f the a.c. voltage from the bulb
circuit is in phase with the anode
voltage of the output stage the
triode anodes will be positive when
the grid of the left hand wvalve
is positive.  Consequently, the im-
pedance of the left hand valve will
he lower than that of the right hand
one and current will flow 1n onc
direction through the meter or
relay. If, however, the bulb circuit
voltage is 180° out of phase with the
output stage anode supply the meter
or relay will be supplied with b.c.
of reversed polarity.

The advantages of this electronic
thermometer over the more conven-
tional types are:

1. The control circuit is indepen-
dent of mains voltage variations.

2. The bulbs can he made exceed-
ingly small.

3. The heat lag of the hulbs, even

when of normal size, is much less
than with most conventional types
ol temperature controls.

4. The device is inherently a re-
mote control or indicating device
owing to its high input impedance.

Simple Heat Control Methods

Probably the easiest method of
applying eleclronics to heat control
is to use a photo-cell in conjunction
wilth a mercury or aleohol thermo-
meter set up as shown in Fig. 4. It
is very uselul for many observation
purposes since it is generally easier
to nole the change in anode current
of a thermionic valve rather than
to read a thermometer accurately.
In addition, a relay may be
operated as well. The arrangement
has the advantage over thermo-
meters with fused-in contacts, that
any thermometer can be used and
the device is adjustable over quite
a wide range of temperalure. The
pinhole should he near to the
thermometer, in fact, it should be
set up In a similar manncr to the
light heam in the sound head of a
talking film projector, i.e., with a
very narrow slit. Under such con-
ditions a sharp cul-off will Dbe
obtained.

MERCURY THERMOMETERS i

Fig. 6. (right)

Simple electr-nic thermo-
stat using thyratron relay.
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Resistance Thermometer with Elec-
tronic Additions

The ““ bridge ’ principle has been
applied in many ways to the
measurement of temperature, but
only three particularly interesting
examples will be mentioned here.

As in a great part of the field
covered by this series of articles,
there is but a small division between
the measurement of heat and its
control and these three examples
cover combination instruments.

The first was developed by the
Shell Development Co., and is
capable of very precise control
within a few thousandths of a degree
at any temperature between zero
and about 240°TF. It is arranged that
when the temperature moves from
the set wvalue the wusual out-of-
balance voltage appears across the
‘“ galvanometer ”’ points of the
bridge, which is fed with a.c. at
mains frequency. This voltage is
passed through a phase shifting net-
work and a two stage amplifier, the
output of which is applied to the
grids of two thyratrons as shown
simplified in Fig. 1 and a voltage
180° out of phase with the line volt-
age as applied fo the anodes., The
anode current is passed through a
saturable reactor, one winding of
which is in series with the mains
supply and an electric heater for
supplying heat at the point being
controlled. To prevent overloading,
automatic gain control is incor-
porated in the circuit.

The second instrument using a
resistance thermometer is in the
Foxboro electronic recorder, where
the bridge is composed of two resis-
tors (one being in the chamber
whose temperature it is desired to
control) and two capacitors, one
fixed and the other wvariable. A
1,000 c/s. oscillator feeds the bridge
circuit as shown in Fig. 2, also the
power amplifier; the latter supply-
ing power for the push-pull recipro-
cating solenoid motor. The motor
windings consist of two solenoids
mounted co-axially, with the core
suspended between them and con-
nected by a link to the recorder
pen, and the rotor of the balancing
capacitor. Both coils of the motor
are continuously energised and any
unbalanced voltage is amplified and
fed to the motor, which then has
unbalanced currents through its
coils and moves to drive the variable
capacitor back to the balanced con-
dition. The action of the motor is
fully reversible, as the direction of
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core movement depends only on the
relative coil currents and not on the

core position.
The third type of instrument
serves once again to show that

a branch of electrical engineering
very well known and perfectly
straightforward, i.e., the Wheat-
stone bridge, is still capable of hold-
ing hidden surprises.

The development consists of using
a resistance bulb in one arm of the
bridge made up of metallic wires
dipping into a liquid having a very
high temperature coefficient of resis-
tance, approximately 2.5 per cent
per degree F., and with a high
specific resistivity. This results in
a device which can be ecasily coupled
to a valve amplifier and the input
leads may be hundreds of feet long
if necessary.

The basic circuit is shown in I'ig.
3, and operates as follows.  When
the resistance of the bulb changes,
an A.c. voltage appears across the
usual “ galvanometer ”’ points and is
applied to the triode amnpiifier in the
next section.

The output stage is a discriminat-
ing circuit which receives an a.cC.
input and delivers a pulsating p.c.
flow between the anodes of the two

Hlectronic Engineering

triodes, capable of operating an
indicating instrument or a sensitive
relay. This stage is in itself a
Wheatstone bridge, with one triode
section serving as the variable arm.
Change of D.c. output with varia-
tion of the resistance of the bulb is
produced by feeding the double
triode in the last stage with a.c.
If the a.c. voltage from the bulb
circuit is in phase with the anode
voltage of the output stage the
triode anodes will be positive when
the grid of the left hand wvalve
is positive. Consequently, the im-
pedance of the left hand valve will
be lower than that of the right hand
one and current will flow in one
direction through the meter or
relay. If, however, the bulb circuit
voltage is 180° out of phase with the
output stage anode supply the meter
or relay will be supplied with b.c.
of reversed polarity.

The advantages of this electronic
thermometer over the more conven-
tional types are:

1. T'he control circuit is indepen-
dent of mains voltage variations.

2. The bulbs can be made exceed-
ingly small.

3. The heat lag of the bulbs, even

when of normal size, i1s much less
than with most conventional types
of temperature controls, '

4. The device is inherently a re-
mote control or indicating device
owing to its high input impedance.

Simple Heat Control Methods

Probably the easiest method of
applying electronics to heat control
is to use a photo-cell in conjunction
witn a mercury or alcohol thermo-
meter set up as shown in Fig. 4. It
is very useful for many observation
purposes since it is generally easier
to note the change in anode current
of a thermionic valve rather than
to read a thermometer accurately.
In addition, a relay may be
operated as well. The arrangement
has the advantage over thermo-
meters with fused-in contacts, that
any thermometer can be used and
the device is adjustable over quite
a wide range of temperature. The
pinhole should be near to the
thermometer, in fact, it should be
set up in a similar manner to the
light beam in the sound head of a
talking film projector, i.e., with a
very narrow slit. Under such con-
ditions a sharp cut-off will be
obtained.
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Resistance Thermometer with Elec-
tronic Additions

The ““ bridge ” principle has been
applied in many ways to the
measurement of temperature, but
only three particularly interesting
examples will be mentioned here.
As In a great part of the field
covered by this series of articles,
there is but a small division between
the measurement of heat and its
control and these three examples
cover combination instruments.

The first was developed by the
Shell Development Co., and is
capable of very precise control
within a few thousandths of a degree
at any temperatme between zero
and about 240°F. It is arranged that
when the temperature moves from
the set value the wusual out-of-
balance voltage appears across the

galvanometer points of the
bridge, which is fed with a.c. at
mains frequency. This voltage is
passed through a phase shifting net-
work and a two stage amplifier, the
output of which is applied to the
grids of two thyratrons as shown
SImphﬁed in Iig. 1 and a voltage
180° out of phase with the line volt-
age as applied to the anodes. The
anode current is passed through a
saturable reactor, one winding of
which is in series with the mains
supply and an electric heater for
supplying heat at the point being
controlled. To prevent overloading,
automatic gain control is incor-
porated in the circuit.

The second instrument
resistance thermometer is in the
Froxboro electronic recorder, where
the bridge is composed of two resis-
tors (one being in the chamber
whose temperature it is desired to
control) and two capacitors, one
fixed and the other variable. A
1,000 c/s. oscillator feeds the bridge
circuit as shown in Fig. 2, also the
power amplifier; the latter supply-
ing power for the push-pull recipro-
cating solenoid motor. The motor
windings consist of two solenoids
mounted co-axially, with the core
suspended between them and con-
nected by a link to the recorder
pen, and the rotor of the balancing
capacitor. Both coils of the motor
are continuously energised and any
unbalanced voltage is amplified and
fed to the motor, which then has
unbalanced currents through its
coils and moves to drive the variable
capacitor back to the balanced con-
dition. The action of the motor is
fully reversible, as the direction of

using a
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core movement depends only on the
relative coil currents and not on the
core position.

The third type of instrument
serves once again to show that
a branch of electrical engineering
very well known and perfectly
straightforward, i.e., the Wheat-
stone bridge, is still capable of hold-
ing hidden surprises.

The development consists of using
a resistance bulb in one arm of the
bridge made up of metallic wires
dipping into a liquid having a very
high temperature coefficient of resis-
tance, approximately 2.5 per cent
per degree F., and with a high
specific resistivity. This results in
a device which can be easily coupled
to a valve amplifier and the input
leads may be hundreds of feet long
if necessary.

The basic ecircuit is shown in lI'ig.
5, and operates as follows.  When
the resistance of the bulb changes,
an a.c. voltage appears across the
usual *‘ galvanometer ’’ points and is
applied to the triode amplifier in the
next section.

The output stage is a discriminat-
ing circuit which recewves an aA.c.
input and delivers a pulsating D.c.
flow between the anodes of the two
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triodes, capable of operating an
indicating instrument or a sensitive
relay. This stage is in itself a
Wheatstone bridge, with one triode
section serving as the variable arm.
Change of D.c. output with varia-
tion of the resistance of the bulb is
produced by feeding the double
triode in the last stage with a.c.
If the a.c. voltage from the bulb
circuit is in phase with the anode
voltage of the output stage the
triode anodes will be positive when
the grid of the left hand valve
is positive.  Consequently, the im-
pedance of the left hand valve will
be lower than that of the right hand

one and current will flow in one
direction through the meter or
relay. 1If, however, the bulb circuit

voltage is 180° out of phase with the
output stage anode supply the meter
or retay will be supplied with D.c.
of reversed polarity.

The advantages of this electronie
thermometer over the more conven-
tional types are:

1. The control circuit is indepen-
dent of mains voltage variations.

2. The bulbs can be made exceed-
ingly small.

3. The heat lag of the bulbs, even

when of normal size, is much less
than with most conventional types
of temperature controls. )

4, The device is inherently a re-
mote control or indicating device
owing to its high input impedance.

Simple Heat Control Methods

Probably the easiest method of
applying electronics to heat control
is to use a photo-cell in conjunction
witn a mercury or alcohol thermo-
meter set up as shown in Fig. 4. It
is very useful for many observation
purposes since it is generally easier
to note the change in anode current
of a thermionic valve rather than
to read a thermometer accurately.
In addition, a relay may be
operated as well. The arrangement
has the advantage over thermo-
meters with fused-in contacts, that
any thermometer can be used and
the device is adjustable over quite
a wide range of temperature. The
pinhole should be mnear to the
thermometer, in fact, it should be
set up in a similar manner to the
light beam in the sound head of a
talking film projector, i.e., with a
very narrow slit. Under such con-
ditions a sharp cut-off will be
obtained.

«\/‘l/ MERCURY THERMOMETERS

Fig. 4. (left)
Ordinary” thermometer

with simple high/low
phctocell observaticn
device.
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Resistance Thermometer with Elec-
tronic Additions

The ““ bridge *’ principle has been
applied In many ways to the
measurement of temperature, but
only three particularly interesting
examples will be mentioned here.

As in a great part of the field
covered by this series of articles,
there is but a small division between
the measurement of heat and its
control and these three examples
cover combination instruments.

The first was developed by the
Shell Development Co., and is
capable of very precise control
within a few thousandths of a degree
at any temperature between zero
and about 240°F. It is arranged that
when the temperature moves from
the set value the wusual out-of-
balance voltage appears across the
“ galvanometer > points of the
bridge, which is fed with a.c. at
mains frequency. This voltage is
passed through a phase shifting net-
work and a two stage amplifier, the
output of which is applied to the
grids of two thyratrons as shown
simplified in Fig. 1 and a voltage
180° out of phase with the line volt-
age as applied to the anodes, The
anode current is passed through a
saturable reactor, one winding of
which 1s in series with the mains
supply and an electric heater for
supplying heat at the point being
controlled. To prevent overloading,
automatic gain control is incor-
porated in the circuit.

The second instrument using a
resistance thermometer is in the
Foxboro electronic recorder, where
the bridge is composed of two resis-
tors (one being in the chamber
whose temperature it is desired to
control) and two capacitors, one
fixed and the other variable. A
1,000 c/s. oscillator feeds the bridge
circuit as shown in Fig. 2, also the
power amplifier; the latter supply-
ing power for the push-pull recipro-
cating solenoid motor. The motor
windings consist of two solenoids
mounted co-axially, with the core
suspended between them and con-
nected by a link to the recorder
pen, and the rotor of the balancing
capacitor. Both coils of the motor
are continuously energised and any
unbalanced voltage is amplified and
fed to the motor, which then has
unbalanced currents through its
coils and moves to drive the variable
capacitor back to the balanced con-
dition. The action of the motor is
fully reversible, as the direction of
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core movement depends only on the
relative coil currents and not on the

core position.
The third type of instrument
serves once again to show that

a branch of electrical engineering
very well known and perfectly
straightforward, i.e., the Wheat-
stone bridge, is still capable of hold-
ing hidden surprises.

The development consists of using
a resistance bulb in one arm of the
bridge made up of metallic wires
dipping into a liguid having a very
high temperature coefficient of resis-
tance, approximately 2.5 per cent
per degree F., and with a high
specific resistivity. This results in
a device which can be easily coupled
to a valve amplifier and the input
leads may be hundreds of feet long
if necessary.

The basic circuit is shown in Iig.
3, and operates as follows. When
the resistance of the bulb changes,
an A.c. voltage appears across the
usual “* galvanometer >’ points and is
applied to the triode amplifier in the
next section.

The output stage is a diseriminat-
ing circuit which receives an a.C.
input and delivers a pulsating b.c.
flow between the anodes of the two
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triodes, capable of operating an
indicating instrument or a sensitive
relay. This stage is in itself a
Wheatstone bridge, with one triode
section serving as the variable arm.
Change of D.c. output with varia-
tion of the resistance of the bulb is
produced by feeding the double
triode in ihe last stage with a.c.
If the a.c. voltage from the bulb
circuit is in phase with the anode
voltage of the output stage the
triode anodes will be positive when
the grid of the left hand valve
is positive.  Consequently, the im-
pedance of the left hand valve will
be lower than that of the right hand
one and current will flow in one
direction through the meter or
relay. If, however, the bulb circuit
voltage is 180° out of phase with the
output stage anode supply the meter
or relay will be supplied with D.c.
of reversed polarity.

The advantages of this electronic
thermometer over the more conven-
tional types are:

1. The control circuit is indepen-
dent of mains voltage variations.

2. The bulbs can be made exceed-
ingly small.

3. The heat lag of the bulbs, even

when of normal size, is much less
than with most conventional types
of temperature controls. :

4. The device is inherently a re-
mote control or indicating device
owing to its high input impedance.

Simple Heat Control Methods

Probably the easiest method of
applying electronics to heat control
is to use a photo-cell in conjunction
witn a mercury or alcohol thermo-
meter set up as shown in Fig. 4. It
is very useful for many observation
purposes since it is generally easier
to note the change in anode current
of a thermionic valve rather than
to read a thermometer accurately.
In addition, a relay may be
operated as well. The arrangement
has the advantage over thermo-
meters with fused-in contacts, that
any thermometer can be used and
the device is adjustable over quite
a wide range of temperature. The
pinhole should be mnear to the
thermometer, in fact, it should be
set up in a similar manner to the
light beam in the sound head of a
talking film projector, i.e., with a
very narrow slit. Under such con-
ditions a sharp cut-off will be
obtained.
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Fig. 7. Dew point determination apparatus.
Where the operating temperature minute grid current and can he

of a chamber 1s permanently fixed,
such as in the constant temperature
ovens used for housing the guartz
crystals of radio transmitters, an-
other but almost as simple method
may be adopted.

At first consideration, it would
seem that a greater constancy of
temperature could be achieved if the
oven was lagged with asbestos, glass
wool or cork in addition to a simple
thermostatic control.

This is, of course, true, but an
even better plan is to surround the
chamber under control with an air
space maintained as closely as pos-
sible at the same temperature.
Then, since the perfect heat insula-
tor for a body is something at the
same temperature, the inner cham-
ber will remain at a very constant
temperature over a long period, pro-
viding that Borr chambers are
maintained individually at the
desired {emperature.

A typical circult arrangement is
shown 1n Fig. 5 where the primary
thermostats  are  mercury-in-glass
thermometers with platinum con-
tacts fused into the glass.

Another convenient plan  for
keeping chambers at comparatively
constant temperatures 1s to use a
bi-metallic strip in conjunction with
a valve amplifier having a relay in
its anode circuit.  The advantage
of using a valve is that the strip
contacts have only to break the

made to work with very small gaps
and without danger of destruction
by sparking. Should it he desired
to dispense with moving parts, it is
possible to use a toluol thermostat
and a grid controlled valve in a cir-
cuit similar to Fig. 6, where electro-
mechanical relays ave not used, the
local current bheing carried by the
thyratron.

Dewpoint Recorder

A somewhat unusual use of an
electronic device in connexion with
temperature i1s in a dewpoint re-
corder developed by the company
handling the natural gas given off
by certain American oil wells in
Texas. The reason for wishing to
know the dewpoint was lo guard
againsl condensation and freczing
i the pipes during winter.

A diagram of the apparatus is
given in Fig. 7. It consists of a
small tank filled with a non-freezing
solution into which is immersed a
U-shaped tfube, gold plated and
highly polished on the inside; also
fitted with windows of plate glass at
cach end. The gas passes through
the tube and light shines in at one
window while a photo-cell is placed
at the other.  For controlling the
temperature of the tank solution,
cooling is provided by the coils of a
small domestic refrigerator unit and
heating is provided by strip heaters.
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The liquid is cooled until the gas
1s chilled sufficiently for a film of
moisture to condense on the inside
of the highly polished tube and so
reduce its power of reflecting light
on to the photo-cell. Relays
operated by the cell switch on the
heaters which warm the solution
until the condensate disappears and
the cycle then repeats.

A recording thermometer registers
the temperature at which condensa-
tion appears and vanishes, with a
pressure record on the same charts
and from these data the dewpoint
can be calculated. The cycle repeats
about every 10-15 minutes and the
apparatus does automalically what
would otherwise require the con-
tinuous attention of an operator.

S.1.M.A. Electronics

Symposium
PEAKING at the Electronics
Symposiun - organised by the

Scientifie Instrument Manufaclurers'
Association at Caxton Hall, Wesi-
minster  in November last, Sir
Edward Appleton, Sceretary of the
Department of Seientific and Indus-
trial Research satd that every in-
dustrial firm ought 1o be constantly
asking itself the question ** Cannot
we do this operation better by
electronic equipment?

Very often the introduction of
clectronie equipment in industrial
processes  resalted  in vemarkable
cconomies. In sugar refining, for
example, the presence of pieces of
metal will cause  scoring of the
rollers which may result in a drop
of output of as much as 3 per cent.
In an average mill this would mean
a loss of 3,750 tons of sugar annually,
worth £100,000. This can be saved
by installing, at a cost of about
£600, an electronic metal detector
associated with an automatic rejec-
tion mechanism.

Another example, from the manu-
facture of plaster building boards,
Hlustrated the extraordinary range
of applicability of clectronic devices.
The plant often delivers hoards of

lengths which are greater or less
than the permitted range. At one

time the boards were measured and
sorted by hand—a tedious business.
Electronic devices nowadays mea-
sure  the  boards automatieally
during manfacture and mark them
undersize or oversize with splashes
of coloured paints so that subse-
quent sorting can be carried out
easily and quickly,
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Simplified Resistance Calculations
1. Operating Chart for Resistors

HE basic resistance laws are

very simple, but their applica-
tion in electronic circuits 1s often
tedious, owing to the small current
and high resistance values generally
dealt with. To a certain extent,
working can be eased by modifying
units such as volts equal not only
amps X ohms, but milliamps X kil-
ohmis or microamps .x megohms.
¥ven so, wattage dissipation is not
so readily dealt with and, in
moments of stress particularly, it is
casy to slip a decimal point. Con-
sequently, the Resistor Chart has
been designed to give at a glance
all the useful interrelated values of
current, resistance, voltage and
power.

Providing any two of the four
factors Cwurrent I, Resistance R,
Voltage Drop, T" and Power P arc
kknown, the remaining two can he
read off immediately as a conse-
quence of the well-known formule :

' =IR P=VI=1/R =TR

Logarithmic scales arc used to
make plotting lincar, and give uni-

form accuracy of reading at any
point. The ranges cover all low to

medium power electronic apparatus,
working up to 10 KV to include
cathode-ray tubes. It will be noted
that the resistance scale 1s based on
the ISC{ + standard range of carbon
resistors from 102 to 10 M, the inter-
vals corresponding to the 20 per cent.
tolerance range. These figures are
evenly spaced on the logarithmic
scale, each heing approximately 1.3
times the previous value. The 10 per
cent. tolerance range can be used by
halving the spacings, as laid out, by
eye. When dealing with any other
general values of resistance the
intervals 1, 1.5, 2, 2.5, 3, etc., agree
with the corresponding intercepts of
the diagonal voltage lines on the
resistance scale.

In reading values from any given
point on the chart, current is taken
horizontally, resistance vertically,
voltage on the light 45° diagonals
and power on the heavy diagonals.
The lowest power rating shown is
1 W, but § W resistors are now com-

* Welwyn Electrical Laboratories Ltd.
of A. Reyrolle & Co., Ltd.

+ Interim Working Schedule of Fixed Resistors
ISCTechC RC.L'116.11 Issue 1 Sept. 1944,

Formerly

By J. C. FINLAY*

monly available and the chart can
be extended for this vahie by draw-
ing another line equidistant below
the I W line. The highest power
ratings are inchuded for convenience
in dealing with composite systems
and voltage droppers, ete.

Single Resistance Values

Example 1.—What current may be
passed through 1W resistors of 6304
and 100 K&?  The respective values
are given horizontally as 38 mA and
3.2 mA, respectively, where the 1 W
power line cuts the verticals for 580%
and 100K,

Example 2.—A Dbias of 2.5V is
required for a tube passing 5 mA.
Then the resistance required 1s given
where the 2.5 V line cuts the 5 mA
horizontal just near the 47082 vertical,
which is therefore the correet stan-
dard value to use. This point is also
well below the 2 W line, so that a
LW rating will afford a large safely
margin.

Erample 3.—Design a bleeder to
take 20 mA at 00 V. Irom the
chart, the resistance is 20 K& and
must dissipate 8 W, Assuming only
2 W components are available, this
could usnally be done sufficiently
well by conneeting four £.7 K2 2 W
resistors in  series (lhe resistance
scale also acts as a convenient re-
minder of standard valaes).

Series and Parallel Working

Apart from giving data on a single
resistance value, composite chains,
ete., may he quickly solved by suit-
able procedure:

Example 4. — A 300 V supply
operates three parallel resistors of
6.8 K2, 22 K and 1 M2, Then the
currents and wattages are read off
along the 300V line against the
respective resistances as 74mA 10 W,
23 mA 12 W, and 500 eA L W,
Equivalent Paralle! Resistance

The chart can also be used to give
approximate values of the equiva-
lent resistance of sceveral parallel
resisters without using any other
caleulation than simple addition.
The method is essentially to find the
current flow in each resistor for a
given voltage, sum the currents and
hence find the equivalent resistance
against the common voltage. Any

convenient voltage diagonal may he
used for this purpose, the method of
working being essentially the same
as for Iix. 4.

Erample 5.—Find the equivalent
resistance  of 1 K&, 1.7 K& and
10 K€ in parallel.  Using the 10V
hne  for  convenient  reference,
corresponding currents are 10 + 2.1
+ ImA = 13.1 mA and against this
figure on the 10V line is read
approximalely 800 2(762 17 correct).
Accuracy

The general accuracy of working
should be within 5 per cent mini-
mum. This covers all ealeulations
in the Grade 2 range®, resistors of
the carbon composition type. Of the
three aceeptled lolerances, = 20 per
cent is commonly used {or grid-
leaks, decoupling and filtering, *
10 per cent for load and antobias
resistors,  electrode  vollage  drop-
pers, ele, and = 5 per eent for more
critical amplifiers, feedback control
resistors, ete. Grade 1 resistors are
intended for use where the stability
of the resistance under under all
conditions 1s important, such as in
vollmeter  dividers. allenuators,
cte. The tolerances here are = 574,
29, 1%, which can he met by
cracked-carbon  or " opyrolytie
films.  The chart is nsufliciently
accurate to evaluate VIR relations
{for the highest Grade 1 lolerances.
but it may be used Lo estimate the
necessary walttage ralings.

Current and Voltage Ratings

The watlage rating is of prime
mmportance to  the mannfacturer,
bul the user is more concerned with
the current which can he passed
through a given resistor. It might
therefore seem  desirable 1o mark
reststors directly with current and
voltage ralings, but it is diflicult
to do so, particularly on small dia-
meter resistors. owing Lo the amaount
of essential mformation already re-
quired. Tt should Dhe remembhered
that there is an upper himit of sale
working voltage which, particularly
in the case of individual resistors
over about 100 K& may prevent the
wattage rating being realised,

* Guide on Fixed Resistors ISCTechtC B3 RC.GLHEO
Fagne 1 Aug. 1944,
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2. Calculation of Parallel Resistances

ARIOUS methods have been sug-

gested in the past to find the sub-
stitution value for a combmatlon of
resistors in parallel (or capa-
citors 1n series, which amounts to
the same numerical problem). Most
of them are based on finding the
reciprocals of each value to be com-
bined, and consequent summation
to obtain the reciprocal of the final
result. One calculator makes use
of two pieces of thread fixed to a
sheet of graph paper on cardboard.
This type, although quite easy to
operate, suffers from the inherent
inaccuracies and other draw-backs
of its mechanical construction. All
these methods involve the jotting
down or the reading and re-
introduction of intermediate results,
especially where more than two
resistors (or -condensers) are com-
bined.

A method overcoming these dis-
advantages is the use of the simple,
accurate, and easily constructed
nomogram shown in Fig. 1. It con-
sists of four linear scales A, B, C,
and D, meeting in a centre point O
so that each two adjacent scales
include an angle of 60°. To find the
combination of two resistors R: and
R: in parallel, place a straight edge
cross the nomogram so that it meets
A in R: and C in R.. The combina-
tion value R:. will then appear
where the edge meets B. This is
1llustrated by the dotted line
R: — Ri. — R: in Fig. 1.

To find the combination value of
several resistors, say, Ri,R:,Rs,R4, a
process of ‘‘successive shunting ”’
can be used as follows: Place the
edge across R: on A and R: on C,
then turn the edge about Ri: thus
obtained on B (this value need not
be read off) until it meets Rs on D,
thus obtaining Ri:s on C. Now turn
the edge round Ri.s until it meets
R on A, thus obtaining Ri»s3: on B,
which is the required value. This
is illustrated by the dotted lines in
Fig. 1. Obviously this process can
be continued for any number of
resistances. Asin all these methods,
it is a good scheme to begin with
the highest resistance, and to work
down to the lowest.

Shunting Resistances

The nomogram is also very use-
ful in ﬁndmg the shunt for a given
resistance to reduce it to a given

By F. OAKES

> TAR’

Fig. I. Nomogram for parallel resistors
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lower value. The procedure is as
follows: Place a straight edge
through the mark for the given

resistance on scale A, and the given
lower value on scale B. The
required value of shunt resistance
will then lie where the edge meets
scale C.  An application of this
1s the selection of two fixed resistors
of ““ preferred ’’ value to be com-
bined to a given required value.

A model of the nomogram is easily
made by using a piece of white card-
board or by pasting a sheet of paper
on cardboard.* The four scales can
then be drawn accurately at 60°,
and the scales marked in. If an
alternative set of figures is put to
the scales in red ink (e.g., 1, 2, 3, In
black and 3, 10,13, in red) the most
suitable of them can be sclected for
any given problem.

Proof

A geometrical proof of the method
is given below.  Consider Fig. 2.
A straight line parallel to seale 0B
is drawn tln‘ough the mark D, at a
distance R: from O. Thus, AOB
and ADC are similar triangles.

Ri::Ri= R:: (B + RY)
R, X R:

R O

I
Ri: I R:
This 1s

the formula for two resis-
tors in parallel.
Use of Slide Rule

Tor those who prefer the use of a
slide rule to the graph or nomogram,
a method is given below whereby
the jotting down of intermediate
results, reciprocals, ete., for ‘subse-
quent summation, the summation of
more than two terms at a time,
reversing of the slide, and other
tedious operations, are eliminated.
The possibilities of numerical errors
are thus considerably reduced. The
normal scales on the slide rule are
used.

According to KFig. 3, the combina-
tion resistance appearsunder R:if the
sum of the resistances is set above

R:. In other words, to find the
combination resistance, proceed as
follows :

(1) Set the cursor-line to R: on the
rule.

(2) Move R: + R: (easily added
without jotting down) on the slide so
as to lie under the cursor-line.

(3) Move the cursor-line to R: on
the slide.

* The paper must be allowed to dry before drawing
the chart.

Hlectronic Engineering

Fig. 2. Construction for geometrical proof of

method

(4) Read the vesult, namely R

on the rule under the cursor-linc.
If a further resistor Rs is also

in parallel, proceed as follows:

(3) Add Rs to the result just read
off, (this can be done mentally and
nced not be written down) and move
the slide so that the sum just worked
out lies under the cursor-line.

(6) Move the cursor to IZs on the
slide.

(7) Read the result R:-3 under
the cursor-line on the body.

Further resistors can be shunted
analogously.

It may be objected that in this
method additions have to be carried

January, 1949

out just as in the reciprocal value
method, but 1t should be remem-
bered that there, all the reciprocals
have to be evaluated and written
down for subsequent addition,
whereas in the method given here,
only twe nunbers have to be added
at a time; the sum is immediately
utilised and not needed later on for
suabsequent operations. (It will also
be found in practice that the addi-
tions to be carried out become pro-
gressively simple for each step.

A proof is given below. The slide
rule is shown in the final position in
Fig. 3. Tor this position, the
following equation is vahd, as is
well known.

Re. R
R: R+ R
R:R.
o R = o+ B o1
r 1 1
R R R

For consequent steps the same proof
can be used remembering that R
then just replaces the first two resis-
tors, and IR is shunted to Ri.. The
process is simply repeated.

Example

Given R = 4,750 ohms
R = 4,100 ohms
R, = 3,630 chms
R = 3,550 oluns

To find the combination resistance
of By and R: use the graph as shown
in Fig. 1 by the detted line v — R.
or slide rule as shown in Fig. 8
R = 2,200 ochms
If the process is continued, as shown
in I'ig. 1 by the other dotted lines,
or by slide rule, as deseribed in this
paper, the result will come out as
very nearly :
Ry = 1,000 ohms.
References.

R. T. Beatty Rudio Date Chares (1iffe).
Wireless World, September. 1942,
Wireless World, Marcly, 1945,

Wirelexs World, April, 1945,

- oo

Fig. 3.

Slide rule setting for calculating parallel resistances’
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Fig. I.

Underside of Pickup

ECENT research into the pre-
ferred  forms  of  gramophone
pickup for accurate translation of
the recorded matter has led to
scveral very interesting designs.
Analysis of the alternative exist-

ing types suggests that while all
have some special merit, all suffer
from the defeets mhmunt to an in-

lerchangeable stylus. These are: (a)
loss in transmission of the higher{re-
(quencies due to radiation from the
necedle, (h) standing waves set up
on the needle due to its own natural
frequency, (¢) cross modulation of
the armalure or active clement duc
to flexure 1n some plane other than
that of the recording (unavoidable
where there 1s any rake on the
needle), (d) general loss of energy
from the groove due to the irregular
frequency  transmission characteris-
ties of the needle.  In addition, the
damping may canse mutilation of
the signal in once way or another.

The G.E.* variable reluctance pick-
up is designed to overcome most of
these  defeets. Fig. 1 shows the
underside  of  the unit with  the
stvlins/armalure assembly and pole
picces.  The sapphire or diamond
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The G.E. Variable
Reluctance Pick-Up

By ALAN DOUGLAS

with a tip radius of 0.003 in., this
form represents the maximum
possible stiffness.  Owing to the
density of sapphire, with its absence
of grain, there 1s no internal loss
in the stylus. The }yndmlc mass
of the stylus is 8 by 10~° gm, and
it is mounted vertically.

The armature is a small ring of
iron into which the sapphire is spun,
and s anchored at the end to a
strip  of steel which 1s flexibly
attached to a post on the body of the
pickup. The small resonance in the
suspension 1s damped by a piece of
plastic material in tension, and this
1s effective while still transmitting

frequencies up to 15 Ke/s.  The
total  suspension  compliance s
only 0.87 Dby 10=° em. The
design is so contrived that only

iateral vibrations arc transmitted
to the stylus; there is no response to
the vertical noise components on
the record.  Under these circum-
stances, a small pressure only is
required for the unit to track satis-
factorily; between % oz. and 1} oz.
The pickup 1s less than 1% in. long
by % in. wide.

2 shows the signal coils and

Tig.

stylus is inceredibly small and stiff. pole picces. The wide air gap gives
]“SS. than ]_/Iﬁth in length and substantially uniform velocity-
having an included angle of 50° frequency characteristics, which can
* The General Electric (o, of America. be readily compensated as required.
+/00vy 33K 8K (o) o)z,
: VN w/\/\/\/‘—_ll—b
L L out
684k 33K,
16 16
>
0 6800
n
—
Fig. 3. Suitable circuit for pre-amplifier Fig. 2.

The double coil construction is so
designed as to reduce mains hum.
The inductance of the system 1s 240
millihenries at 1,000 c¢/s.

As might be expected, the output
1s very small; this, of course, Is
common to all high quality micro-
phones. A test {frequency record at
1,000 c¢/s. shows that 11 mV 1is
obtained under a stimulus of 4.8
cm/sec.  Thus some preamplifica-
tion is desirable,

Fig. 8 shows a suitable circuit for
this purpose. The input shunt
resistor of 6,800 ohms can be varied
to control the frequency response.
A higher value will increase the m.r.
response, while a lower value will
reduce it. Note that a low anode
voltage 1s desirable. The filter
circuit of 27 I and 0.01 #I° produces
an attenuation at 30 c/s.; it is 1n~
tended to reduce the rumble from
automatic record changers. A slight
improvement In response may be
effected by shunting the 0.01 uF
condenser by a resistance of 180 K
ohms. The gain with a 6SC7 valve
1s 35 db. at 1,000 ¢/s.

Results from this reproducer sug-
gest that it represents the greatest
advance in faithful reproduction so
far attained. There i1s no ‘‘ needle
talk > and the surface noise from a
good pressing 1s negligible,

Enlarged view of coils and pole pieces
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A Direct

FOR precision measurements, the
various bridge circuits available
may be used to compute accurately
any resistance, reactance, or com-
plex impedance. But for a con-
siderable amount of work, the
“ Ohmmeter > type of instrument
gives a quick check of resistance
values which is far less cumbersome
than the use of a bridge, and with
careful calibration can give read-
ings within about 2 to 5 per cent.
The instrument here described
applies the same principle to the
measurement of complex impe-
dances, or referred resistances, as
transferred by a transformer, and
has proved to be a very useful
instrument.

Principle of the Ohmmeter

Fig. 1 shows the basic circuits of
two types of ohmmeter. In each case
the reading is basically a comparison
between the internal rvesistance, R,
and the external resistance to be
measured.

In the case of the circuit shown at
(a), the circult is arranged so that
short circuiting of the external
terminals produces full scale deflec-
tion of the movement, which be-
comes the zerc of the scale calibra-
tion. Introduction of resistance
between the terminals reduces the
less deflection, and the scale is cali-
brated to give an indication of the
value of resistance connected.

In the case of the circuit shown at
(b), the movement is arranged as a

Flectronic Engineering

January, 1949

Reading Impedance Meter

By N. H. CROWHURST

a

|

Fig. 1. Basic circuits of two types of ohm-
meter

v—{ R %w—q @-—4{ R %«m
I b
Fig. 2. Constant impedance variable phase

circuit N

deflection when the external termi-
nals are open circuited. Connexion of
an external resistance produces a
drop in voltage across the move-
ment, the internal resistance R and
the external resistance acting as a
potentiometer. Again the scale is
calibrated in terms of the external
resistance connected, but zero will
in this case correspond with zero
deflection.

In each case an external resistance
equal to R (actually equal to the
effective internal resistance, includ-
ing the movement) will produce a
half-scale deflection, and the scale
for the type of Fig. 1b is the inverse

Application to Impedance Meter

If the movement is arranged to
indicate A.c., the same scale calibra-
tion will hold, provided that both
internal and external resistances are,
in fact, pure resistances. But if
one of them is somewhat reactive,
the reading is mcdified by the fact
that the voltage across each are not
now arithmetically equal in sum to
the applied e.m.F., but it is their
vector sum which makes the total.

But if some arrangement can be
made so that the internal and
external impedance have the same
phase, the indication given may still
be a comparison between the two.
It thus appears that a network, the
impedance of which can be main-
tained constant while its phase is
varied to correspond with that of
the external impedance, is required
to replace R of Fig, 1.

Variable Phase Device

Fig. 2 shows a circuit which pro-
vides an impedance capable of being
varied in phase, while maintaining
almost constant value at the fre-
quency for which it is designed. The
values are chosen so that the impe-
dance at each end setting is equal
to that at the centre setting. Under
these conditions, using pure reae-
tances, as shown in Fig. 2a, the
impedance can be varied in phase
from approximately 70.5° inductive
to 70.5° capacitative, while the
variation in impedance value is as
shown in Fig. 3. The total variation

voltmeter, which gives full-scale cf that for that at la. in impedance is abont 6 per cent. of
o
g o
) Max 3 '¥\‘ 70 g
30033'__——'_%'7_—_—'_— gy premmen o=l gl ol S« g V\de L
SE T T T Means aiml T 7= E ~Reac, 80 3
5z r Mean Min, =6 ~\tlve P i
< € dse A <
Ss hgle 50 &
82 g N \\ ‘g
o5 g4 S 40 5
3 = "~ s
a % 3 % o
£ 5 0{ 3
2 =k ’P\e&/tant p b
% '>E!-_-, | \%dan‘:e_
e "
x R (0] N\
2 Distance of Shder from Centre of R 2 o 0 o 56 S =
¥, Resistance in each Reactance Element
Fig. 3. Variation of impedance with R of Fig. 2 Fig. 4. Variation of impedance with series variable resistance
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8 T 1 3
Reactance B+60 V
4 Total Resistance Ri __4 s P
g | | e E+40 7
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Fig 5. Curves of impedance against percentage resistance Fig. 7.
The dotted curve gives the impedance in terms of R
AAAA
e} O
lo) o]
t o Q Impedance
f “Test
& *—o —0
" Zero Phase Range Change
Adj. Adj.

Fig. 6. Complete circuit
its mean value, which means that it
is always within plus or minus 3
per cent. of this value.

In practice, the inductance will
not be a pure reactance. This fact

can be turned to advantage in
improving the accuracy of the
device. If an inductance of known

resistance is used, and an equal fixed
resistance is inserted in series with
the condenser element, the degree
of phase variation is reduced. By

i readjusting the relative values so
. that the impedance at each end set-

ting is still equal to that at the
centre setting, the variation of
impedance over the range is also
reduced.  These reductions are

‘plotted in Flg 4, in terms of the

resistance in series with each reac-
tance, expressed as a percentage of
the reactance.

It will be noted that up to between
10 and 20 per cent. resistance intro-

of impedance meter

duced into each reactance results in
considerable reduction in impedance
variation, with much less reduction
in phase range. Fig. 5 shows the
values of reactance required in terms
of the total value of the variable re-
sistance, R, for the various percent-
ages of resistance in the reactance
elements. The dotted line gives the
values of resultant impedance in
terms of the variable, R.

Practical Circuit

Fig. 6 is the complete circuit of
an instrument employing  this
principle, capable of giving readings
within about 2 per cent. over an
impedance range from 0.2 ohm to
0.2 megohm, allowing for a phase
variation from —63° to -+63°. Rela-
tive readings are obtainable for
values beyond these limits to 0.05
ohm and 1 megohm.

The circuit is designed around a

Calibration curve of phase angle against slider distance

Fig. 8. Scale of impedance meter

phase varying resistance of 50,000
ohms. If a stock resistance is used
the value should be accurately
measured, and the circuit values
and calibration should be adjusted
to correspond with the actual resis-
tance. A linear type resistance 1is
best, because it provides an approxi-
mately linear phase calibration (see
Fig. 7), and also there will be a
minimum variation in total resis-
tance due to the small portion short-
circuited by the slider.

The reactances have a series resis-

tance of 10 per cent. of their
reactance value. For the induc-
tance, which 1s iron cored, this

means that the total loss referred as
a series resistance must be 10 per
cent. of the inductance at the
operating frequency. In the case
of the condenser, an external resis-
tance is included in series. From
Fig. 5 the value of reactance
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required under this condition is
0.405 times the total variable resis-
tance—if the resistance is accurately
50,000 ohms, the reactance values
require to he 20,250 ohms, and the
series resistance 2,025 ohms. The
mean value of the variable phase
impedance will be 0.415 times the

total  variable resistance (see
Fig. 5). For 50,000 ohms this will
be 20,750 ohms.

The input is via a 600 ohms
potentiometer, which serves as a
zero adjustment. The instrument

consists of a 1 milliamp movement,
with an instrument rectifier. Using
a sinusoidal input (which is essen-
tial to the accuracy of the instru-
ment) the instrument will require
1.11 mA fer full-scale deflection.
This means that about 23 volts
R.M.S. will be required to produce
full-scale deflection on short circuit.
An oscillator designed to give an
output of 1 watt inte 600 ohms will
produce nearly 25 volts across the
input potentiometer. The slider
being near to the top, if the source
impedance of the oscillater output
is low, the impedance added to the
instrument by the input arrange-
ment will be much lower than 600
ohms.

The range change transformer
provides a step down of 10/1 and
100/1, to give reduction in
impedance readings cf 100/1 and
10,000/ 1 respectively. The primary
is tuned by a condenser so that the
impedance presented in shunt is a
maximum, and is resistive. The
simplest method of finding - the
value is to use scries tuning aeross
the output of an oscillator of low
cutput impedance, and measure the
volts across the primary. Adjust
the value of capacity so that the

resonance occurs at the required
operating frequency, when the

oscillator output is adjusted so that
this resonant veltage is about
23 volts. This will ensure greatest
accuracy at the upper end of the
scale (lowest deflection), whére it
would have most effect.

Series resistances are included
with the direct connexion position
and one secondary, which are
adjusted so that the maximum
deflection (zero impedance) is the
same on all ranges. This enables
the range switch to be used without
intermediate use of the zero adjust-
ment.

Method of Calibration

Te  ensure maximum overall
accuracy, the Instrument scale
should indicate the mean value of

Hlectronic Engineering
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Fig. 9. Scale of phase angle adjustment

mmpedance from which an equal
variation may occur in either direc-
tion. The use of actual resistances
to calibrate would result in the
calibration at one extreme value.
For this reason the method adopted
1s to calibrate the instrument in
terms of angular deflection for
various values of 4a.c. current.
From these values a scale is cal-
culated, making allowance for the
effect of the transformer shunt
mmpedance at one end, and the total
series impedance (composed of the

instrument and  referred  series
losses in addition to the phase-
changing impedance) in limiting
the range. Fig. 8 shows a typical
scale produced in this way. The
values are fer the middle range,
using 10/1 transformer ratio, so

that the same scale may be used
with a multiplying factor of 100 for
the direct range, and with =
dividing factor of 100 for the lowest
range,

Fig. 7 shows the wvariation of
phase in termis of the fraction of
R by which the slider is removed
from the centre (electrically). If
the resistance is exactly linear, and
the total rotation 300°, the result-
ing phase scale will be as at Fig. 9.
To produce an accurate calibratien
here, the actual value of R for
various angles of rotation is plotted,
and the resulting law applied to the
electrical law of Fig. 7 to obtain
the scale.

Method of Use

Two adjustments are required to
calibrate the completed instrument
to prepare it for use: for frequency
and voltage input.

With the range switch in posi-
tien 2 or 4 (each of which provides
a zero check) the frequency of the
oscillator should be trimmed, and
the setting of the 600 ohm input
potentiometer adjusted, so. that
rotation ¢f the phase-changing

January, 1949

potentiometer from one end to the
other causes the instrumment needle
to move symmetrically between the
“limit > marks by the zero end of
the scale, in a way similar to the
variation shown in Fig. 3.

To obtain a reading of an
impedance connected, the phase
potentiometer should be rotated to

find the position of maximum
impedance indication  (minimum
deflection). The scale reading will
then indicate  the value of

impedance, and the setting of the
phase change potentiometer the
phase of the connected impedance
at the operating frequency of the
instrument.

If a reading falls outside the
Hmits from 20 ohms to 2,000 ohms,
an adjoining range should be used
to bring it within these limits,
unless an extreme range is already
being used, in which case the
accuracy of the reading will not bhe
within the specified limits if the
impedance is appreciably reactive.
Details of Windings

Inductancr.—This consists of a
winding of 3,500 turns of 46 S.W.G.
enamelled wire on a bobbin to fit
a core composed of a square stack

(7/16 in.) of No. 21 Mumetal
laminations. The laminations are
assembled  with a gap, which is

adjusted to give an inductance of
the corvect reactance at the werk-
ing frequency. Suggested working
frequencies  for audio frequency
work are 600 or 1,000 cycles.
Range-changing  Transformer.—
This 1s wound using a core of
laminations of the waste-free type
with a 3 in. centre limbh (M.E.A.
Ne. 85; Sankeys No. 70; G. 1. Scott
No. 120) square section. If possible,
Mumetal should bhe used. The
calibration given is with a trans-
former using Mumetal. The use of
an alternative transformer iron will
reduce the shunt impedance, and
vestrict the top end of the scale (the
space Dbetween the movement zerc
and infinity impedance will be in-
creased, see Fig. 8). Windings in
order as follows : —
Ist sccondary, 240 turns 28
S.W.G. enam. copper wire.
Primavy, 2,400 turns 38 S.W.G.
cnam. copper wire.

2nd  secondary, 21 turns 1%
S.W.G. wire. -
Turns should be accurately

counted, as accuracy on the two
lower ranges depends on this. The
method of tuning the primary is
described in the section under the
heading Practical Circuit.
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7 Introduction

HE discriminator ecircuit des-
f cribed in this articlet has been
, developed for use in I'.M. receivers.
{ Compared with other discriminator
! circuits it not only pr oduces a bigger
output voltage, which is sufficient
" to drive a normal output valve, but
I it is also easier to align, all the test
( equipment needed for the purpose
being an unmodulated oscillator and
., a milliammeter. These advantages
are of considerable practical signifi-
' cance, the ease of alignment
' espectally Deing a most valuable
feature from the point of view of the
serviceman and the home constructor
whose test equipment is limited.

s el RS A .

The operation of the circuit de-
pends upon two principles. First,
: that a parallel-tuned circuit has a

phase-frequency characteristic that

1s sensibly linear over one quarter of
its bandwidth, where the bandwidthis
defined as the difference between the
frequencies for which the phase angle
1s 7/ 4 radians. Secondly, that valves
having three or more grids can be
- used as multiplicative mixers, the
, anode current of a three-grid valve,
for example, containing a term that
1s the product of the voltages applied
" to the first and third grids. Thus, if
. voltages A sin (¢t = 7/2) and B sin
" (w0t + 6) are applied to the first and
¢ third grids, the anode current will
‘ contain the term:

" KAB (sin @t*7/2) xsin(wt+6)
which simplifies to:
j 1K AB.sinb + sin {20t + 6)

7
where 4, B and K are constants.

TR s e =

! The significant term in this expres-
( slon is ZKAB sin 05 for, if the angle
¢ is made hnearly proportional to
\ the deviation of @ from a mean value
19, and 1f the maximum value of ¢
{15 restricted to 0.25 radians (up to
; which sin ¢ = ), the output will con-
’tam a term that is proportional to
the deviation of © from ..

4 In this discriminator circuit the

i voltage A sin (0t=7/2) is developed
"across a capacitor supplied with a
,current varying as sin «t. The other
"voltage, B sin(«t+6), is obtained
} by feeding the same current through
i
.“| * Enginecring Research Department, B.B.C.

‘\/ 1 Patent application No. 19804/48.

j
[
)
|
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A Phase Discriminator for Frequency-Modulation Reception
i By F. G. NEWALL and J. G. SPENCER*

Fig. | (right). Circuit

diagram of Discriminator 20 to 60v.

Fig. 2 (below). Simplified
V, circuit
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a parallel LC circuit, which is tuned
to resonance at ., and which has a
bandwidth four times that of the
maximum deviation of © from w,.
This figure for the bandwidth is
chosen in order teo keep the frequency
deviation well within the linear part
of the phase-frequency characteristic
and to keep the amplitude B sensibly
constant.

Discriminator Circuit

The circuit diagram of the dis-
criminator is shown in Fig. 1. V. is
a high slope n.F. pentode, operating
as a grid-current limiter, with re-
duced screen-grid voltage to shorten
the grid base. The anode circuit of
¥, is a parallel-tuned circuit consist-
ing of R\, L\ and Cy, in parallel with
the stray capacitance between the
anode of Vi and earth and hetween
the suppressor grid of V: and carth.
The voltage on V. suppressor grid
has a phase angle ¢ with respect to
the anode current of V,, ¢ being zero
at the mean freouency «, and vary-
ing with deviations of @ from ..

The cathode circuit of ¥V, consists
of a series-tuned ecircuit L. and C:
in serids with the capacitance to
earth of V: control grid. C: isolates
the control grid of V. from the pn.c.
voltage on V. cathode. R. and R:

are high resistances, completing the
D.c. cathode and grid circuits of T-
and V: respectively. The resistance
R. must be higher than the impe-
dance of the serics-tuned circuit Cs,
Ce, L: but not so high that the volt-
age drop across it reduces the anode
to cathode voltage of T: below the
point at which F1 operates properly
as a grid-current limiter. R: should
he high in value, its maximum value
being determined by the maximum
D.C. resistance permissible in the grid
circuit of V.. As most of the alter-
nating current in the anode-cathode
circuit of Vi flows through the series-
tuned circuit composed of L, C», (s,

the wvoltage across (. which is
apphe(l to the control grid of
., 1s Iin quadrature with the

anode-cathode current of I, This
relation holds true for all values of ©.
The circuit of ¥y in Fig. 1 can bhe
simplified to that of Fig. 2, in which
the valve Vi 1s replaced by a con-
stant-current generator. This cur-
rent is denoted by 7. The voltage
ea which represents the voltage drop
across C«(V:) in Fig. 1 is equal to
12l

j‘*‘Cu
out of phase with 71. The amplitude
of e« varies inversely with o, hut,
since the maximum variation of «
is a very small percentage of «. this
amplitude variation is not serious.
The phase relation hetween e and
11 can he represented by the angle 6.
¢iszero whenlthe angular frequency of
i1 is @ and varies as @ deviates from
@,  The bandwidth of the parallel-
tuned circuit at the anode of V' is

and 1s thercfore fixed at /2
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such that the maximum value of ¢
does not exceed % 0.25 radians. Over
this range sin @ is, with reasonable
accuracy, proportional to the devia-
tion of © from wo.

If 41 has an instantaneous value
proportional to sin «t, the voltage
ex can be represented by 4 sin (t—
7/2), and the voltage ex by B sin
(¢t + 6). The anode current of V-
will contain the product of these
two voltages, i.e.,

KAB KAB

sin ¢ +

sin (2wt + )

Since sinf is proportional tothe devia-
tion of @ from w., the first term in this
expression is the wanted one. The
second term represents the second
harmonic of the input signal, which
is eliminated in the output circuit
by the capacitor Cr. The com-
ponents Ry and C1 may conveniently

be chosen to provide whatever
amount of de-emphasis is required
in  the diseriminator. Audio-
frequency feedback caa be applied
to either grid of the mixer, if
desired.

Results

The discriminator circuit of Fig. 1
has been tested with various mixing
valves, using a mean frequency of
1Mc/s.and adeviation of £ 15Kec/ s,
The peak audio-frequency output
ranged from 8 to 10 volts, which is
ample to drive a normal output
stage Iin a receiver. These results
agreed closely with the calculated

Electronic Engineering

values. The discriminator may be
aligned very easily by first resonat-
ing the two tuned circuits L:C: and
L.C..  Then with an unmodulated
oscillator connected to the receiver
I.F. Input, and a milliammeter in
the anode circuit of V., a final re-
adjustment may be made on the cir-
cuit L:Ci until no change is observed
in the p.c. milliameter as the un-
modulated carrier is switched on and
off. A deviation in the frequency
of the unmodulated oscillator will
now cause a proportionate change
in milliammeter reading.

Design Data
fo = mid-frequency of 1.F. ampli-
fier.
Af = maximum deviation fre-
quency.
Wy = 271,
Ao = 2w A
then
1
Li = SO (1)

where Cs is the total stray capacity
from the anode of ¥: to earth.

L./ C ‘
Rl_SAw.L1—1~L1 ............... (Z)
where ru1 = series resistance of L.
C=(C+ Cs)
Now
. C: >> Cq

where C¢ is the first grid to earth
capacity of V.
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X
L. = e[, 2098e9m00080 sosssomzooacs (3)
Re >> \/(‘.’AJ[J‘.')2 + e (4)
where ri: = series resistance of L:
R: >> R
R: >> R,

The audio output voltage of the dis-
criminator can be calculated from
the following formula.

v gt 'R o’ LYGRL

wonLe
16 « Cg7‘L1<R1 + : )

TL1

volts

(5)
= mutual conductance of
limiter valve V.

where gm

¢ = grid base of limiter V:
(t.e., cut-off voltage)
= anode rvesistance of V-

Ry

¢

v = D.c. change of anode
current in V: when a
sinusoidal voltage of
one volt peak is supplied
to the two grids G: and
(s connected in parallel.

This, of course, assumes that the
signal is larger than the grid base of
Vi or is, in fact, being limited by
Vi.

The grid circuit of the limiter ¥
must be returned to cathode and not
to earth, in order that it shall be-
have as a limiter.

Moisture Control for Electronic

THE problems of damage and
breakdown to electronic equip-
ment caused through the intake of
moisture are too well known to
require elaboration and frequently
the expense of effecting a cure is
considerable.  In the case of new
designs moisture can be kept out by
hermetically sealing the units, but at
the expense of a considerable in-
crease in dimensions, especially if a
large wattage has to be dissipated.

In the case of existing apparatus
some other means must be found of
preventing the entrance of moisture.

The mechanism of moisture deposi-
tion may be briefly explained: Air
may be saturated with moisture
vapour, the amount of water vapour
in a cubic foot of air rising with in-
crease in temperature. Dew point
is the temperature at which mois-

ture will be deposited if the air is
gradually cooled down. At 100
per cent saturation it is the same as
the air temperature, but as the
degree of saturation is reduced so
will the dew point fall. Thus, there
will be no trouble from moisture un-
less the temperature falls below the
dew point of the air.

The method adopted to overcome
these troubles is to dry the air so
that its dew point is much lower
than any expected operating tem-
perature. When a continuous
stream of ventilating alr is not re-
quired this can be done by the use
of a breather dryer. As the name
implies, as the apparatus warms up
In service, air can be breathed out,
but air sucked in again on cooling
is properly dried to a low dew point.
Units of this type are usually very

Equipment

small even when the protected
volume is large and tropical condi-
tions are encountered,

In experimental work it is fre-
quently essential that apparatus be
filled with a perfectly dry gas and
for this purpose units can be pro-
vided to dry air and most other gases
to dew points as low as 80° C.

Suitable drying units are made by
Edmonds McKenzie & Co. All employ
as the drying element a solid absor-
bent such as silica gel or activated
alumina, a material «f high effi-
ciency which is-capable of being re-
generated many times without any
detectable deteriorations.

—Edmonds McKenzie and Co.,
40 Francis Road, Purbrook,
Hants.
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HE Erectronic ENGINEERING
:> Modern Home-built Televisor
s first demonstrated in the autumn
~ of 1947 and has proved one of the
' most popular of home-constructed
| receivers, several thousand having
r been built since that date. The
. basic soundness of its design has
. been shown by the very few diifi-
' culties which have been encountered
. In 1ts construction and the small
., number of modifications which have
| had to be made to the original
'% design data.

i For the benefit of those who have
already purchased the instruction
i book, a list of these modifications is
| given below, together with references
to later articles which have been
published in ELEcTRONIC ENGINEER-
. ING. The modifications are all in-
¢ cluded in the 3rd Edition of ‘the
! booklet which is now available, and
owners of earlier editions are advised
. to mark their copies with the altera-
, tions and additions. .

{ Amendments to Booklet (Ist and 2nd Editions)

q: Page Fig.

© No. No. Correction

i 17 2 Alter V.7 in photograph to V.6.

\; 25 6 Alter R.22 in list frem 4.7K to 5K.

] 37 14 Alter V.8, V.9, V.I0 to V.9, V.10, V.t
i respectively.

t

-— I5 Add another choke (Ch.8) to the
’/ wiring below the two already shown.

, 43 19 Alter C.50 from 0.002 4F. to 0.005 yF.
f .
4 and in the text above.
! 45 20  Alter R.73 from 0.27 M 1o 0.22M.
i R.78 frem 150 1o 120. ; !
f R.79 from 7.5K  to 6K. S %) . 4 Dk . .
b ¢-62 from 8 uF. tolé HF~ A home-constructed ** Televisor '* housed in a cabinet designed and made by a read‘er, Mr. R. C. Rol'fe.

and in the text where mencioned, - The twin speaker grilies have been included for symmetry, dnd two speakers would improve the quality
) 46 —  Alter ““S$S.912 " to ““S.914." of reproduction AR
{ 51 23b Alter C.662 and b to 32 uF. 450 V wkg. AR (5 6 T
{ 55 25 Alter C.68 in photograph to C.64. Alternative Components Additional Notes

Alrer R.97 in photograph to R.92 .. . .
; and insere R.97 becween Ch.9 and In addition to those specified in Answers to some of the more
: .66. o o e ; ;
|57 27 Add under figure : Bins 5. 6 4 §7 the list of components, additional common queries will be found in
i : 0 n n PR . . o .
{ the Mullard 227 sheuld not be manufacturers have been approved articles in Erectronic ENGINEERING
,: used fer anchoring points. as suppliers of Satisfactory alterna- of the fOl]OWlng‘ dates :
-] — Add: . a xi | in. o 3 47 —Us) . ¢ 1
| T f':l‘:‘peag ” %“ne”; tive .components. Constructors are N%Vllell)l;}:)?ecéii7r‘l‘ll}E)CSSl'n(g:Onile‘]L:iZO m%
' from tep). advised in their own interests to R b I g xion o
] 69 —  Alter components list as follows, make sure that their components -5 to H.T. lLine. . .
: under Capacicors : h January 1948, p. 25.—Coil Data;
- 2 ch).so 0.005 yF. ave been tested and approved by Choke L.8: Alternative Valve
i 0.002 uF. : . .8; : 5
,i 1 & 3232 hep 450 V whe. the designers of the Televisor, and

L.

(Type No. CE.29.PE.)

¢ The remaining compcnents in.the list should be

\ checked against the

modified values given above

§and the necessary corrections made.

1
1

]

)
|

If it is required to improve the linearity at the
tcommencement of the frame scan

japproximately 2.0 uF. may be connected across the

+ 2 capacitor of

 cathode bias resistor R.78.

the Editorial staff will be pleased to
give information in doubtful cases.

A list of approved suppliers was
given in the December issue, 1948,
p. 407, and additional lists will be
issued {rom time to time.

Types; Power Consumption; Pre-
cautions in Wiring; Chassis Draw-
ing Correction.

Suitable circuits for interference
suppression on both sound and vision
channels were given in the August .
1948 issue, p. 233.
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supplied by thz manufacturers.

Spot Welding Electrodes and Holders

TO minimise the trouble and expense of
machining small welding electrodes from
copper rod, a series of miniature elec-
trodes and holders has been introduced
by Johnson Matthey & Co.

The miniature holder consists of a % in.
diameter stake terminating in a hinge clamp
capable of iocking the electrode holder at
any desired angle from vertically upwards
through 180 deg. to the vertically down-
wards position. The holder is tubular in
construction to provide access to the
electrode clamping screw in the socket
head. Two types of holder are available,
the vertical type, providing for electrodes
to be clamped at 90 deg. to the holder, and
the angle type, designed to give improved
access in confined spaces, clamping thr
electrode at 1124 deg. to the holder. Foue
sizes of electrode, 4 in., % in., 3 in. and
in. in diameter are also stocked, each 1% in.
long. One end is cut square while the other
is chamfered at 674} deg. to the axis.

The photographs show (left to right) a
conventional pair of electrodes bent up
from copper rod, a pair of Mallory miniature
holders and electrodes designed to replace
them, and two typical set-ups using
swivelling holders. These are now available
from stock.

Johnson Matthey and Co.,
73 Hatton Garden, E.C.I.

The Test Oscilloscépe Monitor, Type M.200

THE oscilloscope shown above provides facilities
not given by the usual laboratory oscilloscope
and has the advantage of being rack panel mounted
uniform with the remainder of the equipment.
follows—Amplifier :
Gain controlled by switch on front panel to give
fixed gainsof x 2 or x 4. Frequency response within
May be triggered
from - |0 volts or — 20 volts pulse with sweep
speeds continuously variable from |5 micro-seconds
up to 10 milli-seconds by means of five range

Technical features are as

I.5db up to 3 Mc/s. Time Base :

switch and fine control.

Dynatron Radio Ltd.,

Dynatron Nucleonic Equipment

THE photographs below show two units

of the four which comprise the nucleonic
equipment supplied by Dynatron Radio
Ltd. to approved research organisations
under Government licence.

The complete equipment contains a
Scaling Unit, Type SC.200, a power unit for
Geiger counters, and a monitor oscilloscope
fitted with a cathode follower probe unit.

The scaling unit (not shown) embodies

R

Maidenhead, Berks.

the following technical features:

Counting : Indications are given by means
of neon lamps up to 100, with a maximum
average rate of counting of 500 pulses-per
second.

Sensijtivity : The unit operates from a 5V
minimum pulse of either polarity with a
pulse separation of 6uS., or alternatively,
with a 3V minimum pulse with a paralysis
time adjustable up to | mS.

The power unit (below) provides a stable
output voltage up to 4,000 volts in four
ranges, |75—500, 350—1,000, 700—2,000
and 1,400—4,000, the desired range being
selected by means of a 4-way switch and the
output voltage continuously varied by a
control on the front panel. A further
calibrated control gives a vernier adjust-
ment up to |0 per cent of the maximum
voltage on the selected range. Output
voltage can be made positive or negative
with respect to chassis.

Currents of up to 50uA may be drawn and
stabilisation of | per cent still maintained.

Panel dimensions :  Width 19 in.;
height 8} in.; depth 14 in.; weight
48 tb. ; Price complete, £75.
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Two-Channel Electronic Switch

HIS instrument enables two signals to
Tbe examined together on any standard
single beam oscilloscope.

The unit includes two switched amplifiers,
the signals to be examined being applied
one to each amplifier. The output has a
composite waveform consisting of a square
wave with the signals superimposed on
alternate half-cycles of the square wave.

This composite waveform is applied to
the ** Y ' amplifier of a cathode ray osciilo-
scope and both the signals will appear on
the screen one above the other. The time
base should be synchronised with one of
the signals. If it is synchronised with the
square wave the composite output wave
form is observed.

The equipment is available in two forms :
Type ** A" mounted on a standard |9 inch
rack mounting panel, and Type ' B, as
illustrated a self contained unit. Price,
£38 10 0. Delivery, ex stock.

Cinema-Television Ltd..
Lower Sydenham, S.E.26.

The Mullard Selective Amplifier

THE Mutlard Selective Amplifier type

GSA! has been designed asan A.C. bridge
amplifier to be used in conjunction with a
suitable indicator for the detection of
harmonics and other unwanted tones. The
frequency range of 16 ¢/s. to 200 Kcs. is
covered in five ranges. The response is
20db. down at approximately |.25f. and
0.8f. and 40 db. down at 2f. and 0.5f ; where
f is the frequency to which the amplifier is
tuned.

The unitis built for normal rack mounting
and has a 19 in. by 7 in. panel and a depth of
10} in. It is subdivided into two units, one
containing the amplifier circuit and the
other the power supply and rectifier
together with a ripple smoothing valve.
Price : £82,

Mullard Electronic Products Ltd.,
Century House, Shaftesbury Avenue,
London. W.C.2.
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Push-Pull Power Tetrode

THE push-pull power tetrode, QV07-40.

has been specially designed to give stable
and efficient performance at very high
frequencies and should, therefore, prove
of interest to those amateurs intending to
use the new [44-146 Mc s band. A particu-
larly interesting feature of this valve is that
neutralisation is not usually necessary and.
another important feature is that it requires
only a very low driving power.

This valve is directly equivalent to the
American type 829B. The list price is
£7 10s.

Mullard Electronic Products Lid.

Brd
7

29

MansiL
as

Midget Electric Motors

Messrs. Henry Hughes Ltd. have asked us
to state that the midget motors described
in fast month’s issue arc only obtainable in
quantity and are not for ndividual sale.

L
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CORRESPONDENCE

Demagnetisation of Valves

Dear Siz,—BMy attention has been
drawn to the letter from Dr. Grey
Walter and his colleagues in your
July issue, in which he points out
that a considerable reduction in the
ripple voltage appearing in the
anode circuit of pentode valves,
could be brought about by demag-
netisation of the valve electrodes.

We observed the same effect
during the course of unpublished
work in these laboratories in 1933,
during a general investigation of the
causes of hum due to running "the
heaters of receiving valves on a.c.,
and arriving at a logical qualitative
explanation.

The primary effect of the magnetic
field of the heater, in the usual type
of recelving valve assembly 1s to
cause lateral deflections of the elec-
trons in a direction at right ancrle
to that of the grid winding wires
Most of the deflection takes plac‘
close to the cathode, where the mag-
netie field is strongest and the elec-
trons have their lowest wveloeity.
This lateral deflection causes in-
creased space charge and therefore
reduction of anode current. In a
negative grid triode, this periodic
variation of space charge is the major
effect, and is equivalent to a small
applied grid voltage.

In a tetrode or pentode, however,
a further effect arises, in that the
lateral deflections will cause a
periodie variation in the distribution
of the current between screen and
anode. That such a variation takes
place may readily be demonstrated
by the increase of ripple present in
the anode circuit in the pentode con-
nexion as compared with the triode
connexion, and even wmore effectively
by the fact that the ripple current in
the screen circuit is almost equal 11
amplitude and of opposite phase to
that in the anode circuit. A large
measure of variability will occur
from valve to valve dependent on
how the individual beams of elec-
trons which come from between the
control grid turns strike the screen
in the absence of the magnetic field.
The order of increase of ripple over
the triode connexion may be five to
twenty times.

The above may be called the nor-
mal tetrode ripple. To explain the
abnormal ripple when the electrodes
(chiefly anode), become magnetised,

it may be noted that some of the
distribution variation will oceur, not
at the screen grid surface, but at the
edges of the anode where electrons
may shoot past and return by long
paths to the screen. The anode design
1s usually a compromise in order to
minimise this effect while still keep-
ing the anode earth capacitance as
small as possible.

I{ now the electrodes are mag-
netised, small steady deflections will
be superimposed on the normal elec-
tron trajectories, and the number of
electrons that shoot past the anode
edges may be very considerably in-
creased. Correspondingly, the varia-
tion in their number due to the mag-
netic field of the heater is increased
and gives rise to the large observed
ripple.  The alternative possibility
that the anode magnetisation 1is
directly affected by the heater field
no doubt contributes slightly to the
abnormal effect, but 1s considered to
be of secondary importance.

Among the experimental results
leading to the above theory may be
quoted the following :

(a) The effect is larger in variable
—mu types of valve than in straight-
mu types, presumably due to the
increased spreading of the electron
beams caused by increased space
charge density at the gap in the
grid of the former.

(b) The open type of construction
used in glass envelope valves causes
some increase in ripple as compared
with the corresponding external
anode type, since no distribution can
occur at the anode of the latter.

(¢) The use of iron instead of
nickel for the valve anodes gives rise
to an increase of ripple.

As the ripple voltage in the sereen
circuit is of approximately equal
magnitude and opposite phase to
that in the anode cireuit, while the
signal current is smaller in magni-
tude and of the same phase, it should
be possible by circult means to make
use of the screen ripple to neutralise
the anode ripple. In practice, how-
ever, it would be far simpler to use
a triode amplifier instead of the pen-
tode, and make up for the loss of
gain by increased amplification at
larger signal level,

W. H. ArLpous
(Research Staff of the M.0. Valve Co.

at the G.E.C. Research Laboratories,
Wembley, England).

References

Dear Sir,—With a view to solv-
ing the simpler problem of storing
references I have adopted a system
of indexing all articles in ELECTRONIC
ENGINEErRING and other periodicals
to which 1 subsecribe, on cards under
their Universal Decimal Classifica-
tion numbers. Now, with cards
completed for somne sixty monthly
issues and with many back numbers
awailting attention, the system is
already proving valuable, as the
card index can be searched far more
rapidly than any monthly or annual
indexes. At present it certainly
does not yield reference to the
world’s scientific publications, but
it 1s recommended as worthy of
adoption by other readers, as it does
reveal the contents of one’s own

bookshelf.

We now have, in B.5.1000, Volume
4, Part 2, an excellent English
edition of the U.D.C. as applied to
ELecTrONIC ENGINEERING, so that
index cards can be rapidly made
out and the appropriate number
added. However, the allocation of
numbers might well be performed
by editorial staffs, and the writer
would suggest that if these were
printed with each important con-
tribution 1n Erecrroxic ENGINEER-
ve this valuable periodical would
be further enhanced.

1 shall be grateful if you will give
this suggestion your consideration
and perhaps investigate whether it
would be suvported by other
readers, I.. C. Brawnsox.

Would it ¢—Ed.

Scanning Circuits

Desr Sir,—With respect to the
article by Mr, C. H. Banthorpe in
vour November issue and in particu-
lar the last paragraph concerning
cathode coupled multi-vibrators, we
would like to say that this firm has
been using this type of line and
frame oscillator 1n its television
receivers for the past fifteen months.
We agree with Mr. Banthorpe’s
remarks on the merits of the type
of oscillator and would like to add
that the oscillator will lock so readily
that the picture remains absolutely
steady over most of the range of the

frequency control potentiometers.
pp. Felgate Radio, Ltd.

J. MaNNERS
For McCarthy Radio. ’
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NOTES FROM THE INDUSTRY

R.C.M.F. Exhibition 1949
The Sixth Annual Private Exhibition

of British Components, Valves and
Test Gear for Radio, Television,
Elcctronic and Telecommunication
Industries will be held in the Great
Hall, Grosvenor House, Park Lane,
London, W.1., during the per.iod
Tuesday, March 1, to Thursday,

March 3, 1949, daily from 10 a.m. to
6 p.m.

Admission is by invitation only as in
previous years. Applications for tickets
and further information can be
obtained from the Secretary, Radio
Component Manufacturers Federation,
22 Surrey Street, Strand, London,
W.C.2.

Radiolympia {949

The Radio Industry Council announces
that the 16th National Radio Exhibition
(‘“ Radiolympia ’’) will be held at
Olympia, London, {from . Wednesday,
September 28, to Saturday, October 8,
1949. There will be a pre-view with
admission by invitation only on
Tuesday, September 27.

Intending visitors from overseas are
asked to inform the Radio Industry
Council, 59 Russell Square, London,
W.C.1.

New Amateur Bands

The G.P.O. has advised the Radio
Society of Great Britain that as from
January 1, 1949, a number of new
bands will become available to U.K.
amateurs.

All bands in current use, with the
exception of the band 358.5-60 Mc/s.,

will * continue to be allocated. In
addition to the bands,
144-145 Me/s.
1,215-1,306 Mec/s.
5,650-5,850 DMe/s.
10,000-10,500 Mc/s.
will become available.
Frequency modulation as well as

amplitude modulation will be permitted
on all bands from 420 Mec/s. npwards
and on all these bands as well as on the
144-146 Mc/s. band an input power of
25 watts will be permitted.

Television Output Up

~ The production of television receivers
in October 1948 was 12,037, and in
September 11,854, according to figures
issued by the Radio Industry Council.
The average monthly rate of produc-
tion ‘has been 6,430 in 1948 compared
with 2,300 in 1947. One of the limiting
factors in production has been the
cathode ray tube, but manufacturers
have recently been able to speed up
production and it is hoped to make it
possible to issue 200,000 receivers next
vear. The total of licences issued up
to October 31, was 78,800.

Pye Television and Road Safety

The Police and Pye Ltd., co-operated
recently in a Road Safety Exhibition
in Cambridge. Television cameras
picked up an actual street scene and
the signals were fed through 1.500 ft.
of cable to receivers in thc exhibition.
As cases of ‘“‘jay walking’ and
dangerous driving were observed on
the screens a policc commentary was
given to viewers.

“ World Radic Handbook for
Listeners ”’

Published by O. Lund Johansen of
Copenhagen the Third Edition
(November 1948-May 1949) of this
reference book gives invaluable infor-
maiion to kelp 1n the identification of
the principle broadcasting stations of

the world.  The name, -call-sign,
frequency, interval-signal of each
station 1is given together with the

address, details of its leading personali-
ties and programme schedules. Copies
(price 6s. 6d.) are distributed in this
country by: Wm. Dawson & Sons,
Ltd., Cannon House, Macklin Street,
London, W.C.2.
New Transmitter Condenser

Messrs. Stratton and Co. (¢ Eddy
stone ’’) announce the release of a new
transmitting condenser Cat. No. 612. It
is a split-stator of rigid construction
with ceramic end plates, having a
capacitance of 50 pF. per section. It
1s particularly suitable for transmitters
working on the 28 and 14 Mec. bands.
and is priced at 82s. 6d. It is supplied
with a comprehensive set of accessories
for mounting in a variety of positions.

Antiference Ltd.
NOTICE
Attention has been drawn to the fact
that one or more concerns are offering
for sale an item described as the
“ World’s Finest Antiferance Device.”
Use of the word ‘“ Antiferance ”’ in con-
nexion with anti-static devices is in the

view of Antiference, Ltd., a clear
infringement  since it  sufficiently
resembles their Trade Name and

Registered Trade Mark ¢ Antiference.”
Consequently they will immediately
instruct their solicitors to issue against
any Infringer a writ for damages.

Antiference, Ltd.. would be obliged
if any of our readers would send to
them literature .in their possession
making use of the words ‘““Antiferance”’
or ‘“ Antiference ’ and not to their cer-
tain knowledge issued by Antiference,
Ltd., 67 Bryanston Street, London,
W.1.

Correction

Mr. D. McMullan was incorrectly de-
scribed (Dec., 1948, p. 892) as being with
the Cavendish Laboratory, Cambridge.
He is at the Cambridge University
Engineering Laboratory and the work
for the article in question was done
before joining the laboratory.

Publications R.eceived

“ Glossary of Terms Used in Wave-
guide Technique.” Supplement No. 1
(1948) to British Standard 204 :1943,
price 2s. net, post free. Obtainable
from British Standards Insttution,
24/28 Victoria Street, London, S.W.1.

“ Marconi Broadcasting.” A well
illustrated 12-page survey of recent
Marconi transmitting equipment, 1ssued
by Marcont’s Wirel%zss Telegraph Co.,
Ltd., Chelmsford.

¢ Ediswan Special Purpose Valves.”
Publication No. R.1338 issued by The
Edison Swan Electric Co., Ltd., 155
Charing Cross Road, London, W.C.2.

“ Precision Measuring Instruments,”
a catalogue of their curreent range.
H.Tinsley and Co., Ltd., Werndee Hall,
South Norwood, S.E.25.

‘““ Some Electrical Instruments of
Precision.”” Leaflet on their products
issued by : Doran Instrument Co., Litd.,
Wallbridge Works, Stroud, Glos.

“High Vacuum Equipment.”” A
booklet dealing briefly with this range
of cquipment i1ssued by: W. Edwards
and Co. (London), Lid., Kangley
Bridge Road, Lower Sydenham, Lon-
don, S.E.26.

and Constant Tem-
perature Oven. Two leafiets issued by
Piezo Crystals, Ltd., ‘° Hadresham,”’
Outwood, Redhill, Surrcy.

Publication NMo. M44
relating to Transformer and Choke
Laminations in Mumetal, Radiometal
and Rhometal. The Telegraph Con-
struction and Maintenance Co., Ltd.,
22 Old Broad Street, London, E.C.2.

Piezo Crystals

Telcon Metals.

’

A new catalogue of ‘“ Douglas” and
“ Macadie ”’ coil winding machines and
accessories giving illustrations and
descriptions not only of machines which
have been produced for a number of
years, but also of a large number of
new models. The Automatic Coil
Winder and Electrical Equipment Co.,
Ltd., Winder House, Douglas Street,
London, S.W.1.

““Radio Measuretests’’ a 36-page book-
let on the determination of radio
receiver performance with particular
reference to instruments specially
designed for the purpose by Marcon:
Instruments Litd., St. Albans, Herts.
{from whom any Radio FEngineer,
writing on business notepaper, may
have a copy.

““Loud Speaking Key Controlled
Intercommunication Telephone Equip-
ment.” A leaflet No. 1001/1 issued by
Automatic Telephone and Eleciric Co.,
Ltd., Strowger Works, Liverpool, 7.
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FREQUENCY MODULATION

“ FREQUENCY MODULA-
TION,” Volume 1, is the most
recent addition to the RCA
Technical Book Series. It con-
sists of papers on the subject of
Frequency Modulation which
have appeared in various
publications from 1936 through
1947; all written by RCA
scientists and engineers. The
book contains 24 full length
papers, 26 summaries, and 2
appendices. Published in
cloth-bound edition—I5s. each.

Write to :

RADIO CORPORATION OF
AMERICA

43, Berkeley Square,
LONDON, W.I

for details of this and other RCA
publications.

THESE ARE IN STOCK

THE AMPLIFICATION AND DISTRI-
BUTION OF SOUND, by A. E

Greenlees. 16s. Postage 6d.
RADIO ENGINEERING, by F. E. Terman.
42s. Postage 9d.

ELECTRONIC CIRCUITS AND TUBES,
by Crufc Electronics Staff. 45s. Postage 9d.

THERMIONIC VALVE CIRCUITS, by
E. Williams. 12s. 6d. Postage 4d.

SHORT WAVE WIRELESS COM-
MUNICATION, by A, W. Ladner and
C. R. Stoner. 35s. Postage 9d.

RADIO LABORATORY HANDBOOK,
by M. G. Scroggie. 12s. 6d. Postage 5d.

TELEVISION RECEIVING EQUIP-
MENT, by W. T. Cocking. 2s. 6éd.
Postage 5d.

FUNDAMENTALS OF RADAR, by

Stephen A. Knight. 10s. Postage 5d.

THE MATHEMATICS OF WIRELESS, by
Ralph Stranger. 7s. 6d. Postage 4d.

AMATEUR RADIO VALVE TECH-
NIQUE, by D. N. Corfield and P, V.
Cundy. 3s. 6d. Postage 2d.

FREQUENCY MODULATION

ENGINEERING, by C. E. Tibbs.
28s. Postage 9d.

YACUUM TUBES, by K. R. Spangenberg.
45s. Postage 9d.

We have the finest selection of British
cond American radio books in the country.

THE MODERN BOOK COMPANY

(Dept. E.I)
19-23, Praed Street, LONDON, W.2.
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High Vacua, Principles, Pro-

duction and Measurement
Swami Jnananandra. (D. Van Nostrand,
Inc., New York—Macmillan and Company,
Ltd.,, London). XUl + 310 pp. with [34
illustrations. 1947. Price 30s. net.

HE ever increasing importance of

high vacua in electronic, chemical,
pharmaceutical and optical engineer-
ing attracts the interest of wider and
wider circles in their principle, their
production and their measurement.
Although perhaps no fundamental
developments with exception of the
advent of new working fluids for
diffusion pumps have appeared since
the first comprchensive textbooks have
been published about 25 years ago and
since  Yarwood’s little monograph
(this journal 16, 82, 1943) any new
addition to the literature of this field
is welcome.

About one quarter of Dr. Jnananan-
dra’s book 1s devoted to a lucid
survey of the principles of the
kinetic gas theory the laws of which
naturally form the basis of the science
and technique of high vacua. This
survey forms the first chapter and it
contains among other things a brief
account of Maxwell’s calculation of the
distribution of molecular velocities
so  important in explaining the
phenomena in a diffusion pump.

The second chapter, after an intro-
duction dealing briefly with pumping
speed, gives a description of pumps
with and without piston. A brief para-
graph of the section dcaling with
piston pumps describes electromagnetic
pumps designed especially for such
cases in which vacua uncontaminated
by oil vapour are required. The section
on molecular pumps contiins also the
modern designs due to Sieghahn. A
large number of diffusion pumps is
described and illustrated among them
Dolejsek’s three-stage paraffin pump.
From the table comparing the per-
formance of vacuum pumps it appears
that the most recent designs for very
large pumping speeds are not taken
into consideration. As highest pumping
speed 250 [/sec at 107 mm. Ig is men-
tioned for a multiple-nozzle pump
worked with Apiezon ““ B’ oil while
actually pumps with a sveed of 5.000
/sec at 2 x 107" mm. Hg have been
desceribed in modern literature. No
mention is made of silicone oils used as
working fluids. Also  performance
curves for the various pumps are not
glven.

The third chapter is devoted to high
vacuum gauges. In the section dealing
with DMcLeod gauges a reference to
tilting tvpes is missing which, in the
form of the * Vacustat,” afford a very
handy  though  perhaps not too
accurate instrument and, in the form
of the Flosdorf gauge, lend themselves
to a modification suitable as register-
ing instrument. A welcome feature of
Dr. Jnananandra’s book is the section

on “ phlegmatic liquid-filled ** gauges.
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While gauges based on radiometer
action, thermoconductivity and vis-
cosity are adequately dealt with, a

reference to the Philips gauge and to
the ‘“ Alphatron’ is missing in the
section on ionisation gauges.

The fourth chapter deals with the
technique of high vacua including the
tubing and joints for assembling com-
plete vacuum systems, the waxes,
cements and greases and a somewhat
brief paragraph on leak hunting.
Especially  in this  direction much
development work was done in recent
vears reference to which is missing.
Cutoffs, valves and cold traps are also
dealt with in this chapter.

Under the heading preparatory
operations for vacuum work chapter
five gives a brief account on cleaning
the apparatus and the theories of. and
practices for eliminating, adsorbed and
occluded gases.

The sixth and final chapter deals
with gettering and similar physico-
chemical methods for producing or

improving high vacua.

The book is well produced and, in
spite  of the few objections raised
above, deserves to find a place on the
book  shelves of laboratories and
workers in the high vacuum field.

R, Nevaanx

Vacuum Tubes

By Karl R. Spangenberg,
McGraw-Hill, 1948.  30s. net.

HY post-war years have witnessed

the publication of a succession of
books, mainly of American origin.
which purport to describe the develop-
ments  which  took place in radio
physics and radio engineering between
the years of 1939 and 1945. Of these
the volumes of the Radiation Labora-
tory Series are typical; des:riptions
with little or no commentary, making
the minimum of diserimination between
the finished vresearch which adds a
stone to the scientific edifice, and the
unfinished, sometimes abortive experi-
ment which is part of the rubble of
war-time building.

A few books of the more old-fashioned
didactic type are now beginning to
appear, and of these Professor
Spangenberg’s work is an interesting
example.  In “ Vacuum Tubes’ the
scientific  basis - of the subject is
adequately laid by a teacher who has
shown considerable discrimination in
selecting his topics.  Only well-tested
Lheorie§ which add to our understand-

860,

Xvii --

ing of vacuum physics have been
included, and there is none of the
apparent aimlessness which 1s bound
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to characterise the factual accounts of
war work, As a consequence, the
reviewer found this book a pleasure to
read. That he also found it instructive
suggests that it contains much that
has not been adequately recorded in
other works of the same nature.

In his introduction, after quoting
phenomenally large figures for the
numbers of electronic equipments in
U.S.A., the author concludes that
““there are many vacuum tubes in
+ use’ and suggests that ‘‘ they must
{ be of some importance.”” The succced-
' ing 21 chapters should convince the

reader of this. It should also give him

a most refreshing course in all branches
¥ 3 . n
; of applied physics, for Professor
t Spangenberg does not hesitate to 20
i{ back to first principles when the
. argument warrants it, nor does he

gloss over the detailed techniques
' required for the study of problems in
i valve design. For example, Chapters
y 4. 19, and 21 could be transferred en
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bloc to any standard work on modern

pure physics. Their subjects are,
. respectively, Electron Emission, Photo
' Electric  Tubes and High-Vacuum
} Practice. On the other hand, Chapters
F7’- 9, 10 and 11 constitute an exhaus-
* tive and illuminating account of the
analysis of “‘ standard *’ valves, the
titles being ““ The Eleetrostatic Field
. of a Triode,” “Triode Characteristics,”’
“ Tetrodes ” and * Pentodes.” The
result is that the book is a rich mine
of information on almost all aspects
of the subject, and yet the mode of
presentation gives a pedagogic con-
tinuity.

In a hook of this magnitude one
expects to meet a few errors. On
page 43 it is stated that during the
activation of an oxide emitter,
*“ coplous oxygen is evolved.’ Surely
one should read * carhon dioxide ** for
“oxygen.” On page 169 the figure
showing the potential distribution in
“a plane-electrode diode is misleading.
;The student might continue under a
" misapprehension until page 19i. In
' this case the presentation might be
timproved. There is a misprint in the
ilegend of Fig. 14.2 on page 395, and
the description of © sealing glass Lo
i other materials ** on page 796 el. seq.
s not detailed enough to he of any
'real value to the technician. But
‘these are minor blemishes in what
imust be regarded as a most excellent
‘treatise. The bhook can be unreservedly
srecommended to all serious students

‘ who will find

"of *“vacuum tubes”’
‘that the dry humour with which it
Jis punctuated does nothing to detract
Jfrom its value.
.1 J. Tnoxsox
!

/
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Pulse Generators

G. N. Glasoe, J. V. Lebacqz and others.

Massachusetts  Institute of Technology.
Radiation Laboratory Series. Vol. 5.
741 pp. Price 54s.

AR generally brings considerable

technological advances but it is
often at the cost of fundamental
rescarch.  “ Dulse Gencrators ' em-
phasises the truth of this statement for
it discloses no {undamental develop-
ment:; 1t is a valuable record, well
documented and liberally illustrated,
of the application of known principles
in  the radar field. The principal
authors are wuniversity teachers, and
their practical experience in teaching
has been used to such good effeet that
any onc with a graduate's knowledge of
radio engineering can gain a {ull under-
standing of the principles and practice
of pulse generation for modulating
magnetron radar transmitters. Tnevit-
ably a number of instances of recapitu-
lation occur and the designer of pulse
equipment may well prefer the 1.15.15,
Radiolocation Conventian papers* on
Pulse Modulators, which contain as
much practical information in a more
suceinet form. Reference to these
publications has not been found in the
hook bhut acknowledgment is made at
manv places to the contributions of
British scientists,

The book is divided into three
parts: the first of approximately 150
pages, describes the hard valve pulser
which is triggered by a pulse applied
to its grid and which partially  dis-
charges a storage capacitor through the
load. The next 300 pages of Port 11
are devoted to the Line-Type Pulser,
which may use a spark-gap or thyratron
valve to discharge a charged artificial
line into the load. Pulse Transformer
Design is the subject of Part 11T, which
is practically the same length as Part
I. Therc are two appendices on Pulse
Mcasuring Technigues and Equivalent
Pulse Duration and Amplitud.. A I
ol symbols is also ineluded and against
cach is placed the page on which the
symbol first appears,

There are 15 chapters, of which the
first is an cxcellent introduction to the
problems associated with the tvnpes of
pulse generators that were develoned.
A final section sets ont in (abolar form
the advantages and disadvantaves of
the two types of pulse modulator.
Part T begins at Chapler 2 with a dis-
cussion of the power supplv and the
storage capacitor which are the sources
of pulse cnergy.  The method of coup-
ling to the magnetron Joad, which is
shown to be eauivalent to a biased
diode, is considered, and the advan-
tages of using a transformer are out-
lined. The third chapler lists the pro-
perties of the ideal switching valve and
shows how far these can be fulfilled by
the triode or tetrode. The receiving

* Proceedings of  the Radiolocation  Convention.
JAEAL Vol 93, Part s, Now. 5 6 and 7.
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valve engineer will find himself on
familiar ground here for most of the
problems encountered with oxide-coated
cathode valves are described. Chapter 2
deals with the various types of driver
circuit needed to trigger the final
pulser valve, The driver stage does not
generate the initial pulse but is itself
triggered, and three types are des-
cribed.  These are the Bootstrap (a
valve with its load in the cathode to
H.T. negative lead), the blocking
oscillator or more correctly termed
regenerative driver, for it iIs quiescent
until triggered by the initiating pulse,
and the multivibrator biased to be in-
operative until triggered. Chapter 5,
which concludes Part I, contains full
desdriptions of three types of pulse

modulators, two of which had wide
ap{)lication during the war. One is a
light-weight airborn pulser of

0.144 MW power output and the other
is part of a ground station radar equip-
ment with a pulse power output of

1 MW, The very complete circuit
-diagrams will be invaluable to any
institution, which has acquired
American ex-Army  UHF  radar
apparatus.

Chapter 6, the first of Part II,

analyses the pulse forming network and
stresses the difficulty of obtaining very
steep leading and trailing pulse edges
from equivalent lines with lumped con
stants. Guillemin’s important contri-
bution to the design of the sections of
equivalent line is described and illus-
trated by numerical examples. The
construction and testing of the coils
and eapacitors making up the sections
of the line are fully discussed. The
subject of Chapter 7 is the discharge
circuit for the line network, i.e., the
switch and the load and it is shown
that the matching of load to line is not
critical. Its effect on pulse shape,
regulation and efficiency is also con-
sidered. Chapter 8 covers the three
types of switch, the rotary and fixed
spark gaps and the hydrogen thyra-
tron. Circuit design for either d.c. or
a.c. methods of charging the line is
examined in Chapter 9, and the per-
formance of the pulser and the various
factors affecting it are given in Chapter
10. Part II concludes in Chapter 11 on
particular apparatus treated in as full
detail as those described in Chapter 5.

Part IIT has four chapters on pulsz
transformer design. Chapter 12 is a
general introduction to transformer
theory and Chapter 13 shows how this
theory must be modified to meet the
needs of pulse waveforms. The effect
of transformer parameters on the lead-
ing and trailing edges and the top of
the pulse is examined in Chapter 14.
The final chapter considers the proper-

ties of suitable core materials.  This
part seemed less satisfactorily written
than the others largely because a clear
distinction is not made between the
essential and less essential points of
detail. In  the reviewer's opinion
Melville’s paper® on the same subject
gives a better picture of the problems
of pulse transformer design and their
method of solution.

Outstanding features of the book are
the large number of oscilloscope traces
used to illustrate pulser performance

and the way in which theoretical
analyses are followed by practical
examples giving typical component
values. The book should be in the

reference library of every organisation
concerned with radio and most de-
signers of pulse equipment will wish to
have their own copy. Its esoteric
character will restrict its sale among
radio engineers whose work is uncon.
nected with pulse modulators for radar
equipment.
K. R. SturLey

* Melville. W. S, The Theory and Desien of High
Pulse Transformers.  Pracecdings of the Rodio-
location Convention, JUI.E.E., Vol. 93, Part IIla,
No. 6, p. 1063.

——

ALLEN & UNWIN =,

Technical
Literature

ITS PREPARATION AND
PRESENTATION

G. E. WILLIAMS, AM.IEE.

Head of the Editorial Department,
the Institution of Electrical Engineers,

A concise comprehensive handbook
for engineers, physicists and all
technical writers, to assist them in
preparing technical and scientific
papers for the professional Press.
It covers the ground fully and in-
cludes a valuable biography.

78. 6d. net

Elements of
Radio

WILLIAM AND ABRAHAM
MARCUS

Edited by
RALPH E. HORTON

Vol. 1 of this standard work is once
more available.

3rd imp. illustrated.  r2s.6d. net

40 Museum St., London, W.C 1

Antenna Manual
Woodrow Smith (Editors and Engineers,
Ltd., Santa Barbara. California, U.S.A.)
306 pp. Price 25s.

HE author of this book has

restricted himself to a non-mathe-
matical account of antennae and has
omitted the usual references one ex-
pects to find in technical works. As
a result the book will appeal far more
to the radio amatcur than to the pro-
fessional engineer. The emphasis on
the amateur’s requirements 1is also
shown by the fact that short and ultra-
short wave antennae are dealt with in
greater detail than other types.

A quarter of the book is taken up
by the first chapter which is devoted
to a discussion of the propagation of
radio waves; but since a consideration
of the propagation conditions is almost
inseparably linked up with the design

of an antenna system, this forms a
valuable addition to the book. ]
The book continues with quite an

extensive description of transmission
lines dealt with from a practical point
of view. This is followed by chapters
dealing with antenna systems at
various frequencies, one on measuring
equipment and techniques, and finally
a chapter on antennae for navigational
aids. Actually the last chapter contains
very little beyond a short discussion of
D.F. antennae, for the material pre-
senfed on radar antennae is too sketchy
to be of any engineering value.

So far the review has been concerned
only with the scope of the book. It
must now be added that bhoth the
writing and presentation of the infor-
mation are excellent throughout the
book. Moreover, the author has suc-
ceeded in introducing many of the ‘“finer
points ” of the subject without in any
way obscuring the main issues. It can
be stated therefore that many radio
enthusiasts will welcome the publication
of this book.

H. Paur Winniams

Great Circle Projection Map
Copies are obtainable from the Publishers
of * Wireless World,”" Dorset House,
Stamford Street, London, S.E.I, at 2s. 6d.
(by post 3s.)

HE Wireless World Great Circle

Projection Map was first drawn
by the late J. St. Vincent Pletts at
the time when world-wide. radio com-
munication was just beginning. Since
then, the map has become an essential
part of the equipment of every station
concerned with long-range communica-
tion. ’

The map gives the true bearing and
distance ““ as the radio wave travels”
to any part of the British Isles. Nothing
more elaborate than a rule with inches
divided decimally is needed for making
measurements.
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The Institution of Electrical Engineers

All meetings, unless otherwise speci-

fied, are held at the Institution of
Electrical  Ingineers, Savoy Place,
London, W.C.2.
Radio Section
Date : January 11, Time: 5.30 p.m.
Lecture : ““ Double-Ratio a.c. Bridge
with  Inductively Coupled Ratio
Arms.”
By: H. A. M. Clark, B.Sc.(Eng.), and
P. B. Vanderlyn.

“A ])ire(~t~(,'apa(~itance Air-
iRl

Lecture :
craft Altimeter.

By : W. L. Watton, B.Sc., and M. E.
Pemberton,

This s «a joint meeling

Measuremenlts Seetion.

Date : January 12. Time: 5.30 p.m.

Lecture: *° Some Aspecls of Design of
RBalanced Rectilier Modulators for
Precision Applications.”
and
** The Effects of an Unwanted Signal
Mixed with a Carrier Supply of Ring-
and-Cowan Modulators.”

By : D. G. Tucker, D.Sc., Ph.D.

Date: January 18, Time: 5.30 p.m.

Discussion on: ‘““ Should British Uni-
versilies consider the Establishment
of Special Degrees in Radio?”’

Opened by : Professor 1. B. Moullin,
M.A., Se.D.

The Secrelary, Inslitution of Elecirical
Engincers, Savoy Place, W.C.2.

Cambridge Radio Group

with the

Date: January ]]

Held at: The
nical College.

Leeture s “ The Testing of Communica-
tion-Type Receivers.,”

Time: 6 p.m,
Cambridgeshire

Tech-

By: W. J. Bray, M.Sc.(Eng.), and
W. R. 11, Lowry, B.Sec.
Hon, Sec.: II. G. Booker, Cavendish

Laboratory, Cambridge.
North-Western Radio Group

Dale: January 19. Time:

Iteld al: The Enginecrs
Square, Manchester, ]

Leeture: ¢ Three-Dimensional Cathode-
Ray-Tube Displays.”

By : K. Parvker, M.A., and P. R. Wall,
B.Sc.(Eng)).

dAsst. See.: Ad. L. Green,
ham  Road,
Manchester, 21.

North Stafferdshire Sub-Centre

6.30 p.m.
Club, Albert

2141 Branting-
Chorlion-cum-Hardy,

Date: January 10. Time: 7 p.m.
Held  at: I\mo Edward Grammar

School, btaffmd

Lecture : ““ Some Projects favourable
lo Direct-Current Transmission, and
the Role of the British Eleetrical
Industry in Relation thereto.”’

By . J. Krroll, M.A., M.P., and The
Lord [Forrester, \1 A,

Hon, Sceretary : G. Kitchenn, Post
Office lnv’lnccnn‘f Dept., Central
Traiming School. l)uncan Ha” Stone,
Staffs.

Flectronic Engineering

South Midland Centre
Date: January 25. Time: 6 p.m.
Held at: The Town Hall, Birmingham.
Le(.ture Faraday LectUIe on ‘‘ Tele-
vision.

By : Sir Nocl Ashbridge, B.Sc.(Eng.).
Hon. Secretary: H. Hooper, British

Electricity Authority, 53 Wake Green
Road, Moseley, Birmingham, 13.

South Midland Radio Group

Date: January 24, Time: 6 p.m.

Held at: The James Watt Memorial
Institute, Great Charles Street, Bir-
mingham.

Lecture : © Television Developments.”

By: K. R. Sturley, Ph.D.

Hon, Secretary: H. G. Foster, Eleclri-
cal Engineering Dept., The Univer-
sity, Edgbaston, Biurmingham, 5.

Woestern Centre

January 10. Time: 5 p.m.

Held at: South Wales Institute of
Engineers, Park Place, Cardiff.

Lecture: ‘““A Resumé of the v.H.F.
Point-to-Point Communication.”’

By : ¥, Hollinghurst, B.Sc.(Eng.), and
C. W, Sowton, B.Sc.

Date: January 19. Time: 6.30 p.m.
Held at: Victoria Rooms, Bristol.
FFaraday Lecture: ‘‘ Television.”

By: Sir Noel Ashbridge, B.Sc.(Eng.).

Hon, Secretary: J. Vaughan Harries,
28 St. Mary Street, Cardiff.

Dalte:

The Institute of Physics
London ani Home Counties Branch
Date : January 12. Time: 5.30 p.m.
Held at: The Institute of Physics, 47
Belgrave Square, S.W.1.
Lecture: ““ The History of the Funda-
mental Concepts of Electricity.”
By : Dr. N, IL. de V, Heathcote.
Hon, Secretary: Dr. H. L.
Rothamsted Experimental
Huarpenden, Herts,

Penman,
Station,

British Sound Recording Association

Date: January 28. Time: 7 p.m.

Held at: The Royal Society of Arts,
John Adam Street, Adelphi, Strand,
W.C.2,

Lecture :
cessing.”’

By: E. D. Parchment,

Hon. Secretary: R. W. Lowden,
“ Wayford,” Napoleon Avenue, Farn-
borough, Hants.

‘“ Gramophone Record Pro-

R.S.G.B.

Date : January 28. Time: 6.30 p.m.

Held at: The Institution of Electrical
Enginecers, Savoy Place, Victoria
Embankment, W.C.2.

Adjourned Annual General Meeting.

Secretary: New Ruskin House, Little
Russell Street, W.C.1.

MEETINGS
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Brit. I.R.E.
London Secticn
Date: January 20. Time: 6 p.m.

Held at: The London School of Hygiene
and Tropical Medicine, Keppel Street,
London, W.C.1.

Lecture: “ Developing an Indicator
Unit for H.S Equipment.”

By: R. T. Croft.

The Secretary:
London, W.C.1.

South Midlands Section

Date : January 27. Time: 7 p

Held at: The Technical College, The
Butts, Coventry

Lecture : ¢ Telecommunications  in
Turkey.”

By: A. E. Harrold.

Secretary : C. Stokes, 6 Esterton Close,
Coventry.

Merseyside Section

9 Bedford Square,

Date: January 5. Time: 6.45 p.m.

Held at: The Incorporated Accoun-
tants’ Hall, Derby Square, Liverpool,
2.

Lecture: ““ Television Receiver Design
Technique.”’

By : W. Jones.
Secretary : J. Gledhill,
Road, Liverpool, 13.
North-Western Section

Date: January 6. Time: 6.45 p.m.

Held at: College of Technology, Sack-
ville Street, Manchester, 1.

Presidential Address.

By: L. H. Bedford, O.B.E., M.A.

G, T. Y. Stennett, 123,

East Dids-

123 Portelet

Secretary :
Parrs Wood Road South,
bury, Manchester, 20.

The Television Society
Midlands Centre
Date: January 4. Time: 7 p.m.
Held at: The Chamber of Commerce,
New Street, Birmingham. )
Lecture:  ““ Television  Applications
other than Entertainment.”

By : Dr. W. Summer.
Hon. Lecture Secretary: Dr. W,
Summer, 169 Mary Vale Road,

Bourneville, Birmingham, 30.

The Royal Photographic Society
Scientific and Technical Group

Date: January 11. Time: 7 p.m.

Held at: 16 Princes Gate, S.W.7.

Lecture: °‘ Picture Telegraphy.”

By: J. Bell, M.Sc., M.I.LE.E.

Date : January 13. Time: 7 p.m.

Held at: 16 Princes Gate, S.W.17.

A Symposium : ““ Utilisation of Govern-
ment Surplus Photographic Equip-
ment.’

Date: January 20. Time: 7 p.m,
Held at: 16 Princes Gate, S.W.17.
Lecture: *° The Kmephotomlcrography

of the Living Cell.”
By : Dr. A. Hughes.

The Secretary : 16 Princes Gate, S.W 7.
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CIRCUITS

Very-High-Frequency Single-Channel
Receiver
(W. C. Lane and T. C. Clark)

Increased traffic at the major air-
ports and the greater coverage re-
quired of airline en route communica-
tions have shown the need for an im-
proved very-high-frequency ecrystal-
controlled ground-station receiver with
high rejection of unwanted signals and
good sensitivity. The receiver de-
signed for these requirements operates
on a single pretuned frequency in the
range of 118 to 186 megacycles per
second, and employs a l4-tube super-
heterodyne circuit, incorporating auto-
matic-volume-control, squelch, and
noise-limiter circuits. Low cost, small
size, high quality, performance, and an
easily serviceable unit were the points
stressed in this design. Field tests
indicate the effectiveness of the design.

—Elect. Comm., June, 1948, p.182.

Simplified Automatic Stabilisation of a
Frequency-Modulated Oscillator
(J. L. Hollis)

A frequency-modulated exciter which
incorporates a quartz-crystal discrimi-
nator for centre-frequency stabilisation
of the modulated oscillator is described.
The unit was designed as the exciter
for a frequency-modulated broadcast
transmitter.

The frequency-stabilising circuils are
the unique portion and are deccrived
in detail. Circuit simplicity s attamned
by operating the discriminator at the
modulated-oscillator frequency, thus
eliminating heterodyning and mixing
circuits. A special bridge cireuit,
operating on the modulator bias, main-
tains the average frequency at the mid-
point of the discriminator, Perfor-
mance and stability of a completed
unit are briefly discussed.

—Proc. I.R.E., September,

p.1,164.

Distributed Amplification
(E. L. Ginzton, W. R. Hewlett, |. H. Jasberg
and |. D. Noe)

This paper presents a new principle
in wide-band amplifier design. It is
shown that, by an appropriate distribu-
tion of ordinary electron tubes along
artificial transmission lines, it is possible

1948,

to obtain amplification over much
greater bandwidths than would be
possible with ordinary civeuits.  The

ordinary concept of ‘‘ maximum band-
width-gain product > does not apnly
to this distributed amplifier. The
high-frequency limit of the distributed
amplifier appears to be determined by
the grid-loading effects.

The distributed amplifiev provides

Electronic Engineering

January, 1949

ABSTRACTS OF
ELECTRONIC LITERATURE

means for designing amplifiers either
of the low-pass or band-pass types.
The low-pass amplifiers can be made
to have a uniform frequency response
from de to frequencies as high as
several hundred Mec/s. using com-
mercially available tubes,

The general design considerations
included in this paper are: The effeci
of improper termination of trans-
mission lines; methods for controlling
the frequency response and phase
characteristic; the design which pro-
vides the required gain with fewest
possible number of tubes; and a dis-
cussion of high-frequency limitations.
The noise factor of the amplifier is
evaluated.

Practical amplifiers, designed accord-
ing to the principles described in this
paper, have been built and have veri-
fied the theoretical predictions. Experi-
mental work will be described in a
forthcoming paper.

—Proc. I.R.E., August, 1948, p.956.

A Phase-Shift Oscillator with Wide-
Range Tuning
(G. Willoner and F. Tihelka)

A new audio oscillator of the phase-
shift type is discussed. The oscillator
can cover continuously the entire
audio-frequency range, and tuning is
achieved by varying but one element
of the feedback network. The theory
of the new principle and a description
of the oscillator are given.

—Proc. I.R.E., September,

p-1,096.

1948,

A Broad-Band High-Level Modulator
(R. J. Rockwell)

A class-B modulator has been devised
to assure a broad pass band having
uniform gain with quite low distortion
and noise level, Unique features
include (1) a cathode follower, (2) no
modulation transformer, and (3) broad-
band fecdback.

—Proce. I.R.E.,

p.1,160.

C. R. TUBES

September, 1918,

Some New Aspects of High-Speed
Oscillography
(D. M. Mackay)

In Part I it is shown that conven-
tional deflexion systems do not enable
the possibilities of the cathode-ray tube
to be fully realised. By a modification
to the shape of deflector plates, it is
theoretically possible, under suitable
conditions, to expand the time s-ale
obtainable with a given time-basc
generator up to infinity. The geo-
metry of the deflected electron beam is
examined, and an expression derived
relating the shape of the effective time-

base voltage wave-form, the time
scale, and the shape of the Y-plates.
In Part II, several practical factors,
which cause various forms of trace
distortion, are examined, and possible
ways of overcoming a number of these
difficulties are described.

—Phys. Soc. Proc., September, 1948,

p.235.%

Spectral Power Distribution of
Cathode-Ray Phosphors
(R. M. Bowie and A. E. Martin)

This paper embodies some of the
results of a study undertaken because
of the lack of substantial agreement
among  colorimetric  determinations
made from cathode-ray-tube screens bv
television manufacturers in the United
States. The ICI (International Com-
mission on Illumination) system of
colour specification is described, and is
applied to the visible light produced
by cathode-ray screens. A survey was
made of the principal colorimetric
methods now in use by television
manufacturers. These methods have
been evaluated in terms of how closely
their inherent characteristics meet the
criteria of the 1931 ICI Standard
Observer. The necessity for standardi-
sation of colorimetric measuring equip-
ment is pointed out. Suggestions are
offered as to the manner in which such
standardisation might be achieved.

—Proc. I.R.E., August, 1948, p.1,023.

THEORY

Some Notes on Noise Theory and its
Application to Input Circuit Design
(W. A. Harris)

The mecchanism by which noise is
produced in an electron tube and is
relation between induced grid noise
and plate noisc are discussed. An
equivalent circuit with noise genera-
tors supplying voltages and currents .
to simulate noise derived from the
plate current of a tube, from the grid
by passage of this current, and from
the input circuit is then analysed to
determine the optimum noise factor
obtainable under various conditions.
The frequency for which the quantity
R.; g, is unity is seen to be an appro-
priate figure of merit for the noise pro-
duced by an electron tube. The fre-
quencies  corresponding to  chosen
values for the noise factor are presented
for several receiving tube types. The
paper concludes with g discussion of
the circuit requirements which must be
satisfied in order to obtain noise factors:
approximating the theoretical values.

—R.C.A. Review. September, 1948,

p.406.

* Abstracts supplied by the courtesv of Metropolitan-
Vickers Electrical Co. Ltd. Trafford Park, Manchester
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Maximum sensitivity with uni-
form frequency response from a
more compact speaker, appreci-
ably reduced in weight—that is
what Rola technicians have
achieved with the new G.I2.
Special features include dust-
proof suspension completely
protecting coil and magnet gap
and the powerful Alcomax |1
magnet. Write for details and
also for particulars of Rola
3” and 4" P.M. models, dust-
proofed and equipped with
Alcomax || magnets.

best
of the
BIG

BRITISH ROLALTD., FERRY WORKS, SUMMER RD., THAMES DITTON, SURREY .sp ea ke rs
Telephone: EMBerbrook 3402 (5 lines)

Get into Top Gear- Marconi Test Gear is in the top ¢lass.

This is worth remembering because the quality of your repair work is only as good

as can be judged by your test gear. If you could make thorough and accurate
measurements instead of comparative tests, no limitation would be imposed on
your technique. You could raise it to the highest level and so give unrivalled
service to your customers. You could, in fact, restore a receiver to its original
performance — make it as good as new ! And all you need, to get into “top
gear’’ is the Marconi Receiver Tester — a complete laboratory in itsell. Ask

us to demonstrate it, or write for full particulars.

The MARCONI PORTABLE RECEIVER TESTER.:

Marconi @ instruments Limited

ST. ALBANS, HERTFORDSHIRE - Telephone: St. Albans 6161,5,
Northern Office: 30 Albion Street, Hull. Phone: Hull 16144, -

Western Office: 10 Portview Road, Avoumouth. Phone: Avonmouth §38.
Southern Office and Showrooms: 109 Eaton Square, London, S$.W.1. Phoue: Sloune 8613,

19



Electronic

BELLING-LEE
‘QUIZ’ (No. 17)

Answers to some of the questions we are
continually asked by letter and telephone

Question 43 (requested

many times). Can we have

“\ further technical information
regarding your inverted *‘ V"’
television aerial? (*1)

Answer 43. This inverted
V" aerial was designed, in
the first place, for indoor use
in vicinities where the field
strength  was  sufficiently
intense to dispense with
outdoor aerials. Apart from
the symmetrical manner in
which this aerial fits in with the roof shape, the bending
of each element to an angle of 45 deg. introduces a
valuable technical feature, namely, the independence of
the aerial upon the angle of polarisation of the incident
signal wave.

There is naturally some loss of signal, the terminal
voltage at the mid-point being 6db less than that from
a single vertical half-wave di-pole. Since the aerial is
only intended for use under conditions of high field
strength this loss is quite unimportant. In addition to
this non-polarising feature the aerial is directional,
possessing sharp minima at right angles to its plane.
This property is of very great use in removing a
‘““ ghost ”’ due to the multi-path transmission, or for
eliminating interference from electronic heating or
diathermy apparatus.

As regards the limits of distance (from the transmitter) at which
the inverted *‘ V *’ aerial can be expected to work satisfactorily,
a great deal obviously depends upon the amount of local screen-
ing. Experience indicates that, in suburban districts, a distance
up to five miles can usually be relied upon. If the aerial is
mounted out of doors at a height of about 40 feet, the above
distance can be doubled.

The aerial is designed to be connected to a twin balanced feeder
of 80 ohms nominal characteristic impedance (*2) but co-axial
feeder (*3) may be used with negligible difference in results. Due
to the partial folding of the elements, the bandwidth of the aerial
is somewhat greater than that of the conventional dipole using
elements of the same diameters, and is more than adequate for
both the sound and vision channels as at present transmitted.

L.605. Inverted ‘“V ”’ for attic mounting £2 10 0

L.606. Inverted ‘' V ''for chimney mounting £4 12 6
Regd. Design No. 836593 Patent applied for.

*2 Balanced twin L.336. 73d. per yard
*3 Co-axial L.600. 1/6 per yard

Showing the ‘‘Belling-Lee"’
L.606 Inverted ““V.”’

<l

extra.

TO BE CONTINUED . ..

BELLING ¢ LEE LTD

CAMBRIDCE,APTERIAL ROAD, ENFIELD, MIDDX

Engineering January,®1949

Plans for a
neighbourly worid

Marconi’s first wireless messages did more than

enable nation to speak to nation. They drew
closer the world’s boundaries, quickened the tempo
of existence and turned diétant acquaintances into
next-door neighbours. Broadcasting has helped
still further to increase our knowledge of our
neighbours ; wireless navigational aids and radar
have brought greater safety and faster travel
between Continents. And

so Marconi’s will

continue to pioneer. Their engineers are busy
today on developments which will make the world

a closer community tomorrow.

Marcons

the greatest name in wireless

MARCONI’S WIRELESS TELEGRAPH COMPANY LTD.,
MARCONI HOUSE, CHELMSFORD, ESSEX.
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Measurement by

Mullard

Mullard Oscillograph tvpe E.SOO'I

The name of Mullard has for long been connected
with cathode ray oscillographs, and their experience
in this field is unequalled. Mullard cathode ray
tubes, Mullard valves and Mullard circuitry have
been combined to produce the accepted standard
oscillograph.

Type E.800/1

Time base frequency 0.25—16,000 ¢/s.
Amplifier response (2 dB loss) 0.1—40,000 c/s.
Amplifier sensitivity (Max. Gain) 1 mV.rms/cm.
Delivery—Ex stock.

Type E.805

Time base frequency 5 c/s—150 Kc's.
Amplifier response (3 dB loss) 2 ¢/s—2 Mc/s.
Amplifier sensitivity (Max. Gain) 5 mV. rms/cm.
Delivery—Ex stock.

Mullard
Electronic Products Ltd.

Electronic Equipment Division

ABOYNE WORKS, ABOYNE ROAD, LONDON, S.W.I7.

(M1.276)

Flectronic Engineering
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The
International

Guide to the Practical Application
of Electronics is now in preparation

ANNUAL
will comprise two parts

Editorial

Description, and information on the use of
radio and other electronic apparatus in
Telecommunication,

Industry,  Navigation,

Aviation, Medical Practice, Entertainment, etc.

Directory

Lists of the world's manufacturers and whole-
sale distributors  of electronic apparatus’
radio sets of every kind, component parts and
materials. A Buyer's Guide will give sources
of supply for the above, arranged as a handy
reference guide.

If you have not yet received an entry form,

apply to the publishers :

BRITISH-CONTINENTAL TRADE PRESS LTD.

222 STRAND, LONDON, W.C.2

Offices in New York, Montreal, Calcutta,

Copenhagen—Representatives in all countries

APPLIED ELECTRONICS
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BELLING-LEE
‘QUIZ’ (No. 17)

Answers to some of the questions we are
continually asked by letter and telephone

Question 43 (requested

many times). Can we have

N, further technical information
regarding your inverted ** V"’
television aerial? (*1)

Answer 43. This inverted
*“V " aerial was designed, in
the first place, for indoor use
in vicinities where the field
strength  was  sufficiently
intense to dispense with
outdoor aerials. Apart from
the symmetrical manner in
which this aerial fits in with the roof shape, the bending
of each element to an angle of 45 deg. introduces a
valuable technical feature, namely, the independence of
the aerial upon the angle of polarisation of the incident
signal wave.

There is naturally some loss of signal, the terminal
voltage at the mid-point being édb less than that from
a single vertical half-wave di-pole. Since the aerial is
only intended for use under conditions of high field
strength this loss is quite unimportant. In addition to
this non-polarising feature the aerial is directional,
possessing sharp minima at right angles to its plane.
This property is of very great use in removing a
‘““ ghost *’ due to the multi-path transmission, or for
eliminating interference from electronic heating or
diathermy apparatus.

As regards the limits of distance (from the transmitter) at which
the inverted ‘* V '’ aerial can be expected to work satisfactorily,
a great deal obviously depends upon the amount of local screen-
ing. Experience indicates that, in suburban districts, a distance
up to five miles can usually be relied upon. If the aerial is
mounted out of doors at a height of about 40 feet, the above
distance can be doubled.

The aerial is designed to be connected to a twin balanced feeder
of 80 ohms nominal characteristic impedance (*2) but co-axial
feeder (*3) may be used with negligible difference in results. Due
to the partial folding of the elements, the bandwidth of the aerial
is somewhat greater than that of the conventional dipole using
elements of the same diameters, and is more than adequate for
both the sound and vision channels as at present transmitted.

L.605. Inverted ‘“V ”’ for attic mounting £2 10 0

L.606. Inverted “‘V '’ for chimney mounting £4 12 6
Regd. Design No. 836593 Patent applied for.

*2 Balanced twin L.336. 74d. per yard
*3 Co-axial L.600. 1/6 per yard

Showing the ‘‘Belling-Lee"’
L.606 Inverted *“V."”

<l

extra.

TO BE CONTINUED . ..

BELLING & LEE LTD

CAMBRIDGE ARTERIAL ROAD, ENFIELD, MIDDX
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Plans for a
neighbourly world

Marconi’s first wireless messages did more than

enable nation to speak to nation. They drew
closer the world’s boundaries, quickened the tempo
of existence and turned distant acquaintances into
next-door neighbours. Broadcasting has helped
still further to increase our knowledge of our
neighbours ; wireless navigational aids and radar
have brought greater safety and faster travel
between Continents. And

so Marconi’s will

continue to pioneer. Their engineers are busy
today on developments which will make the world

a closer community tomorrow.

Marcons

the greatest name in wireless

MARCONI’S WIRELESS TELEGRAPH COMPANY LTD.,
MARCONI HOUSE., CHELMSFORD, ESSEX.
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Mudlard Oscillograph type E.SOO I

The name of Mullard has for long been connected
with cathode ray oscillographs, and their experience
in this field is unequalled. Mullard cathode ray
tubes, Mullard valves and Mullard circuitry have
been combined to produce the accepted standard
oscillograph.

Type E.800/1

Time base frequency 0.25—16,000 c;s.
Amplifier response (2 dB loss) 0.1—40,000 5.
Amplifier sensitivity (Max. Gain) 1 mV.rms/cm.
Delivery—Ex stock.

Type E.805

Time base frequency 5 ¢/s—150 Kc's.
Amplifier response (3 dB loss) 2 ¢/s—2 Mecys.
Amplifier sensitivity (Max. Gain) 5 mV. rms,/cm,
Delivery—Ex stock.

Mullard
Electronic Products Ltd.

Electronic Equipment Division

ABOYNE WORKS, ABOYNE ROAD, LONDON, S.W.I7.

(M1.276)

The
International

Guide to the Practical Application
of Electronics is now in preparation

ANNUAL
will comprise two parts

Editorial

Description, and information on the use of
radio and other electronic apparatus in
Telecommunication,

Industry,  Navigation,

Aviation, Medical Practice, Entertainment, etc.

Directory

Lists of the world's manufacturers and whole-
sale distributors  of electronic apparatus
radio sets of every kind, component parts and
materials. A Buyer's Guide will give sources
of supply for the above, arranged as a handy

reference guide.

If you have not yet received an entry form,

apply to the publishers :

BRITISH-CONTINENTAL TRADE PRESS LTD.

222 STRAND, LONDON, W.C.2

Offices in New York, Montreal, Calcutta,

Copenhagen—Representatives in all countries

APPLIED ELECTRONICS
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By Government Order?

In the event of the Wireless Telegraphy Bill,
announced in the House of Commons on October 29,

becoming law, it will be necessary to suppress any RAD!

electrical plant radiating interference. INTERFERENCE

Every radio and electrical dealer should be in a SUPPRESSOR
MODEL s.C.100

position to meet the heavy demand that will arise.
The condenser filter illustrated is available from
stock—Ilist price, 21,6.

) \NT FER?R‘INC
AT RSN
67 RYANSTOL ST

| i, |
ANTI E.E.TBDE NCE T

67BRYANSTON ST., LONDON, W.I

8 SRR RS W w0 @ @ o e NS

t‘ﬁy‘m{opn\n- FOR VIBRATION ANALYSIS & KINDRED INVESTIGE\'i‘ﬁ)N:S:f

Builr on the L.A.L. UNIRACK System an
extension of our well tried UNIT Construction, The L.A.L, UNIVERSAL OSCILLOSCOPE represents

all apparatus is instantaneously interchangeable. perhaps the most versatile industrial OSCi“OSCOpe

The centre Unit comprises three six inch tubes so far developed for vibration analysis and kindred
with independent power supplies, working at
2.5 or 5 Kv. together with their associated
shift voltages. Beneath the tubes is situated a
Four Beam Electronic Switch which may be
connected to any or all tubes, displaying up to
12 simultaneous phenomena, The Four Beam
Switch is operated by the Time Base and the
maximum useful switching frequency is about
10 Ke.

investigations.

The Side Extensions to the desk contain the
amplifiers, time-bases, etc., for the work in
hand, with storage space for 6 spare or special
UNITS. Four X and Four Y channels are
actually available for use, and comprehensive
interconnection can be neatly made through an
‘“exchange board '’ situated in an accessible
position above the tubes.

Further

particulars

AN Lodiate Ash

on request.

' LABORATORIES
LYDIATE ASH - NEAR BROMSGROVE - WORCS.
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<arriage paid. 10s. deposit (returnable) for crate,
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T'he use of modern
high-energy magnetic
materials in these instruments gives an
exceptionally high torque/weight ratio;
and mechanical simplification  gives
greater reliability, longer life.  Full
particulars of range on request.

BALDWIN INSTRUMENT CO., LTD., BROOKLANDS WORKS,
DARTFORD, KENT.

Telephone: DARTFORD 2989

CHARLES AMPLIFIERS

for the utmost realism
from records and radio

N The TRICORNE Speaker Cham-
ber.  Optimum acoustic performance
with pleasing appearance which will har-
monise with most furnishing schemes.
Gives excellent results with any good
12-inch speaker. Of Labyrinth construc-
tion, walnut veneered and cross-braced.
Price: £10 10 0 plus £1 deposit (return-
able) for crate.

The CONCERTO Amplifier—acclaimed

by music tovers for its exceptionally high fidelity,
this magnificent amplifier covers all normal
requirements for home or concert hall. Dis-
tortion level below 0.5 per cent. Two channels
of bass boost ensure unusually smooth balance
and depth. Designed for any type of pick-up.
Radio input socket provided.  Two-year
guarantee.  Price: £27 10 0. Heavy per-
forated steel cover with bottom plate and rubber “LIVING MUSIC e I—— fully illus-
feet, 37s. 6d. extra. Delivery by passenger train, trated [6-page catalogue showing complete
range of amplifiers and tuning units. Write
for your copy to-day, enclosing 5d. in stamps,

/1j>é{ DEFERRED TERMS NOW AVAILABLE

AMPLIFIERS lc. PALACE GATE, KENSINGTON, LONDON, W.g
(/ Lo Telephone WEStern 3350



24 Flectronic Engineering

TYPE D.S.I

Originally designed for lid or door
operation in the ‘' personal”
type of portable radio set, these
compact spring-action switches
may be used for many other pur-
poses, such as for switching door
or window-operated warning
bells, interior cabinet lighting, etc.

The maximum switching combina-
tion is double-pole, single throw
with common moving pole at frame
potential.  Alternative switching
arrangements can be developed
to customer’s requirements.

Our range includes ** OAK "’ wafer switches, single-
or multi-bank, toggle switches, push-pull switches,
rotary switches. We can also produce prototypes to
your own specification. We should be happy to
send you our illustrated catalogue.

 Balthan: ‘2865‘

Hounslow 6256

SWITCH MAKERS WITH A LONG RECORD OF VERSATILE
SERVICE TO THE ELECTRICAL AND RADIO INDUSTRIES

January, 1949

PORTABLE V.H.F. COMMUNICATION EQUIPMENT

The R gj g/o
Hand-Poriable

Transceiver

The mew Model 139 s a hand-portable transmitter;
receiver, designed to provide reliable and efficient
two-way communication over 1-5 miles between sets.
This range is greatly increased when used between a
mobile or central station, and distances of 13-20 miles
have been obtained with a clear audible signal.

The model L39 is but one of the many items of V.H.F.
equipment developed and manufactured by B.C.C. It
is the result of many vears” experience in the design of
Miniature Transportable Communications liquipment.
Other outstanding achievements in this field by B.C.C.
are the new L435 One- man Pack Set (" Walkie-Talkie )
and the new Low Power Consumption 4-watt Mobile.

PRINCIPAL FEATURES OF THE MODEL L59

Size, 61 in. by 103 in. by 34 in. Weight, 11 1b.

Crystal- controlled transmitter and receiver.
Operates on any spot frequency in the
T5-100 Me s, A DM,

Patented Flexible Aerial ensures full mobility to user.
Strong, sturdy watertight case.

range of

Approved by the G.P.0.

MODEL LS9
HAND-PORTABLE
TRANSCEIVER

For full information write to—

BRITISH COMMUNICATIONS
CORPORATION LIMITED

Blectronic  Development  and — Research Fngineers,
Contractors to .M. Government. A.1.D). Approved.
GORDON AVENUE STANMORE -+ MIDDLESEX

Telephone: GRImsdyke 1455
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ENCLOSED RACK

THE IMHOF STANDARD CASE

FITTED WITH STANDARD RACK
TYPE PANELS

The type 1022 case is now available in
two sizes, fitted with heavy gauge
Standard Rack type panels.

1022 A.R.—21{ in. w. by 10} in. h. by 104 in. d.,
with one 19 in. by 104 in. panel £3 14 0

1022 C.R.—214 in. w. by 22 in. h. by 10} in. d.,
with two |9 in. by 101 in. panels £5 15 0

A Standard Chassis and mounting
brackets available for use with the above
cases—size |71 in. by 10 in. by 2 in.,
plated finish 15/- the set

These cases are ideal where small
enclosed rack assemblies are required
for table or bench mounting.

*

Write to-day for our detailed list of
Standard Instrument Cases. Case and

Panel Handles, and Open Rack Assemblies

THE INSTRUMENT CASE secuLms
ALFRED IMHOF LTD.

H2-116 NEW OXFORD STREET,
LONDON, W.C.i

Telephone: MUSeum 7878

Electronic Engineering 25

ONE MILLIVOLT
TO 100 VOLTS

10 ¢/s TO 500 Kefs

THE NEW Furzehill Sensitive Valve
type 378B/2. has an  extended
frequency range, now going down to 10 efs and
up to half a megacycle,

This, coupled with the already established
features of high sensitivity, high input impedance
and logarithmic scale providing constant reading
accuracy and immunity from damage by overload,
makes this an essential instrument in the com-
munications laboratory.  Feedback ecircuiting
ensures stability of calibration over both long and
short periods.

Voltmeter,

o=l
£ d P
AVAILABLE FOR

EARLY
DELIVERY

For further particulars

please write for our new brochure of TFlectronic Instrumentas.

LABORATORIES

BOREHAM WOOD - HERTFORDSHIRE

TELEPHONE — ELStree 1137
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Electrical Standards for

SULLIVAN-GRIFFITHS

DUAL DIAL NON-REACTIVE Research and Industry
DECADE RESISTANCES Testing and Measuring Apparatus
FOR ALL FREQUENCIES for Communication Engineering

NOVEL AND PATENTED
ACCURACY BETTER THAN 0.1°9,

Screened Resistances of guaranteed accuracy
exactly similar to our well-known Decade
Resistances but specially arranged so that one
box of a given number of dials gives many
different values of maximum resistance. Thus
a three dial box (as illustrated) may be used,
for instance, for

three decades of Thousands, Hundreds and Tens

or three decades of Hundreds, Tens and Units
or three decades of Tens, Units and Tenths
or three decades of Units, Tenths and MHundredths

H. W. SULLIVAN

The advantages of such a system will be obvious, for in addition to
—LIMITED — the economy involved much space is saved and the residual

resistance and inductance is much reduced.

The resistances are available in 3 dial, 4 dial and 5 dial types, with
subdivision of 0.001°%; to 0.1°) depending of course, on the number
'—— Telephone : New Cross 3225 (P.B.X.)-— of dials incorporated.

5.5 KV — £3. 15. 0.
NEW MINIATURISED R.F. E.H.T UNIT

Intended specifically for television application,

LONDON, S.E IS5

this unmit 1s fed {from the H.T. and L. T. lines of

the receiver and will give up to 250 e at 5.3 KV,

Efficient screening is achieved by the aluminium,
chassis-mounting case 44" high > 4" x 32",
The 5.5 KV. unit will be available from 1st

February, 1949, the 8 KV, unit 1s now in stock.

Units to give up to 25 KV. for industrial

equipment can be supplied to order.

186, Brompton Rd., London, S.W.3

HAZLEHURST DESIGNSLTD. ™ "™

KENsington 7793.
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AN

ANNOUNCEMENT
OF
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/ EXCEPTIONAL

INTEREST

\ We have great pleasure in
| stating that our new heljcal
‘ potentiometer,  type  PXF
5/H10 is now available.

_, BRIEF
! SPECIFICATION

; Resistance range, 20 ohms to 30 K.ohms,

Helical turns, 10. Write for full details and leaflet to :—
Rotation, 3,600°.

Number of wire turns, 2,000 to i0,000. P. XO l?‘)x Lll‘l]TED

Wattage, 5. HORSFORTH, YORKSHIRE, ENGLAND.
Telephone :  Horsforth 2831, - Telegrams :  ** Toroidal, Leeds."

ndh
i

A laboratory
oscillator
of established

merit

The LOB800 is widely established as
a laboratory standard instrument in
government and leading industrial labor-
atories throughout the world, As a

high power pure tone source it is
unrivalled.

Available in three models covering
0 — 54,000 c.p.s. Power output 5 watts |
less than 19, harmonic content. Two
53”7 individually calibrated dials assure

accurate setting of low frequencies—
i
:

. BIRMINGHAM SOUND REPRODUCERS LTD, et Gl

greater. Built in precision rectifier out-
Claremont Works, 0Old Hill, Staffs,

put meter. Fully tropicalised and high
frequency stability,

Phone : Cradley Heath, 6212-3
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DYNATRON
CABINET RACKS

DYNATRON offer a range of handsome cabinet racks

with fixing centres and widths to Post Office specifications

to house Sound Amplifiers (also made by DYNATRON),

all electronic panel mounted equipment, transmitter units

and all forms of radio apparatus. The cabinet completely
encloses and protects the equipment.

For several years they have been standard equipment in
Government Radio and Radar Research Establishments
throughout the country.

Chief Features

* Standard panel width
of 19 in. and offered in
three heights of 3 ft.,
4 ft. and 6 ft.

* Fixingcentresmultiples
and half multiples of
14 in. centres.

% Runner bars and
shelves adjustable.

* Farthing busbar and
cable entries provided.

* Mobile Unit available
as extra.

* Blank panels available.

* Standard  finish  Grey
Tint 32 and chrome

fittings.

* Provides complete pro-
tection to the user and
enhances the appear-
ance of any installation.

* Specially suitable for
Export, can be quickly
dismantled  for  flat
packing.

Fuller details and prices
gladly furnished.

Manufadured by
DYNATRON RADIO

LIMITED

Perfecta Works -— Ray Lea Road, Maidenhead, Berks.

Tel. © Maidenhead 1211 and 392
DYNATRON also manufacture rack mounted Soqnd Amplifiers,
Television Receivers, specialised Electronic Equipment and, of
course, the superb DYNATRON range of Radiogramophones.

MYCALEX COMPANY LIMITED

ASHCROFT ROAD, CIRENCESTER, GLOS.

ES, the Mycalex Company

can produce just as much
hot air with the Mycalex Heat-
ing Panel and our young friend
has also realised that Myca-
therm is the solution to most
problems involving heat in the

wrong place . . . Cheap, too.

MYCALEX HEATING
PANELS for cconomical and
easy heat production.

MYCATHERM in sheet form
or machined to shape, for pro-
tection from constant heat to
600 A.C. and resistance to arc
for short periods.

MY 17

January, 1949
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THE CONDUCTOR

SHOULDN'T KEEP THE

DESTINATION

secret

Lspecially a Copper Conductor—but these pleas-
antrics are intended to amuse, not to confuse.
Our concern is with the uniforms of the con-
ductors who ply their routes from terminal point
to terminal point in Radio, Television and Elec-
tronic Circuits.

Their © Ready-to-wears™ are best contrived in
DELAFLEX Insulating Slecvings. A range of
plain and multiple colours enables the most
intricate coding systems to be used. Available in
Varnished Cotton, Varnished Art. Silk (Rayon)
and Rolled Siltk. Optional Metal Screening,

Diameters from 0.5 mm. Samples and full details
supplicd gladly on request.

DE LA RUE INSULATION LIMITED
Imperial House, 84/86 Regent Street, London, W.|

Telegrams: Delinsul, Picey, London

RN

L

A,

Made

Electronic Engineering

oy

Aerialite Tele-

vision Aerials are
7 [ being installed as
fast as they can be pro-
duced. Good technical

design, ease of fitting and
robust construction, are
all strong points of the
entire Aerialice range.
For clear, sharp, steady
pictures with never a
“ghost”, Aerialite, the
television aerial for all
the name to
Send for illustrated
booklet giving full details,

circumstances, is
remember.

AERIALITE LTD, STALYBRIDGE, CHESHIRE
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I8 TOTTENHAM COURT RD,,

LONDON, W.l. Phone : MUSeum 2453, 4539
SHOP HOURS :
MONDAYS-FRIDAYS 9-5-30. SATURDAYS 9-1.

AERIALS. Copper-plated steel whip type serials. Fully extended, 14 ft. long. TELEVISOR COILS. Wound on standard Aladdin formers in accordance with

Collapses into 7 sections—ideal for aerial or fishing rod. Price 3/6, plus 9d. " Electronic Engineering *" Televisor specification.
postage. . . Single wound coils H.F. choke 1/6 each. Double wound coils 2/~ each.
BAKELITE. First grade bakelite sheet (poslage 8d. extra on prices bel(l)w_). ) WIRE. Tinned copper wire in 1-lb. reels (postage 6d. per reel extra).
6% 6 ine Approx. g in. thick  Approx. 4y in. thick 6SWG—1/6 18SWC—i/3  20SW.C~13 25WC—16
125 8ins. o 3 23 Enamel copper wire in - berede . 305.w.G—2/4
el e 3 IBSWG—1/6 26SW.G—22 325W.G—26 38SW.G—34
ERIE RESISTORS. Cur normal stock of over 80 values, of both i and d-watt %g g&z%_”g 85W.C.—213 %g g&(%__%c? 40S.W.G. 319
resistors included all those necessary for the “Electzonic Engineering” Televisor. s e W .
Picase note } and i-watt Erte reduced prices ... 4d ea. TRANSFORMERS AND CHOKES
Lowatt " . ... 8d. ea. Stewart : 350-0-350 V. 250 mA.: 63 V.6 A.; 4 V.8 A, 0-263V. 2 A;
ELECTROLYTICS 4V.3A. Sised} x 4} x 6} ins. Unshrouded. Price £5 5s. 0d.
1 uF 350 V. peak T.C.C. Picopack CE30N 2/6 Elstone : MT8, 500-0-500 V. 250 mA.; 5 V.3 A.; 6.3V.3A, CT; 63 V.6A,CT.
8., 450 V. d.c. wky. T.C.C. Micropack CE19P 4/6 Size 45 % 4% % 5 ins. Price £3 7s. 64.
8 ,.500V. . . Dubilier Drilitic BR850 4/- Varley EP36 : 500-0-500 V. 200 mA. ; 6.3 V.3 A 1 5V.25A.; 2-0-2 V. 4 A
16 ,.350V. .. ., T.C.C Electrolytic Cr26L. 4/9 Size 4% % 5 % 3} ins. Unshrouded. Price £3 12s. 6d.
6 ,, 350V. ., .. Dubilier drilitic CT ... 4/6 Stewart : 230 V. Frimary only. Sec., 1,750 V. 4 mA.; 4V, 1A, CT; 4V.1A.CT
16 v 500 V. NS . vy . CT .. 6/6 (for use with VCR97, e(“.). Heater insulation Pqual to full peak inverse,
16 ., 500 V. " " B.1. Electrolytic 5/6 Size 28 x 23 x 41 ins. Unshrouded. Price £2 0s. 0d.
16 .. 500V. ,, . T.C.C.Electrolytic CE14P 9/6 Scanco : F.H.T. Transformer, Pr. 230 V. ; Sec., 4 KV. 10 mA. max., 2-0-2V. 2 A,
20 ,, 12V. peak . Picopack CE303 2/6 Size 4 ¥ 3} % 4ins. Vacuum impregnated and fully shreuded. Price £2 8s. 0d.
30 ,.350V. ., . Electrolytic CE29L 6/6 Scanco : E.H.T. Transformer. Pr., 230 V. ; Sec., 5 KV. 10 mA. max., 2-0-2 V. 2 A,
32,450V, . . CE37P 10/~ Size 34 X 4 x 43 ins. Vacuum impregnated and fully shrouded. All leads
32 ., 425 V. d.c. wke. Dubilier Driliie CT ... 7/6 ceramic brushed. Frice £3 0s. 0d.
32 ,.,500V. ., v " CT .. 76 Stewart Smoothing Choke : 5 Hy. 250 mA. Price £1 3¢, 0d.
30-30 ,, 350 V. peak T.C.C. Electrolytic CE37L 12/ - Stewairt Smoothing Choke 10 Hy. 80 mA. Price 13s 0d.

— FULL MAIL ORDER FACILITIES —

Pleas: add Postage

The TAYLOR MODEL 304
Cathode Ray Oscillograph

A general purpose instrument incorporating a high sensitivity electrostatically

deflected 3}in. tube. A lincar time base covering 10-10,000 c.p.s. with course

1 and fine frequency control is provided. Horizontal deflection can also be
T o ) o
T RN obtained at 50 c.p.s. or from an external source. Push-pull amplification for
g %
-] . .
i the vertical plates up to 100 ke/s is provided.
’"“ 0 sr __cycus/seeoud {

Provision is made for connecting directly to defector plates.

MODEL 30A

Internal, 50 c.p.s. or external synchronisation can be applied to the test signal.
rrace £29 . 10. 0

Now Available fork %%

IMMEDIATE DELIVERY “”

TAYLOR ELECTRICAL INSTRUMENTS LTD ® Telephone SLOUGH 21381 (4 fines)

419 - 424 MONTROSE AVENUE, SLOUGH, BUCKS., ENGLAND Groms & Cables ' TAYUINS " SLOUGH
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#0085 piLs € pomrers by PAINTON
g/ NORTHAMPTON

PAINTON & €O LTD: KINGSTHORPE - NORTHAMPTON

TelegramsiCeil Northompton

Telephone: Norrhampton 2820

Vhich Material Y
for which application ?

To the user of permanent magnets
in the widest poissible variety of
applications we can offer assistance
in selecting the right magnet and
type of magnetic material. Our
contribution to the development of
permanent magnets is most exten-
sive and we conduct continuous
research into their improvement.

6% THE DARWINS GROUP . GRAFTSMEN IN FINE STEELS

M3
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AMBITIOUS :ENGINEERS

HAVE YOU HAD YOUR COPY OF
“ ENGINEERING OPPORTUNITIES »?

Whatever your age or experience—you must read this highly
informative guide to the best paid engineering posts. The handbook
contains particulars of AM.LC.E,, A M..Mech.E,, A MILEE,,
AMIMI, AMBrit.L.RE, and other important Enginecring
Examinations, and outlines home-study courses in all branches of
Civil, Mechanical, Electrical, Automobile, Radio and
Aeronautical Engineering, Government Employment,
Draughtsmanship, Building and Plastics, Matriculation, etc.
We Guarantze
“ NO PASS — NO FEZE”
1f you are earning less than £10 a week you cannot afford to muss
reading “ Engineering Opportunities.” [t tells you everything
4 _ you want to know to secure your future. Write for your copy of this

er};lllghtenmg guide to well paid posts NOW—FREE and without
R BRITISH INSTITUTE OF

ENGINEERING TECHNOLOGY
337A, Shakespeare House, 17/19, Stratford Place, London W.1

IMMEDIATE DELIVERY
Types 600 - 3000 Also High Speed

Large quantities of Telephone Components, Carbon Insets, Balanced

Armature Insets, Plugs,  Jacks, Condensers, Co-Axial Cables
JACK DAYVIS
Dept. E.E.

30 PERCY STREET, LONDON, W.i

MUSeum 7960

Telephone :

SUCCESS « o »

Woodex-Latex, the new
plastic ﬂooung, is made
from  wood flour and
rubber with a high bitu-
minous content and hax
resilience and quietness.
Woodex-Latex can be laid
on all types of solid and
wooden floors.  Entirely
jointless, it stands up to
the most rigorous condi-
tions in the home,
hospital or factory. It is
easily  cleaned and  un-
affected by hieat or grease.
Woodex-Latex is not
marked by heavy furni-
ture.  Available in a wide
range of attractive colours
and designs, this latest
type of wood-rubber
flouring oflers the architect
a new medium with many
THE BUILDING CENTRE applications,
USE THE z
Come and see our exhibif at the Building Centre,
Conduit St, \\ 1

CENTRE]
9 CONDUIT STREET w2

RECENT CON-
TRACTS —
lnternational Har-
vester Co. of Gt.
Britain Ltd. Lon-
don office exten-
sions. Serck Radi-
ators Ltd., Lon-
on, N.W.10.
eneral offices.

WOODEX-LATEX

FLOORING

NEW NATIONAL FLOORS, 935 PAGDEN STREET,
LONDON, S.W.8.

?

January, 1949

Industrial Applications include:
SMOKE DENSITY INDICATOR
SMOKE ALARM
LIGHTING CONTROL(Duskts Dawn)
COUNTING UNIT
INVISIBLE RAY BURGLAR ALARM
TURBIDITY INDICATOR

MAC. 5888, |

RQ7

FLAME FAILURE CONTROL

Votor Uit
with end-

SMALL GEARED MOTOR UNITS

The Drayton " R.Q." isa25-watt motor
unit gearcd to a ninal shaft, to which may
be fitted eccentrics,arms or cranks, geurs, for
links or pulleys for actuating valves or
dampers, movements,  switdhgear  or
other devices.

Supplied continuous running or ice-
versing, with or without scli-switching,
for 100 110 Or 206 250 volis A.C.

Both types are ntted with an auxiliary
two-way switch actuated by movement
of the final shaft, for operating auxiliary
gear such as fan motors, pumnps, inter-
locking devices, ete.

Final Shaft Speeds :
600 r.p.m. 27 min, per rev.

Operating Valves,
Dampersor Rheostats,
Cinema Projectors,
Rotating Screens,
Hluminated Signs,
Small Working Models,
Geneva Movements for
Drum-type Switches,
Rocking Baths, Work
Movement, Soldering

* and Welding Fixtures,
Continuous Turning,
Feed of Light Strip
under Process.

Torque: 60in.lbs, Consumption: 25 W,
DRAYTON 'R.Q: |
Send for List No. M302-1

DRAYTOMN REGULATOR & INSTRUMENT CO., LTD,
WEST DRAYTON, MIDDLESEX.
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WAVE GUY

SELX\ILESS high accuracy wave guide
to meet the requlrements of modern
navigation, radar and communication
equipment. Tubing is hard drawn, has a
highly finished bore and dimensional
accuracy is maintained throughout each
length. - Non preferred sizes can be
manufactured to specification.

Available in the following materials

Copper Brass
3% copper  silver 109, copper silver
Silver  lined  copper Silver lined brass

Dimensions
Available in 10 ft. lengths
Rectangular tubes up to 1 in. by 0.5 in.
Round tubes up to 1.5 in. dia

Detalls of preferred sizes are available on request,

Hlectronic Engineering

ON DRAWN

CLEAN BORES—
FREE FROM GROOVING
AND SCRATCHING

(

MINIMUM RADIUS OF
INTERNAL CORNERS

One of the specialised products of

Johnson Matthey

JOHNSON, MATTHEY & CO., LIMITED, HATTON GARDEN, LONDON, E.C.1.

FREEDOM
FROM  DISTORTION
THROUGHOUT

WHOLE LENGTH

TELE-RADIO (1943) LTD. for BRAND NEW EQUIPMENT
TCC CONDENSERS
" LECTROPACK » DRY ELECTROLYTIC “MICADISC ”
CE 26L 16 puF 350 V. WKG. 6/6 CM 30 500 pF ... 2/6
CE 29U 30 uf 350 V. 7/6 “SILVER MICA *
CE 29 16 'uF 450 v. 6= CM 23N 100 pF 17, 350 V. WKG. 2/-
CE 37P 32 uF 450 v. 10/- CM 24N 1,000 pF i°) 350 V. 2/9
CE 10P 8 uF 500 V. . 66 CM 24N 20000 pF %) 350 v. 303
CE 14P 16 uF 500 V. 9/6 SM 3N 10,000 pF 29, 350 v 716
CE 37L 3030 uF 350 V. . 12/~ SM BN 10000 pF 297 350 v, N 76
CE 34P 4.4 4F 450 v. 6/- “ STACKED FOIL’" MOULDED MicA
CE 27P 88 pF 450 v. 7/6 CM 20N 0.001 pF 350 V. WKG. 19
CE 28P 168 uF 450 v. 9/- CM 20N 0.0005 uF 350 v. 176
CE 37P 1616 uF 450 v. 1= CM 20N 0.0003 uF 350 v. . 112
CE 37P 246 ufF 450 v. . 12/- CM 20N 0.0002 uF 350 v. 12
CE 38P g8 BuF 450 v T 1= CM 20N 0.00CI pF 350 V. . 12
CE 39P  16-8:8-uF 450 v, . 12,6 M 2N 00015 uF 350 v. 2/~
“ MICROPACK » M 2N 0002 ;F 350 V. 2/3
GOE Su puwe RN m A BT %
3 13 . , o “ . o0 -
CE 6ID 50 yuF 50 v, 4 M 3N 001 pF 350V, a/6
CE 1IF 16 uF 150 v. 33 M 3GO 0.00f uF 1500 V. . 3/8
CE IIL 8 uF 350 v. 39 MBKO 0001 uF 2500 V. 44
CE I8P 2 iF 450 v. 313 “VISCONOL CATHODRAY *
CE Plli:PO As ',zF 450 v. 2’ SP 5590 0.001 HE 6 KV, TWKG, :7'2
.. PACK » o " o
cE 308 20 ur 12 v. wKG 2o | P 330 0ms LE EKv - e
s S . . . [
CE e M 5o v, , CP  38Q0 0] Fo6Kv., I5/-
H : Yo | cp sssc 0l hE 8 kv 23—
CE 30N 1 uF 350 V. 216
* . I3 ')
“CUP AND DISC* QLRI e
ce Sof Ab CP 305  0.00 pE 500 V. WKG 19
pF 500 V. WKG 114 /
¢ @ CP 305 0002 wF 500 V. . 19
€ 30Y 47 pF 500 v, 1.9 CP 325 0005 uF 500 V. 1710
“ METALPACK » CP 335 €Ol pF 500 v. 110
CP 455 005 uF 500 V. WKG 2/1 CP 345 002 ;F 500V i10
CP 45N 01 uF 350 v, . 21 CP 375 €05 LF 500 V. 2/1
CP 47W 00 wF 1000 v. 26 CP 3IN 0005 iF 350 v. 1/8
CP 48N 025 uF 350 v, 2/8 CP 32N 001 uF 350V (/8
CP 475 025 uF 500 v, 2/10 CP 33N 002 pF 350V, 19
CP 47N 05 uF 350y 3/- CP 3SN 005 uF 350 v 2/~
CP 9IS 05 uF 500 v 3l0 TYPE 62 ! o
P 9IN | #3500V, 4 “Paper ' | uf 350 V. WKG. ... 66
SEND I/~ FOR 1949 CATAII_(;G7UEE(Posc fwree) PLEASE INCLUDE SUFFICIENT FOR POSTAGE AND PACKING
Phone: AMB 5393 DGWARE ROAD, LONDON, w.2
SHOP HOUWRS : Monoay—Saturday 9 a.m. to 5.30 p.m Thursday, 9 a.m. to | p.m. PAD ¢l 16-5606
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PRODUCTS

C/rans/urmers : (@m/‘)/zﬂcm

@
@/(’C[}‘I‘CG/ @OVI/VO/ Cge(ll'

( )

OO/]CI nu_ﬂ?c/um'ng _/OV glc/z isliry
~ .

TELEPHONE BRADFORD 24902

R.R. DEVELOPMENT LABORATORIES LTD
BARNARD RD . BRADFORD . YORKSHIRE

Q?/oc[ronz'c @euo/of)menf 699

LAMINATIONS

FOR
ALL RADIO AND ELECTRICAL USES.

IN SILICON, DYNAMO, INTERMEDIATE
AND TRANSFORMER QUALITIES.

PERMALLOY, MUMETAL, RADIOMETAL,
SCREENS FOR ALL ELECTRICAL USES.

TRANSFORMER SHROUDS FOR 35 AND
74 LAMS.

GENERAL  PRECISION  ENGINEERS.

SHERADISING TO THE TRADE.

ELECTRICAL SOUND & TELEVISION PATENTS LTD.

12 FEMBROKE STREET, LONDON, N.I. — TERminus 4355
2/4 MANOR WAY, BOREHAM WOOD, HERTS—ELStree 2138

A few of the 1001
GOVT. SURPLUS BARGAINS

COSSOR OSCILLOSCOPES type 339
Rebuilt, tested and guaranteed. 230 volts A.C.
Complete, but without tube ... ... £20 carr. paid
Complete, with single beam tube ... £25 carr. paid

R. 1481 V.H.F. RECEIVERS -- 10 VALVES

(Latest modification of R1132)
An ultra short-wave Receiver—easily convertible to
television wave-bands.  Frequency range 65-86
Mc/s. Precision slow-motion tuning dial assembly.
5 in. meter, screened R.F. unit, H tuned circuits.
3iron-dust cored 12 Mc/s. I.F. Transformers. Delayed
A.V.C. manually operated variable R.F. and A.F.
gain-controls.  Tuneable B.F.O. [1.9-12.1 Mc/s.

suit personal requirements. Rack MTG. Enc'osed
chassis. Power input required, 210 volts 55mA.
Smoothed D.C. for H.T. 6.3 volts, 3.5 amps. for L.T.

£5 carr. paid

RADIO INTERFERENCE SUPPRESSORS
No home should be without one. The R.A.F.’s
remedy for all electrical interference. Simply
connected between mains and set. [Instructions
supplied. Measures 8 in. by 7§ in. by 2 in.
15/~ carr. 9d.
TYPICAL OF THE STOCKS ARRIVING WEEKLY AND SOLD

WITH UNCONDITIONAL GUARANTEE OF SATISFACTION
OR MONEY REFUNDED

20, OXFORD ROAD,

H. SILVERSTONE, %354

CENtral 2001.

Jack to 600 ohm phone line. Attenuator, output of |§
250, 60 or |5 milliwatt, range could be altered to |§

SOLON electric soldering irons have proved their capa-

city for continuous service under the most exacting

conditions. 5 models; 240 watt oval tapered bit; 125 watt

oval tapered and round pencil bits and 65 watt oval

tapered and round pencil bits. Fach model complete
with 6 feet of Henley 3-core flexible. Now available

{rom stock. Write for folder Y.10.

W. T. HENLEY'S
TELEGRAPH WORKS
CO. LTD.
51-53 Hatton Garden,
London, E.C.1
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HOME BUILT TELEVISOR

Polents
Regd! rade Mark

LOWYAPTT:N I(;d::‘SD '/';?mﬂgwﬁDWG o’
Tepis, oas. | O 3¢ :
! THE LOWEST EVER |5 [7a 1.7 [o4ilo3s A specially built moadel
| CAPACITANCE OR [ a2 I' 74 [ 1.3 [024] 042 — NOW ON VI EW
| TION [ A34]73 [06 [1.5 088 0
? ATTENUA COWCHPAC] CAPAC, mﬁmz;. e All components — brand new and e;gactlx
g;;’,{,%’ﬂg TPES 7o/ | OMMS k| OO as specified by ** Electronic Engineering
€1 [73]150] 25036 4 - - . .
‘ FOR MHOME PCr [102] 132 3.4 [0.36 MR are available from stock. .
5 & EXPORT  I'cule3t7a[52 06 Send 2{d stamp for complete price list.
| o e | €2 | 6.3]171 | 245 0.48 i
‘ : EgEEpEC] C22 | 5.5 | 184 2.0 |0.44
( RANSRADIO LTD. EESES IO YT Sc emco Ltd.
Mioea COMEIICLLLITENEN €33 | 4.8 | 220] 2.4 |0.64 RV L0 ) Scemco House,
S 1254 ¢ b Bl €44 | 4.1 | 252 | 2.1 1,03 [GITELT geée’;{hf;‘erd Soho Street, Sh‘;"&“g‘&“”
‘ 25" N i NDON;" j Y
) e —————— 1461 -2-3. Londor, W.1. Sais. 9.00 — 1.00
\ .

| .« . ”

INSTRUMENT. .. but NOT

L “Laboratory”
| Price !

| The “Advance” Type E Signal Generator places an
instrument of laboratory class within the financial scope
of every radio service engineer and experimenter.

The discerning engineer will appreciate its accuracy and stability, its exceptionally
| wide range which covers all frequencies required for radio and television receivers

and its accurate attenuating system which enables sensitivity measurements to be mace
I on lxighly sensitive Tecelvers up to 60 Mels. Send for fu“y descriptive pamp]’]let.

Range : 100 Ke/s—60 M. /s
on fundamentals.
Accuracy:

Guaranteed within 4 19,

6F MILLISECOND MEASUREMENT
‘\\TQDA;IQHCE/\/ Attenuation : Constant  im-

T pedance  system embodving & 7/@

lmatched 75 ohms transmission ~ C HR O N U T H 0 N
ine,
Stray Field Less than 3

microvolts at 60 megacycles.

luminated Dial » MILLISECOND METER
Total scale Iergth 30" e . , .

Power Suvply : USED as a stop-clock for timing in
110-210-230 volis.

Dimensions: the millisccond region.  Controlled =
137 X 103" X 73" deep.

Veight : 15 Ihs, ° ¥ deep relay contacts, photo-cell or any abrupt

physical change.

MODEL25A ... 0 — | S:cond ) <||Nx
MODEL 25B ... 0 — 10 Seconds | RANGES

ELECTRONIC INSTRUMENTS LTD ((§

ack Road, Shernhall Street, 17 PARADISE ROAD - RICHMOND - SURREY
Telephone : LARkswood 436617,

i
E
Y
,‘ ADVANCE COMPONENTS LTD., B
Walthamstow, London, E.I7.

—

]




RECEEIVERS

Eddystone ‘“ 680.”” As we go to press we have details of the new “* 680"
Communications Receiver, designed for professionat services or the dis-
criminating amateur expert. Coverage 30.4 Mc.s. to 490 Kc's. (10 to 612
metres continuous).  Call and see this outstanding communications
instrument—Yes ! The design and workmanship puts this set into the
INSTRUMENT category. If unable to call may we send you details?

Price £8s os. od.

Eddystone ** 640.”” The biggest seller in communication equipment.
Users are enthusiastic and endorse our claim of OUTSTANDING
VALUE. Coverage 3110 1.7 Mc's. in three ranges.....Price £27 1os. od.
We can now offer Hire Purchase factlities, allowing extended payments on the
‘640" : Deposit £5 15s. od., followed by 78 weekly payments ar 6s.

Eddystone ‘“ 670.”” If you require 2 receiver for broadcast listening
operative from 110 to 230 volts D.C. or A.C.. the * 670 "' merits considera-
tion. Designed primarily for the ship’s cabin, where good performance
and reliability is essential, but also applicable for normal home use. Has
self~contained loudspeaker and covers 10 to 51 and 110 to 575 metres in
four bands, the * 670,”" while not a ** Communications Receiver,” never-
theless has all the Eddystone hall-mark of high-grade design. Now
available for the home market. .. ............... . ... Price £37 10s. od.

Plus £8 r1os. od. Purchase Tax.

(Available for Ship's stores use and Export free of Purchase Tax.)

Flectronic

ngineering
GRAMOPHOMNE MOTORS

After a long dearth, we are able to supply from stock :—

January, 1949

““ Connoisseur »’ A.Cc.-operated motor, on mounting plate with on 'off
switch and speed regulator. Heavy cast ncn-magnetic turntable. This
moror fulfils the tonz-reir need for SILENT AND STABLE REVOLU-
TION. Design gives absolute minimum_induced hum and is suitable for
use with modern low-output picK-UPS. ...t ivrrerniiaas £13 55. od.

Plus {5 14s. 1ed. Purchase Tax.

Collaro AC47. With non-magnetic turntable and speed regulator
£4 2s. 6d.
Plus’f1 16s. 8d. Purchase Tax.

Collaro AC37. Similar to AC47, but with mounting plate and aute-
100« P R R £5 2s. od.
IPlus £2 4s. 2d. Purchase Tax.

Collaro RP49, A popularly-priced general pirnose unit on mounting
plate and complete with pick-up........oivvn i £a4 os. od
Plus £1 145. 8d. Purchase Tax.

New_developments at

FOR ALL HIGH-GRADE ELECTRONIC APPARATUS

TEST APPARATUS

Eddystone Crystal Calibrator. An indispensible item
for accurate calibration of receivers, etc., and for checking
accuracy of signal generators. Gives  markers ” every
1,000 Kc's. or 100 Kc s, the 100 Kcs. harmonics being
usable up to 30 Mc s., and the 1,000 Kc s. up to 60 Moc s.
Two separate vacuum-mounted crystals, accuracy .0I per
cent. A.C. operated 210 230 volts. Extremely compact
design, size 447 < 317 3”7, Cat.No. 69o0....£L12 0s. od.
AV O Electronic Testmeter. (Gives measurement up to
10,000 volts D.Cc. and 2,500 volts A.C., with negligible
current drain, also radio frequency volts up to frequencies
exceeding 200 Mc s. A multi-range meter in the true sense,
this instrument does the work of a dozen separate meters.
The manufacturer’s specification, available from Webbs,
will show its extraordinary versatility........ £35 os. od.

industrial Electronics Oscilloscope, Model 1200.
Employs 23" tube in a completely self-contained uni‘L
Push-pull p.c. connected amplifiers on both axes. Sensi-
tivity 100 mV. per cm. Frequency response sensibly
level from zero to 50 Kcs., and useful up to 500 Rcs.
Time base 5 cycles to 20 Kc s. in 4 steps. The X amplifier
allows expansion of the time base up to approximately 8
diameter. Instantaneous shift and positive sync. operation.
Size 9}~ 8” G/ aoaaanananaaaasaodgss £32 os. od.

Wayne Kerr Component Bridge BIOl. Ana.c. opergted
instrument for the direct measurement of L. C.&R. with a
general accuracy of -2 per cent, falling away slightly at

scale extremes. Capacity, 0 500 microfarads in 8 ranges.
Resistances, 0 500 megohms in 8 ranges. Inductance,
0 5,000 henries in four ranges (min. 100 m henries).
Comparator :  for comparison of components—scale
directly calibrated in percentages up to ——IC0 per cent.
Leakages, 0 1.5 microamps in 10 microamp steps. General :
direct indication of power factor and Q is available on most
ranges, and a selection of polarising voltages is available for
application to electrolytics prior to measurement. Size,
147 ~ 10} L9l £27 6s. od.

Taylor Model 30A Oscillograph. A general purpose
instrument using a 35" tube and push-pull amplifier for
vertical plates coverage. Audio frequency range, with
useful amplification up to 100 Kc's. Linear horizontal
timebase with coarse and fine frequency controls 10 to
10,000 Kc's. A.c. operated I1I0 or 200 250 volts
£29 10s. Od.

Cossor Oscillograph Model 1035. The newly-
developed version of Cossor’s famous ¢ Double Beam
Scope.” The facilities offered by this versatile instrument
create for it a wider field of applications than any other
transportable oscillograph......... ... ... £82 10s. od.

AV Q Valve Characteristic Meter. The most compre-
hensive of all valve-testers, it accommodates both old and
the latest types of valves. Enables exhaustive tests on all
AWl 5860 aa0adananss60aa00naannasnnanas £40 os. od.

WEBBS Radio

14, SOHO STREET, OXFORD STREET, LONDN, w.l. Phone GERrérd289. Chop hours @ 9 a.m.-5.30 p.m. Sats. 9 aun-lp.m,
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