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EDITORS’ FOREWORD

THE RADIO AND TELEVIsION ENGINEERS’ REFERENCE Book has been
specially written to bring together, within one convenient volume, the
information required by engineers, technicians, radio amateurs and all
who are engaged in the design, maintenance, technical sales, operation
and servicing of modern radio and television transmitting and receiving
equipment.

Every effort has been made to ensure that the information provided
is fully representative of the latest and best practice. It is with the firm
belief that there is a real need for a comprehensive Reference Book that
this ambitious project has been undertaken.

The Reference Book is arranged in forty-five main sections, each
dealing with a specific branch of the subject and written by an authority
in the particular field concerned. A list of the main contributors is
given on pages Xiv-xx.

Throughout the book, emphasis has been placed on essentially prac-
tical information and theory, so as to ensure that the work will be of the
utmost value to field engineers and technicians. Nevertheless, the
instructor and student also will find much material—not readily avail-
able elsewhere—that will be of the greatest use in preparing for a career
in this rapidly expanding industry.

For example, Section 1, ForRMULZ AND CALCULATIONS, provides, in
the most compact form, a comprehensive guide to fundamental radio
engineering calculations: the many worked examples and data have
been most carefully selected to be typical of the everyday problems en-
countered by field installation and maintenance engineers, designers and
draughtsmen, instructors and operators. Included in this Section are
mathematical tables and advice on their use, and on the slide rule and
other aids to calculation. Similarly, for the many radio engineers who
received their training before television assumed its present importance,
the contents of Section 2, Oprics AND ELECTRON OPTICS, Will be especi-
ally interesting. Section 3, MATERIALS, provides useful data on the
electrical and physical properties of materials used in modern practice.

Then follow informative sections dealing with various important
aspects of radio and television transmission for broadcasting and com-
munications : these Sections include STupI10os AND STUDIO EQUIPMENT,
TRANSMITTER POWER PLANT, BROADCASTING TRANSMITTERS (including
frequency modulation), ComMMUNICATION TRANSMITTERS, V.H.F.
TRANSMITTER-RECEIVER EQUIPMENT, AMATEUR RADIO EQUIPMENT,
TELEVISION TRANSMITTERS, TRANSMITTING AERIALS, RADIO-FRE-
QUENCY TrANsMIssioN LINEs and WAVEGUIDEs. Many of these sub-
jects are, it is believed, treated for the first time in book form, and should
prove a most valuable addition to published information : a special
feature of the sections dealing with the more specialized subjects is the
extensive lists of references and bibliography.

Those engaged in catering for the domestic entertainment field will
find Section 14, BROADCASTING RECEIVERS, Section 15, TELEVISION
REcEIVER DEsiGN, and Section 21, RECEIVING AERIALS, of particular
interest, dealing as they do with the latest aspects of these ever-changing
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fields. For example, Section 15 covers the design of multi-band re-
ceivers and Band III V.H.F. converters.

The growing importance of microwaves for communications and
television relays is reflected in Section 17, BRoAD-BAND RADIO SYSTEMS.
The new, but expanding, field of INDUSTRIAL TELEVISION—the employ-
ment of television techniques for non-entertainment applications—is
dealt with concisely in Section 20. The basic principles of RapIo-
NAVIGATION AND RADAR are covered in Section 18, while the applications
of these and allied subjects to aeronautics are further examined in
Section 19.

The development of particular components of interest to all engaged
in electronics is next reviewed in a series of interesting sections : these
include VALVES, TRANSISTORS, CATHODE-RAY TUBES, CrYsTAL DIODES,
RESISTORS, CAPACITORS, INDUCTORS AND TRANSFORMERS, Micro-
PHONES, LOUDSPEAKERS and the like.

Those concerned with the latest aspects of Sound Recording and
Reproduction will find Section 34, MAGNETIC AND Disc RECORDING,
Section 35, GRAMOPHONE MECHANISMS, and Section 37, SoUND REPRO-
DUCTION AND DISTRIBUTION, furnish a valuable guide to current prac-
tice, including the requirements for high-fidelity (Hi-Fi) reproduction,

A review of MEASURING INSTRUMENTS AND TEST EQUIPMENTS is
followed by sections providing practical information on installation,
gervicing and maintenance of television receivers, and radio receivers and
transmitters, and the measurement of noise factor.

The Editors are indebted to the many contributors who have co-
operated so whole-heartedly in the production of this book. Grateful
acknowledgment is also made to the many leading firms and organiza-
tions who have kindly allowed their engineers to contribute to this work
or who have assisted us by supplying illustrations, information and data.
In this connection, we would mention especially :

Acrialite Ltd. Murphy Radio Ltd.
British Broadcasting Corporation. Plessey Co. Ltd.
British Thomson-Houston Co. Ltd. Pye Ltd.
A. C. Cossor Ltd. Redifon Ltd.
© B.M.I. Sales and Service Ltd. Salford Electrical Instruments Ltd.
Erie Resistor Ltd. Standard Telephones and Cables Ltd.
Ever Ready Co. (Gt. Britain) Ltd. Telegraph Condenser Co. Ltd.
Garrard Engincering & Manufacturing Telegraph Construction & Maintenance
Co. Ltd. Co. Ltd.
General Electric Co. Ltd. Valradio Ltd.
London Electric Wire Co. & Smiths Ltd. Westinghousc Brake & Signal Co. Ltd.
Marconi’s Wireless Telegraph Co. Ltd. Whiteley Electrical Radio Co. Ltd.
Mullard Ltd.
Suggestions for future editions of this Reference Book will be most
welcome.
W.E. P.
J.P. H.

E. M.
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a member of the Sound Equipment Planning and Estimating
Division of E.M.I. Sales and Service Ltd.

J. P. HAWKER first became interested in radio communication
as an amateur, obtaining a licence (2BUH, later G3VA) in 1936.
Served in the Special Communications Units of the Royal Sig-
nals, 1941-46. Appointed as Assistant to the General Secretary
of the Radio Society of Great Britain in 1947, and later became
Assistant Editor of the R.S.G.B. Bulletin. Joined the Technical
Books Department of George Newnes Ltd. in 1951,

P. JONES, was born in Cheshire in 1914, and educated at Chester
City Grammar School and Liverpool Technical College. He
began his career as an organic chemist with Messrs. British
Insulated Callender’s Cables Ltd. in research on natural and
synthetic resin cable dielectrics, later developing an interest in
electronic techniques for measurement and control in this field.
During the war years he was engaged in pioneer work on the
application of high-frequency heating to the vulcanization of
rubber, welding and the fabrication of thermoplastics, and in
the design of electronic generator equipment for these processes
in industry. In 1950 he joined Aerialite Ltd., now being re-
sponsible for the design of radio and television receiver aerials,
telecommunications cables, etc. He is the originator of numer-
ous patents in the fields of high-frequency electronics, television
aerials and accessories. He is actively interested in Amateur
Radio communications, particularly on ultra-high frequency in
the 70-, 24- and 3-cm. bands. Station call-sign G2JT.

P. R. KELLER, B.Sc., joined Marconi's Wireless Telegraph Co.
Ltd. in 1944 after graduating at King’s College, London Univer-
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sity. Following a course of practical training at the Marconi
College, he joined the Design and Development Division, and
has specialized in V.H.F. transmitter-receiver equipment since
1946. He is at present in charge of the Special Equipment
Section of the V.H.F. Group, engaged in the planning and
development of V.H.F. communication systems and the design of
associated equipment. He is a patentee and a part-time lec-
turer in the Engineering Department of the Mid-Essex Technical
College.

R. T LAKIN, M.B.E., AM.LE.E., AM.Br.LR.E., is Chief
Research Engineer, Whiteley Electrical Radio Co. Ltd. He has
specialized in the design of loudspeakers and associated equip-
ment, and is the author of several papers on loudspeakers, one
of which was the subject for a series of Lectures for the In-
stitution of Radio Engineers.

L. P. LEARNEY studied mathematics and physics as a full-time
student at the Polytcchnic, Regent Street, London, and joined
the staff of Redifon Ltd. just after the outbreak of war. He
assisted at first in the development of war-time military equip-
ment, including beacon transmitters and radar training devices,
and later as senior engineer has developed a wide range of equip-
ment for airborne, marine, mobile and fixed use, including
receivers, transmitters (mainly of low-power types) and am-
plifiers of all sizes up to 150 watts output.

R. T. LOVELOCK, A.M.I.LE.E,, first entered the drawing office of
a telephone manufacturer, and became a designer-draughtsman
of subscriber’s and exchange apparatus. From there he trans-
ferred to a radio development laboratory to design and develop
electronic instruments, and with the initiation of the British
television service became a television development engineer.
During the last war he was responsible for special measurement
and design techniques within a laboratory, and a member of
many Service-Industry liaison committees. More recently he
has been in charge of a laboratory responsible for material and
component approval, for instrument calibration and main-
tenance, and for the clearance of special design and production
problems. In this latter position he has taken the opportunity
to investigate and utilize the statistical design of experiments
and control of production processes, and to contribute to the
work of several B.S.I. committees. Now employed by Murphy
Radio Ltd. in their Electronics Division as head of the Engineer-
ing Services Laboratory.

H. A. McGHEE, Grad.L.LE.E., was educated at the Technical
College, Coatbndge, and the Royal Technical College, Glasgow.
He is the author and ]omt author of a number of papers on
television technique, and is & member of the engineering staff of
Pye Ltd., Cambridge.

E. MOLLOY, General Editor, Technical Books Department,
George Newnes Ltd. Trained Royal Technical College, Salford.
Obtained ngs Prize in Applied Mechanics, 1911. After
practical experience with Lea Recorder Co. Ltd., and United
Brassfounders & Engineers Ltd., joined staff of Electrical
Engineering. Assistant Examiner, Inventions Dept., Ministry
of Munitions, 1917-19. In 1919 joined staff of Sir Isanc Pitman
& Sons Ltd., and in 1924 was appointed Techunical Editor.
Joined staff of George Newnes Ltd. in 1929. Founder and
Editor of weekly Journal the Electrical Engineer. Hasspecialized
in the editing of technical publications.
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J. MOIR, M.LE.E,, M.LR.E,, is in the Electronic Engineering
Department of the B.T.H. Co. as Head of the Section dealing
with the development and engineering of audio-frequency and
communication equipment, telemetering units, and with
architectural acoustical problems, particularly in the sound
film field. Privately a high-fidelity sound reproduction en-
thusiast. Member of the Institution of Electrical Engineers and
the American Acoustical Society-Institute of Radio Engineers.

E. W. MORTIMER, joined the Garrard Engineering & Manu-
facturing Co. Ltd. in 1919, and served a five-year apprenticeship
to precision engineering. He was responsible for the design of
the first Garrard Record Changer, and has since been actively
engaged on the development of record reproducing equipment.
He has travelled extensively, studying the export requirements
for gramophone equipment.

L. A. MOXON, B.Sc.(Eng.), AM.LLE.E., was educated at Clifton
College and the City and Guilds Engineering College, obtaining
the London University B.Sc. degree in 1929. After two years
research under the auspices of the D.S.I.R. he joined the staff of
Murphy Radio Ltd., where he was responsible for development
and research in eonnection with broadcast reception. In 1941
he joined H.M. Signal School, Portsmouth, where he was con-
cerned with the development of radar receivers. He is now a
member of the Royal Naval Scientific Service.

W. E. PANNETT, AM.LE.E., has been with Cable and Wireless
Ltd. and Marconi’s Wireless Telegraph Co. Ltd. for many years.
From 1921 to 1928 he was engaged in pioneer research and de-
velopment work on microphones and reproducers at 2LO, the
original London broadcasting station, and communication
recording apparatus. From 1928 until the present time he has
been successively occupied in charge of the construction and
administration of some of the early Beam transmitting stations,
the design of transmitters, station planning and installation
design. He is at present in charge of the Power Equipment and
Installation Division of Marconi’s Wireless Telegraph Co. Ltd.
Heisauthor of Radio Installations: Their Design and Maintenance.

R. D. PETRIE, AM.ILM.E,, AM.LLE.E,, was born in 1904 and
educated at Hull Technical College. He trained firstly as a
mechanical engineer, and later as an electrical engineer. Joined
Gaumont Britigh Picture Corporation in 1929, and was appointed
Area Engineer for North of England in 1930 and later, the same
year, Divisional Engineer for the West End of London and the
South Coast Division. He joined the B.B.C. in 1935 and served
in the Operational Department a year before transferring to the
Equipment Department. Later joined the then Station Design
and Installation Department, supervising installation of war-
time control room and studios, and later designing reproducing
equipment. In 1947 he joined the Studio and Equipment
Section of the Designs Department. Elected to Associate
Membership of the Institution of Mechanical Engineering in
1934, and to Associate Membership of the Institution of Elec-
trical Engineers in 1940. Member of the Acoustics Group of the
Physical Society.

W. C. RIDDIFORD is holder of City and Guilds certificates in
Radio I, II, III and IV. Employed from 1927 to 1945 as
service and civilian instructor in Radio Engineering to the R.A.F.
Recently Senior Lecturer in Radio Engineering to Airways
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Training College and author of Radio Reference (publication
pending).

F. W. J. SAINSBURY, A.C.G.I., D.I.C., is & Whitworth Scholar
and is at present with the Receiver Development Division of
Marconi’s Wireless Telegraph Co. Ltd.

D. H, C. SCHOLES joined the Marconi Company in 1933. In
1940 he left the Research Department of that Company to join
the London Engineering Staff of the B.B.C. Later in 1940 he
voluirteered for and was commissioned in the Signals Branch of
the R.A.F,, but gave up this appointment to work for M.A P, at
R.A.E., Farnborough. In 1941 he joined the Royal Navy as an.
Air Engineer Officer and served at sea, abroad and at home on

- various engineering duties connected with airborne radio and

radar. Promoted to Lt.-Commander 1943, and served the year
following the war in the Admiralty., He joined Plessey Ltd.
as a Senior Engineer 1946, and was appointed Head of Radio
Laboratory in 1948, Chief Radio Engineer 1950, and Chief
Engineer in Telecommunications Division 1952. In 1953 he
assumed the duties of Sales Manager in that Division also.

R. J. SLAUGHTER, B.Sc.(Hons.), is employed by the Telegraph
Construction & Maintenance Co. Ltd. After initial experience
on the chemical and physical aspects of cable testing, particularly
submarine cable, he spent a short period with the power cable
research group. In 1949, after graduating in physics, he
specialized in high-frequency cables, and is now in charge of the
high-frequency cable research section.

D. F. URQUHART, has for the past five years been in charge of
Engincering Laboratory and Electronic Development at Krie
Resistor Ltd. Previously employed on production. His
technical education was at Acton Technical College. In 1916 he
was invalided from the Forces, and employed in the Proof and
Experimenting Department of Armstrong Whitworth Ltd., then
engaged on heavy electrical engineering with various firms in the
north.eastern area. In 1930 he spent eighteen months in
automatic telephones, followed by engagement as a brewer’s
electrical engineer until war broke out. During the early part
of war he was a lecturer in the R.A.F. Technical School. ~ Then
followed two years in valve manufacture, after which he took his
present employment. Radio enthusiast since 1920.

V. VALCHERA is Technical Director of Valradio Ltd. and
Associated Companies Dar.val Engincering Ltd. and Valmade
Ltd. He has been mainly responsible for the development of
heavy-duty vibrators and vibrator converters in this country,
and has played a prominent part in the development of large-
screen projection tclevision receivers for the home and export
markets.

A. H. B. WALKER, B.Sc.(Eng.), D.I.C, A.C.G.I, M\LE.E,,
graduated with first-class honours at City and Guilds (ling.)
College in 1934. He joined the Rectifier Engincering Depart-
ment of the Westinghouse Brake & Signal Co. Ltd., designing
all types of rectifier equipment, and originated various novel
constant-voltage and constant-current systems based on trans-
ductors and ferro-resonance. In 1938 he joined the Westing-
house Research Laboratory, and has since been concerned with
the continuous development of copper oxide, selenium, and
germanium rectifiers of all types. While srccia]izing on the
numerous applications of metal rectifiers in electronie circuitry,
voltage multipliers, ete., he has also developed electronic and
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magnetic servo controllers for large rectifiers. Other original
work includes the °‘ Stabilistor ” (A.C. voltage stabilizer), the
*“ Phase Converter ”’ (static single-phase to three.phase power
converter) which was widely used during the war for driving
three-phase motorized machine tools in single-phase districts,
and more recently the °‘Transbooster’ constant-voltage
system.’ In 1952 he was appointed Joint-Chief of the Westing-
house Research Laboratory.

T. WORSWICK, M.Sc., A.M.I.E.E., was trained at Regent Street
Polytechnic and City and Guilds. He joined the B.B.C. as a
student apprentice in 1934, working at Alexandra Palace 1936-38,
He then transferred to the Lines Department Television Section,
and is at present in charge of Engineering Designs Department
Television Apparatus Section.



*AVO’ ELECTRONIC TESTMETER

A highly stable thermionic D.C. Millivolt-
meter with subsidiary circuit switching giving
56 ranges of readings as follows:—

D.C. VOLTS: 5 mV to 10,000 V. Max.
Input Resistance |10 megohms.

D.C. CURRENT: 0-5 pA to | A (250 mV
drop on all ranges).

A.C. VOLTS: 0:1-2500 V. RM.S. upto2
Mc/s. With diode probe, external 0-1—
250 V. R.M.S. usable to 200 Mc/s.

A.C.OUTPUT POWER:5mW to 5 watts
in 6 different load resistances from 5 to
5,000 ohms.

DECIBELS: —10 Db. to +20 Db. Zero
level 50 mW.

CAPACITANCE: 0-0001-50 wF.

RESISTANCE: 0-2 ohm to 10 megohms.

INSULATION: 0-1-1,000 megohms.

POWER SUPPLY: 100-130 V and 200-260
V, 50-60 c/s A.C.

Size: 124" X 9" X 54"

'NROCASAOT

ELECTRICAL
TESTING
INSTRUMENTS

*AVO’ UNIVERSAL BRIDGE

A self-contained 50 c¢fs Bridge having 20
ranges for measuring Resistance, Capacity
and Inductance over an extremely wide
range and to a high degree of discrimination.
The value of the unknown impedance is
directly indicated on a clearly marked scale,
and further provision is made for measuring
the leakage of candensers by the flashing
Neon method at D.C. test voltages of 25, 50,
150, 250, 350 and 450 volts.

RESISTANCE: 0-5 ohm to 50 megohms.

CAPACITY: 5 pF to 50 mFd.

INDUCTANCE: 50 mH to 500 H.

POWER SUPPLY: 100-130 and 200-260 V,
50-60 ¢/s A.C.

Size: 13" x 104" X 5"

*AVO’ VALVE CHARACTERISTIC METER (not ilustrated)

Complete Valve Characteristics including Ia/Va, Ia/Vg, Ia/Vs. Amplification Factor, Anode
A.C. Resistance, 4 ranges of Mutual Conductance covering mA/V figures up to 25 mA/V at
bias values up to —100 V, together with ‘Good/Bad’ comparison test on coloured scale against
rated figures. ‘Gas’ test for indicating presence and magnitude of grid current, inter-electrode
insulation hot and cold directly indicated in megohms, separate cathode-to-heater insulation
with valve hot. Tests Rectifying and Signal Diode Valves under reservoir load corditions, and
covers all the heater voltages up to 126 V,

POWER SUPPLY: 100-130 V and 200-260 V, 50-60 c/s A.C. Size: 18” X< 13" x 114"

Hiustrated Booklet of all 'Avo’ Instruments available oa request.

Sole Proprietors and Manufacturers:
THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO., LTD.
Winder House, Douglas Street, London, S.W.1 'Phone: VICtoria 3404-9
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Fr AIRBORNE DUT Y-

high air delivery and pressure
with minimum weight and space

The ‘‘Plannair > two-stage axial-flow blower illustrated is
for airborne duty. The tip diameter of rotor is 2-8 in. and the
electric-power supply is 115 volts 3-phase, 400 cycles. R.p.m.
11,000, air delivery 20 c.fm. at 3 in. s.w.g. at sea-level.
Weight 1 1b. 18 oz. The full range of similar “* Plannair ”’
blowers provides for air displacement of 20, 40, 80 and 120
c.f.m. at 3 in. s.w.g. at sea-level. Single-stage and multi-stage
types are available for 115 volts A.C. 3-phase, 400 cycles and
28 or 112 volts D.C.

All materials employed in manufacture comply with latest
A.1D. standards and are also fully tropicalised.

Write for Technical Data
M W- LW :N 8= PLANNAIR LIMITED

s WINDFIELD HOUSE
Tel: LEATHERHEAD 3013-2231 LEATHERHEAD, SURREY
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For GROUND & MARINE DUTY-

Small High-efficiency 23-12in. tip dia.
axial-flow blowers of rotor

This ** Plannair *’ single-stage axial-flow blower with S-in.
tip diameter rotor is just an example from the range of similar
high-efficiency single-stage and multi-stage blowers for
standard voltages A.C. and D.C. Available in commercial
and fully tropicalised finishes.

** Plannair ** axial-tlow fans are famous for their high air
output and pressure rise, minimum maintenance, simplicity
of installation and long life. Remarkable performance is
obtained with the patented ** Plannair ** Rotor.

SAVE WEIGHT - SAVE SPACE - SAVE TIME

Write for Technical Data e
PLANNAIR LIMITED PLANNA]R
WINDFIELD HOUSE ﬁEC ST l'ﬂf!‘ TRADE MAR!
LEATHERHEAD, SURREY Tel: LEATHERHEAD 3013-223]1
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SPRINGS

all

Production manufac-
turers of torsion, ten-
sion and compression
springs of all types,
pressings,clips,|.F.cans,
valve screening cans,
valve shrouds, and sole
manufacturers of the
most advanced shock
absorption device —
** METPAKS **  Shock
Absorbers.

Many leading manufac-
turers rely on:—

BRAYHEAD

SPRINGS

LTD.

FULL VIEW WORKS
KENNEL RIDE « ASCOT « BERKS.
Telephone: Winkfield Row 427 < Telegrams: Brayhead Ascot
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Accident

There is no element of guesswork in packs designed or made by
EXPORT PACKING SERVICE LIMITED.

Here is a firm that considers that if scientific skill and knowledge have
gone to the making of a product, equal scientific skill and knowledge
should be applied to its packing. To produce this kind of packing,
E.P.S. has built up the finest Design and Testing facilities of any com-
mercial packing organisation in the country, and this, together with
its vast experience of packing to Government specification, of elec-
tronic and radio apparatus, aircraft and aircraft major components,
instruments and sensitive equipment of all types, enable it to offer a
packing service that should commend itself to all manufacturers and
exporters of delicate, ‘ difficult’ or costly articles.

EXPORT PACKING SERVICE resources and facilities include :—

@ Four well-placed packing cen- @ Mobile Packing Units equipped
tres, providing over 400,000 and staffed to carry out special

5q. ft. of covered packing space. jobs on site.
NCKED o
@ Design and Development Sec- <! P‘ @ Preservati 5
tiens specialising in packs for vation epartments

using all latest processes, in-

individual industries. cluding Plastic Spray Coating.

@ Fullest production packing fa-

cilities, including Saw Mills, < o @ Road, Rail, Air and Port facili-
Case and Carton making fac- QTING (33 ties. Fleet of specialised road
tories, Engineering Shops, transport vehicles. Shipping
Printing and Labelling plant. and Forwarding Office,

EXPORT PACKING SERVICE LIMITED

Imperial Buildings, 56 Kingsway, London, W.C.2
Telephone CHAncery 5121-2-3

and at Cardiff * Banbury + Merthyr Tydfil - Sittingbourne

’
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ﬁﬂ@g FOR MANUFACTURERS AND

ENGINEERS SERVICING RADIO AND
ELECTRONIC EQUIPMENT

VALVE PIN ALIGNING TOOLS for
re-aligning bent and misplaced pins on Miniature Valves.

Types for Bench Mounting, Chassis Mounting, Tool Kit and
Vest Pocket.

VALVE HOLDER WIRING JIGS for
ensuring correct alignment and position of contacts in Minia-
ture Valve-holders during Wiring Operations.

VALVE EXTRACTING TOOLS Enables
Extraction and Replacement of Valves in awkward positions
to be carried out with EASE.

WIRED VALVE AND C.R. TUBE ADAPTORS
SCREEN CAN HANDLING TOOLS

CRYSTAL HANDLING TOOLS

VALVE RETAINERS

TRIMMING TOOLS

WIRE CUTTERS FOR DEEP CHASSIS

by SPERAREBTTE

SPEAR ENGINEERING COMPANY LTD.
WARLINGHAM, SURREY
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Aegirtered Trods Mort

'AVO’ Wide Range
SIGNAL GENERATOR

An R.F. Generator of remarkably wide
range and accuracy of performance with
turret coil switching, providing 6 fre-
quency rangesi-—

50 Kc/s—150 Kc/s 1-5 Mc/s-5-5 Mc¢/s
150 Kc/s—500 Kc/s 5-5 Mc/s—20 Mc/s
500 Kc/s—1-5 Mc/s  20-0 Mc/s-80 Mc/s.

The H.F. circuit is a modified Colpitts
Oscillator giving good waveform and
sensibly constant level of signal over the
full frequency ranges. The instrument
operates on A.C. mains, 100-130 V and
200-260 V, 50-60 c/s.

Battery Model also available covering a
frequency band of 50 Kc/s-70 Mc/s.

Size: 124" X 9" X 54"

'AVO’
ELECTRONIC TEST UNIT

An instrument designed to provide, at
reasonable cost, electronic amplification
facilities for the measurement of small
values of A.C. Voltages, Inductance,
Capacity and ‘Q’ at radio frequencics.
May be used with any Valve Voltmeter
and Signal Generator of good wave form,
but the ranges have been selected specially
to suit those of the ‘Avo’ Electronic Test-
meter and the ‘Avo’ Wide Range Signal
Generator.

‘The instrument operates on A.C. mains,
too-130 V and 200-260 V, 50-60 cfs.

Size: 124" x 9" x 54"

[lustrated Bosklet of all 'Avo’ Instruments available on request.

Sole Proprietors and Manufacturers:
THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO,, LTD.
Winder House, Douglas Streét, London, S.W.I, Phone: ViCtoria 3404-9
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OPPORTUNITIES
IN RADIO & T/V

HAVE YOU HAD YOUR COPY OF
THIS INFORMATIVE FREE BOOK ?

If you are interested in Radio & T/V as a
career here is a book that may be worth
hundreds of pounds a year to you! In 144
pages of Practical, up-to-the minute guid-
ance, it explains how, in your spare time,
you can be prepared for rapid promotion
and higher pay in the vast Radio & T/V
Industry .. . how to put somevaluable letters
after your name and qualify for a key ap-
pointment. The book is cailed “ ENGIN-
EERING OPPORTUNITIES” and will
be sent to you FREE, on request.

We definitely Guarantee
“NO PASS — NO FEE”

Among other inténsely interesting matter,
“ENGINEERING OPPORTUNITIES"
outlines the widest range of modern Home
Study Courses in all branches of Radio,
Television, Electronics, Electrical Engin-
4 eering. B.Sc(Eng.), A.M.Brit.1.R.E.,
R.T.E.B.Cert., City & Guilds, A.M.S.E.
Elec.), etc., describes the benefits of our
Employment Dept., and points to many
opportunities you are now missing. Whatever
your ambition or experience, you owe it to your-
/" self to read this enlightening book. Send for your

copy today—FREE and without obligation.

OVER 90%, EXAMINATION
SUCCESSES .. .SEND FOR FREE BOOK

To B.LE.T. 253, College House,

EERING OPPORTU

O,

29/31 Wright’s Lane, London, W.8 ;:,
BRITISH INSTITUTE OF \s\u)

ENGINEERING TECHNOLOGY

THE LEADING INSTITUTE ‘' OF ITS: KIND 'IN THE WORLD
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RELAYD

SERIES 600. A.C. OPERATED.
SERIES 605. D.C. OPERATED.
CONTACTS UP TO 6 POLE.

SERIES 1265.
2 POLE UP TO 25 AMPS.
SERIES 1275.
4 POLE UP TO 10 AMPS.
COILS D.C. OPERATED.

SERIES 150, A.C. OPERATED.
SERIES 155. D.C. OPERATED.
CONTACTS 15/20 AMPS. 2 POLE.

SERIES 100. A.C. OPERATED.
SERIES 105. D.C. OPERATED.
CONTACTS UP TO 6 POLE.

SERIES 595. D.C. OPERATED,

PHONE : NEWMARKET 3181-2-3 TELEGRAMS : MAGNETIC NEWMARKET

MAGNETIC DEVICES LTD

NEWMARKET
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ELECTRONIC

TEST EQUIPMENT

VALVE TESTERS - VALVE VOLTMETERS
WAVE METERS - R.F. BRIDGES
IMPEDANCE METERS - TRANSFORMERS

SENSITIVE S.C. ELECTRO-MAGNETIC RELAYS

COILS AND COIL PACKS
PRECISION WIRE-WOUND RESISTANCES

H. C. ATKINS LABORATORIES LTD.

SCIENTIFIC INSTRUMENT MANUFACTURERS
MUNSTER PARK WORKS - GOWAN AVENUE - FULHAM - S.W.6

Telephone: RENown 5931-3 Telegrams & Cables: Tectonic Lendon
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pecialists in the manufacture of Variable Wirewound Resis-
tors for over 20 years, Colvern Ltd., are BRITAIN'S largest
manufacturers of these components.

Our fully comprehensive range includes :—

% Sealed Wirewound Potentiometers and Variable Resistors Fully
Type Approved to Inter-service Specifications RCS/I121 and
RCL/12I. -

% Standard Wirewound Potentiometers from | to |5 watts rating,
including multi-ganged types, and semi-preset Controls for
Television Receivers.

% High Accuracy Precision Potentiometers including
sine/cosine types. These Potentiometers, the most
accurate made in the world to-day, are incorporated
in most modern Radar, Navigation and Computing
Equipment.

% Ten Turn Helical Potentiometers.

COLVERN LIMITED

Mawneys Road, Romford, Essex. Tel: ROMford 8881/2/3
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ALWAYS “FIT”

CONVEYOR ROLLERS
for tubes and channels

SLIDING DOOR SHEAVES
I" to 10" diameters; loads up to 10 tons each

SUSPENSION DRAWER SLIDES
12" to 37" lengths

CASTORS and

WHEEL BRACKETS
wheel sizes up to 44"

loads up to
30 TONS EACH

all types of Wheels, including
Iron, Rubbered Iron, Solid and
Cushion tyred, Pneumatic-
tyred and Canvas tyred.

Numerous types of Head
Fitting and Adaptors.
Fittings may be sprung,
locked, internally
braked, directionally
locked; fitted with anti-
shimmy device, jacked,
Ackerman steered,
manually controlled, etc., etc.

Specify quantity, load on each, running conditions, type of head fitting
and size and type of wheel preferred.

Engineers, Patentees and Sole Manufacturers:
AUTOSET (Productlon) LTD., 73-79 Stour St., Birmingham, 18
Est. over 35 years. Tel. EDG. 1143 (3 lines)
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1. FORMULZE AND CALCULATIONS

RESISTORS AND VOLTAGE DIVIDERS

Voltage, Current, Power and Resistance Relationships

The relationships between the current flow in a resistor or a circuit
containing resistance, the applied voltage, the power dissipated in it
and the resistance are determined from simple transformations of
Ohm’s Law.

Current flow : I=ER=PIE=+PR
Volt drop : E=IR =PI = VPR
Power dissipated: P = EI = I?R — g2 'R
Resistance : R =E/I =P/I* = E2/p
where I = current, amperes;
E = voltage;

P = power, watts;
R = resistance, ohms.

Resistance of a Conductor

Given the dimensions and specific resistance (resistance per unit
cube) of a conductor, its resistance

R =pl/A
= 1-278 pl/d? for circular conductors

CHANGE OF RESISTANCE WITH TEMPERATURE
Br = Ry (1 + aT)

resistance, ohms;

resistance at temperature 7'°, ohms;
resistance at 0°, ohms;

specific resistance of conductor, ohms /e.c.;
length of conductor, cm. ;

cross-sectional area of conductor, 8q. cm. ;
diameter of conductor, cm,;

temperature coefficient of resistance.

where

R g,:-kN‘oo:U’;;U:U

Resistances in Series and Parallel

Resistances are added when in series ; copductances are added when
in parallel.

Equivalent resistance in series :
B, =R, + R, +R;+ ... ete
Equivalent conductance in series :
/G, = 1/@, + 1/G, + 1/G; + . . . ete.
12
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TABLE 1.—RESISTIVITIES AND TEMPERATGRE COEFFICIENTS OF
METALS AND ALLOYS

Temp. Coefficient

Resistivity e
(uQ/e.c.) of Re;agtgz:zty at

Aluminium 2-83 0-004
Brass 5 6-73 0-002
Copper, annealed 1-72 0-0039
Copper, hard drawn 1-78 0-0038
Eureka (Constantan) 49-1 -+ 0-0002
Gas carbon . 5,000 —0-0005
German silver 29-2 0-00027
Gold o 2-44 0-0034
Iron, annealed 9-66 0-0057
Lead 22 0-0042
Manganin 44-8 -+ 0-00002
Mercury . 96 0-00089
Molybdenum . 5-69 0-0045
Nichrome 112 0-00017
Nickel o 8-7 0-0047
Nickel silver . 27-6 0-00026
Phosphor bronze 9-4 0-003
Platinum 10-6 0-0038
Silver 1-64 0-004
Tin o 11-5 0-0042
Tungsten 561 0-0045
Zinc 5-86 0-0037

l

Equivalent resistance in parallel :
1/R, = 1/R, + 1/R, + /Ry + . . . etc.
Two resistances in parallel :
R, = R\R,/(R; + R,)
Equivalent conductance in parallel :
Q. =G, +G,+G3 + ... ete.

where R, = equivalent resistance, ohms;
@, = equivalent conductance, mhos;
R R,R, = resistances in series or parallel;
G,G,G; = conductances in series or parallel.

Voltage-reducing Resistors
Resistance required in series with a resistive load to reduce voltage
from Ejto E;.
Rl = (Eo - EL)/I

where R, = resistance in series, ohms;

E, = voltage of supply;

Ep = voltage across load ;

I = load current, amperes.
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ExAMPLE 1.—A stepped resistor is required to control the current from
a 230-volt rectifier to a load of 150 ohms resistance in steps of 1, } and }
amperes. Calculate each step of resistance and the dissipation in walts for
which each section must be graded.

Total resistance in circuit, including load resistance :

At 1 ampere R¢ R2 R3
Ry, + R, = Ey/I,
o |
= ilo = 230 ohms |
i
At 4 ampere Eo=230V
Ry +R,+R,=E|I, I
9 —
= :39 = 460 ohms RUSISONL
0-5 -1
At } ampere ‘ Fie. l.—ExaMpLE 1.
R, + Ry, + R, + Ry = E|I;
= =0 920 ohms
023 U7

Hence section resistances :
R, = 230 —'150 = 80 ohms

R, = 460 — 230 = 230 ohms
3 = 920 — 460 = 460 ohms

Watts dissipated in each section :
In R,;,, P, = 1% X 80 = 80 watts
In R,, P, = 0-5% x 230 = 58 watts
In R;, Py = 0-25% X 460 = 29 watts

Voltage Dividers
Values of sectional resistances for anode supply or positive tappings :
R, = E, I,
By, = (E, — E))/(I, + I)
By = (B, — E)/(Lo+ I, + 1)

+
I°+I,+Iz$

r°+1,¢

F16. 2.—VOLTAGE DIVIDERS.



FORMULA AND CALCULATIONS -5
Values of sectional resistances for grid negative bias tappings :
R, = E\|I,
R, = (E, — E)) (L, — 1))
Ry = (E; — B/, — I, — 1)

ExaMPLE 2.— tapped voltage divider is to be connected across a 200-
wvolt supply to provide outputs at: (a) 20 mA at 100 volts, and (b) 30 mA at

Fi16. 3.—ExaAMPLE 2.

150 volts. Find the resistance of each section of the divider, the total
resistance and the dissipation in watts of each section, if the bleeder current
passed by the divider is to be 50 mA on load.

SEcTION R, SEcTION R, SEcTION R
Current :
I, =50 mA I, =504 20 I, =504 304 20
= 70 mA = 100 mA
Volt drop :
E, = 100 volts E, = 150 — 100 E, = 200 — 150
= 50 volts = 50 volts
Resistance :
100 _ 50 50
Bi=705 B =507 Ba=01
=2,000 chms = 715 ohms = 500 chms

Watts dissipated :

IR, = 0-05% x 2,000 I,’R,

0-072 X 715 I2R, = 0-1% X 500
= b watts 3:5 3

= 5 watts
Total resistance of divider :
R=R + R,+ R,
= 2,000 + 715 + 500 = 3,215 ohms
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INDUCTORS
Inductance

Inductance is defined as the property of a circuit or ccil which tends
to ?lppose any change in the value of current, and is expressed by the

fundamental equation
L=—¢ g—:
e = — L%f
The voltage induced between two circuits
e = — Jl;ll—f

Energy stored in inductance
W = LI?/2
where L = coefficient of self-inductance, henrys;

M = coefficient of mutual inductance, henrys;
¢ = back e.m.f. produced by change in magnetic flux linkages,

. volts;
‘(%' = rate of change of current, ampere/second ;
W = energy stored, joules;

I = current, amperes,

Inductance in a D.C. Circuit
In a circuit having inductance and resistance the instantaneous
current after a time ¢ from application of the voltage
i = (E/R)1 — e-RuL)
= I(1 — ez

After a time ¢ from removal of the voltage

i = (E/R)eRiL
= Je-RiL

ExampLE 1.—The coil of a signalling relay has an inductance of 250 mH
and a resistance of 100 ohms. ~ If a steady signal of 30 volts is applied,
find the time taken for the current to reach 50 per
L R cent of its maximum value.
250 mH 1000
il =1 — egRiL

05 =1 — e-toofoss

30V—>
F16. 4—ExamriE], e300 — 0.5
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Taking logs of both sides

~— 400t loge = log;, 0-5
— 400¢ X 0-4343 = — 0-301 .
t = 1-73 x 107 seconds or 1-73 milliseconds

Time Constant

This is the time taken for the current to reach 1 — 1/e or 63-2 per cent
of its full value on application of the voltage, or to fall to 1/e or 36:8 per
cont of its full value on removal of the voltage.

T =L/R
where I = maximum value of current, amperes;
7 = instantaneous value of current, amperes;
E = applied voltage;
R = resistance in series, ohms;

t = time, seconds;
L = inductance, henrys;
e = base of Naperian logarithms (= 2:7183).
Inductance in an A.C. Circuit i l ,
Voltage self-induced in a circuit 7 |
I E=wMl
E = wLI ;

Voltage induced between two circuits
Fi16. 5.—INDUCTANCE IN
E = wMI ax A.C. CIrcuIT.
R.M.S. value of induced voltage;
R.M.8. value of primary current, amperes;
inductance, henrys;
2xf, ¢/s.

where E
I
L
w

[

Inductance of Coils

General formula for coils

L = ¢T/108]

= 4apAT?/10°

= inductance, henrys;
number of flux lines linking turns of coil;
number of turns of coil;
current, amperes ;
permeability of medium through which flux passes;
cross-sectional area of path, sq. cm.;

where

L
¢
T
I
I

L

A

Inductance of Single Layer Radio-frequency Coils

Nagaoka’s formula
L = k(ndT)?/10%

where L = inductance, pH ;
d = diameter of coil, em.;
! = length of coil, em.;
T = total number of turns;
k = factor depending on the ratio d/I (see Table 2).



1-8 RADIO AND TELEVISION REFERENCE BOOK

TABLE 2.—FAcCTOR %k

- T o
an | 01 0-2 0-4 06 | 08 | 1-0 l 2-0 3-0 4-0 50

E | 0959 | 0-920 | 0-850 | 0-789 | 0-735 | 0-688 | 0-526 | 0-429 |-0-365 | 0-320

ExAMPLE 2.—Calculate the inductance of a single-layer air-cored
cylindrical coil 4 cm. diameter, wound with fifty turns of wire 0-05 cm.
diameter and a spacing between turns of 0-05 cm. Take the shape factor
as 0:785. What will be the inductance if a finer-gauge wire is used to
increase the number of turns by 50 per cent within the same winding length ?

d = 4 cm,
T = 50
I =50 x (0:05 4+ 0-05) = 5 cm.
L = k(ndT)?/1,000!
_ 0735 X (m x 4 x 50)*
- 5 x 10° -

58 uH

If the number of turns is increased 50 per cent in the same winding
space

L « T, ] remaining constant
L, 'Ly, = (T,/T,)?

1-5\2
- (T) — 225
i.e., the inductance is increased 2-25 times

Iron-cored Coils

Iron circuit almost completely closed, with small air gap.
L =T%A]l

where L = inductance, henrys;
T = total number of turns;
p = permeability of air gap (= 1);
4 = cross-section of iron at gap, sq. cm.;
! = length of gap, cm.

CAPACITORS
Capacitance

The property of a circuit or capacitor to build up a charge on applica-
tion of a voltage is defined quantitatively as the charge in coulombs
acquired per volt applied.

C=QE

E=¢q/C

'Energy stored
W = CE?/2
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where Q = charge, coulombs;
C = capacitance, farads;
E = applied e.m.f., volts;
W = energy, joules (watt-seconds).

Capacitor in a D.C. Circuit
In a circuit having capacitance and resistance, the instantaneous
charging current after a time ¢ from application of the voltage

i = (E/R)e™¢R
= JeticR
Att =10 i=ER
Instantaneous current when discharging through resistance
i = — (E[R)eCcR
= — Ie'icR

Time Constant

This is the time taken for the current to reach 1 —1/e or 63-2 per
cent of its full value on applying the voltage, or to fall to 1/e or 36-8 per
cent of its initial value on removing the voltage.

T=CR

instantaneous current, amperes;
maximum current, amperes;

applied voltage;

resistance in series, ohms;

time, seconds;

capacitance, farads;

base of Naperian logarithms (= 2-7183).

where

o Ve W~
T T

Capacitor in an A.C. Circuit
E = I/wC

where E = r.m.s. voltage;
I = r.m.s. current, amperes;
C = capacitance, farads;
w = 27 X frequency.

ExaMPLE 1.—What is the peak working voltage to which a capacitor of
0°003 puF is subjected when a current of 10 m4 at 1,000 c/s flows ?
R.m.s. voltage :
E = I/uC
0-01 o1 -
= 57 X 1,000 x 3 < 107 531 volts r.m.s.
Peak voltage :
E = 4/2E rms.
= 4/2 X 531 = 751 volts peak



I-10 RADIO AND TELEVISION REFERENCE BOOK
Capacitors in Series and Parallel

Series :
Cr= L
TTNC, +1/C, + 10 + . . . ete.
= C,C,/(Cy + C,) for two condensers in series.
Parallel :
Cr=C,+C, +C; 4 ... etc.
where Cr = effective total capacitance;

C,C,C; = capacitances of individual condensers.

Capacitance of Multi-plate Capacitor
C = 0:0884 nkd/d

where C = capacitance, uuF';
n = number of sheets of dielectric between plates;
- dielectric constant of dielectric;
- surface area of one plate, sq. cm.;
- distance between plates (thickness of dielectric, cm.).

K
A
d

This formula does not take into account fringing effect. If the
dielectric is made up partly of a solid and partly of air, treat as two
capacitors in series, having dielectric constants «, and «, and dielectric
thicknesses d, and d,. Then

C, = 0-0084 «,4/d,

C, = 0-0884 «,4 /d,

Cr = C,0,/(Cy + Cy)
Dielectric Loss

The effect of dielectric loss on the circuit is expressed by treating the
capacitor as having equivalent resistance either in series or in shunt

with it.
Equivalent series resistance :
R, = tan ¢/wC = (P.F.)/wC

Er=IR
<
c
| \ LOSS ANGLE
¢ Rsh. ?’/f
v T
Y
E

Fi1c. 6.—DieLecTRIC Loss.
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Equivalent shunt resistance :
Ry = 1/wCtany = 1/(wC X P.F.)

Power loss :
Py = E*|R;, = wCE* tan s
= wCE? x P.F.
= I*R, = (I* X P.F.)/wC.
To convert a series loss resistance into its equivalent shunt value
and vice versa
R, = 1/Ru(w0)?
R4 = /R (wC)? when R<L1/wC

Power Factor of a Capacitor

The power factor is a measure of the dielectric losses in a capacitor.
The losses are expressed in terms of the angle by which the current
falls short of being 90° out of phase with the applied voltage.

P.F. = siny
= tan ¢y = wCR for small values of ¢ in practice.

where § = phase angle;
w = 2m X frequency;
C = capacitance, farads;
R = equivalent loss resistance, ohms.

TaBLE 3.—DIELECTRIC CONSTANTS AND POWER FAcTORS OF
INSULATING MATERIALS

Dielectric Constant Power Factor at

Material at lzg{cé.?*and 1 Me/s
Balkelite 4-3-5-4 | 0-:03-0-06
Ebonite 2-8 | 0-006
Frequantite 6 0-0006
Mica, ruby . 54 0-:0003
Micanite 7 Poor
Mycalex 75 0-001
0il. cable 2.3 0-0008
Polystyrene 2-6 0-00007
Porcelain 5-6 0:0075-0-009
Pyrex 4-5 0-0002
Quartz 3-8 0-0002
Shellac . 35 0-002
Water, distilled 78 0-04

* The djelectric constant falls slightly withincrease of frequency. The power
factor may either rise or fall with different materials as frequency increases.
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ExanpLE 2.—A4 capacitor of 200 pF is subjected to an effective voltage
of 1,000 at a frequency of 3 Mc/s. The dielectric loss and resistance of the
plates and connectors are together equivalent to a series resistance of 10 ohms.
Calculate : (a) the power factor, and (b) the power loss.

(a) wC =27 X 3 x 108 X 200 x 1072,
= 000377 4
Power factor = wCR Rg =100
= 0-00377 x 10 T
= 0-0377
(b) Power loss : C=200pF
Py = «CE* X P.F. I

= 0-00377 x 10% x 0-0377

— 142 watts J el

F16. 7.—EXAMPLE 2.

A.C. APPLICATIONS OF OHM’S LAW

Impedance and Reactance

The opposition to current flow in an A.C. circuit is determined by its
resistance and reactance. Resistance opposes current flow; reactance,
due to the presence of inductance or capacitance, opposes any change
in the current. The impedance of the circuit is the combined effect of
both, and is measured in ohms.

Reactance due to inductance : X, = 2afL
Reactance due to capacitance : X¢ = 1/2xfC

Impedance : Z =R+ j(Xy — X¢)
= VR + (X, — Xo)?
where L = inductance, henrys;

C = capacitance, farads;
R = resistance, ohms.

CONDUCTANCE, SUSCEPTANCE AND ADMITTANCE

Conductance is the reciprocal of resistance : @ = I/R

Susceptance is the reciprocal of reactance: B = I/X

Admittance is the reciprocal of impedance: ¥ = I/Z

Ohm’s Law for A.C. Circuits

The various transformations for A.C. circuits are :
Voltage : E =17 =1/Y
Current : I =E|Z = EY
Impedance : Z = E/I =1/Y
Admittance : Y = 1/Z = V@ + B?
Conductance : G = 1/R =1/vVZt —X¢
Susceptance: B = 1/X =1/vV2Z2* — R?
Power : P = Elcos¢ = I*Z cos ¢
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voltage;

current, amperes;

impedance, ohms;

admittance, ohms;

resistance, ohms;

reactance, ohms;

conductance ;

susceptance;

= power, watts;

¢ = phase angle between current and voltage.

where

N QMR N

Impedances in Series and Parallel

Series : Z=2Z,+2Z,4+2Z;+ ... etc.
Parallel: 1/Z =1/Z, 4+ 1/Z, +1/Z; + . . . ete.
Z = Z,Z,/(Z, + Z,) for two impedances in parallel.
Series: 1/Y =1/Y, +1/Y, +1/Y; 4 ... etc.
Parallel : Y=Y, +Y,+Y;+ ... cete
where Z,Z2,Z, = impedances in series or parallel;

Y,Y,Y, = admittances in series or parallel.

Z and Y are complex quantities, which must be added or subtracted
vectorially by resolving into their real and imaginary parts.

Z=R+3jX =VR*+X?
Y=G+jB=vVG&+ B

Impedances (and reactances) are added when in series ;
Admittances (and susceptances) are added when in parallel.

R L C

WY T —

(a) (b) (c)

R L R C R L E
—ww—n— —ww—]}— T}
(d) (e) ()

R R C
Lo T et
(9 (h) (0

F16. 8.—RESISTANCES AND REACTANCES IN SERIES AND PARALLEL.
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Resistances and Reactances in Series and Parallel

TABLE 4.—IMPEDANCE AND PHASE ANGLE FORMULZE

Fig. 8 |

Refer- | Magnitude of Impedance, 121 Phase Angle, ¢
ence
(a) R 0
®) Xz w2
() e —n/2
@ VRT £ X} arc tan (XL/R)
G VIR XTI — arc tan (X, /R)
o VETE XL — X arc tan [(Xy — Xo)/R]
@ R/\TF (BTXT} are tan (R/Xz)
» RIVT+ (RIX) — arc tan (RB/X.)

@) VIR F X0 — XX "+ (B XY | arctan [Xp(Q — Xp/X) — R X,]/R

where X,

reactance due to inductance (= 2=fL), ohms;
X.

= reactance due to capacitance (= 1/2xfC), ohms.

ExAMPLE 1.—A4 circuit consists of two branches in parallel, one contain-
ing a coil of inductance 120 mH in series with a resistance of 150 ohms, and
the other containing a capacitor of 0-2 uF in series with a resistance of
200 ohms. If a wvoltage of 100 at a frequency of 1,000 c/s is applied,
determine : (a) the branch currents ; (b) their phase angles with respect to
the applied voltage ; and (c) the total current that will flow.

Branch impedances :
Z, =R, + jwL
= 150 4 (27 X 1,000 x 120 x 10-3)
= 150 + j753

c
E=100V O-2pF

f=1000¢/s 2
2000

(a)

F16. 9.—EXAMPLE 1.
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Z,=R, — jlwC
= 200 ~ i{ g 00 X T X 1)
= 200 — 5797
Scalar values of impedances :
Z, = VRZ + (wL)® = Vv 150% + 7532 = 767 ohms
= VR, + (1/wC)P = V200? + 7972 = 822 ohms

Branch currents :
100

= E']Zl] = 5 _0 1305 amperes
1,=E||Z,| = ;gg 0-1217 amperes

Phase angles of branch currents

¢, = arc tan (X;/R,) = arc tnn 0 é, = + 823° approx.

¢, = arc tan (X./R;) = arc tan 13(‘) ¢, = — 83" approx.

Admittance of both branches in parallel :

Y,=Y,+7%,
i 1 + 1
~ 15047758 ' 200 — ;797
150 — 5758 + 200 + 5 797
71502 4 753t 2002 4 797*
= (254 X 107%) — j(1-28 x 107%) + (2:96 x 107%) + j(1-18 x 107%)
= (550 x 107¢) — 7(1-00 x 107%)

Total current :

I1,=EY,,
100V (550 x 10742 4 (100 x 107%)*
0-056 amperes

ExaMPLE 2.—Calculate the impedance of a combination of an inductance
of 150 uH, a capacitance of 200 pF and a resistance of 10 kQ in paraliel
at a frequency of 1 Jc/s.

Branch A :
Inductive reactance
X, = 24fL
= 27 X 10% x 150 X 107 = 300~
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Susceptance L1SOuH C200pF
B, =1/X, \—‘
DU st s 100 \
= 300m = 1-061 x 10 /
71— = = R
Branch B : 1Mc/s - 10ka
Capacitive reactance
X, = — 1/2afC
1 104 F1¢. 10.—EXaMPLE 2.
T 2108 X200 X 1002 T T dn
Susceptance
B, =1/X,
4n
- =" _ _1.957 -3
108 1-257 x 10
Branch C:
Conductance
G =1/R
1 _
= l—i = 101

Combined admittance
Y = jB, + jB, + G,
= G3 + j(B, + B,)
107* + 5(1-:061 x 107® — 1:257 x 1073)
1074 — 5(1-96 x 1079)
1078 + (3-84 X 1078)
= 2-2 X 10~ mhos

1Y

Combined impedance
12| = 1/]Y]
1

2 x 107

= 4,550 ohms

[

ExaMpLE 3.—d4n e.m.f. of 100 volts at a frequency of 2 Mc/s is applied
to a circuit consisting of : (a) an inductance L = 50 pH in series with a
resistance R = 25 ohms in parallel with (b) a capacitance C = 100 pul’.
Find the combined impedance, the magnitudes of the currents through each
branch, the total current and the phase relationships of the currents to the
voltage.
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lz=E/zz
<
A
L L
- SOpH | e
100V C ]
2Mc/s R 100ppF
250
‘ L= E/Z|z
b
' |
|
(a) (b)
F1g. 11.—EXAMPLE 3. l=E/2,
Impedance of Branch A :
Z, = R + jwL
= 25 4 j(2m X 2 X 108 X 50 x 107%)
= 25 4 ;7628
Impedance of Branch B :
Z, = 1/2=fC
= 796 ohms

1
X 2 x 108 x 10710

o

Then impedance of parallel combination :
Zyy = 7,2,/(Z, + Zy)
= (B + jX1)(— jXJ)/[R + j(Xr — X.)]

X2R[[R? + (X1 — X))
+ XX X, — R — X2)]/[R® + (X1 — Xo)?]
7962 x 25 .796(628 x 796 — 252 — 6282%)
=557 + (628 — 796)F T/ 25% F (628 — 7962
— 547 + 72880

Combined impedance :
|Z,,| = V'547% + 2,880 = 2,940 ohms

Branch Currents :
100

Branch A I, =FE|Z, = 698 — 0-159 amperes
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100

Branch B I, =E|Z, = 796 = 0-216 amperes
Total I1,=E|Z,= % = 0-034 amperes

Phase Angles :
Between 7, and E
628
¢, = arc tan 35
= 874° approx. I, lagging behind E.

Between I, and E

-

¢, = arc tan %§

= 90° I, leading on E.
Between 7,, and E
2,880
547
= 79° approx. I, lagging behind E.

¢, = arc tan

These results are illustrated vectorially in Fig. 11 (b).

CIRCUIT THEOREMS

Equivalence of Series and Parallel Complex Circuits

Resistance and reactance elements in parallel can be converted into
series equivalents and vice versa by the use of the following relation-
ships. These relationships are valid only for the particular frequency
for which they are calculated.

Rp = Rc + Xc2 IRJ
X, =X, + R?/X,
Rg R, = Rp/{1 + (R,/X,)%
Py X, = Xpl{l + (Xp 'IRp)2}
Rp = = where
Xs R, = equivalent resistance of paral-
lel circuit, ohms;
R, = equivalent resistance of series
circuit, ohms;
F1G. 12.—EQUIVALENCE OF SERIES X, = equivalent reactance of paral-
AND PARALLEL CoMPLEX CIR- . lel circuit, ohms;
(Aiedch X, = equivalent reactance of series

circuit, ohms.

ExaMpLE 1.—Translate the circuit shown in Fig. 13 into its simplest
series equivalent for a frequency of 1 Mc/s.
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Fic. 13.—ExaMmpLE 1.
Considering the right-hand branch :
Inductive reactance

Xy = 2afL = 6-28 x 10% x 50 x 107 = 314 ohms

Capacitive reactance

1
p— ] P E—— =]
X, = 12xfC = 698 % 10° X 5 x 10 319 ohms
Effective reactance
X, =X, — X, =314 —-319 = — 5 ohms

Equivalent series resistance
Ry = By /{1 + (R,/X,;)%
SN 0-0025 ohms
I+ (104 — 52 ———
Equivalent series reactance
X, = X, /{1 + (Xp/Rp)?}
= ﬁ_(:—'—;l—o‘)—_ = — 5 ohms
This is equivalent to a capacitance C, in series :
Cy = 1/2afX x 10® uF
10¢

- — 0-032
= X 105 x5 -2082uF

Star and Mesh Networks

I-19

A network of star-connected impedances Z,, Z;, Z, is equivalent to a
mesh-connected network Z,, Z,, Z; between terminals AB, BC, CA

when

' Za = 2,2(Z, + Zy + Zy)
Zy = Z1Z2/(Z1 + Zy, + Zy)
Z, = Z,Z[(Z, + Z, + Zy)
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A
Z4 ) 202 402 enZ
4 L—-
sag1003 703
F1a. 15.—EXAMPLE 2.
B C
73
Fic. 14.—S1AR AND MESH
NETWORK.

For the converse,
Z, =2+ 2y + Z,2,|2,
Z,= Zy + Z. + Z:Z.|Zs
Zy=2c + Zs + ZuZ:|Zy

ExaMPLE 2.—Find the equivalent resistunce of the resistance network
shown in Fig. 15.

6
2 6 23 2 7-33
m _ _0:4% _0:476
13} Za
s 7 5 A 333 N e
(a) (b) {c) (d)

F1c. 16.—SorvTioN OF EXAMPLE 2.

The circuit can be simplified successively as in Fig. 16 (a) and (b)
and the mesh-connected portion converted into the equivalent star as
in (¢). Then the impedance of the arms of the star are :

5x 2

Z,,=5—-ﬁ_ﬁ=0-4160hms
5 x 14

Z,,—3+-14_»*_§—3330hms
14 x 2

Zc—5+l4+2=1-330hms

Re-arranging (c) as in (d)

733 x 10-33

Zo = 0476 + 735 gg3 — 477 ohms
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| | B _—_“_o}_o _gf
NETWORK| o 2 z
NETWORK %Zo INF.TWORKL_c 51 et s A )% 0

| S | — }
1=€,/Z5+2,)

Fi16. 17.—THEVENIN’S THEOREM.

Thevenin’s Theorem

The current in any branch Z, of a network is the same as if it were
connected to a generator of e.m.f. E, and internal impedance Z,.

I=E /2, + Z,)
voltage appearing across the branch when open-circuited ;
impedance of network between branch terminals, all

sources of e.m.f. in the network being replaced by their
internal impedances.

where E,
z 1

B8
ExampLE 3.—Find, by the wuse of
Thevenin’s Theorem, the current indicated 20000 12000
by the milliammeter in the unbalanced
bridge network of Fig. 18. A @ c
Remove branch BD, Fig. 19 (a), in 5000 4000
which it is required to know the current.
Let E, = p.d. across branch AB and
E; = p.d. across branch AD. Then the G
e.m.f. appearing across branch BD
—— 1OV —
E,=E, —E Fic. 18.—ExaMpLE 3.
2,000 500
= (2;000 + 1,200 © 10) - (500 + 400 © 10)
= 0-694 volts
Impedance of network between B and D (Fig. 19 (b))
_ 2,000 x 1,200 500 x 400
" 2,000 + 1,200 " 500 - 400
= 972 ohms
| L 9720 Zo-
i m4)500
0-694V
©

- 1OV —>

Fi1c. 19.—SoLuTioN oF ExaMPLE 3.
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- 04—
Fic. 20.—IKiRcBOFF’S Law. Fic. 21, —ICIRCHOFF'S Law.
Sum of Currents. Sum of Products of Current

and Resistance.

The equivalent network, Fig. 19 (c), is then a generator of e.m.f. =
0-694 volt and internal resistance Z, = 972 ohms. Hence the current
in branch BD

I=E,\[(Z, + Z)
__0-694
T 972 + 50
= 0-00068 ampere or 0-68 mA

Eirchoff’s Laws

(1) The algebraic sum of the currents which meet at a junction point
in a circuit at any instant is zero (Fig. 20).

Gyt dptis+...=%i=0

(2) The algebraic sum of the products of current and resistance of
each part of a closed circuit is equal to the e.m.f. acting in the circuit
(Fig. 21).

4R, + iR+ 4By +...=YiR=c¢

N.B.—These laws apply to instantaneous and vector quantities, but
not to r.m.s. values.

ExampLE 4.—Calculate the currents flowing in each branch of the
network shown in Fig. 22 (a).

R,=100Q R,=200Q O-Q19A  0-035A
4 -
1
<
10V (ey e 3 e;)
4 30-054A
(a) (b)

Fic: 22.—ExAMPLE 4.
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Applying Kirchoff’s Laws and assuming directions of currents shown
in Fig. 22 (a), we obtain three simultaneous equations, from which %,,
7, and #, can be evaluated.

1y + 1 + 13 =0 1)
ey + 4Ry — B3 =0 (2)
e, + Ry — 3R =0 (3)

Subtracting (3) from (2) to eliminate ¢,
€y — e + iRy —1,R; =0
10 — 15 + 100¢, — 200i, = 0
i, = 054, — 0-025 . . (4)
Multiplying (1) through by R, and subtracting (3) to eliminate i,
TRy — €, + i3(Ry + B5) = 0
200¢, — 15 + 350i;, = 0
iy = 0-0429 — 0-571¢, . . ()
Substituting these values of 7, and 7; in (1) to evaluate 7,
i + 03¢, — 0:025 — 0-371¢; + 0-0429 = 0
2, = — 0-0194 ampere
Substituting this value of ¢, in (4) to evaluate ¢,
7, = (0-5 X — 0-0194) — 0-025
= — 0-0347 ampere

Substituting the value of 7, in (5) to evaluate 7,
7y = 0:0429 — (0-371 X — 0-0194)
= + 0-054 ampere

GAINS AND LOSSES -
Power Levels

In communication systems the decibel (4 Bel) is the practical unit
of power, voltage or current level. It is used in various ways to define :

(a) a difference in level (gain or loss) of power or voltage between
two points, e.g., the output and input of an amplifier or trans-
mission line;

(b) & change in level (increase or decrease), e.g., in the output of
an amplifier ;

(c) a definite level by reference to some arbitrary level, called
zero level.

Zero level of power (European standard) = 1 mW

Zero level of power (U.S.A, standard) = 6 mW

Zero level of acoustic loudness = 0-0007 dynes/sq. cm. at
400 c/s
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A difference or change in level is expressed as so many decibels up or
down, or so many decibels gain or loss.

A particular level is expressed as so many decibels above or below
zero level.

POWER Gaix or Loss
Power gain or loss, decibels ;
N =10 log,, (Po/Py)

Conversely, a power ratio :
P, /P, = antilog (N/10)
where P, = power input or reference level ;
P, = power output.

The overall gain of a system is the sum of the individual gains and
losses of each link, in decibels, gains being reckoned + and losses —.

When P,/P, < 1 (a loss), calculation is simplified by inverting the
ratio and prefixing by the negative sign.

N = —10logy, (P,/P,)
VoLTAGE Gain or Loss

Voltage or current gain or loss, decibels :
N = 20logy, (E,/E,) = 20 logy, (1,/1;)

Conversely, a voltage ratio :
E,|E, = antilog,, (N /20)

ExAMPLE 1.—What is the percentage efficiency of power transfer in a
transmission line which has a loss of 2db?

Loss in decibels N = — 10 log,, (P,/P,)

Hence P,/P, = antilog (- N/10)
= antilog (— 2/10)
= 1-585

Efficiency, per cent = 100 P,/P,

= 100 x =2= = 631 per cent_

A
1-585

EXAMPLE 2.—The power output from an amplifier s increased from
2 to 5 watts. What is the change in level in decibels ?

N = 10log,, (5/2) = 10 log,, 2:5
= 3979 or4db gain approx.

ExaMpLE 3.—If the energy gain of an aerial array over a single element

s 12-6, what i3 the gain in decibels ?
N = 10log,; 12:6 = 10 x 1-1004 — 11 db approx.
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ExaMPLE 4.—The field strength of a desired signal at a receiver is
20 nV and that of an interfering signal is 9 pV. What is the signal [inter-
ference ratio in decibels ?

Signal interference ratio = 20/9
N = 20log;, (20/9) = 20 log,, 2222 = 6-94 db

ExXAMPLE 5.—The output level of a microphone is 60 db below 1 volt
when working into a resistance of 5 ohms. Find the gain to be provided
by an amplifier to produce an output of 2 watts into 3,000 ohms.

—_— - —

Fic. 23.—EXAMPLE 5. :33\’}’@% g | ?3980()

S

Input level = — 60 db reference 1 volt
Input voltage :

E, = antilog (N/20) = antilog (— 60/20) = 0-001 volt
Power input :

P, = E2/R, = 0-0012/5 = 2 x 1077 watt
Gain to be provided :

N = 10log,, (Py/Py) = 1
10 log;, 107 = 70 db

01log,, (2/2 X 1077)

Impedance Changes

If the input and output impedances are not equal, voltage gain or
loss must be specified with reference to the impedances. Then

N = 20log,, (E./E,) + 10logg (Z,/Z,)
where Z,Z, = input and output impedances, respectively.
Power gain or loss can be specified without reference to impedance.

ExaMPLE 6.—An amplifier provides a gain of 40 db with an input of
0-5 volt across 2 MQ and an output load resistance of 4,000 ohms. Deter-
mine the voltage across the load and the power output.

t } . 4
OLSV M0 ey E:PZ

———— o,
+40db

Fi1c. 24.—ExXAMPLE 6.
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N = 20 log,, (E,/E,) + 10 log, (R, /R,)
Output voltage :

E, = E, antilog (A — 101logy, (B, Rz))

20

40 — 101log,, (2 x 10«,4,000))
20

0-5 antilog (

= 0-5 antilog 0-65 = 2-23 volts
Power output :

2-232 x 1,000

— 2/ = == Y
P, = E;%/R, watts = £,000 mW

= 1-24 mW

ExampLE 7.—The voltage gain of an amplifier stage is equal to
guRLRa/(Ry + Ra). Determine the stage gain in decibels, given that

Mutual conductance, gn = 1-8 mA [volt ;
Anode A.C. resistance, R, = 5,000 ohms;
Load resistance, Ry, = 20,000 ohms;
Input resistance =1 MQ.

gm = 1:8 X 107 ampere/volt
VOLTAGE GaIN
m = ngLRa [(Rz + R,)

_1-8 x 107® x 20,000 x 5,000
B 20,000 + 5,000

N = 20log,, (E,/E,) + 10 log,, (R,/R,)
10 log [110%/2)/(10%)]
10 log 50

g
g

20 log,,
34-14 db

Volume Units

In audio-frequency work the volume unit (VU) is the volume level
above zero reference level, and is taken to be 1 mW into 600 ohms.
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ELECTRICAL TOLERANCES

Electrical tolerance is the maximum deviation allowable from the
nominal value, usually expressed as a percentage of the nominal value,

p = 100 /R

where R = nominal value;
r = deviation from nominal value.

RESISTANCES OR INDUCTANCES IN SERIES (OR CAPACITORS IN
PARALLEL).

Overall Tolerance (Per Cent)
p= (PR + PR+ .. )(Ri+Rt..0)
Two resistances or inductances in parallel (or two capacitors in
series)
lez(l + p»/100) + pR,(1 + p,/100)
R,(1 + p,/100) + R,(1 + p,/100)
= (p,R, + p,R)/(R, + R,) for small tolerances

percentage tolerances of individual resistances;

where p,p,, ete.
nominal values of individual resistances.

R|R,, etc. =

ExaMpLE 1.—Two resistors of 300 and 1,000 ohms have respectively
tolerances of 42} and +5 per cent. What is the maximum percentage
variation in resistance of the combination when connected : (a) in series ;
(b) in parallel ?

(a) P = (PR + p.Ry)(R; + Ry)
_ (" 5 X 500) + (a X 1 000) _ 49
=500 + 1,000 g
(b) p = (p, Ry 4+ poB) /(R + Ry)
_ (25 x 1.000) =+ (3 X ;)00) .
= - 500 + 1,000 = 3-3 per cent
R R
R,try Ratr, v T b
—AMWW——AWWW— /
Rytry
Jvl\vl\vl\vhvt\v R m
—[ AP
Rptry R
F1c. 25.—OVERALL Fic. 26.—METER

TOLERANCE. SHUNTS.
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Meter Resistances
VOLTMETER AND SERIES RESISTANCE
Overall accuracy per cent :
P = (mem + lel) (Rm + Rl)
AMMETER AND SHUNT RESISTANCE
p= (plh - pm)Rm'(Rm + Rah)
where Pm = percentage overall accuracy of meter alone;

p: = percentage tolerance of series resistance;
Psn = percentage tolerance of shunt resistance;
'» = nominal resistance of meter alone;
R, = nominal value of series resistance ;
R,) = nominal value of shunt resistance.

ExaMPLE 2.—The accuracy of a moving coil meter 48 + 1 per cent and
the resistance of the coil is 20 ohms. What is the maximum possible overall
error when the meter is used : (a) as a voltmeter in series with a resistance
of 198 ohms +2 per cent; (b) as a milliammeter shunted by a resistance
of 222 ohms + 2 per cent ?
(a) D = (mem + paRl)/(Rm + Rl)
_ (1 20) + (2 x 198)
- 20 + 198
= 1.9 per cent

(b) b= (Pah - pm)Rm /(Rm + th)
_(2—-1)x10
T 10+ 222

2001 21% 1980 +2%

— 082 per cent 200+1%

Frequency Tolerance

Frequency tolerance is the maximum
deviation allowable above or below the 2r22012%
nominal frequency, expressed as a percentage
of the nominal frequency.

AAAA
VVYV™

Fi¢. 27.—ExaMPLE 2.

p = 100Af/f

where f = nominal frequency ;
Af = deviation from nominal frequency.

When sum and difference frequencies are produced by modulation,
de-modulation or heterodyning, the maximum percentage divergence of
the resulting frequencies

P = (Dofo + Pmfm) (fo + fm) for the upper (sum) frequency
P = (Dofo + Pmfm)/(fy — fm) for the lower (difference) frequency

where  p, = percentage variation of signal frequency ;

Pm = percentage variation of modulating frequency ;
Jo = nominal signal frequency ;
Jm = nominal modulating frequency.
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EXAMPLE 3.—A received signal of frequency 16 Mc/s having a mazimum
variation of +0-01 per cent is applied to the mizer stage of a receiver,
where it s heterodyned by a local oscillator ut a frequency of 15-4 Mc/s
+0-005 per cent. What is the mazimum percentage variation of the
difference frequency ?

P = (Pofo + Pmfn) (fo — fu)

__ {001 x 16) + (0-005 x 15-4)
- 16 — 154

0-395 per cent

FREQUENCY AND WAVELENGTH

The velocity of electromagnetic wave propagation in a given medium
is constant, and in space is equal to that of light, ¢ = 2:998 x 10%
metres/second approximately. For all practical applications c¢ is
taken as 3 X 108 metres/second. The frequency, in terms of velocity
{c) and wavelength (}) in metres.

f=c/A
More useful forms are :
f(nc/s) =3 x 10%/A
f (inkefs) =3 x 10%/A
f (in Me/s) = 300/A

Useful datum points for mentally converting frequency and wave-
length are given in Table 5.

TABLE 5A.—FREQUENCY-WAVELENGTH CONVERSION

— ——

T l [ \
finMe/s .| 1 | 3 | 10 30 | 100 | 300 | 1,000 | 3,000

{

A in metres | 300 | 100 | 30 | 10 | 3 1 | 03 01

Table 58 on the following pages gives conversion points throughout
the range 10-0-99-9 in 0-1 steps, and may be used for both wavelength-
to-frequency and frequency-to-wavelength conversion provided that
the correct units and position of the decimal points are ascertained from
Table 5a.
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TABLE 58,

WAVELENGTH/FREQUENCY CONVERSION TABLE

:516i7'8

0 1 2 3 4 | 9
10 130,000 29,703 29412 29,126 28,846 | 28,571 | 28,302 | 28,037 | 27,778 27,523
11 27,278 27,027 | 26,786 | 26,549 | 26,316 | 26,087 ’ 25,862 | 25,641 | 25424 | 25,210
12 125,000 | 24,793 | 24,590 | 24,390 | 24,193 | 24,000 | 23.809 23,622 | 23,437 23,256
13 23,077 | 22,901 | 22,727 22,556 22,388 | 22,222 | 22,059 21,898 | 21,739 21,583
14 21,429 21,277 | 21,127 20,979 | 20,833 | 20,690 | 20,548 20,408 | 20,270 ' 20,134
15 120,000 | 19,867 | 19,737 | 19,608 | 19,480 | 19,355 | 19,231 19,108 | 18,987 18,868
16 | 18,750 | 18,634 | 18,518 18,405 18,293 ' 18,182 | 18,072 17,964 | 17,857 17.752
17 117,647 | 17,544 | 17,442 | 17,341 | 17.241 | 17,143 [ 17,045 | 16,949 | 16,854 | 16,760
18 | 16,667 | 16,575 | 16,483 16,393 16,304 | 16,216 | 16,129 16,043 ' 15,957 15,873
19 115,790 | 15,707 | 15,625 | 15,544 15,464 | 15,385 | 15,306 | 15,228 15,161 15,075
20 115,000 | 14,925 14,851 14,778 | 14,706 | 14,634 | 14,563 14,493 | 14,423  14.354
21 114,286 14,218 | 14,151 | 14,084 14,019 13,954 | 13,889 13,825 | 13,762 13,699
22 13,636 | 18,575 | 13,513 13,153 | 13,493 13,333 | 18,274 | 13,216 | 13,1568 | 13,100
23 113,043 | 12,987 [ 12,931 | 12,875 | 12,820 | 12,766 | 12,712 12,658 | 12,605 ' 12,552
24 112,500 | 12,448 | 12,397 | 12,346 | 12,205 | 12,245 | 12,195 12,146 | 12,097 | 12,048
25 112,000 11,952 | 11,905 | 11,858 | 11,811 11,765 I 11,719 | 11,673 | 11,628 | 11,583
26 111,638 | 11,494 11,450 | 11,407 | 11,364 | 11,321 | 11,278 | 11,236 11,194 | 11,152
27 | 1L111 | 11,070 | 11,029 | 10,989 | 10,949 | 10,909 | 10,870 | 10,830 | 10,791 | 10,753
2 10,714 | 10,676 | 10,638 | 10,601 | 10,563 | 10,526 | 10,489 | 10,453 10,417 | 10.381
29 10,345 [ 10,309 | 10,274 | 10,239 | 10,204 | 10,169 | 10,135 10,101 | 10,067 ' 10,033
30 110,000 | 9,967 | 9,934 | 9,901 9,868 | 9,836 | 9,804 9,772 9,740 | 9,709
31 9,677 | 9,646 | 9,615 | 9,585 | 9,554 | 9,524 | 9,494 9464 | 9.434 0404
32 9,375 | 9,346 | 9,317 | 9,288 | 9,259 | 9,231 | 9,202 | 9,174 9,146 9,109
33 9,091 ‘ 9,063 | 9,036 | 9,009 | 8982 8,956 | 8,929 l 8,901 | 8,876 | £.850
34 | 8823 8798 | 8,772 | §746| 8£721 | 8,696 | 8671 8,646 8,621 | 8,596
35 8,571 | 8,547 | 8,523 8,499 | 8,375 8,451 ’ 8,427 | 8,403 | 8,380 | £,356
36 8,333 ' 8,310 | 8,287 | 8,264 | &242 | 8,219 | 8,197 | 8174 8152| €130
37 8,108 | 8,086 | 8,065 8043 8021 8,000 | 7,979 | 7,958 | 7,937 | 7.916
38 7,895 | 7,874 | 7,863 7,833 | 7,813 7,792 | 7,772 | 7752 | 7,732 | 7.712
39 7,692 | 7,672 7,663 | 7,633 | 7,614 7,595 | 7,576 | 7,557 | 7.538 7.519
40 7,500 | 7,481 7463 | 7,444 7,426 | 7407 | 7,389 7,371 | 17,353 7,335
41 7,817 | 7,299 | 7,202 7,274 | 7,246 | 7,229 | 7,211 7.194 7,177 | '7.160
42 7,143 1 7,126 | 7,109 | 7,092 7,075 | 7,059 | 7,042 | 7,026 | 7.009 6,993
43 6,977 | 6,961 | 6,944 | 6,928 ' 6,912 | 6,897 | 6,881 | 6.865 I 6,859 | 6,844
44 6,818 | 6,803 | 6,787 | 6,772 | 6,757 | 6,742 | 6,727 | 6,711 6,696 | 6,682
45 | 6,667 | 6,652 | 6,637 | 6,622 I 6,608 | 6,593 6,679 | 6,565 | 6,550 @ 6.536
46 6,022 | 6,508 | 6,494 6,479 | 6,666 6,452 | 6,438 | 6,424 6,410 | 6,397
47 6,383 | 6,369 | 6,356 | 6,343 | 6,329 | 6,316 | 6,302 | 6.289 6,276 | 6,263
48 6,250 | 6,237 | 6,224 , 6,211 | 6,198 | 6,186 | 6,173 | 6,160 [ 6,148 ' 6,135
49 6,122 | 6,110 | 6,097 @ 6,085 6,073 l 6,061 | 6,048 | 6,036 6,024 | 6,012
50 6,000 | 5988 | 5976 | 5964 | 5952 | 5941 | 5929 | 5917 5,906 | 5,894
51 5882 | 5,871 5,859 5,848 | 5836 | 5825 5814 5803 5,791 | 5,780
52 5,769 | 5,858 | 5847 | 5736 5825 5714 | 5703 5692 | 5682 5,671
53 5,660 | 5,650 | 5,639 | 5,629 | 5,618 | 5,607 | 5,597 | 5.587 | 5576 5.566
54 5,556 5,546 | 5,535 5,526 | 5,515 | 5,505 | 5,494 | 5485 5474 | 5,464
Ezamples :

27-2 metres = 11,029 kc/'s.
2720 metres = 11029 ke/s.

272 ke/s

= 110-29 metres.
= 110-29 metres,
= 1102-9 Mc/s.

49-8 metres = 6,024 ke/s,
198 ke/s = 602-4 metres.
4-98 Mc/s = 60-24 metres.
498 metres = 602-4 kc/s.
49-8 cm = 602+4 Mc/s.
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TABLE 5B (contd.)

WaAVvELENGTH/FREQUENCY CoNVERSION TABLE

0 | 1 2 3 4 & 6 7 8 9
b5 5455 | 5,445 8,435 | 5,425 5,415 5,105 5,396 | 5,386 | 5,376 5,367
56 5,357 | 5,347 | 5,338 5,329 5,319 5,310 5,300 | 5,201 | 5282 5,272
57 5,263 | 5,254 5,245 | 5,236 5,227 5,217 | 5,208 l 5,199 | 5,190 | 5,181
58 5,172 | 5,164 | 5,165 | 5,146 | 5,137 | 5,128 5,119 5,111 1 5,102 5,003
59 5,085 | 5,076 | 5,068 [ 5,059 [ 5,050 5,042 | 5,034 | 5025 | 5,017 5,008
60 5,000 | 4,992 | 4,983 | 4,975 | 4,967 | 4,959 | 4,951 | 4,942 | 4,934 4.926
61 4,918 | 4,910 | 4,902 | 4,894 4,886 4,878 4,870 4,862 l 4,854 4,846
62 4,839 | 4,831 | 4,823 | 4,815 | 4,808 | 4,800 | 4,792 | 4,785 | 4,777 | 4,769
63 4,762 | 4,754 | 4,747 | 4,739 | 4,732 | 4,724 ,i17 | 4,710 ‘ 4,702 4,695
64 1,687 | 4,680 | 4,673 | 4,666 | 4,658 | 4,651 | 4,644 | 4,637 | 4,630 4,622
65 4,615 | 4,608 | 4,601 | 4,594 | 4,587 | 4,580 | 4,573 l 4,566 | 4,559 | 4,552
66 4,546 | 4,539 | 4,532 | 4,525 | 4,518 | 4,511 | 4,504 | 4,498 | 4,491 4,484
67 4,477 i 4,471 | 4,464 | 4,458 | 1451 4,444 | 4,438 | 4,431 | 4425 4,418
68 4,412 | 4,405 ‘ 4,399 | 4,392 | 4,386 | 4,380"| 4,373 4,367 | 4,360 | 4,354
69 4,348 | 4,342 | 4,335 4,329 | 4,323 | 4,316 | 4,310 4,304 ,298 | 4,292
70 4,286 l 4,279 | 4,273 l 4,267 | 4,261 | 4,255 | 4,249 | 4,243 | 4,237 | 4,231
7l 14,225 | 4,219 | 4,213 | 4,207 | 4,202 | 4,196 | 4,190 | 4,184 | 4,178 | 4,172
72 4,167 | 4,161 | 4,155 | 4,149 | 4,144 | 4,138 | 4,132 | 4,126 | 4,121 4,115
73 4,110 | 4,104 | 4,098 [ 4,093 ' 4,087 | 4,081 | 4,076 4,071 | 4,065 4,060
74 4,054 | 4,048 | 4,043 | 4,038 4,032 | 4,027 | 4,021 | 4,016 4,011 | 4,005
5 4,000 | 3,995 | 3,989 | 3,984 | 3,979 | 3,973 | 3,968 | 3,963 3,958 ' 3,952
] 3,947 I 3,942 l 3,937 | 3,932 | 3,927 | 3,922 3,916 | 3,911 3,906 35,901
T 3,896 | 3,891 | 3,886 | 3,881 | 3,876 3,871 | 3,866 3,861 I 3,856 | 3,851
3 3,346 | 3.841 | 3,836 ( 3,831 | 3,826 3,822 | 3,817 | 3,812 3,807 3,802
70 3,797 | 3,793 3,788 | 3,783 | 3,778 | 3,774 3,769 1 3,764 | 3,759 | 3,754
&1 3,750 | 3,745 | 3,741 | 3,736 | 3,731 | 3,727 | 3,722! 3,718 | 3,713 | 3,708
81 3,704 | 3,699 | 3,694 | 3,690 | 3,685 3,081 | 3,676 ‘ 3,672 | 3,667 | 3,663
82 3,658 | 3,654 | 3,649 | 3,645 | 3,641 | 3,636 | 3,632 | 3,628 | 3,623 3,619
83 3,614 | 3,610 | 3,606 | 3,601 | 3,597 | 3,593 | 3,589 | 3,584 | 3,580 | 3,576
81 3,571 | 3,567 | 3,663 | 3,559 | 3,554 | 3,550 | 3,546 | 3,542 | 3,538 3,534
85 3,529 | 3,525 | 3,521 3,517 | 3,513 | 3,509 | 3,505 | 3,501 | 3,496 | 3,492
86 3,188 | 3,484 | 3,480 | 3,476 | 3,472 3,468 | 3,464 | 3,460 | 3,456 3,452
&7 3,448 | 3444 | 3440 | 3,436 | 3,433 | 3,429 | 3,425 | 3,421 | 3,417 3,413
83 3,409 | 3,405 | 3,401 | 3,397 | 3,394 | 3,390 | 3,386 | 3,382 | 3,378 3,375
89 3,371 | 3,367 | 3,363 | 3,359 | 3,356 | 3,352 | 3,348 | 3,344 | 3,341 3,337
90 3,333 | 3,330 | 3,326 | 3,322 | 3,319 | 3,315 ‘ 3,311 | 3,307 | 3,304 | 3,300
ol 3,297 | 3,293 | 3,289 | 3,286 | 3,282 | 3,279 3,275 | 3,271 | 3,268 | 3,264
92 3,261 | 3,257 | 3,254 | 3,250 | 3,247 | 3,244 | 3,240 | 3,236 | 3,233 | 3,229
93 3,226 | 3,222 | 3,219 | 3,215| 3,212 | 3,208 | 3,205 | 3,202 | 3,298 3,195
o4 3,191 | 3,188 | 3,185 | 3,181 3,178 | 3,175 | 3,171 | 3,168 | 3,165 3,161
95 3,158 | 3,154 | 3,151 | 3,148 | 3,145 | 3,141 | 3,138 3,135 | 3,131 3,123
96 3,125 | 3,122 | 3,118 | 3,115 | 3,112 3,109 ! 3,106 | 3,102 | 3,099 | 3,096
97 3,093 | 3,09 | 3,086 | 3,083 3,080 3,077 3,074 | 3,070 | 3,067 | 3,064
98 3,061 3,058 3,055 3,052 | 3,019 3,046 | 3,013 3,040 3,036 | 3,033
99 3030 3,027 | 3,024 3,021/ 3,018 3,015 3,012 3,009 { 3,006 | 3,003

Lramples :
84-3 metres = 3,559 ke/s.
843 metres = 3559 ke/s.
8-43 Mefs = 35-59 metres.
8430 Mc/s = 3-559 cm.

8430 metres = 35:59 ke s.
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RESONANT CIRCUITS
Resonance

Resonance occurs when the inductive and capacitive reactances of
a tuned circuit are equalized, i.e., when

X = Xe

wL = 1/0C
REsoNANT FREQUENCY

w = 1/VLC

fr =12aVELC
if fis in ke/s, L in uH and C in uF
Wavelength, metres: fke/s = 159/vLC
Am = 1885\ LC

where o = 27 x frequency ;
@, = 27 X resonant frequency ;
L = inductance, henrys;

C = capacitance, farads;
Jy = resonant frequency, c/s.

Series Resonant Circuit
MagNiFicaTION FACTOR
Q@ =X, R=X,/R
Impedance is a minimum and current a maximum at resonance.

Then Z =R
I =ER

IMPEDANCE OFF RESONANCE
Z=+vVR 4+ (X; — X
= RVT § (QFF
CrrrRENT OFrF RESONANCE
I=1L/VT+ (QF)F

A R z

A
T E{ X=wl L=200uH
Ei R=100

E

l Ec Xc=l/wC

b T

Fic. 28.—SERIES RESONANT Fic. 29.—ExaMpPLE 1.
Circulr.

C=0-0002pF

—
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PHASE ANGLE OF CURRENT

¢ = arc tan (X /R)
arc tan (QF)

CIRCUIT VOLTAGES AT RESONANCE

E,=E,=EQ °

= EX;/R = EX.|R
where = impedance of circuit, chms;
resistance of coil and capacitor, ohms;
magnification factor;
2Aw/w, = 2Af|fr;
voltage across circuit ;
voltage across coil ;
voltage across capacitor.

SISTRIP I
W

ExAMPLE 1.—A tuned circuit consists of an inductance of 200 uH and
resistance 10 ohms in series with a capacitor of 0-0002 uF. What 1s:
(a) the Q value of a circuit; and (b) the relative amplitude of the current in
decibels 5 kc/s above resonance compared with the current at resonance ?

Magnification factor :

Q = wL/R
Since w = 1/\/176'—
(1/VILC)L|R)
= (I/RWL[C

_ 1 \/200 % 10°¢
“IoN 2x 1070

= 100

Q<
Ii

Resonant frequency :
— 159
fke/s=159/VLC = 550 %2 1o = 198 ke/s
Factor F — 2Af/fr — 220 = 00126
795

Relative current 5 ke /s above resonance :
IjI, = 1/V1 + (QF)?
1

—_—— = 062
I (100 x o-o1zep — 028

Relative current in decibels

20 log;o (1/1,)

— 20log, (I,/1)

— 20 logy, 1:61

— 41 db or 4:1 db down

(I
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Parallel Resonant Circuit
REsSONANT FREQUENCY
= (1/2#)V(1/LC) — (R* 4L?)
= 1/22V LC when R is small in comparison with L and C,

MacN1FICcATION FACTOR

Q@ = X1 Rs=X/Ry4
Impedance is a maximum and current a minimum at resonance.
Then Zqs = Ry

= (o,L)*R = L/CR
= L@ =Q/uC

I =ER;
A
| L=200uH
! XL X¢
E Z¢y=wlL =1/wC Z¢ _
. RL Re R=100Q
l _I_ C= 250pF
F16. 30.—PARALLEL RESONANT . F16. 3l.—ExampLE 2.
CIRCUIT.

IMpPEDANCE OFF RESONANCE

Zs = Z1Z.(Z1 + Z.) . . .
=X /(1 — Xy X) if resistance is negligible

CUrRRENT OFF RESONANCE

1 =E2Z;
CIRcUIT VOLTAGES AT RESONANCE
EL = Ec = EQ
where Z3 = dynamic impedance, ohms;

R; = dynamic resistance, ohms;
Z; = impedance of inductive branch, ohms;
Z. = impedance of capacitive branch, ohms.

ExAMPLE 2.—4 tuned circuit is made up of an inductance of 200 pH
and resistance 10 ohns in series with a capacitor of 250 pF. Calculate
the tmpedance at the resonant frequency and at 20 kc/s above and below the
resonant frequency.

IMPEDANCE AT RESONANCE

Z,= R
= 10 ochms
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At 20 ke/s above and below resonant frequency
W = 2#(fr £ 2 x 10%)

22{(1/27VIC) + 2 x 10%
(1/VIC) + 2 x 10*

1
T V200 x 107 x 250 x 1071
(4-47 £ 0-126) x 108

+ 2 x 104

X = oL
= 4-596 X 200 = 919 ohms for the upper frequency
4-344 x 200 = 870 ohms for the lower frequency
Xe 1/w?

10¢/(4-596 x 250) = 870 ohms for the upper frequency
108/(4:344 x 250) = 920 ohms for the lower frequency

IMPEDANCE OFF RESONANCE
Z =R+ j(X; — X,)
At 20 ke/s above : Z = 10 + 5(919 — 870) = 10 4 750 ohms

At 20 ke/s below: Z = 10 4 5(870 — 920) = 10 — 750 ohms

ExAMPLE 3.—A parallel resonant circuil is to be used to tune the anode
circuit of a radio-frequency amplifier. The coil has an inductance of
100 uH and a resistance of 5 ohms. What i8: (a) the value of capacitance
required to tune to a frequency of 1 Mc/s, and (b) the effective impedance of
the combination ?

Capacitance required to resonate to
1Mes:

L='IOOpH-
¢ = (1/w'L) x 10° 7
_ _10°
(27 x 10%) x 100 x 107¢
0-000254 uF or 254 pF

R=50

Dynamic impedance of circuit : Fig. 32.—ExaMpPLE 3.

Z; = L/CR (L and C can be in uH and uF)

_ 100
e T 254 x 5 x 107¢
1=20'ém
— = 78,740 ohms

= c= ExaMPLE 4.—A parallel resonant circuit has
0-25H O5uF an tnductance L = 0-25 henrys and a capact-
tance C = 0-5 uF. The resistance of the circuit
18 negligible by comparison. Determine the
dynamic impedance of the circuit and the
vollage across it at 400, 450 and 500 c/s when

Fia. 33.—ExampLe 4. a current of 0-2 mA 18 flowing.
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At 400 c/s: w = 27 X 400 = 2,513; «® = 6-31 x 10¢
At 450 c/s: w = 27 X 430 = 2,826; «® = 7-99 x 108

At 500 ¢/s: w = 27 X 500 = 3,141; «w? = 9-86 x 10%
LC product :
LC =025 x0-5 x 107
= 0-25 x 10-¢

Impedance of circuit :
Z = jwL/(1 — »?LC)
(2,513 x 0-25)

8: Z = — N0 O 2 VA _ 4599 s
At400c/s: Z = {531 105 x 0-125 x 1079 — L2277 ohms
. g J(2,826 x 0-25) _ g
At 450 c/s: Z = 1 — (631 X 0-125) = 7441.560 ohms
. z = G141 X 025) — 4
At 500 c/s: Z = T — (986 x 0-125) = 73,360 ohms
Voltage across circuit : E = IZ
At 400 c/s: E = 0-0002 x 2,977 = 0-6 volt
At 450 ¢/s: E = 0-0002 x 441,560 = 88-3 volts
At 500c/s: E = 0-0002 x — 3,360 = — 0-67 volt

COUPLED CIRCUITS
Mutual Inductance

M=kVvLIL,
k=M/VLL,
ErrECTIVE INDUCTANCE OF Two Circuits COUPLED BY MUTUAL

INDUCTANCE

The combined inductance is the total linkage per unit current flowing
through the combination.

Coils in series (Fig. 34 (a)) :
Aiding L=L,+L,+2M
Opposing L=L,+L,—2M
Coils in parallel (Fig. 34 (b)) :
Aiding L =(L,L, — M*)/(L, + L, — 2M)
Opposing L = (L,L, — M*/(L, + L, + 2M)

M

v 1 M 5
LiS L2 LS L2
(b)

@
Fi16. 34.—INDucTANCE OF Two CourLED CIRCUITS.
(a) Coils in series. (b) Coils in parallel,
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Cy Cz L Ly Lz

) ['I71

(a) (b) (c)

00

0

-
n

F16. 35.—INDGCTANCE N
oF CouPLED CIRCUITS. C

(a) Shunt inductive.
Eb)) g;ries inductive.
(3 unt capacitive.
(d) Series capacitive. L1 C1 Ca gLz

@
Shunt inductive coupling (Fig. 35 (a)) :
k= L/V({L 4 L)L + L)
Series inductive coupling (Fig. 35 (b)) :

k= VL, L /(L 4 L)L +
Shunt capacitive coupling (Fig. 35 (¢)) :

k= VC,C,[(C + C)(C + C)
Series capacitive coupling (Fig. 35 (d)):

k= OIV(C F 0)C + Gl

where M = mutual inductance, henrys;
coupling coefficient (k = 1 for 100 per cent coupling};

)

L, = inductance of primary circuit, henrys;
L, = inductance of secondary circuit, henrys;
L — inductance of coupling element, henrys;
C, = capacitance of primary circuit, farads;
C, = capacitance of secondary circuit, farads;
C =

capacitance of coupling element, farads.

Exampre 1.—Two inductance coils of 250 and 175 pH are coupled
together. What are the mazxi and mini values of inductance
obtainable when the coils are connected in series aiding and series opposing,
if the coupling coefficient is: (a) 0-8; (b) 0-37

Working in pH, we have

k=08
M, = k,VL,L, = 0-8V250 x 175 = 168 uH
k=03

M, = (ky/k)M, = g% x 168 = 63 pH
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L1=250 uH

Lo=175 uH Fic. 36.—ExaMpLE 1.
SERIES SERIES
AIDING OPPOSING

Maximum and minimum values of inductance :
(@) L =L, + Ly + 2M = 250 + 175 + (2 x 168) = 761 and 89 . H
(6) L = L, + Ly + 2M = 250 4 175 £ (2 x 63 )= 551 and 299 .H

Coupled Tuned Circuits

Maximum energy is transferred between coupled tuned circuits at a
critical value of the coupling, when the resistance of the secondary
circuit thrown back into the primary is equal to the resistance of the
primary, i.e., when

(wM?) /R, = R,
Then k=1/vQ,0,
When both circuits are tuned to the same frequency f, and the

coupling exceeds the critical value, two frequencies equally separated
from the resonant frequency are produced. They are

i =HINTFE
fo=fIVT=F

ExaMPLE 2.—Two coupled circuits tuned to a Sfrequency of 500 kc/s
each contain a coil of inductance 275 wH and resistance 10 ohmns. Deter-
. mine the percentage coupling necessary for mazimum transfer of energy.
Q value of coils
@, = Q;, = wL/R
_ 27 X 500 X 10° X 275 x 10-®
o 10

= 86-4

!ﬁ

fi fofa f
F16. 37.—CouprLED TUNED CIRCUITS.
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- k —

L7 L/

Fic. 38.—ExaurLE 2. Vo u j
— / —
L=275 uH
R=10Nn
£=500 Kke¢fs

Critical coupling for maximum energy transfer

k=1/v@Q:
1
= = 0 1.2
6 0-0116 or per cent

ExaypLE 3.—Two tuned circuits, very loosely coupled, are adjusted to a
frequency of 581 kc/s. The coupling coefficient is then increased to
15 per cent. What are the two frequencies to which the combination will
oscillate ?

Lower frequency :

fi=fINT+k= _ 98l 5edkess
ATF+013 —
Upper frequency :
— 581
= fo/AV1 — k = —————= = 631 ke/s
V=i Vi—ols ——

ATTENUATORS AND FILTERS

Attenuators

Four terminal networks of resistances designed to produce a specified
loss when inserted between two impedances Z, and Z, to which the
input and output impedances of the attenuator are matched.

Attenuators are either unbalanced (elements arranged unsym-
metrically) or balanced (elements arranged symmetrically). The basic
unbalanced types are the T and TT networks (Figs. 39 (a) and 40 (a)).
Corresponding balanced types are the H and (] networks (Figs. 39 (b)

Ry Ry Ry2 Ry Ry Ry/2
—nA N— —M'—Y—M_ —
Ro=-3$R2--Ro 2Rz Ro=3Rz, 3+~Ro Rez R2
Rie[ Ry AT | Ry/2
T SECTION BALANCED T OR H 7v SECTION BALANCED 7v
SECTION OR D SECTION
@ (b @ ®
Fic. 39.—T axp Barvaxcep T F16. 40,—T AND BALANCED T0

ATTENUATORS. ATTENUATORS.
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and 40 (b)), the elements of which have the equivalent values shown in
the diagrams.
T-type (Fig. 39) :
(@) Ry = Ry(n — 1)/(n + 1)
(6) By = 2Rgn/(n2 — 1)
T-type (Fig. 40) :
(a) By = Ry(n? — 1)/2n
(b) B, = Ry(n + Din — 1)
where R R, have the significance shown in the structural diagrams ;
R, = terminal resistance of circuit, ohms;
n = ratio input voltage loutput voltage, e,/e, (attenuation in
decibels « = 20 log,, n).

The series elements of the balanced T or TT section each have half the
value of those of the unbalanced section.

Recurrent Networks

The total attenuation is the sum of the attenuations of the individual
T or T sections; the elements having the values shown in the structural
diagram.

e R Rie W,
Ro~—2R, $Ra—>Rg 3§R2 32R; 2R,
RECURRENT T RECURRENT 7r
(@) (b)

Fi16. 41.—RECURRENT ATTENUATOR NETWORKS,

ExXAMPLE 1.—A4 recurrent T type attenuator is required to produce a
loss of 30 db in three 10-db steps and to have a characteristic tmpedance of
100 ohms. Determine the values of the series and shunt elements.

Each section must produce an attenuation of 10 db. Hence

n = antilog «/20
= antilog 10/20 = 3-162

—» 10 db
R|/2 R1/2 R1/2 1 =3 20db
_MMT VWA — MWW 304
Ro « 3R _... Ro
100 n s H Ra 100 n

Fi6. 42.—_ExawmpLE 1.
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SHUNT ELEMENTS

100(3-162 — 1)
3162 +1

2 x 100 % 3 162

R, = 2Rn/(n* — 1) = g6 —1 = 70-3 ohms

R, = Ry(n — 1)/(n + 1) = = 52 ohms

The series elements are each half the value of a single T section :

R,/2 = 26 ohms

Filters

Electrical wave filters are four-terminal networks composed of
inductive and capacitive elements, which pass a required continuous
band of frequencies and attenuate all others. Filters are classified
broadly according to their pass-band characteristics as shown in

Table 6.

TABLE 6.—CLASSIFICATION OF FILTERS

Type Pass Band
Low pass . . | All frequencies below a critical frequency f.
High pass . | All frequencies above a critical frequency f.
Band pass . | All frequencies between two critical frequencies f,
and f,
Band elimination All frequencies outside two critical frequencies f,
and f,
TypPE
Low pass constant-k : Jo=1/nV 'LC
T-section (Fig. 43) L= g/"’fc
Tr-section (Fig. 44) LC = aLL
Low pass, derived : L; — L
Series-derived T (Fig. 45) C, = L,/Ry?
Shunt-derived T (Fig. 46) C, = L,/R,*

Le Le L Lz Lifz o

-“-‘-F‘-I/'O'U"— I'WO“—I .
T TY%T o T of

Fic. 43.—T Fig. 44.—T7 F16. 45.—SERIES- FI16. 46.—SHUNT-
SECTION. SEcCTION. DERIVED T DERIVED T&
SECTION. SECTION.
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L
2C 2C C 2Cy  2¢ 49
—AH1- —r — TL'}T
SL 2L gL L2 L, ¢, 8
[ [ [ =C2 2tz
F16. 47.— F16. 48.— F16. 49.— F16. 50.—
HIGH-PASS HIGH-PASS HiGH-PASS HIGH-PASS
T SEcrtION. T SECTION. SERIES-DERIVED SHUNT-DERIVED
T SEcTION. ™ SECTION.
High pass, constant-k : [ Je= 1,4'11»\/74_0
T-section (Fig. 47) L= Ro:47;f°
Tr-section (Fig. 48) JLC = ii,fo
= f
High pass, derived : L: = Lia
Series-derived T (Fig. 49) C, = L,/R,*
Shunt-derived T (Fig. 50) C, = L,/Ry?
L
L1 Cy :
:: éL
Cy 2
L2 1) L
5 T
F16. 51.—BAND-PASS F16. 52.—BAND ELIMINA-
CoxsTaNT k. TION CONSTANT A,
L, = Ro,’”(fl —'fz4)
Band pass, constant-k (Fig. 51) 1;‘.21 - L:féo’— fa)idnf 1 fs
Cy, = L,/R,?

L, = By(f, — fi)[=f\fa

Band elimination, constant-k (Fig. 52) g’ = Bojdn(fy — 12)
1= Ly /R,

C, = Ll/’-Ro2
Ehes g g:g;}have the significance shown in the structural diagrams;
a=v1-— (felfm)?s
b= (1 — a?)/da;
fe = cut-off frequency, c/s;
J1f2 = upper and lower cut-off frequencies, ¢/s;
Jm = frequency of maximum attenuation, ¢/s;
R, = terminal resistance of circuit, ohms.

ExAMPLE 2.—Design a low pass constant-k filter for a 600-ohm line, to

pass speech frequencies up to 2,500 c/s, employing: (a) a T section and
(b) a TT section.
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Ro Ro l

600 n™ TC 600 n TC/2 C/ZT

L/2 Lyz L
' <OV

fo =2500 ¢/s

@ ®)

Fi6. 53.—ExaMPLE 2.

T SecTION
Series inductance elements :
. 600
L = R,/nfc = 3.500m

Series elements each = L/2 = 38:25 mH

= 0-0765 henry or 76:5 mH

Shunt capacitance :
0-0765 x 108
C =L/R? = 6002 = 0-212 uF
T SECTION
Series inductance element : L = 76-5 mH

Shunt capacitance elements = C/2 = 0-106 uF

EXAMPLE 3.—A constant-k band pass filter is required for a mulli-
channel telegraph circuit having a characteristic impedance of 600 ohins,
to pass a band of frequencies 120 c/s wide at a mid-frequency of 660 c/s.
Calculate the values of the series and shunt elements.

120

Upper cut-off frequency = 660 + 5 = 720 c/s

o
Lower cut-off frequency = 660 — l%(—) = 600 c/s
SERIES INDUCTANCE ELEMENT

500 .,§,.= 1-59 henrys

L: = Ro”"(fx —fz) = m’—‘
SHUNT INDUCTANCE ELEMENT

L, = Ry(f, — f2) [47f [,
600 x 120
" 47 X 720 x 600
S . 0-01325 henry or 13-25 mH

247
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SERIEs CAPACITANCE ELEMENT

0-01325 x 10¢
C, = L,/Rt = 00t~ = 00368 uF

SHUNT CAPACITANCE ELEMENT

1-59 x 108
Cr = Ly[Ry* = ——g5o5— = 442 uF

ExAMPLE 4.—Determine the elements of a constant-k band elimination
Jilter to suppress heterodyne whistles between 8,500 and 9,000 c¢/s and to
have a terminal impedance of 2,000 ohms.

Ly
Ly
L2
Ro — » Ro
2000 n 2000n

T

fi=9000 ¢/

12=8500 c¢/s

Fie. 54.—EXAMPLE 4.

SERIES INDUCTANCE
_ _ 2,000 (9,000 — 8,000)
L= Ry(f, —fz)/"flfz = Tax m‘x 8,_5@ -
= 0-00416 henry or 4-16 mH
SHUNT INDUCTANCE

L, = R/4n(f, — fo) = 52-’2(%) = ;lr = 0-318 henry or 318 mH

SERIES CAPACITANCE

0-318 x 10¢ =
Cr = La/Ry = ——5 o558 — = 0:0795 uF

SHUNT CAPACITANCE

. [
Cy= L,/R = ° 00;1077(;71797 = 0-00104 pF
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AMPLIFIERS

Valve Constants
The three important constants which determine the electrical per-
formance of an amplifying valve are :

Amplification factor = g— (2, constant)
Mutual conductance (transconductance) ¢gm = Z—e" (e, constant)
7

Dynamic resistance (A.C, resistance) R, = Z?’ (eq constant)
a
= p/gm

where 33 — rate of change of anode voltage (e,) with respect to grid
e voltage (e;) ;

dis _ = rate of change of anode current (i) with respect to grid
€9 voltage (¢;);

Z—e." — rate of change of anode voltage (e,) with respect to anode
ta current (Zg).

GrIp Bias (see Fig. 55)

For Class A amplifiers : E,
For Class B amplifiers : E,
For Class C amplifiers : E,
Self-bias voltage : Ry

A.C. component of volta,ge across bias resistor : ¢, = I.Z,

— E,/2u
— Eajp
— C\E[u + Co(Esfp — €gp)

H.T. + H.T. 4+
ez
|
Ea ey =hpe,
e AU B
Eq %
LTiTe
S —_— 4
| ——— -
-—
v v
Fi1c. 55.—GRID Bras VaLvE F1a. 56.—VOLTAGE
AMPLIFICATION,

CONSTANTS.
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where E, = grid bias voltage;
E, = anode D.C. voltage;
I 0 = D.C. component of anode current, amperes;
i, = A.C. component of anode current, amperes;
e, = signal volpage applied to grid;
e,p = peak value of signal voltage.

ANODE CURRENT

A.C. component of anode current :
ta = pey/(Ra + Zp)
where i, = A.C. component of anode current ;

R, = anode A.C. resistance of valve, ohms;
Z; = anode load impedance, ohms.

VOLTAGE AMPLIFICATION (see Fig. 56)

General case :
m = eye; = pZi/(Ra + Z1)
For maximum voltage gain : Z;> R,
For maximum power gain: Z;.= R,
where m = voltage gain;

e, = input r.m.s. voltage;
e, = output r.m.s. voltage.

ExaspPLE 1.—Two valves have respectively the following characteristics :
(a) p = 30; R.= 75 kQ; (b) p = 20; R, = 20 kQ. Which will give
the greater voltage gain in an amplifier with a load impedance of 25 kQ,
and what will be the relative gain expressed in decibels ?

Voltage gain of (a) :

25 x
my = pB(Ba + Bo) = 5 00 1 (75 % 109

104 -
7

Rl

Voltage gain of (b) :

20 x 25 x 10¢

(2 x 10%) + (2:5 x 10%)
Hence (b) has the greater gain. The gain of (b) relative to (a)

= 20log,, (m,/m,;) = 20 log,, 1%:5131 =34db

my = = 11-11

Tuned Anode Coupling
At resonance : Z,=L/CR
#/(1 + R.R.C|L)
, rL .
V(L 4+ R.RC)* + Ru(w/we® — 1]w)?

Hence gain at resonance : m

Gain off resonance : m =
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HT +
HI.+

p=1s
Ry=50kn

f =500kc/s
Fi1¢. 57.—TuNED ANODE Fi1e. 58.—ExaMPLE 2.
COUPLING.
where L = inductance of tuning coil, henrys;

C = capacitance of tuning capacitor, farads;
R = R.F. resistance of tuning circuit, ohms;
w, = 27 X resonant frequency ;

w = 27 X frequency (off resonance).

ExaMPLE 2.-—The tuned anode circuit of a radio-frequency amplifier
contains an inductance of 200 uH and resistance 1-5 ohms. The valve has
an amplification factor of 15 and an anode A.C. resistance of 50 kQ.
What is the capacitance required to tune the circuit to 500 kc/s and the
voltage amplification at this frequency ?

(a) Capacitance required to tune to 500 ke /s :
= 1/2aVLC
1/(2nf)2L farads
106

c

27 X 5 x 10%)% x 200 x 1o hF
~2
=107 _ 0-00051 uF

m

p— ]

o]

(&) Voltage amplification at 500 ke /s :
m = u/(1 4+ R,R;,C/L)

Audio-frequency Amplifiers
ResisTaNceE CoupLING (Fig. 59)
Gain :
m = pR;/(Rs + Ry
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HT. +

VWW
L
n

y

GB—
F1G6. 59.—RESISTANCE
CovuPLING.

H.T +
Re Xe
-
e
€ i% elz
1 Y
- y
GB=—

F16. 60.—RESISTANCE-
CAPACITANCE COUPLING.

REs1STANCE-CaPACITANCE CovrrinGg (Fig. 60)

Gain :

m = pRy|V (R, + Rp)? + (R,B1/X.)?

CuokE CourriNg (Fig. 61)

Gain :

m = wVEFF X2V (R ¥ R + X8
= pX,|V R + X2 if resistance of choke is very small

where R,
X

TransForMER CourLiNg (Fig. 62)

AAAAA

y
GB—

F16. 61.—CHOKE CouPLING.

anode choke resistance, ohms;
« = capacitive reactance of coupling capacitor, ohms;
X ; = inductive reactance of coupling choke, ohms.

H.T. +
K

X

Ry

22—

Y

GB —
F1G6. 62.—TRANSFORMER
CouPLING.
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Gain at medium audio frequencies :
m = pkRy/(Rs + R1)
Gain at low audio frequencies :
m = pk|V{(Ra + R1)[Bi* + (BafX11)}*
Gain at high audio frequencies :
m = pkRo|Y (B + BDF T Xg?

Turns ratio for maximum power gain :

k=VRJ/By

where k = ratio of primary to secondary turns;
X, = leakage reactance of transformer (= wL,), ohms;
X, = reactance of primary winding (= wL,), ohms;
R, = effective resistance of transformer, referred to primary, ohms.

H.T. +

Power Amplification

Maximum power output is obtained when
Ry = R, = R,/k* when the load is
transformer coupled

k= VR,R,

Turns ratio of speech output trans-
former : *

k= VR,z, -

Optimum load impedance for an output eI

stage : Fi1¢. 63.—OvuTtpPuTr TRANS-

2R, to 3R, FORMER.
For a pentode }R. to 1/10R,

For two valves in push-pull = 2 x R, of a single valve
For two valves in parallel = } x R, of a single valve

For a triode

where R, = anode load resistance, ohms;

R, = A.C. resistance of valve, ohms;
R, = optimum load resistance, ohms;
Z, = nominal impedance of speech coil at 400 c/s, ohms.

ExAMPLE 3.—A 5-ohm loudspeaker is coupled by a transformer io the
output stage of an amplifier. What turns ratio is required to obtain
maximum undistorted power output with: (a) a triode having an A.C.
resistance of 5,000 ohms, (b) a pentode of 50,000 ohms ?

(a) Optimum load resistance :
Ry = 2R, = 2 X 5,000 = 10,000 ohms
i =«/17“/R—=N/'_f'a_=.k
Turns ratio L/ Ra 10,000 7
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H.T. + T+
il H.T +

0
2
]
1]
]
0
2
]
1]
b
]
1
'

l=~==lRa=5000n0 Ra=50,000n ey I

Zoe:
-

Fi16. 64.—ExaMPLE 3. F16. 65.—CATHODE FOLLOWER.

0
o
AAAMAAA
VWVWV

(b) Optimum load resistance :

Ri= R.j4 = 5°’T°°° — 12,500 ohms
Turns ratio = \/L — 1
13,500 ~ 50

Cathode Follower
The amplification factor m is always <1:
m = p/{u + 1 + (R./R.)}
Output impedance :
Zy = Mm|Gm
A.C. resistance to H.T. fluctuations :
Ry = Ry + R{p + 1)
Z, = output impedance, ohms;
R, cathode resistance, ohms;
R,

dynamic resistance, chms;
mutual conductance, amperes/volt.

where

d
Gm

ExaMPLE 4.—From the following data for a cathode follower, determine
(a) the voltage amplification, (b) the A.C. resistance to H.T. variations,
and (c) the output impedance: p = 50, gn = 5 mAfvolt, R = 15. What
would be (d) the voltage amplification if the same valve were used in a
conventional amplifier having an anode load resistance of 15 kQ ?

(a) As a cathode follower :

0
Ra = plgn = 5505 = 10¢

o
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Voltage amplification :

m = p/(p + 1 + R,/R,)
50

=50 F 14 10° (15 x 109 — 2268
(b) A.C. resistance :
R =R, + Rfu +1)
= 104 + {(1-5 x 10%)(50 + 1)} = 7-:75 x 10° ohms
(c) Output impedance :
0-968

Zy = m[gm = 0005 — 194 ohms
(d) As an anode-loaded amplifier :

m = pRr/(Rs + Ri)

, 50 X 1-3 x 104
m = =30

10° + (15 x 10%) =

Negative Voltage Feedback

Frequency distortion, amplitude distortion and phase distortion are
reduced by the factor 1/(1 + Bm).

Voltage gain without feedback : m = e, /e,

Voltage gain with feedback : m=m/(l + Bm)
= 1/(i/m + B)
Loss in decibels with feedback = 20logyo (1 + Bm)

The relative loss with feedback at any two frequencies, for which the
gains without feedback are m, and m,

= 20 logyg {m (1 + Bmz)/ms(l + Bmy)}

where ¢, = input voltage without feedback ;
e, = output voltage without feedback ;
B = fraction of voltage fed back from output to input in reserve

phase.
— m — m'=1/(1+ 8 m) ,
e, AMP. e, & AMP. e,

Bme.

Fi¢. 66.—NEGATIVE VOLTAGE FEEDBACK.
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ExXAMPLE 5.—An amplifier has a voltage gain of 50 at 1,000 c/s and
5 at 50 c/s. What is the relative loss tn output volume at the lower fre-
quency, expressed in decibels : (a) without feedback, (b) if 5 per cent of the
output voltage is fed back to the input in reverse phase.

{a) Relative loss at 50 ¢/s without f5eedback: m= goA'l:ATs éoc?so qE
a = 20 log,, (myfm,) = 20 log,o'%
50 1 AMP.
= — 20 log,, 5= 20 db or 20 db loss
(b) Gain with feedback : 5% —ve VOLTAGE
At 1,000 ¢/s m,t =m/(1 4 m) FEEDBACK
50

______ — 14. F16. 67.—EXAMPLE 5.
1 4 50 (0-05) L

5
/| D — =]
At 50 c/s my [+ 5 (0:05) 4
Relative loss at 50 c/s with feedback
= 20 log,o (m/m,)
= — 20logy (my/m,)

= — 201log,, -“2'3 — — 11 dbor 11 db loss
RECEIVERS

Definitions of Performance
SENSITIVITY

The input in decibels above or below 1 uV required to produce a
given power output. The usual standards of reference of output are :

Communications receivers
2 mW into 600 ohms
Broadcast receivers
50 mW (with input modulated to an average depth of 30 per cent)

s = 20log,, E,

The modern tendency with communications and V.H.F. receivers is
to define receiver sensitivity on an ** absolute ** basis in terms of noise
factor (db). Noise factor has been defined as follows :

The noise factor of a linear receiver, or any other linear four-
terminal network having its input terminals connected to an
impedance of stated value and temperature, is the number of
times by which an addition to the noise power available from this
impedance must exceed the thermal noise at signal frequency in
order to double the noise power available from the output terminals
of the network, provided that all sources of noise give the same
frequency spectrum at the output terminals,
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In practice, the noise factor is usually measured by means of a noise
generator, which is adjusted to give a 2 : 1 change in the noise output
from the receiver.

SELECTIVITY
Usually specified by the output voltage attenuation in decibels at
several representative frequencies off resonance compared with the

maximum voltage at resonance. Frequently plotted as a resonance
curve for a band of frequencies.

s = 20 log,, (E/E,)

where E, = output voltage at resonance ;
E! = output voltage at a given frequency off resonance.

ExAMPLE 1.—Tests on a receiver with a signal generator showed that
an input of 5 uV was required to produce a standard output when the
recetver was tuned to the test signal and an input of 125 uV when it was
tuned 2 kcls off resonance. What is the sensitivity expressed in decibels
and the selectivity defined by the attenuation in decibels off resonance ?

Sensitivity with reference to zero level (1 uV)

s = 20 log,, (5/1)
=20 x 0-699 = 14 db above 1 xV

1 e} o}
[
2 !
o
-
2
O o4 o1 20
-
4
5
5 | :
v} H %
-4 9} =
O 1004~ 0-01 40 <
w [, 2

=3 4
5 |E 2
a 5 -
z o <
w
> |
1 4 o0-00I . 60
= 10004 0-00 7 \
)
w
o
10,000-0.000I - 80
—~40 —20 o} +20 +40

FREQUENCY, kc/s. OFF RESONANCE
Fic. 68.—TyricAL SELEcTIVITY CURVE.
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Attenuation at 2 ke/s off resonance

= 20 log,, (5/125)
— 20 log,, (125/5)
— 20 x 1-3979 = — 28 db

Gain

The ratio of the output voltage applied to a load designed to match
the impedance of the output circuit to the input voltage from the
aerial, expressed in decibels.

m = 20 log,, (E,/E,) + 10log,, (B,/R,)

where E, = input voltage from aerial;
, = output voltage across load ;
R, = input resistance, ohms;
R, = output resistance, ohms.

EXAMPLE 2.—A communication receiver requires an input of 10 uV
across 100 kQ to produce a power output of 2 mW into a 600-ohm line.
Determine the sensitivity in decibels to an input reference level of 1 uV" and
the overall gain in decibels.

- v

[OuV | —=I00ka 600 n3— 35 6002 Fie. 69.—Exampre 2.
-

|

SENSITIVITY

8 = 20log,, E = 20 log,, 10 = 20 db above 1 uV
OuTpUuT VOLTAGE

E=+vPR=12x10°x 600 = VI2 =1.098
GaIlN

m = 20log,q (E,/E; ) + 10 logy, (B /R,)

1-098 10°
_ Pl
= 20 log 1o + 10 log 600

= 201log (1-098 x 10°) + 10 log (1-667 x 10%) = 123 db

Signal-to-noice Ratio

Defined by the ratio of the fully modulated signal voltage at maximum
volume to the average noise expressed in decibels.

= 20 log,, (E,/Ey)

where E,
E,

signal voltage ;
noise voltage.
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Frequency Range
Maximum and minimum frequencies of tuning range :
fmln. = ’\/“fnmx.
Overall range :

fmax."fmln. =(1— 1/\/1)fmin.

where fm.,, = maximum frequency of range;
fein, = minimum frequency of range; ) i
o = ratio of minimum to maximum tuning capacitance.

ExAMPLE 3.—A recetver ts tuned by a 300-pF capacitor having a
mintmum capacitance of 15 pF. What is the minimum frequency to
which the receiver will tune if the maximum frequency is 1 Mcjs? If a
fixed 300-pF capacitor is connected in parallel with the variable capacitor,
what will be the new maximum and minimum frequencies ?

(a) On the higher band
= len./me. =

Minimum frequency :
Sfatn, = A/ % fmax. = 4/0:05 X 1 = 0-224 Me/s or 224 ke/s

15

(6) On the lower band :
Clyin, = 15 4 300 = 315 pF
Cluax. = 300 + 300 = 600 pF
315

a! = Clupin./Clmax. = %g =

Since foc1/4/C,
fmn./flmu. = \/Cmax./Clmax.

Hence the maximum frequency :

300
600

flmax. = fmax.\/TmT/CImnx. =1 = 0-707 Mcfs or 707 kc/s

Minimum frequency :
Slmin, = Vof max. = 0:7233 X 250 = 513 ke/s

Superheterodyne Receivers
Intermediate Frequency (I.F.)
fi“_‘fr—fo or fo—fr
Interference signals. Interference may be produced by :

(a) A second-channel received signal, above or below the local
oscillator frequency, beating with the local oscillator, when the
frequency difference is equal to the intermediate frequency.

fr = fo — fi (2nd channel to an LF. = f, — f;)

or fr = fo + fi (2nd channel to an LF. = f, — f,)
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(b) Two received signals equally displaced either side of the
tuned frequency, whose frequency difference is equal to the inter-
mediate frequency, beating together independently of the local
oscillator,

frl =f +f1/2
frz =fr "‘f1/2

(c) A signal frequency differing from harmonics of the inter-
mediate frequency by up to 410 ke/s, depending on the selectivity
of the receiver.

Jr=Jfi £ (0 to 10)

where Jr = frequency of received signal;
Jo = frequency of local oscillator ;.
Ji = intermediate frequency ;

n = harmonic multiple of intermediate frequency.

ExAMPLE 4.—A¢t what frequencies would unwanted signals be expected
to produce spurious responses in a superheterodyne receiver tuned to
recetve a signal of 15 Mc|s with the local oscillator adjusted to 15-45 Mc/[s ?

{a) A second-channel signal at a frequency f,, such that

fi=fi—foorfy = fi +f, = 1545 + 045 = 15-9 Mc/s

(b) Two received frequencies f,, and f,, equally displaced either side
of the resonant frequency, producing an independent beat :

oo =1+ fi2 = 15 4+ 0-45/2 = 15-225 Mc/s
Jo=Ffr —fi]2=15 — 0:45/2 = 14-775 Mc/s

(¢) Frequencies differing from the lower harmonics of the inter-
mediate frequency by up to 10 ke/s.

Second intermediate-frequency harmonic :
Jr = 2fi £ (0 to 10) = (2 X 450) + (0 to 10)
or frequencies between 890 and 910 ke/s

Third intermediate-frequency harmonic :
Jr=3fi 4+ (0t0o 10) = (3 x 450) + (0 to 10)
or frequencies between 1-34 and 1:36 Mc/s
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OSCILLATORS
Valve Oscillators

TABLE 7.—CONDITIONS FOR SELF-OSCILLATION

Tuned Grid Tuned Anode
Circuit Circuit
(Fig. 70 (a)) | (Fig. 70 (b))

Minimum mutual inductance |
to sustain self-oscillation . | M = CR/g,, | M = (CR 4 L/R,)/gn
Oscillation frequency . 5 = 1/2xVLC | = 1/2n4/LC

JE— E— S SR

where M = minimum mutual inductance, henrys;
C = tuning capacitance, farads;
R = R.F. resistance of tuned circuit, chms;
R, = A.C. resistance of valve, ohms;
L = tuning inductance, henrys;
¢m = mutual conductance of valve, amperes/volt.

H.T.+ H.T. +

H.T. — H.T. -

@ ®

F16. 70.—VALVE OSCILLATORS.

ExaMpLE 1.—A parallel tuned circuit consisting of a coil of 150 mH
inductance and 60 ohms resistance and a capacitor of 0-05 uF is to be used
with a valve oscillator having a mutual conductance of 4 mA [volt and an
A.C. resistance of 15 k). W hat is the mint value of mutual inductance
required to sustain oscillation when used as: (a) a tuned anode circuit;
and (b) a tuned grid circuit? What is the frequency of oscillation in each
case ?
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MiniMtM VALUE ofF M

(a) As a tuned anode circuit:
]‘II =(CR + L/Ra)/gm

= 325 X 1073 henry or 3-25 mH

(b) As a tuned grid circuit :

M, = CR/gn
_0-05 x 10°¢ x 60
o 4 x 1073
= 0:75 X 1073 henry or 0-75 mH HT 4+

EFFECTIVE INDUCTANCE oF TUNED CIRCUIT
Li'=L —~ A, =150 — 325 = 146-75 mH
L=L—~M;=150 — 0-75 = 149-25 mH

‘OsciLLaTIioN FREQUENCY

fi=1/2zvVL3C

1
22V 14675 x 10 x 005 x 108
= 1,865 c/s
I _ 146-75
T =.f1\/L11,L21 = 1,863 14995 HT -
= 1,850 ¢/s Fre. 7’}.;:1\1«0012

Anode Tap

To obtain maximum power output, the anode load impedance must
be made equal to the anode A.C. resistance. This condition is realized
when the fraction of the inductance tapped from the earthy end

@ = VRR,C|L
Quartz Crystal Oscillators
X-cut Plate Y-cut Plate
Frequency of thickness vibration | ¢ = 2.87/¢ ¢ =244/t

Temperature coefficient per ° C. [e=— 21 x 107 |e= 49 x 1075
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Frequency Variation with Temperature :
Af. = oTf.

where f. = frequency, Mc/s;
t = thickness of plate, mm.;
x = temperature coefficient, c¢/s per ° C.;
T = temperature change, ° C.

ExaMPLE 2.—What is the natural frequency of an X-cut quartz crystal
ground to a thickness of 2-5 mm. and the mazximum frequency variation, if
the ambient temperature varies between the normal 15° C. and 30° C.?

Natural frequency

— 287/t = 287 _ 115 Me/s
= R = 2.5___.._CL

Maximum frequency variation :
Afe = alf, = (— 2:1 x 105)(30 — 15)(1-15 x 10°) = 363 c/s

Master Oscillators for Transmitters
Frequency tolerance as percentage :
T =+ (Afe/f) x 100
Frequency multiplication. The fundamental or transmitted frequency:
Jo = nf.

where fo = fundamental frequency of transmitter ;
Af. = frequency deviation;
n = total number of successive frequency multiplications;
T = frequency tolerance as percentage.

ExaMPLE 3.—A crystal oscillator cut for a frequency of 1,500 kc/s and
having a temperature coefficient of —2 c/s/Mc|° C. drives a transmitter
operating at 15 Mc[s. If the crystal is subjected to a temperature increase
of 5°C., what is the altered transmitter frequency and the percentage
frequency change ?

Change of oscillator frequency at 1-5 Mc/s :

Afe=—2x5x15=—15¢/s

Change of fundamental frequency :
- 18 =o0a)
Afe=—15 X 15~ — 150 c/s

Altered transmitter frequency :
fo' = 15:0 — 0-00015 = 14-99985 Mc/s

Percentage frequency change :

= —7— » 100 = 0-001 per cent
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TRANSMITTERS
Power Amplifiers
Driving power : Pg.av. = Eg.av.Ig.nv.
Power input to anode : P, =E,I,
Anode conversion efficiency : Na = Py/P; = Py/(Py + P,)
Anode dissipation : s = Py — Py = Py(l/9, — 1)
= Pl — 7)
where Py.y. = average driving power;

Eg.. = average value of grid voltage;
Iyav. = average value of grid current, amperes;
P; = anode power input ;
P, = radio-frequency power output;
P, = power dissipated at anode;
7a = anode conversion efficiency of amplifier.

Average values of 7, :

Class A amplifiers . . . 0-2 -0-3
Class B audio-frequency amplifiers 0-35-0-65
Class B radio-frequency amplifiers 06 —0-7
Class C radio-frequency amplifiers 0-65-0-85
H.T.+

LOAD
CIRCUIT

Fic. 72.—POWER AMPLIFIER. Fig. 73.—ExAMPLE 1.

ExaMpPLE 1.—The power amplifier of a transmitter takes @ D.C. anode
current of 2 amperes at 4,000 volts and delivers 6 kW of radio-frequency
power to the load circuit with a driving voltage on the grid of 1,200 volts
r.m.s. and a grid current of 300 mA. Calculate the anode conversion
efficiency, anode dissipation and driving power.

Power input to anode :
Py = E,JI, = 4,000 X 2 = 8,000 watts or 8 kW
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Anode conversion efficiency :

e = Po/Pi = g = 0-75 or 75 per cent

1-61

Anode dissipation :
P,=P;, — Py,=8 — 6 =2kW
Driving power :
Pg.av. = Ig.av.Eg.nv. =03 x 1,200 = 360 watts
ExampLE 2.—A4 Class C grid-modulated radio-frequency amplifier has

an anode efficiency of 65 per cent at 100 per cent modulation and takes an
anode current of 0-2 ampere at 1,000 volts. When the carrier is quiescent,

H.T.+

Ta) O'I6A ON CARRIER

0:2A AT 100% MOD.
Fic. 74.—

ExaMpPLE 2.

,' =25% ON CARRIER
3=65% AT 100%, MOD.

=V I

i
= =1 \
MODULATIONé" Ea=1000

the efficiency falls to 25 per cent and the current to 0-16 ampere. Calculate
the anode dissipation under both conditions and the average dissipation, if
the average depth of modulation is 30 per cent and the dissipation decreases
directly with depth of modulation.
Anode dissipation :
Py = Py(1 — 34
When fully modulated :
P, = (0-2 x 1,000)(1 — 0-85) = 70 watts
When unmodulated :
P, = (0-16 x 1,000)(1 — 0-25) = 120 watts
Decrease in dissipation at 100 per cent modulation

=120 — 70
= 50 watts
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Decrease in dissipation at 30 per cent modulation = 50 x %
= 15 watts
So average dissipation at 30 per cent modulation = 120 — 15
= 105 watts
MODULATED AMPLIFIERS (MODULATED AT ANODE)
Power input to anode : Py = Py(1 4+ m?/2)/,
Voltage variation at anode : E, = = yﬂl‘-———'
g T T RV T+ (X1/(Re + Rl
Depth of modulation : m =E,/E, = 1I,]I,
LOAD
CARRIER
| Py

R.F. DRIVE INPUT

L I

Fi16. 75.—)MODULATED AMPLIFIER.

AMPLITUDE MODULATORS

Power input to anode : P; = Pym? 29,mm

where m = depth of modulation ;
E, = r.m.s. value of carrier voltage;
E,, = r.m.s, value of modulating voltage;
= amplification factor of modulator valve;
E’;, = peak voltage applied to grid of modulator valve;
X = reactance of modulation choke (= 2=fL);
R, = anode resistance of modulated amplifier valve;
R,, = anode resistance of modulator valve;
7m = anode conversion efficiency of modulator.

ExaMPLE 3.—A transmitter is modulated by anode choke control.
Given the following data, calculate the anode voltage variation at the
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modulated amplifier when an input of 10 volts peak at a frequency of
1,000 c/s is applied to the modulator grid :

Modulator: n = 8, R, = 2,500 ohms
Modulated amplifier: R, = 10,000 ohms
Choke inductance = 20 henrys

If the peak value of the unmodulated radio-frequency voltage at the amplifier
anode is 530 volts, what is the percentage modulation ?

® (@) Reactance of choke :
X = 27fL = 27 x 1,000 x 20 = 1-256 x 10°

H.T.+

MOD. CHOKE L=20H

Ra=
2500 n
p=8

A.F. INPUT CARRIER INPUT
IOV. PEAK 530V. PEAK
= B =

f=1000¢c/s

Fis. 76.—ExavmpLE 3.

Anode voltage variation :
_ wE X B
Ruv 1 4+ {X1/(Rs + Ra)i?
810 x 1256 x 10° -
2,500V 1 + {(1-256 x 10%)/(10,000 + 2,500)}?
= 398 volts peak
(b} Depth of modulation :

m = E,/E, = g(l? = 0-73 or 75 per cent
330 (ORRELICENT

Modulation Transformers
Turns ratio for maximum power output :
k=\Z,Z,
D
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For distortionless output the anode load impedance of the modulat
must be twice the dynamic impedance of the modulated amplifier.

k=+V2Z,7Z,

where Z,, = anode impedance of modulator ;
Z, = anode impedance of modulated amplifier.

Load and Aerial Power

Power developed in tuned load circuit : P, = E,l,
Power dissipated in tuned load circuit : Py = IR,

Aerial power : AN I,,,2R_e -
Aerial current : I, = VP,/R,
Field intensity : € A/ Py oc I,

where E, = r.m.s. voltage across tuned load circuit (= Iy/wC = wLI
I, = r.m.s. current in tuned load circuit ;
I,, = r.m.s. value of aerial current;

or

o)

R, = effective resistance of aerial (ohmic + radiation resistance),

ohms;
R; = resistance of load circuit, ohms.

ExaMPLE 4.—What percentage increase of aerial current and fi

eld

intensity will occur with an amplitude-modulated transmitter when the
depth of modulation is increased from 75 to 100 per cent? By what

percentage must the current be reduced to halve the radiated power ?

(a) R.m.s. aerial current : oo = I (1 4 m?/2)

At 75 per cent modulation : I, = I. (1 4 0-752 2)=11321,
At 100 per cent modulation : I, = I, (1 + 12/2) = 1225 I,

Ratio of increase of aerial current and field intensity
1-225 — 1:132 .
= - = 0-082 &2
1-132 0-082 or 8 2 per cent increase
(b) Since I, % +/P,., in order to halve the power
Iae Iae = \/PuPa;

I, = I,[4/2 = 0707 I,, or a reduction of 29-3 per cent
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SIGNALLING AND MODULATION
Telegraph Signalling
Number of elementary units (dots + spaces) per letter :

Morse : : : . 8
Cable Morse . o .3
Five-unit teleprinter code . 7 (including start and stop impulses)

Average Morse letter = 8 units or 4 rectangular keying c/s.
Average word = 5 letters | space = 6 letters.

130303
| L
T

| 1
MORSE

1TEELT T

!
[ARBERN,

1
CABLE CODE

R A D | o

FiG. 77.—RELATIVE LExXGTHS OF ELEMENTS IN MORSE AND CABLE
Morseg KEYING.

Speed in Bauds is the number of elementary impulses or alternations
of dots and spaces per second, and is equal to twice the rectangular
keying cycles per second.

S = sN/60
where § = speed in Bauds;
s = speed in words/minute ;
N = number of elements per word (dots 4 spaces per second X
average number of letters per word).

ExaMpLE 1.—Calculate the signalling speed in Bauds corresponding
to: (a) hand Morse at 20 w.p.m.,; (b) teleprinter transmission in 5 + 2
unit code at 60 w.p.n.; (c) cable Morse at 200 w.p.m. Take the average
word as equivalent to 6 letters.

Speed in Bauds :

8 = sN/60
(a) _20 Xﬁ—ﬁ—x—ﬁ = 16 Bauds
60 x 7 xX 6
= = 42
(b) S 60 42 Bauds
9 5
(c) S = AV R FR G 100 Bauds

60
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Amplitude Modulation
TABLE 8.—AMPLITUDE MobpurLaTioNn FacTors

—

D.S.B. and S.8.B. and
Carrier Carrier
Depth of modulation (modu- |
lation index), m . . I./1, I,/1,
Ratio modulated current/un-
modulated current, 1,/7, . 1 4+ m 1 4+ m/2
R.m.s. value of total modu- [
lated current, I, . . IV ¥+ m?3 IV ¥ m? 4
Ratio modulated power/un-
modulated power, P,/P, . 1 4+ m2/2 14 m2/4
Total modulated power, P, . Pl + m2/2) Pl + m2/4)
Total sideband power, P, . P.m?2/2 P.m?/4

= P/l +2/m*) = P,/2(1 + 2 m?)

where 1 = depth of modulation ;
I, = r.m.s. value of unmodulated carrier current, amperes;
I, = r.m.s. value of modulating current, amperes ;
I, = r.m.s. value of total modulated current, amperes ;
P, = unmodulated power, watts;
P, = total modulated power, watts.

EXAMPLE 2.—The measured power output from an amplitude modulated
transmitter is 20 EW when the carrier is unmodulated and 28 LW when

//} ] AN
7}} r/w r’{

!

)

CF | —

—

-
re—— —+

b

N / y
\\ J/ \/)/ N//

AMPLITUDE MODULATION, m = Q-5
F1c. 78.—CaRRIER ExvELOPE SHOWING AMPLITUDE MopvrLaTION.
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modulated by a steady sinusoidal tone. What is the total power in the
sidebands and the percentage modulation ? If the modulation is now
reduced to 50 per cent what is the percentage reduction of sideband power ?

Total power in sidebands :
P,=P — P.=28 —20=8kW
Percentage modulation :
PP, =1 + m?/2
m = V2(P[P,) — 1 = V22820 — 1)
= 0-895 or 895 per cent

Since sideband power oc m?, the reduction of sideband power at
50 per cent modulation :

P, Py = (m'|m)2 = (

0.5 2

i.e., a reduction of 1 — 0-313 = 0-687 or 68-7 per cent

Frequency Modulation

Ratio modulated current/unmodulated current, I;/I, 1
R.m.s. value of total modulated current, I; . I,
Ratio modulated power/unmodulated power, P Pc 1
Total modulated power, P, . . P,
Transmission Bandwidth
C.W. telegraphy, on-off keyed . . . Bfi*
C.W. telegraphy, frequency shift keyed . o 2fa+ 3fe)
M.C.W. telegraphy, on-off keyed . 2 fm + 3 ¢
Amplitude modulation, D.S.B. and carrier . 2f . mar.
Amplitude modulatxon, S.S.B. and carrier o S
Amplitude modulation, S.S.B. only . Y maxtat) momint
Wide-band frequency modulation f,,. < f,, o M
Facsimile, keyed carrier . . Lafe T
Facsimile, tone modulated 5 5 5 . L5f. + 2fm
Television . o 5 . 5 5 . L5fifefe

* For good signal formation at least the third harmonic of the keying
frequency, fi, must be transmitted. Hence the total bandwidth due to keying
=2 x3

t 15isa factor that allows for signal shaping and synchronization.

where fr = keying frequency, rectangular ¢/s;
fa = deviation frequency, c¢/s;
fm = modulation frequency, c/s;

fe = no. of picture elements per second ;
fr = no. of picture frames per second ;
= no. of scanning lines per second.

ExXAMPLE 3.—Determine : (a) the number of Morse telegraph trans-
miitters sending at 250 w.p.m.; and (b) the number of double-sideband
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FREQUENCY MODULATION

F16. 79.—CARRIER ENVELOPE SHOWING FREQUENCY MODULATION.

radiotelephone stations using a maximum modulation frequency of 3,000 c/s
which can operate at the same time within the high-frequency band of
10-16 Mc/s.
(@) Speed in Bauds :
250 % 8 X 6
— 60 — 0¥~ ° X 9
S = sN/60 60

200 Bauds or 100 ¢/s fundamental

Total bandwidth per channel is twice the third-harmonic frequency
=2 X 3 x 100 = 600 c/s

Total number of 600-¢/s channels between 10 and 16 Mc/s
_ (6= 10) x 108

600 = 10,000

(b) Total bandwidth per channel
=2 x 3,000 = 6,000 c/s

Total number of 6,000-c/s channcls between 10 and 16 Mc/s

_ (16 —10) x 108
- 6,000 - =0

ExaMPLE 4.—A transmitter is controlled by a master oscillator oscillating
at a frequency of 2,750 kc/s with a stability of 410 parts in 108, The sixth
harmonic is selected, amplified and modulated at the final stage. What
are the maximum and ming limits of the radiated frequency band
produced by modulating at broadcasting frequencies up to 10 kc/s ?

Fundamental carrier frequency :
fe = 6fy = 6 X 2,750 = 16,500 ke/s
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Maximum and minimum frequency products of modulation :
foux, = fe + fn = 16,500 + 10 = 16,510 ke/s
fwin. = fe — e = 16,500 — 10 = 16,490 ke/s

Maximum and minimum frequencies due to instability :

S'max. = fuax. + Af = 16,510 + ~‘°-XT(‘)§""°° = 16,510-17 ke/s

Fuio. = fuin, — 3f = 16,490 — 107 13500 _ 16,489-84 keys

ExAMPLE 5.— What 1s the highest modulation frequency and the overall
bandwidth in « television system transmitting 25 frames per second, each
budlt up of 460 lines and 460 elements per line ?

Highest modulation frequency :

o = fifefe = 25 x 460 x 460
— 529 x 10% ¢/s or 520 Mc/s

The overall bandwidth is 1-5 times this :
=15 x 529 — 7:94 Me/s

VALVE COOLING AND VENTILATION

Power Losses in Valves

The total power losses in an amplifying valve are made up of power
dissipated as heat by electron bombardment : («) at the anode and )
at the grid or grids, and as heat (¢} in the filament.

P, = P,+ P, + Py
where P, = power loss at anode;

P, = power loss at grid;
P; = filament heating loss.

Water-cooling Systems

Rate of flow required to dissipatc a given amount of power as heat
with a given temperature rise of water :

Q =32 P, /T
where Q = rate of flow of water, gal./minute ;
P, = power dissipated as heat, kW ; T T=7-T;

T = temperature rise of water, ° C.

LossEs IN WATER-INSULATING COLUMNS

Resistance of circular water column : ~— 15
R = (pl/4) x 108
D.C. loss in water column : BN

P =EZ2/R = (E2A/pl) x 10°¢ F16. 80.—WATER COOLING.
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1
I

v

Fia. 81.—Losses 1§
WATER CoLUMNS,

where P = power loss, watts;

E, = D.C. anode voltage;

R = resistance of column, ohms;

p = resistivity of water, MQ/lc.c.
(0-15 for freshly distilled
water, 0-002 or less for tap
water) ;

A = cross-sectional area of bore,

sq. em. ;
I = developed length of tube, cm.

ExaMPLE 1.—The anode jacket of a water-
cooled valve is fed with water via a spiral
inlet and outlet insulating tube, the tubes
being electrically in parailel between anode
and earth. Each tube is 30 ft. long and
1 in. bore. The resistivity of the water is
0-05 MQfc.e. What is the D.C. resistance
between anode and earth and the D.C. leakage
loss when the anode voltage is 10 kV ?

P = 0-05 MQ/c.c. = 5 x 10* ohms/c.c.

=
A=

= 30 x 30-5 = 915 cm.

s D.5142
== Y 507sq.cm.

Resistance of one column :

R

(pl/A) =
9-05 x 10¢ ohms or 9-05 MQ

5:0 x 10% x 915
5-07 o

Total resistance to earth of both columns is half this, i.e., 4:52 MQ.

D.C. loss :

P=E:R-=

Water-cooling Tanks

The area of the cooling surface required
varies directly as the power dissipated

10,000°

52 % 108 = 2.2 watts

and the thickness of the material, and
inversely as the coefficient of thermal
conductivity and the temperature rise.

COEFFICIENT oF THERMAL CoxNDUC-
TIvITY.—The rate at which heat is trans-

‘ T Ea=I0kyV

mitted through unit thickness over unit
area of material per degree difference in
temperature between surfaces. £=30,d=), p= 0-05Mn/c.c

A = 238 Pt/kT Fig. 82.—ExampLE 1.
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power to be dissipated, watts;

thickness of material, em.;

4 surface area, sq. cm.;

T = temperature difference between surfaces, ° C.;
k = coefficient of thermal conductivity.

where P

-
([

ExaMpPLE 2.—A4 500-watt resistor is fitted in a cylindrical copper
container } in. thick and cooled by circulating water. Calculate the total
cooling surface required and the dimensions of the container, if the length
s to be twice the diameler and the temperature rise of the copper is not to
exceed 10° C. Take the thermal conductivity of copper as 0-918.

t=1/8 x 2:54 = 0-318 em.

Surface area required :
A = 238 Pjrr = 238 X 590 X 01318 T
= 4,130 sq. em. ']'
A = =d¥l/+ _i_
But I = 2d,
and A = 2ad3/4,

3T = 34 130
Hence d = Vv24/x —\3/.’ X 4,130 ! k= 0-9I8
m ; T=10°C

= 13-8 em. \_/ |

= 2d = 27-6 cm.

Fig. 83.—ExaMprLE 2.
Air-cooling Systems
Air flow and temperature :
Q = 592 P,T,/T,
where Q = air flow, cu. ft./minute;
P, = power dissipated as heat, kW

T, = absolute temperature of incoming air (° C. 4 273);
temperature difference between outgoing and incoming air,
e C.

EXAMPLE 3.—An air-cooled transmitter valve requires 300 cu. ft. of air
per minute. The measured temperature of the incoming air 1s 72° F.
and the heated exhaust air 130° F. When the H.T. voltage is reduced, the
temperature of the exhaust air falls to 95° F. Calculate the power in
kilowatts dissipated as heat in both cases.

T, = °C. + 278 = (72 — 32)/1-8 + 273 = 295-2° K.
T, = (130 — 72)/1-8 = 32:2° C.
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* 130° F Since Q = 592 PTO"T,“
] (95°F) Power dissipated at full H.T. voltage:
, 300 x 32-2
— 92T, = 20 %
P = QTa/592T, = 55 2052
= 5-53 kW
_—® 72°F When H.T. voltage is reduced, the tem-

perature rise :
T, = (95 — 72)/1-8 = 12-78° C.

Since Po T,
p'/p=T4|Ta

300 c.f.m.
Fic. 84.—EXAMPLE 3.

Power dissipated at reduced H.T. voltage :

33 % 12-7
P’ = PT;T, = 2% 31,‘_}‘—‘8 = 22 kW
Air Velocity in Ducts
v=@Q/4

where v = velocity, ft./minute ;
@ = rate of flow, cu. ft./minute;
A = cross-sectional area of duct, sq. ft.

Ventilation of Transmitters

The expression for air flow in air-cooling systems can be applied to
problems on the ventilation of cubicles and rooms. A simpler empirical
formula, sufficiently accurate for most practical purposes, is based on
the fact that 1 kW dissipated will raise the air temperature 1° C. with
an air displacement of 1,725 cu. ft./minute approximately, i.e.,

Q = 1,725 P;/T,
where @ = air displacement, cu. ft./minute;
P, = power dissipated in heating air, kW ;

T = permissible temperature rise of air above ambient tem-
perature, ° C.
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AERIALS AND PROPAGATION

Eftective Height of Aerial
Vertical aerial with sinusoidal distribution of current :

h=2n
= XA/27 for a quarter-wave aerial
= A/m for a half-wave aerial
where h = effective height, metres;

! = length of wire, metres;
A = wavelength, metres.

ExaAMPLE |.—Cualculate (a) the radiation resistance, and (b) the power
radiated by a vertical half-wave aerial if the aerial current is 3 amperes,

1 E
r" ae ’
_.1 y I__ ;
/ f Iae \
i A !
|\\ 3A i I;a
h ' 2 AERIAL 2 AERIAL
4 2
Fic. 85.— Fic. 86.—
xamrLE I. VERTICAL AERIALS,

(a) Radiation rcsistance :
R, = 160(nh/A)?

Substituting A/x for I,
R, = 160(1)? = 160 ohms

(b) Power radiated :

P, = I,’R,
= 32 x 160 = 1,440 watts or 1-44 kW

Aerial Resistance
The effective resistance is made up of two components :
(a) Radiation resistance, R,, a fictitious resistance which governs
the proportion of the total energy radiated.
(b) Loss resistance, R;, which is accounted for by losses in
conductors, the earth, dielectrics of insulators and eddy currents

in metal supports and stays.

ErreECTIVE RESISTANCE
R! Rr + J{L

The resistance (voltage/current ratio) varies with the sinusoidal
distribution of voltage and current along the aerial, and is usually
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referred to the current anti-node at the base of a quarter-wave aerial or
at the centre of & half-wave aerial.

RapiaTioN RESISTANCE

R, = 180 (wh/A)?
40 ohms for a quarter-wave aerial (referred to the base)
160 ohms for a half-wave aerial (referred to the centre)

PowER RADIATED

P, = I,’R, = 160 (whl,/))?
PowEer Loss
Py = IR,
where h = effective height of aerial, metres;
I,, = r.m.s. value of aerial current, amperes.

Field Strength
Sommerfeld formula for ground wave at medium and low frequencies :
€ = aff(300 /P cos §'d)
j

X

ht Fic. 87.—FIELD STRENGTH

AT VERY HieH FREQUENCIES,

where « = ground loss factor, dependent on earth conductivity, di-
electric constant, frequency and distance ;
B = directivity factor 8 = 1 for short aerials where field strength
in vertical plane follows a cosine law ;
P, = radiated power, kW ;
d = distance from transmitting aerial, km.;
e = field strength, 4V /metre;
8 = angle of elevation of ray.

Field strength of direct wave at very high frequencies, taking into
account reflection from ground

= dwhi,€)/Ad?* when d > h

where H = field strength, uV /metre ;
d = distance from transmitting aerial, metres;
h; = elevation of transmitting aerial, metres;
h, = elevation of receiving aerial, metres;
€, = field strength at unity distance, mV /metre.

ExAMPLE 2. broadcast transmitter delivers 20 kW to an aerial having
a radiation efficiency of 65 per cent. (a) Estimate the field strength of the
ground wave at a distance of 200 miles, if the ground loss factor, determined
by means of a low-power mobile transmatter, is 0-08. (b) If the sky wave
travels 50 per cent farther than the ground wave at an effective angle to the
earth of 45°, determine its field strength, assuming the wave after reflection
from the ionosphere to be reduced to 25 per cent of the incident wave.
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Power radiated :

P, = 20 x 065 = 13 kW

(a) d = 200 < 1-609 = 321-8 km.
a = 0-08
B=1

cosf =cos0 =1

Field strength of ground wave :
€ = af (300+/ P, cos 8,d)
_0-08 x 1 x 300 x 413 1
o 321-8
) d =15 % 321-8 = 482 km.
cos § = cos 45° = 0-707
o = 1, as there are no ground losses

= 0-269 pV/metre

Field strength of sky wave :

707 v 0-25
€ = .l 7)(\—:3%34)8(29“0‘—4— 0—"’ = 9-396 H_\’_,xlletre_

Maximum Range of Direct Wave
Geometric (straight line) range :
Amax. = 3:33(/ by + \'hy)
Actual range when refraction is taken into account :
dunas, = 335¢(y 'y + 1'h,)
where dga., = maximum range of reception, km.;

¢ = a factor which allows for refraction of the wave over the
earth’s curvature. An average value is 1-3.

ExaMpPLE 3.—A V.H.F. transmitting aerial and a distant receiving
aerial are both at the same height above earth. Assuming a straight-line
ray path, what will be the gain wn field strength at the receiver, expressed in
decibels if : (a) the height of the transmitting aerial is increased 50 per cent ;
(b) the height of both aerials is increased 50 per cent?

e Vhe+ vy =2\h,
(«) Here hy = 1'5 h,
Hence modified field strength :
e o« VIBh, 4+ 4 hy = 2:2234/R,
€ /e = 2:2254/h, /2y 'h, = 1-1125

Gain :

m = 20 logy, (¢'/€) = 20 logo 1:1125 = 0-924 db

(b) Modified field strength :

¢ o« VIoh, + V135h, = 245/ hy
/e = 2454 I, [2\ h, = 1:225
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Gain :
m = 20 log,q 1-225 = 1-762 db

ExaAMPLE 4.—A television transmitting
hft300 hr 25 qerial is elevated 300 ft. above earth. If

L j;j the average receiving aerial is 25 ft. high,
?ﬁ what is the geometric range for straight-

1 T~ line_reception and the maximum range
I d e of the direct ray, if the refraction factor
18 1:25 and there are no obstructions in the

Fig. 88.—EXAMPLE 4. path ?

Geometric (straight line) range:

o
d = 355(vh + Vh) = 355 \/3320;’1 + \/I‘ 1) = 87 km.

Maximum range for direct ray reception :
dmaz, = ¢d = 1-25 X 435 = 54-7 km.

Half-wave Dipole
Resonates when length is about 95 per cent of the half wavelength
I = 04751 = 142:5/f
where = length of wire, metres;
A = wavelength, metres;
f = frequency, Mc/s.
Directional Arrays

The energy gain of a directional array is the ratio of the power which
would be required by a single aerial element to the power taken by the
array to produce a given field strength in a required direction. Gain in
decibels

m = 10 log,y P. /P,

where P, — power which would be required by a single element ;
P, = power required by array.

Field strength produced by array : € /Py I,
Field strength produced by each element: ¢ ¢ VP, /n

where 1,. = total aerial current of array;
n = number of elements in array.

ExaMpPLE 5.—What is the directional gain in field strength of an array
of ten aerial elements over a single element, neglecting mutual reactionary
effects between elements ?

Let power supplied to array =P
Then power supplied to each element = P/10
Field strength due to array : e o /P

Field strength due to each element : € oc 4/ (P/10)

ins o= VP _ 3162 ti
Gain: € e—V(P‘IO)_\/IOmZ’)IG-tlmes
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Gain in db :

m = 20logyo (¢'/e) = 20 log,e 3-162 = 10 db

Receiving Aerials
VoLTAGE DEVELOPED IN A RECEIVING AERIAL

Vertical wire aerial: E = ¢k
Frame aerial : E = 27¢AN/A
where E = em.f. mV;

¢ = field strength, mV /metre ;
= effective height of aerial, metres;

A = area of frame, sq. metres;

N = number of turns in frame.

ExaMpPLE 6.—What voltage will be produced by a field of intensity
10 pnV [metre at a wavelength of 300 metres in: (a) a vertical quarter-wave
recetving aerial; (b) a frame aerial of ten turns, 2 metres square ?

(a) Average height of A/4 aerial :

h =427 = %OO = 47-8 metres
<7

Voltage induced in wire :
E = ¢h = 10 % 47-8 = 478 pV or 0-5 mV approx.
(b) Voltage induced in frame :

210 X 2 10 8w g0y

— 9 NIA = ’
E = 27edAN/A 300 3

Mechanical Factors

The total load on a horizontal wire is made up of the weight of wire
per unit length acting downwards and the wind load acting horizontally.

W= vVt £ p?

WIND PRESSURE p

- 4 ol

I

x
S
I

Fic. 89 (left).- - MECHANICAL
Facrors.

WEIGHT OF WIRE AND ICE, w

Fi6. 90 (above).—DETERMINA-
TIoN OF TotaL Loab.
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Wind pressure : P = pd

Sag : s = wl? /8L, neglecting effect of wind pressure
S

Wi2/8t, including effect of wind pressure
Length of wire : L =1 4 8S?/3 approximately

where W = total load on wire, lb. /ft.;

weight of wire, lb. /ft.; *

wind load, 1b./sq. ft. of projected ares ;
diameter of wire, ft.;

sag, neglecting effect of wind pressure, ft.;
sag, including effect of wind pressure, ft.; |
span, ft.;

length of wire, ft.; +

horizontal tension. 1b.+

Nl ne 2w 8
I 1

* If ice is present, w includes the weight of ice. A safety factor on tho
breaking load of 2 at 22° F. is normally allowed in Britain under normal load-
ing eonditions imposed by a layer of ice § in. thick radially and a wind pressure
of 8 lb/sq. ft. acting horizontally.

t Length and sag vary directly and tension inversely as the ambient air
temperature. They are thercfore determined for the lowest temperature likely
to be encountered, when the length and sag are a minimum and tension is a
maximum.

ExaMPLE 7.—An aerial curtain weighing 300 Ib. is supported from a
steel wire rope } in. diameter weighing,0-6 1b. [ft. between two masts 400 ft.
apart, the load being uniformly distributed over the span. What must be
the minimum sag at the centre of the rope if the safe working stress is not
to exceed 3 tons under a horizontal wind load of 30 Ib./sq. ft. of projected
area ?

Weight per foot run of aerial and rope :
300
w=w, +uy = 55+ 0-6 = 1-35 lb. /ft.

Wind load per foot run :
1/2

P=p(l=12

% 30 = 1-25 Ib. /ft.

Total load :
W = Vw? + p* = V1357 + 1-257 = 1-84 Ib./ft.

r
= 400 l Fic. 9]1.—Ex-
—'"""““;"/_‘7' AMPLE 7.

Hml?

300 LB

"’
5 DIAM.
0-6 LB./FT.




FORMULA AND CALCULATIONS I-79

Minimum sag :
S = W8t =
ExampLE 8.—The horizonlal tension

in an aerial wire s 10 lb. when the sag
is 7 ft. To what value can the sag be

reduced if : (a) the maximum allowable ?

tension is 25 Ib.; and (b) the maximum f

tension 18 25 lb. and the span is reduced N h
by one quarter? (c) How will the sug be f

affected if a heavier wire of twice the )

diameter is used ?

(@) Sag varies inversely as tension

skl
Hence A

7 % 10 £
8y = ) = —— = 2- 5
2 = il /ty) 25 Sl Fic. 92.—TENSION IN STAVYS.

(b) Sag varies as (span)?®:
s o l?
85 = Sally /1) = 28 x (})? = 158 ft.
(c) Both w and ¢ vary directly as the cross-sectional area or as the

(diameter)?. But sag varies directly as w/t. So the minimum sag will
remain substantially the same.

Tension in Stays
t, = t/sin 8
= t cosec 8
tNIE+ Blh

where ¢, = tension in stay, Ib;

— horizontal tension in aerial wire, 1b.;

6 = angle between stay and ground ;

h = height of stay, ft.;

! = distance between mast and anchor point of stay, ft.

o~

EXAMPLE 9.—A (win wire aerial transmission line i8 supported on
15-ft. poles spaced 150 ft. apart. A stay is attached to the terminal pole
and anchored to the ground 9 ft. from the base. The sag al the centre of
the span is 9 in., and the weight of the wire is 262 Ib./mile. Calculate the
tension in the stay.

Weight of wires per foot length :
2 x 262 & T f
w="5ag0 — 0-0992 1b. /ft.

[&d
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Fe—9" i< 150" |

1
F1e¢. 93.—ExavrLE 9.

Horizontal tension in wires :
0'0992 1502

= 2/ = = 0
t = wi?/8s 8 % 05 372-3 1b.
Tension in stay :
t, = t/sin @
where 6 = arc tan (15/9) = arc tan 1-666;
sin § = 0-8572.
372-3 -
Hence = 08573 = 435 b

RADIO-FREQUENCY TRANSMISSION LINES

Line Constants

The constants which determine the electrical characteristics of a
transmission line are classified as primary and secondary (derived)
constants.

PRIMARY CoONSTANTS

L, = inductance, henrys/metre
C, = capacitance, farads /metre
R, = resistance, ochms/metre
G, = leakance, mhos/metre

o

SECONDARY CONSTANTS

Z, = characteristic impedance, ohms = VL,/C,
= attentuation constant, nepers/metre * — IR/Z, + 3GZ,
B = phase constant, radians/metre = wV Z,C,

= velocity of propagation, metres/second

VLG,
* 1 neper = 8.68591 db.
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Fic. 94.—LiNE CONSTANTS.

Characteristic Impedance

The characteristic impedance is the voltage/current ratio at any
position along a line which is long enough for reflections to be negligible,
or which is terminated at the far end in an impedance equal to the
characteristic impedance so as to prevent reflection.

AT RAD10 FREQUENCIES
Twin-wire line :
o = 276 log, (d/7)

Four-wire symmetrical line :
Zy = 138 logy, (d/r) — 20-8

Co-axial line :
Zy = (138/4/k) logy, (ra/r1)

where d = distance between centres of con-
ductors;
r = radius of wire;
r; = outer radius of inner conductor;
r, = inner radius of outer conductor;

k = average dielectric constant of
insulating medium between
conductors (= 1 for air spac-

ing).

Sending-end Impedance

The impedance Z, at the sending end of
a line terminated in any impedance Z, :
Zy + jZ, tan (20l/})

Zo + jZ, tan (2al/X)

If the line is short-circuited at the far
end :

Z, = 2,

Z, = jZ,tan (27l/A)

@O O
fe—d —

b d

d—»
©
T
_’{ T2
F16. 95.—('HARACTERIS-

TIC IMPEDANCE.
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227500
()
L —— Zo S22
4 i e
F16. 96 (above).—EXAMPLE 1. ——de2
Zo
A
d,
Fic. 97 (right).—MATCHING BY QUARTER ‘l
WavE LIxE. Z, 600n

If the line is open-circuited at the far end :
3 Z,

%= "I an @a N

If the line is a quarter wavelength long : 27l/A = 90°.

Two different impedances Z, and Z, may be matched by a quarter-
wave line of impedance Z; connected between them, when

Zy, =22,
Z,=VZ,Z,

ExaMPLE 1.— 600-chm twin wire line with conductors spaced 10 in.
apart is to be matched to a dipole having a terminal resistance of 750 ohms
by means of a quarter-wave matching section at a frequency of 20 Mc/s.
Calculate the length of the matching section and the spacing between
conductors if the same gauge wire is used throughout.

(@) Wavelength at 20 Mc/s :

3 x 10° ~
A= 30 % 108 — 15 metres
A/t = % = 3-75 metres

(b) Characteristic impedance of matching section :
Zy = \NZ,Z, = V600 X 750
100,/45 = 670 ohms

(c) Spacing of matching section :
Z, = 276 log,, (dy/7)
or dy/r = antilog (Z,/276) . . . . . (1)
Also d,'r = antilog (Z,276) . . . . . (2)
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Dividing (1) by (2),

tloal(#269)
antilog (Z,/276)
d, _ antilog (670/276) _ 269-2

10 ~ antilog (600/276) 1496
dy = 18 in.

do/dl =

Current, Voltage and Power
When the line is correctly terminated in Z, :

R.m.s. current of carrier wave I.= VP,Z,
R.m.s. voltage of carrier wave E.=\P.Z,
Peak voltage of amplitude-modulated wave E,p, = v/2E(l + m)

Maximum voltage on line with a standing wave Ep.., = 4/nE,,

Standing wave ratio

where P,
m

Em:lx.

E min.

R max,
R min.

Imax.

Il

n = Imnx./Imin. == Zo len.
= Emax./Emin. = Rmax.lzo
= VRuux/Rum. = R1/Zyif Ry[Zy > 1

= Z,/RLif Ry |Zy < 1
carrier power;
modulation factor (= 1 for 100 per cent modulation);
maximum voltage on line at point of maximum
resistance ;
minimum voltage on line at point of minimum
resistance ;
resistance of line at point of minimum current ;
resistance of line at point of maximum current ;
maximum current in line at point of minimum resistance ;
minimum current in line at point of maximum resistance ;
load resistance ;
standing wave ratio.

ExaMpLE 2.—Adn amplitude-modulated transmitter of 10 k1 carrier
power feeds a balanced twin-wire transmission line having a characteristic
impedance of 600 ohms. What is the maximum peak voltage occurring
on the line when the transmitter is fully modulated : (a) when the line is
correctly terminated ; and (b) if the standing-wave ratio is 1-4/1?

R.m.s. carrier voltage on line when terminated in Z; :

E, = VP.Z, = V10,000 x 600 = 2,450 volts

Peak voltage of amplitude-modulated wave :

Enp = +/2E(1 + m) = /2 x 2,430 x (1 + 1)

= 6,926 volts or 6-93 kV
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A
2

F16. 98.—ExAMPLE 2,

Emax

+ E‘min

n=Emax /[Emm=14

When the standing wave ratio is 1-4/1
E'np = VREm, = V14 x 693 = 82KV

ExAMPLE 3.—A co-axial cable having a characteristic impedance of
100 ohms was subjected to voltage tests at radio frequency and found to
flash over at the following peak voltages: 5-2 kV at 1 Mc/s; 3-95 kV at
10 Mc/s; 3-5 kV at 20 Mc/s. If the cable is to be rated at a safety factor
of 2/1, what is the maximum r.m.s. current and power it can transmit
safely at each frequency ?

Maximum safe r.m.s. voltage with a safety factor of 2/1 :
Emax. = Ep[24/2

Maximum safe r.m.s. current :
Inax, = Ep/24/22,

Me/s 5,200 ° 1
At 1 Mce/s =S 27/2 x 100 = 18-4 amperes
" 3-95
At 10 Me/s = 184 X =5 = 14-0 amperes
35
At 20 Mc/s = 184 x 53 = 12-4 amperes

Max. safe power :
Pmnx. = Imax.zzo

At 1 Mce/s = 1842 X 100 = 33,790 watts or 33-8 kW
At 10 Mc/s = 14-02 x 100 = 19,530 watts or 19-5 kW
At 20 Mce/s = 12-42 x 100 = 15,320 watts or 15-3 kW

ExaMPLE 4.—4 320-ohm, five-wire cage transmission line consists of
four earthed outer conductors in square formation and a central live
conductor. For what peak wvoltage should the line be insulated if it is to
transmit 100 kW carrier power at 100 per cent modulation, allowing for a
standing wave ratio of 1:52 Compare this with the peak voltage to earth
on a 600-ohm twin-wire line carrying the sume amount of power.
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LIVE CONDUCTORS
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LIVE CONDUCTOR
Fi1c. 99.—kxaMmrLE 4.

Peak modulation voltage to earth on a five-wire line :
Enp = v/2E(1 + m)
But E, =\ P.Z,
Epp = \ 2PZg(1 +m) = V2 x 10° x 320(1 + 1)
= 16,000 volts

Emax. = VNEmp = 4/1:5 % 16,000
19,600 volts or 19-6 kV

Peak modulation voltage between conductors of a two-wire line :

Frnas, = 19,600 x \/ 590 = 26,840 volts
The voltage between cach conductor and earth is half this, i.e.,

13,420 volts or 13-42 kV

Attenuation
Attenuation in decibels :
@ = 10log,, (Py/P,)
= 20 log,, (E,/E,) if input and output impedances arc equal

ExAMPLE 5.—Two co-axial cables suitable for television reception have
respectively attenuations of 6-0 db/100 ft. and 2-5 db/100 ft. at 45 Mc/s.
What will be the percentage gain in power delivered by the aerial to the
receiver in a length of 25 ft. if the smaller cable is replaced by the larger ?

The smaller cable has an attenuation of 6-0 db/100 ft.
Attenuation in 23 ft. of the smaller cable :
. 25
= COR 1-5 db

100
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|| | |

‘ I T Fi16. 100.—EXAMPLE 5.

’

6db/ 100 25’ 2-5db/100’

—
Ratio power input /power output :
P, /P, = antilog (1-5,10) = 1-413

P,/P; = 0-708
Attenuation in 25 ft. of the larger cable
25 x 15 _ oo
= —T@—— =0 623 db
P, /P, = antilog (0-625'10) = 1-154
P,/P, = 0-866
Gain in power
_0-866 _ , .50 .. 29. q
= 0708 = 1-223 times or 22-3 per cent gain

Variation of Attenuation with Frequency

Twin open-wire line :

R
Il

av/f
Co-axial line :

a= e\ firy

where P, = power input;
P, = power output;
E, = input voltage;
E,; = output voltage;
¢i¢y = attenuation factors, depending on conductor resistance,
insulation resistance and radiation losses. Average

values are ¢, = 0-33 and ¢, = 0-27 when =z is in
db/km. and r, is in cm.;

J = frequency, Mc/s.

EXAMPLE 6.—d balanced twin-wire line has an attenuation of 1-5
abkilometre at a frequency of 10 Mc/s. Calculate the attenuation in a
line 400 metres long at a frequency of 30 Mc/s.
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Attenuation at a frequency f, : %, = ¢V fy

Attenuation at a frequency f, : o, = ¢4/f,

Hence 2y lay = VS,

Attenuation per kilometre at 30 Mc/s : Ta% = :lig = 2.6 db/km.
9.

Attenuation in a length of 400 metres : o, = 4%%&—6 = 1-04 db

ExaMPLE 7.—A4 master oscillator delivers a stabilized radio-frequency
output of l-watt to a transmitter through a co-axial cable 50 ft. long.
What will be the power output to the transmitter at 5 and 20 Mc/s if the
cable has an attenuation of 1-3 db/100 ft. at 10 Mc/s?

Since « o¢ 4/ f, attenuation at 5 Mc/s :

/2, = V fo/fy
a, = 1:3v 5/10 = 0-92 db/100 ft. or 0-46 db/50 ft.

Power output at 5 Mc/s :
Since o = 10 log,, (P,/P,)
P, = P,/antilog (x/10) = 1/antilog 0-046 = 0-9 watt

Attenuation at 20 Mce/s
1-34/20/10 = 1-3 x 1-414
1-83 db/100 ft. or 0-915 db/50 ft.

Power output at 20 Me/s :
P, = P,/antilog («/10) = 1/antilog 0-0915 = 0-81 watt
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POWER SUPPLY
A.C. Supplies

The power, voltage and current relationships in the load on a single-
phase or three-phase supply are :

BALANCED
SINGLE-PHASE THREE-PHASE
SuPPLY SurppLY
Load power, kW . o o EI cos ¢ A/ 3EI cos ¢
Load, VA . . . . EI \/3EI
Line current . o 5 o P|E cos ¢ P/+/3E cos ¢
Line-to-neutral voltage . 5 — E/4/3

= line voltage;

= line current;
P = power, watts;

cos ¢ == power factor.

where E
I

ExaMpLE 1.—A transmitter takes 10 kW with a line current of 16
amperes from a 400-volt three-phase transformer having an efficiency of

|

TRANSMITTER

| JIéA
—d Fig. 101.—ExaMpPLE 1.

N

EFFIY.= 96, 400V

AAAA

e AV

96 per cent. Find the power factor of the load and the k1A input to the
transformer, assuming the phases to be equally loaded.

Power factor:
10,000 ey
cos ¢ = PIVIEL = Uy 100 « 16 — 2904
kVA input to transformer ;
o 10 o
kVA = P/pcos ¢ = 006 X 0-904 — 11-5 kVA

Measurement of A.C. Power and Power Factor

The power taken by an installation can be measured by the three-
voltmeter or three-ammeter method without the use of a watt-meter.
In the voltmeter method a non-inductive resistance is connected in
series, and in the ammeter method in parallel with the load. Three
voltmeters or ammeters are connected as shown in Fig. 102 (a) and (b)
and their readings taken.

THREE-VOLTMETER THREE-AMMETER
METHOD METHOD
Power, P . . (V2—V?—T®)2R RUI2—1I?—12)2
Power factor,cos ¢ (V7,2 — V.2 — V,5)/ 2V, 7, (I, —1I*— I,%21,1,
5 ', /R

Current, I 1
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§
(a) (b)

F1c. 102.—MEASCREMENT oF A.C. Powkr.

where V, = voltage across non-inductive resistance ;
V, = voltage across load;
I’, = voltage across load and resistance together;
I, = current in non-inductive resistance;
I, = current in load;
I, = current in load and resistance together;
R — resistance in series or parallel, ohms.

ExaMPLE 2.—The A.C. power input to a transmitter was measured by
the three-voltmeter method, which guve the following readings: 81 volts
across @ non-inductive resistance of 3 ohms in series, 152 volts ucross the
load and 230 volts across the load and resistance together. Calculate:
(&) the power of the transmitter; (b) the load current; and (c) the power
Sfuctor of the load.

(¢) Power input to transmitter :

P = (Vg2 — V32— V2)2R —

2302 — 812 — 1522
230 _)'8\1 LA 3,873 watts

<3
(b) Load current :

I =T,/R = 81/3 = 27 amperes
(¢) Power factor of load :
cos ¢ — P/(kVA) = P|T,I

3,873
152 x 27~ 0944

Power-factor Correction

The usual method of improving a lagging power factor is to add to
the existing load a capacitor which will take a leading current to
neutralize the lagging current.
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/¢2 kW

>
Kva Fic. 103.—PowEgr
/ g kVAra FacTor CORRECTION.

KVAr,

Capacitor kVA required to raise the power factor from a value cos ¢,
to cos ¢, :
kVA = (kVAr); — (kVAr),
= (kVA), sin ¢; — (kVA), sin §,

where ¢, = angle of lag before correction;
¢, = angle of lag after correction;
kVA, = kVA of load before correction ;
kVA, = kVA of load after correction ;
kVAr, = reactive kVA of load before correction;

kVAr, = reactive kVA of load after correction.

ExaupLE 3.—Capacitors are to be installed to improve the power factor
of a station taking 200 kW at 0-87 power factor lagging. Find: (a) the
&V A rating of capacitors necessary to raise the power factor to 0-95 lagging ;
and (b) the reduction of load kV A resulting from the correction.

Present kVA of station :
9
kVA, = Plcos ¢; = 6(;9 = 230 kVA

N

Reactive kVA :
KVAr, = (kVA,)sin ¢, = 230 X 0-4924 = 113-3 kVA
———

—— LOAD LOAD
LOAD o

| | |
f ki 2

1~ PHASE 3~ PHASE 3~PHASE
&~ CONNECTION Y— CONNECT!ON

Fi1G6. 104.—CapraciTORs FOR PowER FacTOR CORRECTION.

|
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cos $,=0-95

kW

Fic. 105.—ExAMPLE 3.

cos By =087 CONDENSER

kVA

kVA after correction :

[5)
kVA, = PJcos ¢, = 6%‘1 = 210-5 kVA

Reactive kVA after correction :
kVAr, = (kVA,) sin ¢, = 210-8 x 0-3123 = 65-8 kV'A
Capacitor kVA
= (kVAr,) — (kVAr,) = 1133 — 65-8 = 47-53 kVA

Load reduction
= (kV4a,;) — (kVa,) = 230 — 210-5 19-5 kVA

Engine Generators

Overall efficiency :
7 = TNelg

where 7. = thermodynamic efficiency of engine;
7y = electromechanical efficiency of generator.

Average thermodynamic efficiencies of engines :

Diesels of 10-50 b.h.p. . . . . 28-30 per cent
Diesels of 50 b.h.p. per ¢y lmdex . . . 30-33 per cent
Diesels of 100 b.h.p. per cylinder . . . 33-36 per cent
Paraffin engines . 5 5 . 17-22 per cent
Four-stroke petrol engmes 5 5 o . 15-20 per cent

Electromechanical efficiencies of generators :

Alternators of 5-50 kVA o . 5 . 81-90 per cent
Alternators of 50-500 kVA . . 5 . 90-94-5 per cent
D.C. generators of 5-50 k\\" . . . . 82-91 per cent
D.C. generators of 50-500 kW . . . 91-94 per cent

Equivalent Power

The energy value of fuel is specified by its calorific value in B,Th.U. /lb.
or B.Th.U./gal., and the equivalent mechamcnl h.p. or electrical power
in kW is determined from the thermal power in B.Th.U./sec.

1 B.Th.U./sec. = 1,038 watts
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Average calorific values of liquid fuel :

Diesel oil . . . . . 18,400-19,500 B.Th.U./lb.
Paraffin . . . . . . 22,000 B.Th.U./lb.
Petrol . . . . . . 18,000 B.Th.U./Ib.

ExaMPLE 4.—Find the generating cost per unit (kW H) of electricity of
a Diesel-alternator, given the following data :

Cost of fuel oil . . 5 . . ls. per gal.
Calorific value . . . . . 19,000 B.Th.U.|lb.
Specific gravity . . 5 . 09
* Overall efficiency of engme . . . 32 per cent
Efficiency of generator . . . . 91 per cent

1 B.Th.U./second = 1,058 watts

Hence 1 kWH - & 60‘; 3‘0; 000 _ 4 400 B.Th.T.

Number of B.Th.U. required to generate 1 kWH with engine and
generator efficiencies 7, and 7, :

3,400 3,400 o
B.Th.U. = e ﬁ-xog)g_ll 190 B.Th.U.
1 gal. water weighs 10 Ib.
*. 1 gal. fuel oil of specific gravity 0-9 weighs 10 x 09 = 91b.
" Hence 1 gal. fuel oil produces % 19,000 B.Th.U.
No. of gal. required to produce 11,190 B.Th. U

_ 11,190
~ 9 x 19,000
Cost per kWH at 1s. per gal. = 0-0654 x 12 = 0-7835d.

= 0-0654 gal.

Total Power Requirement of a Transmitter

The total kVA input is the vector sum of the powers in kW and the
reactive kVA (kVAr) of the individual pieces of apparatus.

Power input to each load : P = (kVA) cos ¢
Reactive kVA of each load : kVAr = P tan ¢ = (kVA)sin ¢
Total kVA of combined loads = V(TP)® + (ZkVAr)?

Overall power factor = I(kw)/Z(kVA)
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A.C. RECTIFIERS AND SMOOTHING FILTERS

Rectification Factors

Table 9 gives the principal factors used in the design of polyphase

rectifiers.

They are given in terms of the average D.C. output voltage,

neglecting the voltage drops in the rectifier and filter choke, which must

be taken

into account scparately.

TABLE 9.—PoLYPHASE RECTIFIER FaCTORS

R.m.s. Inverse | Frequency R.m.s.
Circuit Secondary Peak | of Ripple Ripple
Voltage Voltage Voltage | Voltage
Single-phase full wave 1-11 (half 314 2 0-483
section)
Single-phase, full-wave 1-11 (whole 1-57 2f, 0-483
bridge section)
Three-phase half wave 0-855 | 2-09 3f, 0-188
Three-phase, half-wave = 0-95 (0-493 2-09 3f, 0-183
interconnected half leg) )
Three-phase, full-wave | 0-74 (phase 2-09 6f, 0-042
double star neutral)
Three-phase, full-wave |0-428 (phase, 1-05 6f, 0-042
single star neutral)

If the circuit voltage drops are taken into account, the r.m.s. secondary
voltage of the transformer

where

Ez = kc(Eo + E, + EL)

FE, = average output D.C. voltage;

E, = voltage drop in rectifier element ;

E; = voltage drop in filter choke ;

k. = voltage conversion factor given in column 2.

ExaypLE 1.—Calculate the secondary voltage between outers and the

secondary

kVA of a transformer for a three-phase, half-wave rectifier to

deliver 2-5 amperes at 5,000 volts DD.C. The voltage drop in the rectifier
18 135 volts, and the resistance of the filter choke 48 ohms.

Voltage drop in choke :

Ep =I1,Rp = 25 x 48 = 120 volts

Voltage conversion factor :

k. = 0-855

Transformer secondary voltage betwecn outers :

E, =k(E, + E, + E;) = 0-855(5,000 + 15 + 120)
4.390 volts r.m.s.
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Fre. 106.—(a) SINGLE-PHASE, FULL WaAvVE; (b) SINGLE-PHASE, FULL-WAVE

BripGE; (c) THREE.-PHASE, HALF WavE; (d) THREE-PHASE, HALF-WAVE

INTERCONNECTED STAR; (¢) THREE-PHASE, FULL-wAvE DOUBLE Y ; (f) THREE-
PHASE, FULL-WAVE SINGLE Y.
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R, =
Ea= ISV 480 Iig_-SA
Fie. 107.-—Ex- |~ l—l | 2
AMPLE 1. %“ E.z RECT.I SE 5000V
| q | <

Secondary kVA

Smoothing Filters
RippLE REDUCTION FacTor

\/3E,I,/1,000
\/3 X 4.390 x 25
1,000

~ 19kVA

Input capacitor alone (Fig. 108 (a)) :

oy = 1/42=f,CRy
Choke input filter (L section) (Fig. 108 (b)) :
2y = 1/(w%L,C; — 1)"

Choke input filter multi-stage (Fig. 108 (¢)) :
oy = 1/(w?L,Cy — 1)*

Choke input filter with input capacitor (Fig. 108 (d)) :

o3 = O3 %o

RECT|

:

Co

A

| A
=AW

@

Ly Ly

21

RECT,

L L

1 1

AAA

VWA

:

©

Fig. 108.—R1PPLE

RECT.

121

RECT.

REbpUCTION FACTOR.

=MW

()

=AWV
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where f, = frequency of ripple voltage (see column 4 of rectification
factors) ;
R; = load resistance, ohms;
C, = capacitance of input capacitor, farads;
L, = inductance of choke, henrys;
C,; = capacitance of output capacitor, farads;
n = number of similar filter sections in cascade;
w, = 27 X ripple frequency.

ExAMPLE 2.—A three-phase half-wave rectifier fed from 50-c/s mains

delivers a D.C. output at 500 volts.

The smoothing filter consists of a 30-

henry choke followed by a 10-uF capacitor. Calculate the output ripple
voltage.

Ripple frequency :

3-ph __| RECT.l I Eq=500V AMPLE 2.
50¢/s C=lOpFT |
- |

fr=38x50 =150c¢/s
w, = 27 X 150 = 942
L=30H

Firc. 109.—Ex-

Initial ripple-reduction factor :

% = 0-188

Ripple-reduction factor of filter :

ay = 1/(w*L,C; — 1) = 1/(w*L,C,) approx.
1 -
9497 % 30 x 10 x 10 — 00376

Total ripple reduction :

o = gy = 0-188 X 3-76 x 1073 = 7-06 x 104

Output ripple voltage :

E = B, = 7-06 x 10 x 500 = 0-353 volt

ExampLE 3.—How much will the output ripple voltage of a single stage
L-section filter be reduced by : (a) doubling the capacitance; (b) adding a
similar filter section in cascade; (c) employing three-phase, full-wave
rectification instead of single-phase, full-wave ?

(a) Since a oc 1/C,

=1
The ripple voltage will be halved.

, 1/2¢
%20%1 = V@
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(5) « oo (1/LC)

a two-stage filter will square the ripple reduction factor.

(c) The ratio

Initial reduction for single-phase full wave  0-483 115
Initial reduction for three-phase full wave  0-042 Y

i.e., the ripple voltage will be reduced 11-5 times.

Critical Filter Inductance

Minimum value of choke inductance to ensure that the output
voltage does not fall below the average value of A.C. voltage wave :

L, = Ry(v/2%ke — 1)/w,

RECTIFIER EFFICIENCY :
n = 100 E,/(E, + E,)

VOLTAGE REGULATION OF RECTIFIER:
v, = 100(Eys — EL)/EL

where E, = output D.C. voltage;
E, = voltage drop in rectifier;
Ey1 = output voltage at no load ;
E; = output voltage at full load.

ExaMPLE 4.—. 1,000-v0lt rectifier feeds an amplifier taking 500 mA at
750 volts through « series resistance. T'he voltage regulation of the rectifier
alone is 15 per cent from full load to no load. Determine: (a) the series
resistance; (b) the watts dissipated in the resistance; (c) the overall
voltage regulation ; (d) the efficiency of the rectifier at full load ; and (e) the
efficiency of the combination.

(«) Series resistance :

R, — Voltage drop in R ’ 1,000_? 750 _ 500 ohms
e 0-5
(b) Watts dissipated in resistance :
P = IR, = 0-5° x 500 = 125 watts
I°=O‘SA
Fi6. 110.—Exanrie 4.~ |RECL| I0OOV 2 Eo=750V

YOLTAGE REGULATION =15%,
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(c) Voltage rise across rectifier at no load = 0-15 x 1,000 = 150 volts
Voltage rise across resistor at no load = 250 volts
Total voltage rise at no load 400 volts

i . 400 x 100
Overall voltage regulation = — 1,000 = 40 per cent
(d) Efficiency of rectifier alone :
: _ 100 x 750 _ .,
7, = 100 Ey/(E, + E,) = 750 % 150 83-3 per cent
(e} Efficiency of combination :
— 100 E,(Ey + Eo + E)) = 290X 730 _ 659 ser cent
= o/\o a T B = 750 4 150 + 250 | o= per cent
- pE
RECTIFIED AND f > REGULATED
SMOOTHED AC. 3 D.C.
Ry 3

AAAAAAAAAALA

1+

.

Fi16. 111,—THBERMIONIC VOLTAGE REGULATOR.

Thermionic Voltage Regulators

The general method of determining the condition for effective voltage
regulation is illustrated by the following procedure for the circuit shown
in Fig. 111.

Let AE, = compensating voltage change;

AE, = supply voltage variation;
Al, = anode current change in control valve;
R, = series compensating resistance ;

R, = total resistance of voltage divider;
R,’ = resistance of tapped portion of divider;
g = mutual conductance of valve, amperes/volt.
COMPENSATING VOLTAGE
AE. = Al . R,
But Al,=AE,.¢
= AE,(R,'(R,).g
Hence AE, = AE, .gR.R," /R,

Effective regulation is achieved when AE; = AE, or AE [AE, = 1;
i.e., when R, = R,/gR,’
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For a given anode current change \I, obtainable, the range of voltage
control
AE, = Al,. R,

ExaMPLE 5.—Calculate the value of series compensating resistance
required in the voltage compensating circuit of Fig. 12, and the mazimum

Re

I

Fig. 112.—Ex-

AMPLE 5. g=IOmA/vV
Ia min=2mA

Ia max=27mA

20kn
o
N

variation of supply voltage over which control will be effective. The anode
current change obtainable is 2-27 mA, g = 10 mA volt, and the resistance
of the voltage divider is 20 k 2 tapped a quarter of the way up.

AAAAAAAAAA
v|v"'vv'

——

s

At quarter tapping R,/R,” = 20/5 = 4 kQ

Compensating resistance :
.y 4
R, = Rl"le = m = 400 ohms

Maximum range of control voltage :

AE, = AILR, = (0-027 — 0-:002)400
10 volts or 35 volts




I-100 RADIO AND TELEVISION REFERENCE BOOK

TRANSFORMERS AND REACTORS
Transformation Ratio

Turns ratio for an ideal transformer, 100 per cent efficient :
k = N,/N,
= E,/E, = I,/I,
where NN, = number of primary and secondary turns;

E,E, = primary and secondary voltages;
I,I, = primary and secondary currents.

In practice, the turns ratio for a transformer with a voltage regulation
of v per cent from no load to full load, or of efficiency 5

k = Ey(1 + »/100)/E,
= E,/+/nE, if the efficiency > 50 per cent

Equivalent Impedance of Transformer

Equivalent impedance of load on secondary, referred to primary
terminals :

Double wound, neglecting impedances of windings
Z, = Z,[k?
Double wound, including impedances of windings
Z, =27y +(Z, + Zy)|k*

Double wound, with centre tapped primary, each half

Z, = Z,/4k*
where Z, = primary load impedance;
Z, = secondary load impedance;
Z," = impedance of primary winding;
Z," = impedance of secondary winding.

Multi-tapped primary, tapped section :
Z' = Z(N'|N)

where Z’ = load impedance of tapped section ;
Z = load impedance of whole winding;

N’ = number of turns in tapped section;

N = number of turns in whole winding,

%T g} Né
2 3z
T
] v 2y 1

N: N2

F16. 113.—EQUIVALENT IMPED- F1gc. 114.—TAPPED
ANCE OF TRANSFORMER. PRriMARY.
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ExamrLE 1.—Find the turns ratio of a transformer for use between an
output stage having a rated load resistance of 5,000 okms and an output
load resistance of 20 ohms. At what points must the secondary be tapped
for alternative load resistances of 15 ohms and 10 ohms ?

Turns ratio, primary to secondary :

oo 5,000
k=+VZ,]Z, = ,\/ 50~ = 15:8/1
Secondary tapping for 15 ohms output :

NY|N, = \/ ;8 — 0-866 of the secondary turns

Secondary tapping for 10 ohms output :

N, [N, = \/;g = 0-707 of the secondary turns

T Fic. 115 (left)—Ex-
7, 20n 1@
) lsin l

5000n AMPLE 1.,
10n
4
li—— R! Re IZ—P-
i
F1G. 116 (right).TrANS- T
FORMER KFFICIENCY
Facrors. E,4 Ro R 2 E2

' l

Transformer Efficiency and Power Losses

Efficiency . . . . . 1 = Py/(P, 4+ P, + Py)

Power input . 5 . 5 5 1= Py/p

Total power losses . 5 5 . Pp=Pyl/p—1)

Copper losses * o 0 o o I = I

Core losses * . . 5 . . Pi=Py2

Primary copper loss . 5 5 . Py, = 1*Ry

Secondary copper loss 5 . . P, =1R,

Total copper losses . : . P.= LR, + R,)

Eddy current loss, ergs/cycle/c.c. ofiron P, = KBS ¢

Hysteresis loss, watts/c.c. of iron o P = fKBY¢ x 1077
where P, = secondary volt-amperes;

1 = resistance of primary winding;
R, = resistance of secondary winding;
K = a factor, depending on the type of iron;
B = flux density, lines per c.c.;
f = frequency, c/s.
* For economy in design of power-supply transformers, primary and secon-
dary copper losses are equalized, and core losses are made approximately equal
to copper losses.
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AVERAGE EFFICIENCIES OF S)MALL TRANSFORMERS

50 VA . . 75 per cent 300 VA . . 93 per cent
100 VA . . 85 per cent 500 VA . . 94 per cent
200 VA . . 90 per cent 1.000 VA . . 96 per cent

ExaMPLE 2.—A transformer has an output of 100 VA at 400 volts
and a turns ratio of 1/1-75. The resistance of the primary winding is
20 olms and the secondary 85 ohms. Find the efficiency, assuming that
the copper and iron losses are equalized.

Secondary current :

100

I, = P,JE, = 100 = 0-215 ampere

R|= 20n Rz' 85n

Fie. 117.—ExaMpLE 2.
P2=I00 VA

Total copper loss :

P, = I,*(k*R, + R,)
0-25%(1-75% x 20 +- 83) = 9-14 watts
Iron losses = copper losses

Total losses = 2 x 9-14 = 18-28 watts
Efficiency per cent :
1 = 100P,/(P, + Py)

= l(p_)( -100~ = 84-d per cent
T 100 + 1828 — °=UP L

Voltage Regulation of Transformers
Percentage regulation :

v = 100(Eyr — EfL)/Eyxz

where Err = output voltage at full load ;
Eyi =-output voltage at no load.

AVERAGE VOLTAGE REGULATION OF POWER TRANSFORMERS

1 kVA . . 3:2 per cent 20 kVA. . 1:8 per cent
5kVA . . 3:0 per cent 50 kVA . . 15 per cent
10 kVA . . 2:2 per cent 100 kVA . . 1-:25 per cent
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ExaMpPLE 3.—A rectifier transformer has a secondary voltage of 400 at
Sfull load and a voltage regulation of 5 per cent. What is the peak voltage
applied to the rectifier when the load is switched off ?

Regulation per cent :

v = IOO(E‘\'L = EFL) E.\'L = 100(1 = EI"L E‘\'L)

ENL = EFLI(I ol \'/100) = 400?)0 = 421 volts

Peak voltage at no load :
E, = \/2Eyx; = 4/2 x 421 = 596 volts peak

Transformer Design Factors
The various quantities are determined in the following order :

Secondary power output, watts 5 P, = E,I,
Primary power input, watts . . P, = P,y
Core area, sq. in. . . . A =+ P,/558
Primary current, amperes o 5 I, =P, /F,
Secondary current, amperes . I = Pz E 2
Gauge of wire for primary and
secondary . 5 o . Wire tables
Primary turns per volt . N/E; = 10%/4-44fABp.,.
For Bp... = 60,000 lmemsq in. and
50 c/s = T-5/A
For By.x. = 80,000 lines/sq. in. and
Oc/s = 5-63/A
Number of primary turns. . o N, = (N,/E,)E,
Number of secondary turns . . N, = kN,
Size of core laminations . 5 . To suit winding space

ExaupLE 4,—Determine the following data for a transformer to operate
on a 230-volt, 50-c/s supply and deliver 100 VA at 500 volts: (a) cross-
sectional area of core; (b) current rating for the wire used in each winding ;
(c) number of primary and secondary turns, assuming a maximum flux
density of 80,000 lines/sq. in.

Assume an efficiency of 85 per cent for this rating.

!

|

230V

50¢/s 500V—=|O0VA
Fia. 118.—ExaAMPLE 4. t

. N=0-85
- pmax=80,000 LINES/sa.in
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Primary power input :

RADIO AND TELEVISION REFERENCE BOOK

: 100 —

P, =P,y = 085 117-7 watts
Core area :

4= yPy558 = YITT _ g5 aq.in

= l/ = 5-58 = . .

Primary current :

I, = P|/E, = 17 = 0-512 ampere
Secondary current :

100 .

I,=P,E, = 500 = 0-2 ampere
Turns per volt of primary :

N, /E, = 563/4 = ?:g% = 3-04 turns/volt

Turns ratio :

k= E)/v/nE =

500

_ oY — 9.
v 085 x 230 o

Total number of primary turns :

N, = 304 x 230

= 669 turns

Total number of secondary turns :
N, = kN, = 2:36 x 699 = 1,647 turns

Auto Transformers

The saving in copper over a double-wound transformer is determined

by the ratio

Copper in auto-transformer

Copper in double-wound transformer

e

) (p—

Fi1g. 119.—AvuTo TRANSFORMER.

Secondary current :

I, =

250
Pz/Ez =

=1—1/korl —kifk<1

For ratios of 2/1 or 1/2 the quantity
of copper is halved, and the current
in the common portion of the winding
is zero in an ideal transformer. Little
economy is realized for higher trans-
formation ratios.

ExamMPLE 5.—An  auto-transformer
18 required to deliver 250 VA at 50 volts
with an input of 230 volts. Calculate
the current rating of each section of the
winding, assuming an efficiency of
90 per cent, and the percentage saving in
copper over a double-wound transformer.

= 5 amperes

50
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Iy
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F16. 120.—ExAMPLE 5. 230V {1
l‘ 2 50v —=250VA

Primary current :

1, = Py/nE 250 12
1 = Py/nE, = 09 % 230 — -208 amperes
Current rating of upper section of winding = 5 amperes
Current rating of common section of winding = I, — I,
=5—121
= 3-79 amperes
. )T 50 .
Turns ratio k = E,/VaE, = 09 % 230 — 0-229
Percentage saving in copper = 1 — 1/k (or 1 — k when k < 1)
=1 — 0-229
= 0-771,

or a saving of 77 per cont approx.

Iron-core Chokes
Audio-frequency chokes and transformers with A.C. only flowing :
L = (3-2N%ud|l) x 108

Ripple filter chokes with large air gap. D.C. component of current
large compared with A.C. component :

L = (3-2N2A4Jl,) x 10°®

where p = A.C. permeability, dependent on flux density and iron
alloy used — for
audio - frequency
chokes at very |F———_———— 1
low flux density
pu = 1,000;
L = inductance, henrys;
N = number of turns in
winding ;
A = cross-sectional area
of core. sq. in.;
! = length of magnetic
path, in.; F16. 121.—MaGNETIC PATH oF
, = length of air gap, in. CHOKE.

| |

i

{ i

I |
<¢>—-—A I
I

]

!

i

I
I
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(s —
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ExaMPLE 6.—Determine the number of turns of wire for an iron core
filter choke, having a core § in. X 1 in. cross-section and an air gap of
4 in., to give an inductance of 10 henrys. At what number of turns must
the winding be tapped to give an inductance of 5 henrys ?

Cross-sectional area :
A4 =% x 1= 0875 sq. in.
Length of gap :
= &% = 0-0939 in.

For an inductance of 10 henrys :

L = (3-24AN?]l) x 108
N = 10VLiI/334
10 x 0-0939
= 10, [20 X 00939 .
32 % 0-875  2:186 turns
For an inductance of 5 henrys :
Since N o« /L

14 5
AL — — 5~ &
Nt = N\/L = 0,486\/10— 4,091 turns

CABLES AND LINES

Rating of Power Cables

The determination of the size of a cable is normally governed by its
current-carrying capacity, but in low-voltage circuits carrying heavy
current, the voltage drop and power loss in the cable must also be taken
into consideration. The current rating of power cables of different
sizes run under various conditions can be obtained from the I.E.E.
Regulations for the Electrical Equipment of Buildings.

The current taken by ordinary power supply and conversion apparatus
can be calculated from the formul® given in Table 10.

TABLE 10.—ForRMULZE FoR CURRENT TAKEN

R.m.s. Line Current

Single-phase transformer . 5 - Py,qE,
Three-phase transformer * . . o | P,[+/3nE,
Single-phase rectifier . . . 5 kI(E, 4+ Ei)[nE,
Three-phase or six-phase rectifier * . . kIWE, + EL)/+/30E,
D.C. motor . o o o o o 746 Py/nE,
Single-phase A.C. motor : . . 746 Py/nE cos ¢
Three-phase A.C. motor * . . . 746 Py/+/3nE, cos ¢
Single-phase alternator . . . . Py /E cos
Three-phase alternator * . . 5 Py/A/3E cos ¢

* On a three.phase system with earthed neutral the voltage rating of &
cable is 1/4/3 or 0:578 of the line voltage.
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where P, = secondary V4i;
Pj, = rated horse-power;
P, = power output, watts;
n = efficiency;
E, = D.C. output voltage;
E, = input r.m.s. voltage;
E; = voltage drop across filter choke ;
I, = D.C. output current, amperes;
k = a conversion factor, depending on the number of rectified

phases.
Single-phase, full wave : k=111
Single-phase, full wave, bridge k=111
Three-phase, half wave . k=121
Three-phase, full wave, star. k=128
Three-phase, full wave, bridge k=105

ExaMPLE 1.—A motor-alternator set consists of a three-phase, $00-volt
induction motor coupled to an alternator delivering 45 amperes at 230 volts
at an overall efficiency of 80 per cent. For what input current must the
supply cable be rated : (a) if the power factor of the load is 0-8,; (b) if the
power factor is raised to 0-95 by adding power-factor correcting capacitors ?

(¢) Power output from alternator :
P, = I,E, = 45 x 230 = 10,350 watts

Input current to motor :
I, = Py/+/3nE, cos ¢
= —— M0 22 amperes/phase
V'3 % 400 x 0-8 x 0-85 -

(b) Since I x 1/cos ¢, the current is reduced in the inverse ratio of
the two power factors.

I, =22x 60 = 18-5 amperes/phase

EXAMPLE 2.—A three-phase, full-wave, bridge mercury-vapour rectifier
delivers 5 amperes at 5 kV to a transmitter. The resistive drop in the
smoothing filter is 250 volts, the valve drop being negligible, and the trans-
Sformer efficiency is 96 per cent. The power supply ts 400 volts three-phase.

Determane the current rating of the supply cable.
Primary current per phase :
I = KI(Ey + Ea)/v/37E,

1-05 x 5(5,000 + 250) . .
T3 X 400 X 096 IO



TABLE 11.—TEMPERATURE CORRECTION FACTORS

|
110 | 115 | l"O

| 145 | 150

Ambient air temp °F. 95 100 l()o 125 130 135 140 |
Factor for VIRLC ] | I n‘
cables . 0-9 0-8 0-69 | | 0-38 - — — | — — —
Factor for P.I.L.C. or ,
varnished cambric | | |
cables 0-96 | 0-92 | 0-88 ! -84 { 079 | 0-74 ! 0-69 | 0-63 ] 0-57 | 0-51 l 0-43 | 0-35
|
Fi1e. 122, ExaMpPLE 1
1 XAMPLE 400V N 12_::);)[\‘/ ”
3-ph. PFE=0'8 e
\ ) +-20V—> I
=08 10’0AT 1-:30
ooV S5A—>— 0009 l
4 v
3ooh. TRANSF 'R. RECT. [ FILTER Skv IJmﬂj\.]
=096 —~ OV ~—250V—

Fia. 123.—ExampPLE 2,

Fia. 124.—ExamMPLE 3.

80I-|
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Temperature Correction Factors for Cables

To allow for increase in resistance resulting from heating, the current
rating is multiplied and the length for a given volt drop is divided by a
correction factor when the ambient air temperature exceeds 90° F
see Table 11.

.y

Voltage Drop and Power Loss in Cables

Resistance per foot length, ohms . . . . r=c/d
Voltage drop per foot length, ohms o 5 . Ir=clI/A
Power loss per foot length, watts . . . . I =cl%/A

where A = cross-sectional area of conductor, sq. in.;

¢ = resistance per unit length (= 875 . 10°% ohm/ft. for soft
copper wire)

ExaMpLE 3.—The filament of a large transmitter valve requires a
heating current of 100 amperes at 20 wolts. The length of cable run
between the transformer and the valve is 30 ft., and the voltage drop in the
cable is not to exceed 3 per cent. Find a suitable cross-section of cable
conductor if the ambient air temperature does not exceed 90° F.

Permissible volt drop :
v = 20 x 003 = 0-6 volt
Total length of cable :
=2 x 30 = 60 ft.
Temperature correction factor = 1.

Volt drop :
v =cll/A
875 x 107% x 100 x 60/4 = 0-0525/4

I

Assuming a 0-06-sq. in. cable,
v = 0-0525/0-06 = 0-875 volt
Assuming a (-1-sq. in. cable,
v = 0:0525/0-1 = 0-525 volt
A 0-1-sq. in. cable is therefore suitable, but note that it was necessary

to choose a size larger cable than was necessary to carry the current, in
order to limit the volt drop.

Voltage Drops in Low-voltage Networks

To determine the drops in low-voltage circuits supplying several
loads at widely separated points, e.g., aviation obstruction lights on
mastheads, remote indicators and alarms, calculate the drops in each
section of the circuit separately and add.
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For example, in Fig. 125

Voltage drop in each conductor
Section A, Vi=cI, + I, + I,)/A
Section B, Ve=cll, — LI, + I,)/4
Section C, Vi=c(ly — L)I,/A

Total voltage drop in cable (go and return)

V=2, + Vz + Va)
= 2c(L1ly + Il + ¥,15)/4

Communication Lines

Attenuation or loss in a communication line is expressed in decibels.
The level at any point in the system is expressed in decibels with
reference to a zero level of 1 mW.

N 10 log,, (P,/P,)
20 logy (E/E,)
20 logq (£5/14)

where P,P, = power input and output respectively, mW ;
E,E, = input and output voltage respectively ;
1,1, = input and output current respectively, mA.

Overall loss or gain is the algebraic sum of the line losses, N;. and
amplifier gains, N,, gains being reckoned positive and losses negative.

N =3IN, — IN

ExampLE 4.—A 10-1b. telephone pair connects a microphone and
amplifier to @ transmitter 20 miles distant. The average output level of

+N' _Nz +N; "N‘ +N5
PR | AV . Ave'R|
LINE LINE (Ny+ Not Ns)
— (N2t Ng)db
F16. 126.—OVERALL Loss orR GAIN.
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A

Fic. 127.—ExaMPLE 4. 3 ‘AMPLIFIER‘ TRANS'R
I |

|

Odb 5db
0

1db/MILE
<+ 20 MILES »

the microphone is 0 db, and the line loss is 1 db/mile. Find : (a) the gain
to be provided by the amplifier in order to raise the level at the distant end
to 5 db: and (b) the output voltage of the amplifier if the load impedance
18 600 ohms.

Line loss =20 x1=20db

Gain to be provided by amplifier
20 +5=25db

Since 0db
N

1 mW
10 logy, (P,/1)

Power output from amplifier :
P, = antilog (N/10)
= antilog (25/10) = 316-2 mW or 0-316 watt
Output voltage of amplifier :
E =+VP,R
= V03162 % 600 = 13-8 volts

ExaMPLE 5.—A4 telephone line 80 miles long, having an attenuation of
0-9 db/mile, connects a telephone handset to a radiotelephone transmitter.
An amplifier is inserted at the input end and another 50 miles from the
input, each providing a gain of 40 db. 1What is the net overall gain and
the audio-frequency power delivered to the transmitter if the input is at
zero level ?

+4C  —45 +40 -27 GAINS

V !

' TO
AMPLIFIER AMPLIFIER T—TtTRANS ;!—TRANSMITTER

]

+40 -5 +35 +8 LEVELS
Fic. 128, —EXAMPLE 5.

o T
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Total gains = 40 4 40 80 db
Total losses = (50 + 30) x 0-9 = 72 db

Net gain 8 db

Taking reference level as 0 db (1 mW) :

P = antilog (N/10)
= antilog (8/10) = 6-31 mW

Loaded Lines and Cables

The increased attenuation at the higher audio frequencies, which
results in distortion in telephone and multi-channel voice-frequency
telegraph systems, is reduced by loading the line with inductance or
inserting coils in series at regular intervals.

Spacing for aerial lines . 5 o . 8-12 miles
Spacing for underground cables o 5 . 1-24 miles

The inductance of the coils in conjunction with the distributed
capacitance of the line constitutes a series of low-pass filters having a
critical upper cut-off frequency

fo=1/aVLC

where L = inductance of loading coil, henrys;
C = distributed capacitance of compensated section of line,
farads.

Note that the inductance required for a given LC product must be
increased as the distance between loading coils is reduced, in order to
compensate for the reduced line capacitance.

ExaMPLE 6.—Loading coils are to be inserted at 2-mile intervals in a
telephone cable having a capacitance of 0-05 uF per loop mile. Determine
the inductance of the coils if the cable 18 to pass all frequencies up to 4,000 c/s
with uniform attenuation. What would be the inductance required if the
cable were loaded at 1-mile intervals ?

Total distributed capacitance of each section of cable :
C =2 x 005 x 10°¢ = 1077 farad
Since fe=1/aVLC

Loading inductance :

1/C(nf)? = — !

L 107 X (4,0007)%

Il

=1 6 5 henrys = 63-4 mH

Loading at 1-mile intervals would halve the value of C

L would have to be doubled, i.e.,
L = 126-8 mH
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TESTS AND MEASUREMENTS

Calibration of Meters
VOLTMETER SERIES MULTIPLIER RESISTANCE
R, = R,(n — 1)
AMMETER SHUNT RESISTANCE
Ry = Rp/(n — 1)

AAAAA
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Fi1G. 129.—SERIES AND F1G. 130.—VOLTMETER WITH
SHUNT MULTIPLIERS. 1’0TENTIAL DIVIDER.

VOLTMETER WITH POTENTIAL DiVIDER

When a moving-coil voltmeter is used with a potential divider for
measuring high D.C. voltages, the resistances of the unshunted and
shunted sections are :

R, = (B, — InEa)/1,
R, = I.Ru/(Iy — I)

where R, = resistance of meter (ohms/volt X range in the case of a
voltmeter);
n = scale multiplier;
R, = resistance of unshunted section of divider;
R, = resistance of shunted section of divider;
I,, = meter current for full scale deflection, amperes;
I, = total current in potential divider (I, > I,,).

ExAMPLE 1.—A4 voltmeter, scaled 0-40 volts, has a resistance of 2,500
ohms [volt and gives full-scale deflection with 0-4 mA. (a) What resistance
will be required in series to read 100 wvolts full scale ? (b) If the meter is
tapped across « potential divider to read 1,000 volts full scale, what will be
the resistance of each section if the total current is to be 1 mA ?

(a) Voltmeter resistance :
R, = 2,500 x 40 = 100,000 ohms
Scale multiplier :
n = 100/40 = 2-5
Resistance required in series :

R, = Ruin — 1)
— 100,000(2:5 — 1) = 150,000 ohms
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Ip=0-4mA.f.s.d. Io=1mA
—_> —

T ( S ) Ry=100kQ2 Iy= O-4mA

100V 1000V ——

éRs l
[

Fi1c. 131.—ExaMPLE 1.
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(b) Resistance of unshunted section :
R, = (E, — ImRm)Io
_ 1,000 — (0-0004 x 100,000)
o 0-001
= 0-96 X 10° ohms = 0-96 MQ say 1 MQ

Resistance of shunted section :
Ry, = InRp/(Iy — In)
_ 0-0004 % 100,000
~0-001 — 0-0004
6:67 x 10* ohmsor 66-7 kQ)

Bridge-measuring Instruments
A Wheatstone resistance bridge is balanced when
R, = R,R;/R,
ExaMPLE 2.—The resistance of a co-axial cable having a normal

resistance of 23-6 ohms /1,000 yd. was measured on a Wheatstone bridge to
determine the position of an earth fault. The resistances of the two ratio

R, Ra
10002 100 E
23-602/1000YDS
Rx/( =
Ry /
420 | «——| —»
—

Fi6. 132.—\WHEAT-
STONE RESISTANCE
BRIDGE.

Fi1c. 133.—ExaMPLE 2
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)

CONNECTIONS FOR CONNECTIONS FOR
A.F. SOURCE POSITIVE IMPEDANCE NEGATIVE IMPEDANCE

@) (b)

F16. 135.—CONNECTIONS FOR POSITIVE
AND NEGATIVE IMPEDANCES.

arms were respectively 100 and 10 ohms, and balance was obtained when

the variable arm was 42 ohms. Find the distance of the fault from the
testing end.

Fi6. 134.—Caracl-
TANCE BRIDGE.

Resistance of cable :
R, = RyR,/R, — ¥ 510 _ 49 ohm
z = Llalt g/ 1“‘1—00_—__" S
Distance of fault from end of cable

1,000 x 4-2

= VR,/R = e

= 178 vd.
A simple capacitance bridge (Fig. 134) is balanced when
C =C,R,/R,
where R,R, — calibrated resistance arms;
R, = adjustable calibrated resistance ;
R, = resistance to be measured ;
C', = adjustable calibrated capacitance;
(', = capacitance to be measured.
An A.C. impedance bridge is balanced when
Z=2,2,7,
Usually Z, and Z, are made equal, so that the impedances of the

opposite arms Z, and Z, must be equal to satisfy the balance. Then if
the_balancing arm Z, is made a pure resistance R, Z. = R,.

For a positive (inductive) impedance (Fig. 135 (a)) :
Y: = Gx + jBx
R: + jX: = (R; + joCRZ)/{] + (wCRy)*}
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For a negative (capacitive) impedance (Fig. 135 (b)) :
Y, =G:— jB: + joC
R, — jX.: = (B3 — joCR?A) /{1l + (wCR;)%}

where R, = resistance component of unknown impedance ;

X, = reactance component of unknown impedance ;
R; = resistance of balancing arm;
C = added capacitance.

ExaMPLE 3.—A cable of unknown impedance s connected to an A.C.
impedance bridge. Balance is obtained at a frequency of 1,000 c/s when
the impedances of the ratio arms are equal, the resistance of the balancing
arm i8 300 ohms and the shunt capacitance is 0-4 uF. Calculate the
resistance und reactance comygonents of the cable.

wC =2 x 10* x 4 x 107 = 2:513 x 10-*

Impedance of cable :
Z, = 2,2,]Z,
But since Z, = Z,
Z, = Z,
_ By(— jXy)
Ry — jX,
_ = JRs/C
" Ry — jloC
_(— JR,/wC)(R, + Jj/wC)
- 2 2]
R:" +2(1"w0) 106(3:/5
= fii-_(jggsz Fi16. 136.—EXAMPLE 3.
_ 500 — 5(2:5138 x 107 x 500?)
1 + (2-513 x 1073 x 500)*
or 194 ohms resistance
244 ohms capacitive reactance

=

— 104 — j244

Resistance, Inductance and Capacitance

Resistance, inductance and capacitance in low-frequency and radio-
frequency circuits can often be determined from simple A.C. measure-
ments of voltage and current.

Resistance . e . e e . R=E|I
Inductance . 5 5 5 . . L =E|wl
Capacitance . . . 5 5 . C=1/wE

Resistance with known resistance in series R = E/I — R,
Inductance with known resistance in series L = {V(E/I)* — R,%}/w

Capacitance with known resistance in series C = 1/{wV (E[I)* — R,%}
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where E = r.m.s. value of voltage;
I = r.m.s. value of current, amperes;
w = 2xf;
R, == known resistance in series, ohms.

ExAMPLE 4.—A4 choke is connected in series with a carac-itor across a
100-volt, 1,000-c/s supply. The capacitor is adjusted until a maximum
current of 200 mA flows in the circuit. The voltage across the capacitor,

A

C 150V
Y

L

R

—
200 mA
Fic. 137.—~ExAMPLE 4.

measured with a valve voltmeter, is then 150 volts r.m.s. Calculate the
resistance and inductance of the choke and the capacitance of the capacitor
assuming that the capacitor has negligible resistance.

Maximum current flows at resonance, and effective reactance of
circuit is zero. Then resistance of choke :

R = E/I = 100/0-2 = 500 ohms

Capacitance of condenser :
I = wCE
Cur = 1/wE x 108
0-2 x 108 e (A
=3 % 1,000 x 150 ~ /18T = 02124k
Since inductive and capacitive reactances are equal at resonance,
wl = 1/wC
Ly = 1/w?C
1

SYE— _— 012
3 % 1,000 % 0212 x 1g-o — Q12 henry



I-118 RADIO AND TELEVISION REFERENCE BOOK

T T Fic. 138.—DETER-
'?‘ :.ﬁ: -.4 2'\;. :45: - MINATION OF SELF-
L FCO 7] C VC -C CAPACITANCE OF IN.
1 ! © 2 pucror L.
v ]
Resonant Circuits
Apparent inductance of resonant -circuit,
capacitance known . . . . L;=1/0?C,
True inductance, (capacitance and self-capaci-
tance of coil known) . . . . Ly = LC (Cy + Cy)

Self-capacitance of inductance coil. This is found as follows :

The coil is energized with a known capacitance in parallel by means
of a calibrated test oscillator at the resonant frequency of the combina-
tion. The frequency is then doubled and the capacitance adjusted
until resonance is again obtained. The self-capacitance :

Cy = (C) — 40,)/3

capacitance required for resonance at frequency f;

where C,
capacitance required for resonance at frequency 2

Cy

ExaMPLE 5.—A coil of unknown inductance with a capacitance of
250 pF in parallel tunes to a test oscillator at a Sfrequency of 1-8 Mc/s.
When the frequency is doubled, the circuit tunes with a capacitance of
45 pF. Find the self-capacitance of the coil and its true inductance. A
capacitor of unknown capacitance is now inserted in parallel, and the
circuit is found to tune to a frequency of 1-63 Mc/s. Find the capacitance
of the capacitor.

Self-capacitance of coil :
Co=(Cy — 4C,) /3 =

w? = (2 x 1-8 x 108)% = 1-277 x 101

f=1-8Mc/s

f=1-63Mc/s

i
Cz‘ ‘ -t-c
45pF = =maCs

F16. 139.—ExaMPLE 5.
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Apparent inductance :
L, = 1/w,?C,
Ly (uH) = 10'%/w,%C, when C, is in pF

1018
1-277 x 104 x 250

=31-3uH

True inductance :

B, 81-3 x 250
bt o0~ m0 4 agp = BELH
wy? = (27 X 1-63 x 10%)2 = 1-046 x 1014

La (pH) = 10% [{ewg(Cy + Cy)}

Capacitance of added capacitor :
Cy (pF) = (10%%/w,2L,) — C,

101

= (1046 x 10W x 314) _ #% = 260p¥F

Radio-frequency Resistance
RESISTANCE VARIATION METHOD

The apparatus of which the resistance is to be measured is inserted at
X, and the circuit is coupled to a stable radio-frequency oscillator. A
current reading is taken on a thermo-ammeter. A known non-inductive
re}sistance is then inserted in series and a second reading is taken.
Then

R =R,I/I, —1)

where I = current reading without added resistance ;

I, = current reading with X o
added resistance ; |
R, = added resistance, ohms.
ADDED REACTANCE METHOD

Suitable for measuring the total
resistance of a circuit. The current
is measured at resonance. React-
ance is then zero. The circuit re-
actance is varied by a known amount
and the current is read again. The
reactance can be varied by adjusting
a calibrated variable condenser or
the number of turns of a known
inductance or by changing the
frequency. Then

R.F.
SOURCE

— F16. 140.—MEASUREMENT OF RaD10-
R =X VI?{I*—-13 FREQUENCY RESISTANCE

R'_IT
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where I, = current at resonance, &

—

&
NRREN

added reactance, ohms

Valve Testing

mperes ;

current with added reactance, amperes;

4+ (C, — C)/wC,C for variation of capacitance
+ w(L — L,) for variation of inductance
+ L{w? — w,?)/w for variation of frequency.

The constants ¢, x and R are determined from measurements of small
relative changes of anode current (3I), anode voltage (8E) and grid

lg
/Ea=200
61a
1 559
|
!
= @ +

Fi1G. 141.—DETERMINATION OF VALVE
('ONSTANTS.

voltage (8E). They are usually
specified for receiver valves at an
anode voltage of 100, and zero
grid bias. g should not be allowed
to fall below 80 per cent of its
specified value for satisfactory
operation.

Mutual conductance : g = gg‘
g

Amplification factor: p = gg“
g

A.C. resistance : R = SEq
81,

If two of the three constants
are known, the third can be found
from the relationship

F'=gRa

ExaMpLE 6.—Tests on a triode
showed that when the anode voltage
was reduced from 200 to 180 with
zero grid bias, the anode current fell
from 30 to 23-3 mA. When the
anode voltage was kept constant at

200 and the bias voltage was altered from 0 to —2 volts, the anode current
fell to 22 mA. Find the values of R,, g and p.

A.C. resistance :
Re =51, ~ 30 — 233)

Mutual conductance :

E, 200 — 180

1,000 — =20

81, _ (30 — 22)/1,000

9=%8,

2
&

= 0-004 ampere/volt or 4 mA /volt

Amplification factor :

u = gR, = 0-004 % 2,985 = 11-9
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AIDS TO ENGINEERING CALCULATIONS
Accuracy

Nearly all engineering data is approximate to within the limits
imposed by measuring instruments, and no useful purpose is served by
carrying the result of a calculation to more than the number of signi-
ficant figures given in the data. Asan example, the diameter of a wire
can be measured accurately with a micrometer to three significant figures.
In calculating the resistance from the measured diameter and length,
the accuracy of the result is not increased by working to more than three
significant figures.

Again, suppose it is required to convert a wavelength of 16-4 metres to
frequency in megacycles. The result would be correctly stated as
18-3 Me/s. If the result were given as 18:29 Mc/s, no reliance could be
placed on the second decimal, as the original figure is given to only
three significant figures.

In most practical applications the results are seldom required to a
greater accuracy than three significant figures, which is obtainable on a
10-in. slide rule. Two significant figures is often sufficient for rough
mental computations.

A meter reading or & measurement given as 4-3 is understood to have
limits of accuracy of 4-3 4 0-05. If the reading were given as 4-30,
the limits would be +:30 + 0005, and so on. The procedure for adding,
subtracting. multiplying and dividing data of equal accuracy when the
limits are required is illustrated by the following examples :

ADDIrION SUBTRACTION
4:3 + 0-05 4:3 £+ 0:05
32 + 005 32 + 005
75 4+ 01 -1 -0
o or 11 + 0-1if the errors are of the same sign.

Divisio~N
43 + 0-03 4-3
3-1

5
32+ 0-05 ~ 315 01381

2
55 = 01308

Ot

O e~

or

<

Tind the mean of the two results to as many decimal places as the
datum. Then

Mean quotient = 0-1344
Mean of difference = 0-0036
Limits of quotient = 0-1344 4 0-0036
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Approximations

An approximate calculation can be made to determine the position of
the decimal point or to obtain a rough answer to an extended product
or division by the following method. With practice the working can be
performed mentally.

Write down each term of the expression as an approximate number of
whole units to the left of the decimal point, multiplied or divided by the
necessary number of tens written in index form, e.g.,

000365 = 4 .10

692 =7.102
Examples
(1) 0-00365 x 692 x 8-2
774 x 0-01

AdXTx8 1070 x 102 _ .o

=Tex1 10T x 102 =2 8PProX
(2) 2.1 x 8,074

394 X 0-93

. [2x8_10°
=Nix1 %10

=10V1 =20 approx.

Short Cuts in Calculations

Use of Indices. Numerical calculation is simplified by the use of
indices or powers of ten. The index number, when positive. denotes the
number of figures to the left of the decimal point; when negative to the
right of the decimal point, e.g.,

127,000 = 1-27 x 105
0-0038 = 3-8 x 1072
0-05¢ = 354 x 107*
The rules for operating on indices are
am X gt =gmtn 10 x 10% = 10°
Mgt = gm " 102/10% = 10
(xm)n = gmn (108)2 = 10¢
Examples
(1 32 x 0-00625 x 0-73 _ 3-2 X 6-25 X 0-73 . 103
6:29 x 25-64 x 0-01 ~ 620 x 2-364 101
= 0-00905
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2) vV 0-003 x 0-17 = V3 x 17T x 10

= 10"24/51

= 0-0226

Squares and Square Roots

The calculation of square roots and cube roots is simplified by
remembering that

vV x 10" = 102V
Va x 10" = 1073z
Examples

(1) V0-0009 = V9 X 10 = 10-2v/9 = 0-03

7% 108 = 10V27 = 30

o

(2) ¥'27,000 = +':

3

In such expressions as a?b?, a?/b?, \/cﬁ-z/\/c + d the operation of
squaring or extracting the square root can be reduced to one operation.

Ezxamples

(1) w?L? = (wL)?

(2) a*[n® = (a/n)?

(3) VB 4+ oL}V G® F+ 1/0®C? = V{(R? + (o) /{G% + 1/{wC)?
Differences of Two Squares

The difference of two squares can be calculated by factorizing without
having to square the two quantities.

a® — b* = (a 4+ b)(a — b)
Other useful approximations obtained by squaring are :

(a + b)*> = a® 4+ 2ab + b*

a® + 2ab when a>> b
(a — b)? = a® — 2ab + b*
= a* — 2ab when a > b
Examples
(1) 142 — 6:52 = (14 + 6:5)(14 — 6:5) = 153-75
(2) 422 = 40% 4+ 2(40 x 2) = 1,760 approx.
(3) 4-8° = 5% — 2(5:0 X 0-2) = 23 approx.
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Products and Quotients

The following approximations for the products and powers of bi-
nominal factors can cften be applied to shorten certain calculations.

(1 +2)(1 + o) =1+z+y
(1+2)1+yl+2)=1+2x+y+z
(1 & )" =1+ nx

when z, y and 2 < 1
Examples
(1) 1-003 x 0-995

(I + 0-:003)(1 — 0-003)
1 + 0-:003 — 0-005 approx.

= 0-998
9
L = 3(1 + 0-002)
= (1 + (— 1 x 0-:002)) approx.
= 0-333
1
() e = (1 — 0-006)}
. =1 — (— $)(0-006) approx.
= 1-003

Calculating Successive Values from a Formula

When an equation contains several variables, only one of which is
varied, successive calculations for each different value of the variable
factor are simplified by first working out the coustant part of the
expression, and then applying the appropriate law of proportions to the
variable factor.

Ezxample

The frequency in ke/s of a tuned circuit is given by the formula

f = 159/V LC, where L is the inductance in microhenrys and C the

capacitance in microfarads. Find f when L = 50, 100, 150 and 200 pH
respectively and ¢ = 0-0002 pF.
When L = 50, f, — 159/V LC
159

= VR x 2 x 103 220kl
Note that, since f «c 1/V LC
at any other frequency fo = f1IVL,L,
=/ Vlm
Hence
when L =100 f,=f/v/2 = 1,120ke/s
L =150 f,=f/v/3=_920kes

L = 200 fi=hH12 = _T795kefs
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Expressions Containing o or w?

Pulsatance w (= 2 7 X frequency) can be evaluated quickly in many
cases by remembering that at 100 ¢/s « = 628 approximately, and
multiplying by 10% when the frequency is given in ke/s and 108 when in
Me/s.

Ezxamples

(1) f = 1,000 ¢/s. @ = wigy X 10 6,280

@) f= 5 ke/s. @ = bwyg X 103 = 3142 x 105
(B)f=  25Mefs. @ = Jwy x 108 = 1571 x 103
(#) f= 40 Mec/s. @ = }wpg X 107 = 2:51 x 1010

w? commonly occurs in such expressions as «2LC. Caleulation can be
shortened by considering that

w? = 3-04f% x 107 when fis in ke/s
= 3-94f% x 10! when f is in Mc/s
Ezxamples
(1) f = 5 ke/s. w? = 394 x 5% x 107 = 9-85 x 107

(2) f = 8 Mc/s. w? = 3-04 x 8 x 108 — 2:52 x 1015

Conversion of Units

In radio technique quantities are frequently measured in sub-
multiples of basic units, e.g., current in milliamperes, inductance in
microhenrys and capacitance in microfarads; whereas fundamental
formule are derived from basic units. The procedure in the following
examples will often simplify the conversion of formulw :

Ezxamples

(1) Find the power in watts dissipated by a resistance of 2,000 ochms
when carrying a current of 30 mA. Power in watts P = I2R.

Instead of converting to amperes and squaring, it is simpler to divide
mentally (milliamperes) by 1,000 and resistance by 1,000.

P =09 x 2 =18 watts
(2) The frequency in c¢/s is given by the formula f = 1/2aVIC,

when L is in henrys and C in farads. What is the frequency in Me/s
when L is in microhenrys and C in microfarads ?

Vf,.,,(?,.r '\/L”Cp x 1012
108y iuér
Also f![cls loafr/u

Hence the formula remains unchanged.
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Where the conversion involves several factors, it is advisable to set
down each factor step by step to reduce risk of errors.

Ezample

Find the number of kilogram-calories per hour equivalent of 1 kW,
given that

1 kg.cal. = 3-968 B.Th.U.
1 B.Th.U./sec. = 1-058 kW
kW to B.Th.U./sec. =+ 1-058

B.Th.U./sec. to kg.cal./sec. - 3-968
kg.cal./sec. to kg.cal./hr.  x 3,600

3,600
1-058 x 3-968
860 kg.cal. /hr.

1 kW =

Use of Logarithms

The laws of indices expressed in logarithmic form are :

Product of two numbers . . log mn = logm + log n
(Add the logs and take the antxlog )

Quotient of two numbers . logmin =1logm —logn
(Subtract the logs and take the antxlog )

nth power of a number . . log m® = nlog m
(Multiply the log by the power and take the antilog.)

nth root of a number . log "y/m = (1/n) log m

(Divide the log by the power a,nd take the antllog )

In applying these principles to calculations, note that the decimal
part of a logarithm is positive, but the whole number (the index) to the
left of the decimal point may be either positive or negative, according
ag the number corresponding to the logarithm is greater or less than
unity. When the index is negative, convert the logarithm to a positive
quantity by the device of adding +10 —10, as shown in the following
examples.

Examples

929. 007
(1) Evaluate HYER) >S 0-0076.

3-451
log 29-32 = 1-4672
log 0-0076 = 3-8808 (+ 10 — 10) = 7-8808 — 10
9-3480 — 10
log 3-451 = 0-5379
8-8101 — 10
antilog 8-8101 — 10 = antilog 2-8101

= 0-06459
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3 [ 2.303 < 695
9 DELE _ - _ R
(1) DTS \/26-42 0007 < 0124

Denominator Numerator
log 26-42 = 1-4219 log 2:303 = (-3623
log 0-007 = 3-8451 log 69-05 = 1-8420
log 0-124 = 1-0934
- 2-2043
3.3604 3.3604

log quotient = 3-8439

log ¥/ = 1/3 (3-8439)
= 1.2813
antilog ¢/ = 19-11

Decibel Conversions

Tables 3 and 4 provide a quick means of converting any power ratio
P, /P, or voltage ratio E,/E, into decibels ¥, and vice versa, without
the use of logarithmic tables. These tables have been derived from the

basic formulwe

N = 10 log,, (Py/P,)
or N = 20 log,, (E, E,)
and, conversely, P, P, = antilog (N/10)

E,/E, = antilog (N/20)

To convert a power ratio greater than the ratios given in the table,
divide the ratio by 10 in succession, until the quotient falls within the
ratio column. Read the corresponding number of decibels, and add
+10 db for each division by 10.

Examples
(1) To express a power ratio of 580 in decibels.

—|
<|
-
<

‘From the table
A power ratio of 5-8
A power ratio of 380

[
9 ~1 1
[~ B~

To convert a power ratio smaller than the ratios given in the table,
multiply by 10 in succession, until the product falls within the ratio
column. Read the corresponding number of decibels, and add —10 db

for each multiplication by 10.
(2) To express a power ratio of 0-036 in decibels.

0-036 x 10 x 10 = 3-6

A power ratio of 3-6 = 5:563 db
A power ratio of 0036 = 5:563 — 10 — 10 db
= — 1444 db
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TABLE 3.—CONVERSION OF POWER, VOLTAGE or CURRENT RATIOS TO
DECIBELS

Power db Power | db | Power db Powgr

Ratio Ratio | Ratio Ratio db
|

1-:0 | 0-000 33 5-185 56 | 7-482 79 | 8976
1-1 0-414 34 | 5315 57 7-559 8-0 9-031
1-2 0-792 3-5 | 5441 | 58 7-634 81 | 9085
1-3 1-139 3-6 5563 59 7-709 82 | 9-138
1-4 1-461 37 | 5682 6-0 | 7-782 83 9-191
15 | 1-761 | 3-8 5798 6-1 7-853 8-4 9-243
1-6 | 2-041 3-9 5-911 6-2 7-924 85 9-204
17 2-304 40 | 6-021 6-3 7-993 86 | 9-345
1-8 2-553 4-1 6-128 64 | 8062 87 | 9-395
19 2-788 42 6-232 65 8-129 8-8 9-445
2-0 3:010 43 | 6335 | 66 8-195 89 9-494
2-1 3-222 44 6-435 67 8-261 90 | 9542
2-2 3-424 45 6-532 68 8-325 91 | 9:590
2-3 3:617 46 | 6628 6-9 8-388 9-2 | 9-638
2-4 3-802 47 | 6721 7-0 8-451 9-3 9:685
2-5 3-979 4.8 6-812 7-1 8:513 9-4 9-731
26 | 4-150 49 | 6-902 7-2 8:573 9-5 9-771
2-7 4-314 50 6-990 7-3 8-633 9-6 9-823
2-8 4-472 51 7-076 7-4 | 8692 9-7 9-868
2.9 4624 | 52 7-160 7-5 8-751 9-8 9-912
3.0 | 4771 53 7-243 7-6 8-808 9-9 9-956
31 4-914 54 7-324 7-7 8-865 10-0 10-000
32 5051 55 7404 | 78 8-921

|

\
}‘

|
L
|
|
|

To convert a voltage or current ratio, treat the value in the power
ratio column as a voltage or current ratio, and double the corresponding
number of decibels read in the decibel column. If the ratio is outside
the range of the table, follow the procedure outlined above.

(3) To express a voltage ratio of 75 in decibels.

B,
- "
A power ratio of 7-5 = 8751 db
A voltage ratio of 7-5 = 8-751 x 2 = 17-50 db
A voltage ratio of 75 = 17-5 + 10 = 27-5 db

To convert values intermediate between 10 and 100 db, not included
in the table, proceed as follows :

(1) Select from the decibel column the nearest value below the
given decibels, and note the corresponding ratio.

(2) Subtract the selected decibels from the given decibels, and
note the corresponding ratio.

(3) Multiply the two ratios thus found.
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TABLE 4.—CONVERSION OF DECIBELS TO POWER, VOLTAGE OR CURRENT

RaTios
Gain . Loss
- - '_, ——| + db- -
. Voltage or . Voltage or
Power Ratio | Current Ratio I LD Current Ratio

1000 | 1000 | 0 | 10000 1-0000
1-259 | 1-122 1 | 0-7943 0-8193
1-585 | 1-259 2 0-6310 0-7943
1-995 1-413 3 0-5012 0-7079
2-512 1-585 | 4 0-3981 0-6310
3-162 l 1-778 ! 5 0-3162 0-5623
3-981 1-995 6 0-2512 0-5012
5012 2:239 ! 7| 0-1995 0-4467
6-310 2-512 8 0-1585 0-3981
7943 2:818 9 0-1259 0-3548

|
10 3-162 10 10t 3-162 x 10
102 10 20 102 10t
103 3162 x 10 30 103 3162 x 107!
104 102 40 104 102
10° l 3-162 x 10 50 105 [ 3162 x 1072
10¢ 10° [ 60 10¢ 10°3
107 3-162 x 103 70 1077 3:162 x 1073
103 104 80 108 104
10? 3162 x 10! 90 102 3-162 x 10~¢
1010 ‘l 10° 100 10710 10-5

1 | o R I I B _

Ezxamples

(1) To express a gain of 28 decibels as a power ratio.
From the table :

Power ratio for 4+ 20 db = 100
Power ratio for + 8db = 6-31
Power ratio for 4 28 db = 100 x 6:31 = 631

(2) To express a level of 15 decibels below zero level (1 mW) as power
output in milliwatts.
From the table :

Power ratio for —10 db - 0-1

Power ratio for — 5 db = 0-3162

Power output (reference 1 mW) = 0-1 x 0-3162 x 1
= 00316 mW

(3) To expresg a voltage gain of 44 decibels as output voltage when
the input level is 0-5 volts. Input and output impedances are assumed
to be equal.
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From the table :

Voltage ratio for 40 db
Voltage ratio for + 4 db
Output voltage (reference 0-5 V)

1-585
100 x 1-5385 % 05
7925 volts

Slide-rule Calculations

The principal scales on the face of a slide rule are divided into lengths
Froportional to the logarithms of the numbers engraved opposite the
engths. On a 10-in, rule the full scale from 1 to 10 corresponds to
logy, 10, and the length in inches corresponding to any number between
1 and 10 is equal to the logarithm of that number multiplied by 10.

Multiplication of two numbers by addition of their logarithms is
performed directly by adding the length representing one number on
the sliding scale to the length representing the other on the fixed scale.
Fig. 1 (a), with the aid of an example, will illustrate the principle of this
operation. To multiply 3-2 x 2:5 set 1 on the sliding scale opposite 3-2
on the fixed scale. Opposite 2-5 on the sliding scale, read off the product
8-0 on the fixed scale.

Similarly, to divide two numbers by subtracting their logarithms, the
lengths are subtracted, as in Fig. 1 (b). To divide 8-0 by 3-2 we set 32
on the fixed scale opposite 8:0 on the sliding scale. Opposite 1 on the
fixed scale read off the quotient 2-5 on the sliding scale. The method
of approximating to determine the position of the decimal point has
been described in an earlier section.

The ordinary straight slide rule has four scales on the front face
which will be referred to in the sections that follow as A, B, C, D.
A and D are fixed to the body of the scale; B and C are on the slide.
A and B are similar; C and D are also similar. On the reverse of the
slide are three more scales for calculating sines, tangents and logarithms,
which will be referred to as 8, T and L respectively-.

1 [2 3 2 5 16 78k
[r f2 3 [« |5 [6 7800
L ; '
b log 3:2 ———»+——log 2:5 ———»
*——————log 3-2+1l0g 2:5=log 8 ————»
(a) 3-2x2.5=80
L —
{
[ [ 3 a5 6 7 890
1 2 3 4 15 6 [7]elofto
L | L
t_—— L log8 ——
log8-log3-2 _ .
o925 —— log32 —»

(b} g—:g=2.5

Fig. 142 —THE FIXED AND SLIDING SCALES OF A SLIDE RULE, SHOWING:
(a) THE METHOD OF MULTIPLICATION, AXD (b) THE METHOD OF DIivIsion.
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Multiplication and Division

When the numerator and denominator both contain two or more
factors, the number of movements of the slide can be reduced by cross
dividing and multiplying alternately.

Example

0038 x 625
89-6 < 0-00011
Approximation for the decimal point 2700.

(1) Set hair line on cursor over 3-8 on Scale D.

(1i) Slide Scale C until 8-96 appears under hair line.
(iii) Set hair line on cursor over 6-25 on Scale C.
(iv) Slide Scale C until 1-1 appears under hair line.
(v) Read off 241 under 1 on Scale D.

Answer to 3 significant figures = 2,410

Squares

Scales C and D are each twice the length of Scales A and B. Since
log x% = 2 log @, numbers on Scale A are the squares of the numbers
opposite them on Scale D.

Example
0-06272
Approximation for the decimal point 0-0036.

(i) Set hair line on cursor over 6-27 on Scale D.
(ii) Read off 393 under hair line on Scale A.

Answer to 3 significant figures = 0:00393

Square Roots

Numbers on Scale D are the square roots of the numbers opposite
them on Scale A. TUse the left-hand half of Scale A if the number of
figures to the left of the decimal point is odd, and the right-hand half if
it is even. When the number is less than unity. use the left-hand half
of Scale A if the number of 0s to the right of the decimal point is odd,
and the right-hand half if it is even.

Examples
(1) 1/0-00518
Approximation for the decimal point 0-07.

(i) Set hair line on cursor over 548 on right-hand half of Scale A.
(ii) Read off 74 under hair line on Scale D.

Answer to 3 significant figures 0-074
(2) /39500
Approximation for the decimal point 200.

(i) Set hair line on cursor over 395 on left-hand half of Scale A.
(ii) Read off 199 under hair line on Scale D.

Answer to 3 significant figures 199
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Cubes

A cube is obtained on Scale A from the number on Scale D in the
following manner :

Ezample
2-56%

(i) Move Scale C until 1 (or 10 if number >316 . . . ) is opposite
2-56 on Scale D.
(i} Set hair line on cursor over 2:56 on Scale B.
(11i) Read off answer on Scale A.
Answer 16-8

Cube Roots

The process is the reverse of cubing. The root is obtained on Scale D
from the number of Scale A.

Ezample _
V87

(i} Set hair line on cursor over 87 on Scale A.
(ii) Move Scale C until 1 (or 10 if number >464 . . .} is opposite
the same number on D as appears under cursor on B,
(iii}) Read off answer on Scale D.
Answer 443

Sines

Use Scale S on back of slide for the angle, and read the sine on Scale B,
and vice versa. Note that for angles from approximately 4° to 53° the
figures for the sine must be prefixed by 0-0, and for angles above about
53° by 1.

Ezample

sin 18° 30’
(i) Withdraw slide to right and set 18° 30’ on Scale S below the datum
mark on the body of the scale.

(ii) Reverse rule and read off 3-17 on Scale B below 10 on Scale A at
right-hand end.

Answer 0-317

Cosines

The cosine of an angle is equal to the sine of the complementary
angle §. Use the procedure for the sine and find sin (90° — 8).

Ezample
cos 62°

(i) cos 62° = sin(90° — 62°) = sin 28°,
(ii) Withdraw slide to the right and set 28 on Scale S below the
datum mark on the body of the rule.
(iii) Reverse rule and read off 4-7 on Scale B below 10 on Scale A
at right-hand end.
Answer 0-47
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Tangents

Use Scale T on back of slide for the angle, and read the tangent on
Scale C above 1 on Scale D, and vice versa. Note that for angles
between approximately 3° and 54° the figures for the tangent must be
Ereﬁxed by 0-0, and for angles between 53° and 45° by 0. For angles

etween 45° and 90° the tangent varies between 1 and infinity. When
the angle exceeds 45°, subtract the angle from 90° and read the tangent
on Scale D below 10 on Scale C.

Example
tan 63° 35

(i) Since the angle is greater than 45°, use the complementary angle.
90° — 63° 356" = 26° 25",
(ii) Withdraw slide to left and set 26° 25’ above datum mark on
body of rule.
(iti) Reverse the rule and read off 2:02 on Scale D below 10 at right-

hand end of Scale C.
Answer 2-02

Cotangents

The contangent of an angle 8 is equal to the tangent of its comple-
mentary angle. When the angle is less than 45°, find tan 6 and read
the tangent on Scale D below 10 on Scale C. 'When the angle is greater
than 45°, find tan (90° — 8) and read the tangent on Scale C above 1 on
Scale D.

Example
cot 21° 50’

(i) Withdraw slide to left and set 21° 50" above datum mark on body

on rule.
(ii) Reverse rule and read off 2:5 on Scale D below 1 on Scale C.

Answer 2-5

Common Logarithms

Use Scale D for the number and Scale L on the back of the slide for
the mantissa of the corresponding logarithm, and vice versa. The
index of the logarithm is determined in the manner previously described
for logarithms.

Ezamples
(1) log,, 74-6

(i) Since the number lies between 10 and 100, the index will be 1.
(ii) Set ! on Scale C opposite 7-46 on Scale D.
(iii) Reverse rule and read off 8:73 on Scale L. above datum mark on

body of rule.
Answer 1-873
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(2) log,, 0:0382

(i) Since the number lies between 0-01 and 0-1, the index will be 2.
(ii) Set 1 on Scale C opposite 3-82 on Scale D.
(1ii) Reverse rule and read off 5:-82 on Scale C above datum mark on
body of rule.

Answer 3-582

Complex Quantities

Complex quantities are readily resolved with the aid of the j operator.
Just as the symbol — prefixed to a quantity representing a vector
denotes that the vector is displaced by an angle of 180°, so the symbol
4/ — 1, represented by the prefix j, denotes displacement through 90°.
It follows that

i= 4/ — 1 rotation through 90°
Jxji=+4+j= — 1 rotation through 180°
—jXj=—j= + 1 rotation through 0°
—JX —j=4+j= — 1 rotation through 180°
jXjxj=+j*= —14/—1 rotation through 270°
IXixXIxXj=+j= + 1 rotation through 360°

A vector displaced by an angle intermediate between 0° and 90°
can be regarded as the resultant of two component vectors a and b
at 90° with respect to each other, and is designated by the complex
quantity @ 4 jb, of which a is termed the real part and jb the imaginary
part. For example, the vector representing the impedance Z of a
resistance R and reactance X in series is the resultant of two vectors R
and jX, and forms the hypotenuse of a right-angled triangle, of which
R and jX are the two sides (see Fig. 143). Hence:

Z =R +jX

1z| = VEE T X
where the phase angle
¢ = arc tan (X/R)

Complex expressions must be added vectorially by treating the real
and imaginary components separately. Addition, subtraction, multi-
plication and division are performed according to the ordinary rules of
algebra. The scalar value of the resultant can then be calculated by
taking the square root of the sum of the squares of the real and imaginary
quantities.

ADDITION

Zy+ Zy = (R, +jX)) + (R, +jX,) = (R, + Ry) + j(X; + X,)
SUBTRACTION

Zy,—Z,= (R +jX)) — (R, +7X,) = (B — Ry) + (X, — X))
MvrrirLicATION

Z1\Zy = (Ry + jX )R, + jX,) = (R1R, — X, X)) + (X Ry 4+ R\ X,)
DivisioN

Z1/Zy = (Ry + j X)) /(R + jX.) = (R\R; + X X,) /(R + X,?)

+j(X1Rz - Rle) (Rzz + Xaz)
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B=Xx/z2

G=R[z2
F1Gc. 143.—UsE OF J OPERATOR.

Conjugate Numbers

To split a complex expression, such as 1 (R + jX), into real and
imaginary components, multiply numerator and denominator by the
conjugate of R + jX, i.e.,, R — jX.

Then since (R +_7X)(R —JX)=R*+ X?
(B +jX) = R (R* + X?) — jX/(R® 4 X?)

In dealing with parallel circuits involving complex quantities, it is
easier to proceed as follows. The admittance of impedances in parallel
is the algebraic sum of the separate admittances, Y = 1/Z, 4+ 1 Z, + ...

(1) Find the separate conductances ' = R/Z? and susceptances
B = X /Z2 of each path.

(2) Find the combined admittance ¥ = (¢ 4 jB;) + (G; + jB,) 4. . .

(3) Take the reciprocal of the combined admittance to find the
effective impedance.

Example

What is the effective impedance and phase angle of two impedances
3 + j4 and 2 — jl connected in parallel ?

BraxcH A Braxca B
(impedance)? . 22 =3r - 42 =25 Zr =22 12 =3
conductance . G =325 = 012 G, =273 = 0-67
susceptance . B, =425 = 016 B,=1/3 = 0-33

Combined admittance of branches A and B

Y =(G, + Gz) ~ j(B; + B;)
= 079 — j0-17

Effective impedance of branches A and B

=079 — jo-17
o 0-79 + j0-17 )
T {079 — JO-17)(079 + j0-17)
079 £ 01T
= 0:62 5 0-029 ~ 21 + 7026



1-136

RADIO AND TELEVISION REFERENCE BOOK

0

0000
0114

1

0043
0453

792
1139
1461

1761
2041
2304
25563

2788

3010

0828
1173
1492

1790
206%|
2330
2577
2810)

3032

3!

3424

3243
3444

0864)0899/0934/0969{1004
1206(1239|1271(1303(1335

3617
3802

3979
4150
4314
14472
4624

4771
4914
5051
5185
5315

5441
5563

7 56382

5798
5911

bLibiY

3820

3997
4166
4330
4487
4639

4786
4923
5065
5198
5328

5453

5575
5604
5809
5922

6021
G128
6232
6335
6435

6532
6628
6721
6812
6902

6990
7076
7160
7243
7324

6031
6138
6243
6345
6444

6542
16637
6730
6321
6911

6998
7084
71638]
7251
7332

34 .

LOGARITHMS

2 3 I 1 5 6 7 8 9 1 2 3 4 5 6 789
0086]0128[0170j0212[0253|0204|0334/0374] 4 8 12| 17 21 25 | 29 33 37

0492/053110569/0607]0645/0682|0719]0755] 4 8 11| 15 19 23 | 26 30
|10381072110 3 710 1417 21 | 24 28 31
1367|1399{143! 3 6101316 19| 23 26 29
1523(1553{1584/1614|1644/1673(|1703|]1732 3 6 9| 12 15 18 | 21 24 27
1818[1847[1875/1003(1931(1959]1987{2014] 3 6 8| 11 14 17 | 20 22 25
20952122|2148[2175|2201(2227[2253(22790 3 5 S [ 11 13 16 | 18 21 24
2355{2380/2405/2430/2455(2480[2504(2629 2 5 7 [ 10 12 15 | 17 20 22
2601(2625/2648/|2672/2695(2718|274202765] 2 5 7 91214 [ 16 19 21
2833[2856(2878[2900/2923/2945 uutzud% 2 4 7 9 11 13 | 16 13 20
3054|3075[3096]3118[313913160[3181[3201) 2 4 & 81113 |15 17 19
3263]3284/3304(3324]3345(3365(3385/3404 2 4 6 810 12 | 14 16 138
3464]3483|3502]3522|3541{3560[357913598 2 4 6 810 12 | 14 15 17
3655[3674/3692[3711]3729|3747(3766|3784] 2 4 6 7 9111|1315 17
3838/3356|3874(3892[3009|3027(394513062F 2 4 5 7 91112 14 16
4014]4031[4048{4065/4082(409914116{4133] 2 3 5 7 910121415
4183420042164232424942654281429ﬂ 2 3 5 7 810|11 1315
1346|4362|4378[4393|1409|4425|4 4401445 2 3 5 6 8 9111314
450215184533 |454814564|4579[4504{4609 2 3 5 6 8 9111214
1654]1669(4683]4698(4713|4728(474244757] 1 3 4 6 7 9(101213
4800[4814]4829|484314857|4871[4880{4000] 1 3 4 6 7 9101113
1942[4955/1069/|1983[4997(5011[5024{5035f 1 3 4 6 7 8101112
5079|5092{5105/5119}5132(5145(515915172} 1 3 4 5 7 8 911 12
5211|5224|5237]5250|5263|5276[5289{5302} 1 3 4| 5 6 8 910 12
5340(5353|5366/5378/5391|54035410{5428] 1 3 4 5 8 8 910 11
5465/5478(5490[5502[5514/5527[5539{5551 1 2 4 5 6 7 910 11
5587 [5500/5611/5623/5635|5647(5655(5670) 1 2 4 5 6 7 8 10 11
5705/5717[5729]5740[5752/5763(5775{5786f 1 2 3 5 6 7 8 910
5821(5832|5843|5855(5866|5877(5388{5899 1 2 3 5 6 7 8 910
5933]5944|5955[5966[5977|5988(5999/6014 1 2 3 4 5 7 8 910
6042]6053/6064]6075/6085/6096/6107|6117] 1 2 3 4 5 6| 8 910
6149{6160/6170J618016191/62016212{62221 1 2 3 4+ 5 6 789
6253(6263(62746284(6294/6304[6314[6325) 1 2 3 4+ 5 6 78 9
6355[6365]6375(6385[6395(6405(6415/64250 1 2 3| 4 5 6 7 8 9
6454/6464]6474(6484]6493|6503(6513{6522) 1 2 3 4 5 6 7 8 9
6551[6561(6571{6580[6590/6599|6609)661 1 2 3 4 5 6 7 8 9
6646[6656/6665{66756634,6603/6702(6712] 1 2 3 4 5 6 7 7 8
6739[6749/6758(6767[6776 6785679468031 1 2 3 4 5 5 6 7 38
6530[6339(6848/6357(6366(6375[6384{6893] 1 2 3| 4 4 5 6 7 8
6920/6928/6937/6946/6955(696416072{6981] 1 2 3 4 4 5 6 7 8
70077016)7024/7033[7042|7050[705%70674 1 2 3 3 4 5 6 7 8
7093{7101(7110[7118[71267135[7143(7152{ 1 2 3 3 4 5 6 7 8
7177[7185[7193|7202|7210[7218{7226/7235y 1 2 2 3 4 5 6 7 7
7259/7267(7275|7284(7202(7300{7308|7316) 1 2 2 3 45 6 6 7
1 2 2 3 4 5 6 6 7

7340[7348(7356|7364(7372|7380(7388| 7396

Hyperbolic Logarithms = Common Togarithms X 2-30258.
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LOGARITHMS

0 1 213 4 5 6 7 8 9 1 2 3 4 5 6 789
55 |7404|741217419(7427|7435(7443(7451(7459|7466|747 1 2 2 3 4 5 5 6 7
56 |7482|7490|7497|7505|7513{ 7520|7528 7536|7543|7651) 1 2 2 3 4 5 5 6 7
57 |7559|7566|7574{7582(7580{7597|7604|7612|7619|7627] 1 2 2 3 4 5 5 6 7
58 |7634|7642|7649)7657|7664/7672(7679|7686(7694(7701] 1 1 2 3 4 4 5 6 7
59 |7700/7716|7723(7731|7738{ 7745|7752/ 7760{7767)7774] 1 1 2 3 1 4 5 6 7
60 {7782|7789|7796/7803(78101781817825/7832(7839/7846] 1 1 2| 3 4 4 5 6 6
61 |785317860(7868|7875|7882|7889|7806/79037910(7917] 1 1 2 3 4 4 5 G 6
62 [7924|7931{7938|7945(7952|7959|7966{7973]7980(79874 1 1 2 3 3 ¢ 5 6 6
63 |7993/3000183007(8014(8021(8028/8035{8041[8048/8055) 1 1 2 3 3 4 5 5 6
64 [8062(3069(3075(3082{80893096/8102/8109[8116{812 112 3 3 4 5 5 6
65 [8129|8136]3142|8149(8156(816218169|8176/8182(8189] 1 1 2 3 3 4 5 5 6
66 819515202 3209(8215]3222(82288235( 8241824818254 1 1 2 3 3 4 5 5 6
67 |8261[8267(3274{3280{3287|8293|8299/83063312|3319) 1 1 2 3 3 4 5 5 6
68 [8325]3331|83318344/8351]8357(336318370[3376/3382] 1 1 2 3 3 ¢ 4 5 6
69 [8383(8395{8401/8407|8414|8420{3426{3432/3439|3445] 1 1 2 2 3 4 4 5 6
70 [8451(8457|3463{347018476(3482/3485(8494[8500[8506] 1 1 2 2 3 4 4 5 6
71 [8513|8519|8525(3531|8537(8543|8549|8555|356118567y 1 1 2 2 3 4 + 5 5
72 [8573|35793585(8591|8597|8603|8609|8615[3621(3627§ 1 1 2 2 3 4 4+ 5 5
73 (863:3(8639(3645/8651|8657|8663|36060|36751563118686] 1 1 2 2 3 4 + 5 5
74 [8692(3695(8704|371018716/87228727| 873387393745} 1 1 2 2 3 4 4 5 5
75 [8751|87506{8762|8765|8774|8779(8785(8791{3797(8802] 1 1 2 2 3 3 4 5 5
76 18808|8814]832018825/8831(8837|8842(83438|38543859] 1 1 2 2 3 3 + 5 5
77 18865(8871|3876|8882|8387|8893(8899(8904(3910[8915} 1 1 2 2 3 3 4 4 5
78 [8921|8927|83932|8935]3943|8949{8054| 306039658971 1 1 2 2 3 3 + 4 5
79 [8976|8932|83937(8993(899x 90049009 9015/902019025] 1 1 2 2 38 3 4+ 4 5
80 [9031(9036/9042(9047[9053( 9058|9063)906919074j9079f 1 1 2| 2 3 3 4 4 5
81 [9085[9090{9096{9101{9106{0112/19117|9122(9128(9133} 1 1 2 2 3 3 + 4 5
82 [9138(9143]9149(0154[915%9165/9170{9175/9180[9186] 1 1 2| 2 3 3 + 4 5
83 [9191(9196|9201(9206]92129217{9222/92279232(9238] 1 1 2 2 3 3 + 4 5
84 [9243(9248/92563(9258/9263{9269|19274(9279/928419289] 1 1 2| 2 3 3 4+ 4 5
85 [9294(9299|9304(9309{9315/9320(9325(9330/9335[9340] 1 1 2 2 3 3 1+ 4 5
86 [9345(9350{9355|9360]93659370(9375|9330[93850390f 1 1 2 2 3 3 4+ 45
87 19395/9400{9405{0410{9415!9420/9425/9430(9435[9440{ 0 1 1 2 2 3 3 4 4
88 [9445/0450{0455{046019465)9469(9474|9479(0484)9480) 0 1 1 2 2 3 3 4 4
89 (9494/9499{9504{9509195139518/9523]95239533(9538] 0 1 1 2 2 3 3 4 4
90 [9542(9547/9552(9557|9562|9566|9571(9576/958119586] 0 1 1 2 2 3 3 4 4
91 [9590(9595/9600]9605/9609961H9619{9624/9628[96331 0 1 1 2 2 3 3 4 4
92 10638(9643|9647|9652965779661(9666{9671[9675/0680] 0 1 1 2 23 3 4 4
93 [9685{963019694/9699/9703|9708{9713(9717[9722{9727] 0 1 1 2 2 3 3 4 4
94 [9731/9736|9741(9745/9750/9754|97599763[9768(9773] 0 1 1 2 2 3 3 4 4
95 19777/9782|9786(9791|19795980019805(980919814[9818] 0 1 1 2 2 3 3 4 4
96 [0823]9827]98329836]9841|9845(9850(9854(9859]9863] 0 1 1 2 2 3 3 4 4
97 10868|9372|9877]9831]988619890/9894[9899(9903]9908] 0 1 1 2 2 3 3 4+ 4
98 [9912]9917/9921(9926/9930{993 4[9939(9943[p048]9052 0 1 1 2 2 3 3 4 4
99 10056|9961|9965(9969|9974[9975(9983(9987|4991])996] 0 1 1 2 2 3 3 3 4

Common Logarithms = lyperbolic Logarithms x 0-43429.
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ANTILOGARITHMS
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FORMULA AND CALCULATIONS I-139

ANTILOGARITHMS

0 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 78 9
-50 |3162(3170|31773184|3192[31093206|3214[322113228) 1 1 2 3 4 4 5 6 7
51 §3236/3243)3251{3258[3266(3273(3231/3249(3206|3304] 1 2 2 3 4 5 5 6 7
+52 [3311(3319)3327|333413342[3350[3357 3365[3373(3381] 1 2 2 3 4 5 5 6 7
-53 |3388{3396(3404]34123420|3428[3436(3443(3451{34591 1 2 2 3 4 5 6 6 7
54 13467|34753483(3491(3409350813516[3524[35323540f 1 2 2 3 4 5 6 ¢ 7
-55 13548|13556[3565(3573(3581 358013597 [3606/361413622] 1 2 2 3 4 5 6 7 7
-56 13631|3639[3648/3656/3664]3673[3681(3690/3695(3707] 1 2 3 3 4 5 6 7 8
-57 |3715]3724(3733({3741(3750|3758[3767[3776[37343793] 1 2 3 3 4 5 6 7 3
+53 13302/3811]3819(3828(3337 3346 ¢ 3364[3373(3832] 1 2 3 4+ 4 5 6 7 3
59 1389013899]390813917[3926/3936 39543963/13972) 1 2 3 4 5 5 6 7 8
+60 |3981{3990)3999| 4009140134027 [4036(4046(1055(4064 1 2 3 4 5 6 86 7 8
61 [H074]4083[4093|4102{4111 (4121141304 140[4150{415 1 2 3 4 5 6 7 3 9
62 [4169[4178[4185|4198[4207 4217 [4227|4236[4246(4256] 1 2 3 4+ 5 6 73 9
63 [4260|4276]4235(4295(430543154325[4335|4345/4355) 1 2 3 4+ 5 6 78 9
64 [4365(4375[4335{4395[4406|44164426(4436(4446(4457] 1 2 3 4 5 6 7 8 9
65 [$467[4477 14374498 45034519(1529|4539[4550(4560) 1 2 3 4 5 6 7 89
66 ]4571]4531 4592]4603 (1613|1624 H634[4645|1656(4667] 1 2 3 4 5 6 7 910
§7 [H677[4638[4699| 47104721 473247424753 476447751 1 2 3 4+ 5 7 8 910
63 [4786[4797 [4308]4319|433 1 [434 24353 4864 [4375(4387] 1 2 3 4+ 6 7 8 910
69 [43981 490949201 4932[4043|4955 4966 [+977 14939500 1 2 3 5 6 7 8 910
<70 150125023 [5035(504 7 [5053|5070[5032(3003/5105(51174 1 2 4 5 6 7 8 911
71 15129|5140[5152(5164[5176 513 21215224[62368 1 2 4 5 6 7 s 10 11
72 [5248(5260}52 5297 153001532115333[5346/5353) 1 2 4 5 6 7 910 11
73 5370153831539, 5420[5433 54538|5470/5483) 1 3 4 5 6 3 910 11
74 [5495(5508}3521(553415546|3559[5572/5535[5593(5610] 1 3 4 5 6 3 910 12
75 §5623(56363649|5662[5675[3630[3702[5715[5728/5741] 1 3 4 5 7 8 910 12
<76 I5754[6763[5781|5794/5303[5321 [58343348[3861|5375] 1 3 4 5 7 8 91112
77 15388|5902[5916(5929[5943|5957(5970(5934 50036012 1 3 4 5 7 81011 12
78 16026/603916053(6067 (6081 [6095/610MB12416133(61521 1 3 4 6 7 8(101113
79 [61606]6130]6194/6209(6223]6237 (6252(6266/6231|6295) 1 3 4 6 7 91011 13
-80 [6310{6324(63396353]|6363|6333|6307|641216427/64421 1 3 4 6 7 9]101213
81 J6457]6471[6436(6501 651616531 6546[6561 (65776592 2 3 5 6 8 O} 11 1214
+82 [6607]6622/6637|6653 (6663|6633 [6699(6714[6730(6745) 2 3 5 6 8 9|11 1214
83 [6761[6776/6792(6303|6325]883916355[63718337(6902] 2 3 5 6 8 9|11 13 1¢
-84 [6913[69346950/6966(6932|6993{7015(7031 (7047|7063} 2 3 5 86 810 )11 1315
-85 [7079(7006/7112{7129{7145[7161|7173[7194]7211|7228] 2 3 & 7 8101213 15
+86 |7244{7261)7278]7295(|7311(732317345(7362(7379(7306] 2 3 5 7 810121315
87 [7413(7430]7447|7464|7432|7499|7516(7534|7551|756 2 4 5 7 910121416
-83 7536{7603(7621{7633|7656[767 4{7691[7709[7727|7745] 2 4 5 7 911121416
-89 |7762{7780[7798|7816[7834|7852|7870(7330(7907{7925) 2 4 5 7 91113 14 16
90 |7943[7962|7930] 7998|301 7130353054 [307213001(3110} 2 4 6 7 91113 15 17
91 |3125)8147[8166{8185[3204 (32228241 [5260327018209] 2 4 6 3 911 |13 15 17
-92 1531|8337 |3350{3375[339513414[3433[3453134728492] 2 4 6 310 12|14 15 17
-93 I3511(8531{3551{8570[35903610[3630[3650[3670(3690] 2 4 6 810121416 138
04 [8710{3730{8750{8770|8700[3810[33318351|8372(8892] 2 4 6 81012 |14 16 13
-95 §3913(893313954/8974[3995[0016/9034[9057(0073/9099¢ 2 4 6 810121517 19
96 {0120{9141[0162(9183(92049226/9247[0263[0290{9311] 2 4 6 81113 | 1517 19
.97 19333]9354(0376/9397|9419/9441{0462(0434(0506(9528) 2 4 7 911 13|15 17 20
93 [0550{9572(9504|9616(9638{0661 9633 [9705[9727}97501 2 4 7 911 13 | 16 15 20
99 lo77219795[93171934019863193261990319931 1995499771 2 5 7 911 14 116 13 20




i-140 RADIO AND TELEVISION REFERENCE BOOK

II. TABLE OF ORDINARY LOGARITHMS OF NUMBERS TO THE BASE 10
From 1 to 100 with Characteristics

No. Log. No. Log. No. Log. No. Log. No. Log.
1| 0000000 |21 | 1322219 | 41 1612784 | 61 1-785330 | 81 ] 1-908 485
2| 0301030 | 22| 1342423 | 42| 1623249 | 62| 1792392 | 82| 1-913 814
3 0-477 121 23 1-361 728 43 1-633 468 63 1-799 341 83 1919 078
41 0602060 |24 1380211 | 44| 1643453 [ 64| 1-806180 | 84| 1-924279
5| 0698970 | 25 | 1397940 [ 45| 1653213 | 65| 1- 812 913 | 85| 1-929419
6 0-7 18 151 26 1414 973 46 1-662 768 66 1 819 544 86 1-934 498
7 0-845 098 27 1-431 364 47 1-672 098 67 1-826 075 87 1-939 519
8] 0903090 |28 1-447158 | 48| 1681241 | 68| 1832509 | 838 | 1-944 483
91 0954243 | 29| 1462398 | 49| 1690196 | 69 ] 1838849 | 89| 1-949390

10 | 1000000 (30| 1477121 |50 1698970 | 70 | 1845098 | 90 | 1954 243

11 1041393 | 31 1-491 362 | 51 1:707 570 71 1- 851 258 91 1- ‘h‘) 0{1
12| 1079181 [ 32 1:505 150 | 52 1-716 003 | 72 ( 1-857332 | 92 1-963 788
13| 1113943 | 33 | 1518514 | 53| 1724276 | 73 | 1863323 | 93| 1-968 483
14 1146 128 | 34 1-531 479 | 54 1732394 | 74 1-860232 | 94 | 1-973128
15| 1-176 091 | 35 | 1544068 | 55 1740363 | 75| 1-875061 | 95 1-977 724

1204120 | 36| 1556303 | 56| 1748188 | 76 | 1880814 | 96 | 1.082271
17| 1230489 |37 | 1568202 | 57| 1755875 | 77| 1886491 | 97 | 1.086 772
18| 1255273 | 38| 1579784 | 58| 1763423 | 78| 1.892095 | 98 | 1-091 226
19| 1278754 | 39| 1591065 | 50 1770852 | 79| 1-807627 | 99 | 1-005 635
20| 1301030 [ 40| 1602660 | 60| 1778151 | 80| 1-903099 (100 | 2-000 000

I1I. TABLE OF HYPERBOLIC LOGARITHMS OF NUMBERS
From 1 to 100

No. Log. No. Log. No. Log. No. Log. No. No,
10000000 |21 (301452244 41 (371357207 61 (411087386 | 81 | 4-304 44915
2] 0693 147 18| 22 | 3:091.082 45 | 42 | 3-737 660 62 | 62 | 4127 131 30 | 82 | 1-406 719 28
3 (109861229 | 23 3135494 22 | 43 | 3-761 20012 | 63 | 1143 13473 | 83 | $-418 810 53
4| 138020436 | 21 | 317805388 | 41 | 1784 180 63 | 64 | 415885308 | 81 | 4-430 816 80
5 | 1609 437 91| 25 | 321587582 | 45 | 3806662 40 | 65 | +-174 387 27 | 85 | 4442 651 26
"6 | 170175947 | 26 | 3-258 006 54 | 46 | 3828 641 40 | 66 | +-189 654 74 | 86 | 4454 347 30
7 | 1045910 15 | 27 | 3-295 836 87 | 47 | 3-850 147 60 | 67 | 4204 692 62 | 87 | 4465 608 12
8 | 2079 441 54 | 28 | 3-332204 51 | 48 | 3-871 201 01 | 68 | 4210 507 71 | 88 | 1477 336 81
9 | 2:107 224 58 | 29 | 3-367 295 53 | 19 | 3-891 82030 | 69 | 1-231 410 65 | 80 | 1-488 636 37
10 | 2302385 09 | 30 | 3-201 197 38 | 50 | 3-012 02301 | 70 | $-248 195 24 | 90 | 1499 809 67
11 | 2397 805 27 | 31 | 343398720 | 51 | 393182563 | 71 | 426267988 | 91 | 4510850 51
12 | 2-184 906 65 | 32 | 3-465735 90 | 52 | 3-951 243 72 | 72 | 4-276 666 12 | 92 | 4-521 788 58
13 | 2564949 36 | 33 | 3-196 507 56 | 53 | 3-970291 91 | 73 | 4200 459 41 | 93 | 4-532 500 49
14 | 2630057 33 | 33 [3-526 360 52 | 51 | 3-088 984 05| 74 | 4-304 065 00 | 04 | 4-543 203 78
15 | 2-708 050 20 | 35 | 3-555 348 06 | 55 | 4-007 33319 | 75 | 4-317 48811 | 95 | 4-553 876 89
16 | 277258872 | 36 | 358351894 | 56 | 4025351 69 | 76 | 4330733 34 | 06 | 4-564 348 19
17 | 2:833 21334 | 37 | 3-610 017 01 | 57 | 4083 051 27 | 77 | +-313 805 12 | 97 | 4-574 710 08
18 | 2-800 371 76 | 38 | 3637 586 16 | 58 [ 4-060 443 01 | 78 | 4356 708 83 | 08 | 4688 067 18
19 | 2:044 43898 | 30 | 3-663 561 65 | 59 | 4-077 537 44 | 70 | 4-369 447 85 | 99 | 4-595 119 83
20 | 2:095 73227 | 10 | 3-688 879 45 | 60 | $:004 344 56 | 80 | 1-382 026 63 |100 | 1605 170 19




v,

FROM 0° TO 90°.

FORMULA AND CALCULATIONS

FOR COSINES.

NATURAL SINES

l-141

TABLES OF NATURAL SINES, COSINES, TANGENTS, AND COTANGENTS
READ THE TABLE DOWNWARDS FOR SINES AND UPWARDS

P

6

0° T 3 [y Gl i 3 T ]
0 [000 000 |017 452 [034 899 1052 336 |069 756 JORT 150 104 528 1121 864|139 173 [156 434 | 60
5 1454 8907 63563 3783J071207] 8605| 5976{ 3313[140613| 7871 55
10 2909 (020 361 7 806 5241 2 658 J080 053 7421 4756 2053 9307 | 50
15 4363 1815 9260 6693 4108 1502 8867 61099| 3403[160743| 45
20 5818 3269040713 8145| 55560 29501110313 ) 7642 4932 2178| 40
25 72721 4723 2166 9597 7009| 4398| 1768 9084| 6371| 3613 35
30 8727 61771 36190610491 8459] 5846| 3203 (130526 7809 5048 30
35 1010131 7631 5072 2500 9909 T203| 4648| 1068| 9248) 6482 25
40 1635 9085 65625 39521081359 8741 6093 | 3410150686 7916| 20
45 3000030539 7978] 5403( 2808 |100188 | 7537 4851 21231 9350| 15
50 4544{ 19092 9431 6854| 4258 1635 8982 62921 3561170783 | 10
55 5998 3446050883 | 8306| 5707 3082120426 | 7733 4908| 2216 5
60 7 4521 4899 2336 97566 71561 4523 1869| 9173| 6434 3648 0
Cos 89° 88° 87° 86° 85° 84° 83° 82 81° 80°
Su. 10 11" 12° 13" 14° 15¢ 18* 17° 18° 19°¢
0 {173 648 [190 809 (207 912 (224 951 |241 922 258 819 |275 637 |292 372 |309 017 [325 568 | 60
5 5080( 2237 9334] 6368] 3333260224 7035| 3762310400 6943| 655
10 6512 3664210756 T7x4] 4743] 1628 8432) 5152 17821 8317| 50
15 79441 HOVO| 2178| 9200( 61563]| 3031 9829 6542 3164 9691| 45
20 93751 6517 35992306161 7563] 4434281225 7930 4545331063 | 40
25 (180805 7942 5019| 2031 8972 5837 2620] 9318| 5925 2435| 35
30 22361 9368| 64401 3445250380 7238| 4015|300706] 7305 3807| 30
35 3665 (200793 7859| 485 17881 8640( 5410 2003 86384 5178] 25
40 5095 22181 9279 627 3195 70040 60831 3479320062 6547 20
45 6524 30642220697 7T686{ 4602] 1440 8196| 43864 1439 7917| 15
50 TY53| 50651 2116| 9098 6008Y 2840 O589| 6249| 2816| 9285| 10
55 9 381 6489 3534240510 | 7414] 4239)290 981 76331 41931340653| 5
60 |190809] 7912| 4951 1922 8819) 5637 2372 9017} 5563 2020 0
Cos. 79° 78° 77° 76° 75° 74° 73_" 72° 71° 70°
S 20° 21> % 23" 24 25" 28" 27 28° 39°
0 (3420201358 368 1374 607 {390 731 406 737 422618 ({38371 453 990 [469 472 |484 810 | 60
5 3387 9725 5955( 2070 8065] 3936| 9678| 5286470 755| 6031 | 655
10 47521361082 7302( 3407 9392] 5253 (440984 | 6530 2038 7352} 50
15 6117 24381 8649| 47444107191 6569 2289 7874 3320 8621} 45
20 7481 3793{ 9994 6030 2045( 7884| 3583| 9160 4600| 9890 40
25 8845 5H148(381339| T415| 3369( 9198 4896 [460458| 5830{491 1567| 35
30 1350207 6501 2 684 8749 4693430511 6198 1749 71569) 2424 30
35 1569 7854f 4027400082 60167 1823 7400 3038| 8B436]| 3639| 25
40 2431 02061 5369 1415 7338| 3135 8799 4327 9713 4953| 20
45 42913705657 6711 2747 86601 4445150093 5615 480930 62171 15
50 5661 1908| 8052 4078] 9980] b5755( 1397| 6901 2263 747910
55 7010 3258 9392 5408[121300] 7063| 2694| 8187 3537| 874)| 5
60 8308 4607|390 731 6737 26181 8371 3990 9472 4810[500000] O
Cos. 89° 88° 87° 86° 85° 84° 83° 82° 81° 80°
Sin. 30° 31" 38" 33" l 34" l 35° 38" 87° 84~ 39°
1] ’500 000 [515 033 [529 919 1544 639|559 193 [573 576 |587 785 [601 815 [615 661 |29 320 | 60
5 1250 62845311562 5858 ([560398) 4767 | 8961 2976 6807 (630450 | 53
10 2517 75629| 2384 7076 1602) 5957 ‘)90 136| 4136] 7951 1578 | 50
15 3774 87T 3615) 8203| 2805 71456 1310| 5284 9094| 2705| 45
20 5030 (520016 4844| 9509| 4007 8332| 2482 6451620235 3831 | 40
25 6285| 1268| 6072]5507241 5207] 9518] 3653 | 7607 1376 4955( 35
30 7538 2499 7300| 1937| 64061580703 | 4823 8761| 2515| 6078 30
35 8791 3738| 825t 3149 T604| 1886 5991 9015 3652 7200 25
40 610043 | 4977 | 9751 4360 8801) 3069 7159 (611007 4789| B8320( 20
45 1293] 6214 [540074| 5570 9997] 4250| 8325| 2217| 5923 0439 15
50 2543 T450| 2197 67701571101 5420 9489| 3367 7057 [640557 | 10
55 3791 8685 3419] 7987 2384 6608[600653| 45151 8129| 1673( 5
69 5038 9919| 4639 9193] 2576] 7785( 1815| H6G1[ 9320 2785| O
” 59° 58¢ 57° 56° 55° 54° 53° 52¢ 51° 50° 4
NaturaL CosINES



I-142

RADIO AND TELEVISION REFERENCE BOOK

NATURAL SINES

| e | 33 | 44 | a6° | 46° | a1 [ a8 | 49 |
0 |42 788 656 050 [669 131 [681 998 [694 658 1707 107 719340 (731 354 (743145 |754 710 | 60
5| 3001 7156670211 3081 5704]| 8134720349 2345| 4117 5663 55
10| 5013 82s2| 1280| 4123 6748 9161| 1357| 3334| 5088 6615( 50
15| 6124| 9346| 2367| 5183 7790[710185| 2364| 4323| 6057| 7565 45
20| 7233[660439| 3443| 6242| 8832] 1209| 3369| 5309 7025| 8514 40
55 | 8311| 1530 4517| 7299| 9871| 2230! 4372| 620t| 7991| 946135
30| 9418| 2620] 5590| 8355700000 3250| 5374| 7277 89567604086 | 30
35 650553 | 3709| 6662| 9409| 19146] 4269| 6375| 8259 9919| 1350| 25
10| 1657| 4706| 7732|690462| 2981| 5286 7374| 9239(750880| 2292 20
45 | 2760| 5882| 8801 1513| 4015| 6302| 8371|740218| 1840 3232| 15
50| 3861| 6966| 9863| 2563| 5047} 7316| 9367 1015 2798| 4171|110
55| 4961 |_ 85040(680934| 3611| 6078] 8329730361 2171| 3755| 5109| 5
60| 6059|-9181] 1998| 4658| 7107] 9340| 1354 3145| 4710| 6044| O
Cos. a9° | as° | 470 | ag° | 450 | 44° | 43° | 42° | #1° | a0
o, 60 | o1° | b2 | 53 | 5% 550 | 66° | 510 | b58° | 59°
0 |766 014 |77 146 788 011 |795 636 [309 017 |510 152 [820 038 [838 671 |348 048 [#57 167 | GO
5| 6970| s060| 8905 9510| 9871| 9985 9850| 90462| 8818| 7915( 55
10| 7911 8973| 9798800383 (810723 320817 |830661 [840251| 9586| 8662( 50
15 | 8842| 0881700690 1254 157¢| 1647 1470| 1039(850352| 9406/ 45
20| 9771780701 1579 2123 2423| 2475| 2277 1825| 1117(850149 40
55 1770609 | 1702| 2167| 2991 3270] 3302| 3082| 2609| 1879| 0890| 35
30 | "‘1625| 2608| 3353] 3857| 4116| 4126| 3886| 3391 2640| 1629 30
35 | 2510| 3513 4238| 4721 4959] 49049 4638| 4172] 3399 2366( 25
10| 3472| 4416 5121| 5584 5801] 5770 5488| 4951] 4156 3102 20
45| a303| 5317| 6002| 6115| 6642] 6590| 6286| 5728| 4912| 3836 15
50| s5312| 6217 6882| 7301| 7480| 7407| 7083| 6503| 5665| 4567 10
55| 6230| 7114| 7759| 8161 8317| 8223| 7878| 7277| 6417 5207 5
60| 7116| 8o11| 8636| 9017| 9152| 9038| 8671| 8048 7167| 6025 O
Cos. 39° | 88 | 370 | 38> | 35° | 3¢c | 33 | 320 | 31° | 30°
S, 600 | 617 | 620 | 635 [ 6& | 6 3 6T [ e | 6o |
0 |866025 |874 620|882 948 [891 007 898 794 906 308 |913 545 [920 505 [927 184 (933 580 | 60
5| 6752| 5324 3620| 1666 9431] 6922 4136| 1072| 7728| 4101|55
10| 7476 6026| 4308 2323|o00065| 7533| 4725| 1638| 8270 4619 50
15| 8199 e6727| 49s3| 2979] oe69s| 8143 5311| 2201{ 8810| 5135( 45
20| soo0| 7425| 5661| 3633| 1320] 8751| 5898| 2762 9343| 5650| 40
25 | oe30| 8122| 6338| 4281 1958| 9357| 6479 3322| 988i| 6162 35
30 ls70356| 8817| 7011| 4934] 2585] 9961 7060| 3880[930418| 6672) 30
35| 1071| 9510| 7681| 5582 3210;010 503 7630 4435 09050| 718125
20 | 1784(880201| 8350| 6229| 3834 8216| 4980 1480| 7657( 20
45 | 2496] 0891 9017| 6873] 4455 .62 8701| 5541 2008 8191 15
50 | 3206| 1578| 9682 7515| 5075 2355 9364| 6000| 2534| 860t 10
55 | 3914] 2264(800345] 8156 5692] 2953 9936| 6638 3053| 9194| 5
6o | s620| 2048| 1007| 8794| 6308| 3545[920505| 7184| 3580| 9693 0
Cos. 20° | 28° | 27° | 26° | 25° | 2¢° | 23 | 22° | 21° | 20°
STV, (Vi N £ G L B S B 7 U L B (LR I S B L L
0 1939 693 |945 519 [951 057 [956 305 {961 262 [965 926 (970 296 974 370 [978 148 [981 627 | 60
5 1010189 5901 1505 6720| 1662| 6301| 0647| 4696{ 8449| 1904 55
10| o681| 6462 1951] 7151| 2059 6675| 0995 5020| 8748| 2178( 50
151 1178| 6930| 2306| 7571| 2455| 7046| 1342| 5342| 9045| 2450| 45
o0 | 1666| 7307| 2838| 7990| 2849| T415| 1687 5662| 9341] 2721| 40
95 | 2155| 7s861| 3279| 8406| 3241 7782| 2029| 5980| 9634| 2989| 35
30 | 2641| 8324]| 3717| 8820 3630| 8148} 2370| 6206| 9925| 3255| 30
35 | 3126| s7as| 4153| 9232 4018| 8511} 2708] 6610[980214| 3519 25
20 | 3609] 9243| 4588| o0612| 4404| 8x72| 3045| 6921 0500| 3781 20
45 | 1089| 9699| 5020[060050| 4787| 9231| 3379 7231 0785| 4041 15
50 | 4568l050154| 5450 0456| 5169| 9588 3712 7539| 1063| 4298| 10
55 | 5044| 0606] 5879| 0860| 5548| 9943| 4402| T844| 1349| 4554 5
60 | 5519] 1057| 6305| 1262 5926]940206 4370| 8148 1627| 4808( 0
© | o190 | 18° 17° | 16° A ECEECEET 11° | 10° |’

NATURAL CoOSINES



FORMULA AND CALCULATIONS I-143
NATURAL SiNES
’ 80° 81° 82Y B3° | 84" 86" ] 86° 87° I 8 8Y° z

0 1984 808 |987 688 |990 268 1992 546 [994 522 §096 195 |997 564 (998 630 |999 391 999848 | 60
5| 5059| 7915 0469| 2722| 4673( 6320 7664| 8705| 9441| 9872| 55
10| 5309{ 8139| 0669 2896 4822) 6444| 7763| 8778] 9488]| 9894 | 50
15| 5556 8362] 0866| 3068| 4969] 6566 7859| 8848{ 9534| 9914| 45
20| 5801| 8582| 1061| 3238| 5113] 6685 7953| 8917| 9577] 9932| 40
25| 6045 8800| 1254] 3406| 5256] 6802 8045| 8984| 9618| 9948] 35
30| 6286) 9016 1445| 3572 5396] 6917 8135| 9048| 9657| 9962 30
35| 6525| 9230 1634| 3735 5535] 7030 8223| 9111) 9694| 9974] 25
40| K762 9442 1820| 3897 5671 7141 8308 9171{ 9729 9983] 20
45| 6996| 9651| 2005| 4056 5805{ 7250| 8392 9229 9762 9990 15
50 [ 7229 9859 2187| 4214| 59371 7357 8473 9295 9793| 9996| 10
55 74601990065| 2368| 4369| 6067] 7462| 8552 9339| 9821| 9999 5
60| 7688] 0268| 2546( 4522| 6195] 7564 8630| 9391 9848|1-00000] O

Cog 90 80 7( 6: 50 40 30 20 10 oo

NaturaL CosiNEs
NaTurAaL TANGENTS
. o( 10 2\.1 30 40 5v 60 70 80 9\0 O

0 [J00 000|017 455 | 034 921(052 408 (069 927 087 489 {105 104 |122 785 140 541 |158 384 | 60
6| 1454 8910 6377 3866071389 89564 6575] 4261| 2024 9876| 55
10| 2909 (020365 7834 5325 2851 090 421 8046| 5738 35081161 368 | 50
15| 4363 13820 22 4313 1887( 9518| 7216 4993 2860[ 45
20| 5818( 3275 7 5775 33541110990} 8694| 6478) 4354| 40
25 | 7272 4731 7238] 4821 2463130173| 7964| 5848| 35
30| 8727 6186 8702 6289 393G| 1652] 9451 7343] 30
35 1010181 | 70641 080165| 7757| 5409| 3132|150938| 8838| 25
40 | 1636 9097 16201 9226) 0833 4613| 2426|170334| 20
45 | 3091030553 30944100695 | 8358 6094| 3915] 1831] 15
50 4545] 2009 4558] 2164| 9833 7576| 5404| 3329] 10
55 [ 6000 3465 6023F 3634(121309| 9058] 6894| 4828| 5
60 | 7455 4921 74890 5104) 2785|140541| 8384 6327] O

Cot.  89° 88 85° 84° 83° 82° 81° 80°

Tan. 10° 11° 14° 157 16¢ 17° 18 1y°
0 1176 327 [194 380 249 328 267 949 |286 745 (305 731 [324 920|344 328| 60
5| 7827 5890 250873] 9509| 8320| 73221 6528| 5955| 55
10| 9328| 74101 24201271069 | 9896( 8914 8139| 7585] 50
15-[180830| 8912 3963] 2631291473 (310508| 9751 9216]| 45
20 | 2332 (200 425 5517] 4194| 3052 2104331364 [350848| 40
25 | 3835( 1938[220169( 8541 7066} 59| 4632| 3701| 2979| 2483 35
30| 5339 3452| 1695240079 8618] 7326 6214| 5299 4595| 4119| 30
35| 6844 4967| 3221| 1618|260 170l 8892| 7796 6899| 6213| 5756] 25
40 | 8350) 6483 4749 3157 1723R280460| 9380| 8500( 8833 7396 20
45| 9856 BO00| 6277 4698 32781 2029300966 320103 9454 9037( 15
50 [191 3631 9518 7806| 6241 4834] 3600 25563 1707|341077(360680| 10
55 | 2871211037 9337 7784 6391] 5172 4141 3313| 2702 2324| 5
60 | 4380| 2557230868 9328| TY949f 6745 5731| 4920] 4328| 3970| 0

Cot.  79° 78° 77° 78° 75° 74° 73° 72° 71° 70°

Tan. 20° 21° 22° 23° 24° 25° 268 27° 28° 29°
0 (363970 |383 864 404 026 [424 475 {45 229 1466 308 |487 733 [509 525 |531 709 (554 309 | 60
5| 5618| 5534| 5719 6192 6973| 80801 9534(511359| 3577 6212| 55
10| 7268] 7205]| 7414 7912 8719 9854(491339| 3105| 54471 8118| 50
15| 8920] 8879 O111| 9634450467 71631 3145| 5034 7319[560027 45
20 370573 (390554 |410 810|431 3581 2218) 3410) 4955 6876| 9195| 1939| 40
o5 | 2228| 2231| 2511} 3084| 3971} 5191 6767| 8720[541074] 3854 35
30| 3885 3910| 4214| 4812 5726] 6976| 8582520567 | 2956 5773| 30
35| 5543] 5592| 5919 6543 7484] 8762)500399| 2417 4840| 7694 25
40| 7204| 7275| 7626| 8276| 924480551 | 2219 4270| 6728| 9619| 20
45| 8866 8960 9335[440011 461006) 2343 4042| 6128] 8619|571547( 15
50 |380530 [4100646 [421 046 | 1748 2771] 4137 4867 7984[550513| 3478 10
551 29016) 2335 2759 34871 4538] 5933| 7695) 9845 2409 5413| 5
60 | 3864 4026| 4475] 5229| 6308) 7733| 9525531709 4309| 7350( O

’ 89° 68° 87° 86° 85° 84° 83° | 82° 81° 80°

NATURAL COTANGEXTS
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NATURAL TANGENTS
i 30° 31° 32° 33° 34° 35° 36° 37° 4
0 577350 600861 624368! 649408| 674500 ] 70020 726543 753554( 60
5 920F 2842 6804 | 651477 6627 2377 8767 5837 55
10 581 235 4827 8921 3551 8749 4551 | 730996 8125 50
15 3183 6815 630953 5629 680876 6730 3230 760418( 45
20 5134 8807 2988 7710 3097 8913 5469 2716 | 40
25 7088 610802 5027 9796 5142| 711101 7713 5019( 35
30 9045 2801 7070 661886 7281 3293 99061 7327 30
35 591 006 4 803 9117 3979 9425 5430 742214 9640 25
40 2970 6809 641167 6077 691572 7691 4472 771959 20
45 4 93% 8819 3222 8179 3726 9897 6735 4283 15
50 6908 620832 5280 670235 5881 | 722108 9003 6612| 10
55 83883 23849 7342 2304 8042 4323| 751276 8946f 5
60 600 861 48069 9408 4509) 700208 6543 3554 781286| 0O
Cot. 59° 58° 57° 56° 55° 54° 53° 52°
‘Lan, 38° 39 40° 41" 42" 43° 44° 45°
0| 781806| 800784 839100| 869287| 900404 932515] 965639] 1-00000| 60
5 3631 812195 8415681 871 844 3041 5238 8504 | 002913 55
10 598 4612 4 069 4 407 5635 7963 971326 005835| 50
15 8 336 7034 6563 6977 8336 940706 4157 | 008765 | 45
20 | 790 608 9463 9062 95531 910994 3451 6996 011704 40
25 3064| 821897 851568 882136 3659 8 204 0842| 014651 35
30 5 436 4336 4081 4725 6331 8965| 982697 017607 | 30
35 7 81 6782 6 599 7322 9010 951733 5560 020572| 25
40 | 800196 9234 9124 99241 921 697 4508 8432| 023546 20
45 2 585| 831691) 861655 892534 4391 7292 991311 0265291] 15
50 4 979 4155 4193 5151 7091 960 083 41991 0205201 10
55 7379 6624 8736 7774 9800|  2832| 7095| 032521| 5
80 9 784 9100 9287| 900404| 932515 5639 (1:000 000 035530f 0
Cot. 51° 50° 49° 48° 47° 46° 45° 44°
Tan.  46° 47 48° 45" 50° | 51° T
0 |1-0355301-072 369 [1-110613 | 1-150 368 | 1-191 754 | 1-234 897 [1-270 042 | 1-327 045 | 60
5 038549 075501 113866 | 153753 195280 238576| 283786| 331068 55
10| 0e1577| o78642| 117131 157150 198818 24226u| 287645| 335108) 50
15 044614 | 081794 120405 160557 202360 245974 201518| 330162| 45
20 047660 0849565 123691 1630761 205933 249693 294406 343233 40
25 050715] 088127 126987 167407] 209500 253426| 209308| 347 320( 35
20 | 053780 091309] 130294| 170850} 213097 267172| 303225| 351422 30
35 056854 004500 133612 174304} 216698 260932| 307158| 355541( 25
40 0599038 097702 136941 | 177.770]| 220312| 264706 311105| 359676 20
45 063 031 100 914 140282 181248] 223939| 268494 315067 363828 15
£0 066134 104137 143633 184738| 227579 272296 319044 367 996]| 10
55 069 247 107369 | 146995 183 240| 231231 276112 323037| 372181 5
€0 072 369 110613 | 150368 191754 234897 279042 327045] 376332 0O
Cot. 43° 42° 41° 40° 39° 38° 37° 36°
lan. 54° 55° 56° 57° 58° 59° 60° 81°
0 [1-376382(1-428148|1-482 561 | 1-539 865 | 1-600 3351 1-664 280 | 1-732 051 | 1-804 048 | GO
5 380 60O | 432578 487222 544779] 005526| 669776| 737883| 810252( 55
10 384 835| 437027| 491904| 549716]| 610742 675299 743745 816489| 50
15 380 088 | 441494 406606 554674] 615932 630849 749637 822759| 45
20 | 393357 445980 501323 559655] 621247 686426( 755550| 820063 | 40
25 | 307 644| 450435| 5060711 564659] 626537 692031| 761511 835400] 35
30 | 401948| 455000| 510835( 560686] 631852| 697663| 767194| 841771] 30
35 | 406 270, 459552| 515620| 574735 637192 7033231 773503 848176| 25
40 410 610] 464115 520426| 579808] 642558 709012| 779552| 854616| 20
45 414 967| 463697| 525254 5840041 647949 714728 785620 861091 15
50 419 343| 473298| 530102} 5900241 653366 720474 791736| 867600( 10
55 [ 923736 477920fF 534973| 595167F 658810 726248 7T97876| 874146 5
60 | 428 148] 482561 593865| 600335] 664280| 732051| 804.048| 880727| 0
’ 35° | 34° 33° 32° 31° 30° 29° 28° ’

NaTURAL COTANGENTS
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NATURAL TANGENTS
82° 83° 84° 85° 86° 87° 68° 89°
0 [1-880 727 (1:962 611 {2-050 304 | 2:144 507 | 2-246 037 | 2:355 852 | 2-475 087 | 2-605 089 | 60
65 | 887344 069687 | 0578Y5) 152676] 254857 365412| 435489| 616457 | 55
10 | 893997 | 976805| 065532] 160896| 263736 375037 4959686 627912| 50
15 900687 983964) 073215| 169168| 272673| 384729| 506520| 639455| 45
20 | Q07415( 991164 080944 ] 177492] 281669| 394489 517151 651087) 40
25 | 914 179( 998406 088720 185869] 290726| 404317| 527860 662809 35
30| 920982|2-005690| 096544 | 194300] 299843| 414214 538648| 674622( 30
35 | 027823| 013016 104415 202784 309021| 424180 549516 686527 25
40 | 9347021 020386 112335 211323| 318261 424217 5604065 698525 ( 20
45 [ 9416201 027799 1203031 219918 327563 444326( 571496( 710619| 15
60 | 048577 035257 1283217 228568{ 336929 454506 b532609| 722808( 10
65| 955574 042758 136389) 237274% 346358| 464760| 593807 735003| 5
60| 962611) 050304 | 144507| 246037 355852| 475087 605089| 747477 O
Cot, 27° 26° 25° 24° 23° 22° 21° 20°
T'an, 70* 71° 72 73° 74° 75° 76° 7
0 ) 2:747 477 | 2904 211 | 3-077 684 | 3-270853 | 3-487 414 [ 3-732051 | 4-010 781 | 4331 476 6O
51 759961 917991 902933| 287949 506656 753882 035773 360400/ 55
10| 772545 931889 108421} 305209| 526094 | 775952 061070( 389694[ 50
165 | 785231] 045005] 123999 322636] 545733 798206 036663| 410364| 45
20 | 7980200 960042 139719 340233| 565575 820828| 112561 | 449418| 40
25 | 810913} 974302 155584 358001 585624 | 843642 138772| 479864| 35
30 | 823013 988685 | 171505 375043] 605884| 866713 165300{ 510709| 30
35 | 8370207003194 187754 394063] 626357| 800045| 192151 | 541961 | 25
40 [ 850235 017830 204064 412363) 647047| 913642| 219332| 573629 20
451 8635601 032595 | 2205626[ 430845 667958| 937509| 2468481 605721 15
60 | BT6997| 047492 237144 449512] 689093 | 961652 274707 | 6383246 10
55 | BU0547| 062520 253918| 4683681 710456| 986074 302014) 671212| 5
6O | 904211 077684 270853 487414 7320514010781 | 331476| 704630] O
Cot. 19° 18° 17° 16° 15° 14° 13° 12°
Tan.  78° 79° 80° 81° 82" 83" 84" 85°
0 |4:704 630 1 5-144 554 [ 5:671 282 [ 6-313 752 ] 7-115370 | 8:144 346 | 9-514 365(11-43005 | 60
5 7485081 184804 TIOOIT| 373736 191246| 243449| 640348 62476] 55
10 | 772857 225665 769369] 434843] 268726 344956 783173 82617 50
15 | 807685| 2671562 B19657( 497104] 347861 448957 9310001 12:03462| 45
20 | 843005) 3092791 870804 560554] 428706| 555547 110-07893 260511 40
25 | 878825| 352063 922832 625226] 511318| 664822 22943 47422 35
30 | 915157 395517 975764 691156( 595754| 776887 38540 70620 30
35 [ 952013 4396596020625 7583831 682077| 891851 54615 94692 25
40 | 989403 ) 484505 084438 826944 770351 )9:009826| 71191 | 13-19688| 20
45 {5:027340| 530072 140230} 896830 860642| 130035| 882902 456 63| 15
50 | 065835| 5763791 197028| 968234 953022 255304 (11:059 43 2674 10
55 | 104902| 623442 254859)7-041 043]8:047565| 383066 24171 |[14:00786| 5
60 | 144554| 671282 313752 115370 144346| 514365| 43005 30067 0
Cot. 11° 10° 9° 8° 7° 8° 5° 4
Tan.  86° Dit, 817° Diff. 88° Diff. 89° Ditt.
0 | 14-300 67 19:081 14 28-636 25 57289 96| 60
5 605 92| 30525 62730( 54616 ]29-83230| 1-24605 | 62499 15 5:20919] 55
10 924421 31850 [20:205556{ 57825 |31-241568] 1-35928 | 68-75009 6-25094{ 50
15 |15-25705| 33263 818831 61328 [32:73026( 1-48868 | 76-39001| 7-63992( 45
20 604 78| 34773 (2147040 65157 3436777 1-63751 | 85-93979] 9-549 78| 40
25 968671 36389 [22:16398| 69358 [36-17760] 1-:80983 | 98217 94| 12:2782 | 35
30 |16-349861 38119 90377 | 73979 [3818846] 2-01086 [114-5887 { 16:3708 | 30
35 74961 [ 39975 [23:694564| 79077 [40-43584 | 2-24738 |137-5075 | 22-0188 | 25
40 |17-16934| 41973 |24-541 76 84722 [42-964 08| 2:52824 [171-885 4 | 343779 | 20
45 61056{ 44122 |26-45170| 90994 |45-82935| 2-86527 [229-1817 | 57-2963 | 15
50 118:07498( 46442 (26431601 97990 [49-10388 | 3-27453 [343-7737 [114-5020 | 10
55 564 47| 48949 [27-480385]11-05825 |52-83211| 3-77823 (63876489 [343-7752 | 5
60 |19-081 14| 51667 |28:63625 [ 1-14640 |57-23996 | 4-407 85 | Infinite | Infinite | 0
’ 3° Diff, 2° Diff. 1¢ Diff. 0° Diff, |

NATURAL COrANGENTS
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Practical Hints on Solving a Problem

(1) Visual presentation is an invaluable aid to solving a problem.
Where possible, always draw a rough diagram, inserting the data and
the quantities required.

(2) Before commencing a lengthy calculation, see if a short cut can
be used to advantage.

(3) It saves time in checking to set down each step of a calculation,
rather than to rely too much on mental reckoning.

(4) Decimal points are sometimes poorly defined. To avoid
ambiguity in reading quantities like -635, always insert a 0 hefore the
decimal point.

(5) Brackets omitted or inserted incorrectly can often cause con-
fusion. Compare, for example, the following :

sin? ¢ . 5 . . . sine of the square of 8

(sin 0)* o . . square of sin

log P,/P, . . quotient of the log of P, and P,
log (P,/P,) . . o . log of the quotient of P, and P,

W.E. P.
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2. OPTICS AND ELECTRON OPTICS

The science of Optics and Electron Optics plays a large part in
modern television engineering. For example, an optical lens is used in a
television camera to form an image of the scene to be televised on the
light-sensitive electrode of the camera tube. A second example, taken
from the other end of the television chain, the image displayed on the
screen of a receiving cathode-ray tube, is produced by an electron beam
focused on the screen by means of a permanent magnet or electromagnet,
both of which behave as electron lenses. Many other applications of
optical and electron-optical principles could be listed, but these two
serve to illustrate the nature of the subjects. Optics is concerned with
the laws governing the deflection of light beams, and electron optics
with those governing electron-beam deflection. These subjects have
much in common, as shown in the following pages, in which the basic
principles of both are described.

OPTICS

Visible light consists of electromagnetic waves of the same nature as
radio waves but with a very much smaller wavelength. The shortest
" radio wavelength classified at the Atlantic City Conference (1947) was
1 mm., but visible light has wavelengths between +i; and ;Z;; mm.,
the shorter wavelengths corresponding to blue light, and the longer to
red. The human eye has maximum response to a wavelength at the
centre of this range, corresponding to a green colour. The wavelength A
is, of course, related to the frequency of the wave by the usual relation-
ship fA = ¢, where ¢ is the velocity of the wave and is equal to 3 x 10°
cm. /second in air (as for radio waves).
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Fic. 1.—REFLECTION OF A Ray oF Fi1u. 2.—FORMATION OF THE IMAGE
LiGHT AT A PLANE MIRROR. I oF A PoixT OBJECT O 1N A PLANE
MIRROR.
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Vi REFLECTING //{ REFLECTING
I T o SURFACE 7 /S_URFACE
S~ 7 1 ‘
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H A F1c. 3 (left).—FoRrMATION OF THE
T IMaAGE I,], OF A LArGE OBJECT 0,0,
152 o IN A PLANE MIRROR.
2 I 2
> Fic. 4 (above)—Two TYPES OF
Z — SPHERICAL MIRROR : {a) CONVEX;

{b) CoxcavE.

Reflection of Light

When a ray of light strikes a flat, smooth surface, it is reflected as
shown in Fig. 1, the angle of incidence Zi being equal to the angle of
reflection Z7. Both angles are measured with respect to the normal
OA, which is at right angles to the surface BC.

If a small object O is situated near a plane mirror as in Fig. 2, some of
the rays of light from the object strike the mirror and are reflected.
The paths of three of these rays are shown in Fig. 2; after reflection they
appear to originate from a point I behind the mirror, known as an image
of 0. Such an image is termed virtual, because it has no real existence.

The construction of Fig. 2 can be repeated to determine the image
positions for various points of a large object. This has been done in
Fig. 3 for the points O, and O, at the head and tail of the arrow repre-
senting the object, the corresponding image positions being I, and I,.
Images for points on the object between O, and O, lie on the straight
line I,7,. Examination of this diagram shows that :

(1) the size of the image (I,I,) is equal to that of the object
(010,)

(2) the distance of the image from the mirror is equal to that of
the object from the mirror.

Similar constructions can be used to determine the position and size
of the images formed by spherical mirrors.

Convex and Concave Mirrors

Two types of spherical mirror are in common use, the sonvex mirror
(Fig. 4 («)) and the concave (Fig. 4 (b)).

Fig. 5 shows the paths of a number of individual rays in a parallel
beam of light falling on the surface of a convex mirror. The ray which
passes through C, the centre of curvature of the mirror, lies on the optic
axis of the mirror; this meets the mirror surface at P, known as the
pole. Each ray in the parallel beam is reflected regularly at the mirror
surface, i.e., is reflected such that the angle of incidence Z7 equals the
angle of reflection Zr, the angles being measured with respect to the
normal to the mirror surface at the point where the incident ray strikes
it. These two angles are illustrated in Fig. 5 for one particular ray.



2-4 RADIO AND TELEVISION REFERENCE BOOK

CENTRE OF
CURVATURE

FiG. 3.—REFLECTION OF PARALLEL LIGHT AT THE STURFACE OF A
CONVEX MIRROR.

Provided the whole of the incident beam falls on a comparatively
small area surrounding the pole of the mirror, all the reflected rays
appear to diverge from a point F midway between the centre of curva-
ture and the pole. This point is termed the focus of the mirror, the
distance PF being the focal length f. For incident rays not far removed
from the optic axis the focal length is equal to half the radius of curvature
R, but for more distant rays the focal length tends to increase. For this
reason images formed by rays of light striking the mirror at points at
some distance from the pole tend to be blurred or distorted, an effect
known as spherical aberration.

Fig. 6 shows a geometrical construction for determining the position
and size of the image of a large object in a convex mirror. Two rays
are drawn from O,, the arrow head; 0,4 is a ray parallel to the optie
axis, and this is reflected in such a manner that the reflected ray appears
to come from the focus F. 0,Bisaray travelling in the direction of the
centre of curvature C'; this strikes the mirror surface at right angles, and
is reflected back along its incident path. The junction of AF and CB
gives the position of I, the image of 0,. The position of I, the image of
0, is determined in the same way by drawing the rays O, parallel to
the optic axis and 0,D directed towards the centre of curvature.

The construction shows that the virtual image I,I, is closer to the
mirror than the object, and is smaller than the object.

The position and size of the image can alternatively be calculated.
In the formule used in this section for this purpose the symbol u is
used for the distance of the object from the pole, v for the distance of the
image from the pole and f for the foeal length. To indicate the sense of
each measurement, i.e., to show whether the object or image is in front
of or behind the mirror, a convention of signs is adopted. In this
section the following rules are used :

(1) All measurements are made from the pole of the mirror
towards the object or image.
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F1G. 6.—GEOMETRIC CONSTRUCTION FOR THE
PosiTiox oF THE IMAGE oF A LARGE OBJECT
IX A CoNVEX MIRROR.

{(2) Object distances are regarded as positive when the measure-
ment is made in the direction opposite to that of the incident light.

(3) Image distances, focal lengths and radii of curvature are
considered as positive when their measurement is made in the same
direction as the incident light.

Thus in Fig. 6, u, v and f are all positive. The relationship between
u, v and f is

1 1 1

w7 . . ) L)
and the image size is given by the following expression
image size _ v

objectsize — 4| = optical magnification = JM . (2)

in which the signs of % and » have no significance.
If a convex mirror has a focal length of 5 in. and an object 4 in. high

stands 3 in. in front of it, the image distance is obtained by putting
u = 4and f = 5in (1) thus

1_1_1
v 33
.1 1.1 8
7375715
v = 1-875 in.

The image is therefore situated 1-875 in. behind the mirror.
The optical magnification is given by

and since the object is 4 in. high, the image is 4 < 0:625 = 2:5 in. in
height.
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Concave Mirrors

Concave mirrors are of more interest, being employed in astronomical
telescopes, stage luminaries, shaving-mirrors and in television systems.

When a parallel beam of light falls on a concave mirror, the rays are
so reflected that they pass through a focal point as shown in Fig. 7.
As for the convex mirror, the distance PF is the focal length, and is
approximately equal to half the radius of curvature. The focal point
for a concave mirror is, however, situated in front of the mirror (not
behind as for a convex mirror) implying that f, the focal length, is
negative. As for a convex mirror, the focal length tends to be different
(smaller in this case) for rays striking the mirror remote from the pole
than for rays near the pole. For this reason images formed by rays
striking the mirror at some distance from the pole are distorted due to
spherical aberration. To minimize such aberration the mirror should
be of parabolic not spherical form.

If a source of light is placed at F, it gives rise to a parallel beam of light
from the mirror; if the source is moved slightly towards the pole, the
light beam becomes divergent, and if it is moved away from the pole,
the beam become convergent. This facility of producing convergent,
parallel or divergent beams of light by use of a concave mirror is exten-
sively employed; two obvious applications are to be found in torches
and car headlamps.

Virtual Image in a Concave Mirror

In Fig. 8 the geometrical construction of Fig. 6 is applied to a concave
mirror, the object being situated between the focus and the pole.
The lettering corresponds with that used in Fig. 6 : 0,4 and O,E are
rays parallel to the axis and reflected so as to pass through the focus;
0,B and 0,D are rays which pass through the centre of curvature, and
are reflected normally 8o as to retrace their incident paths. The virtual
image I,1, is farther from the pole and is larger than the object. This
magnifying property of a concave mirror is illustrated in the following
example.

Suppose the focal length is 3 in. (negative) and that an object 2 in.
high is situated 2-5 in. from the pole. Thus, following the sign conven-

tion given earlier, = 2-5 and f = —3. From equation (1)
_
u+f
Substituting the numerical values,
Yy 2O X =8 _ =15
T 25—-3 0 =05 ’

The image is thus 15 in. behind the mirror, and the optical magnification
is given by equation (2)
v 1

M=I7l=‘~’—'=6

(4]

giving the image size as 6 X 2 = 12 in. This example illustrates the
advantage of concave curvature in a shaving-mirror.
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F16. 7.—REFLECTION OF PARAL- %\\ ~
LEL LIGHT AT THE SURFACE OF A
CoxCAVE MIRROR. M
o
Real Image in a Concave Mirror

In Fig. 9 the construction of Fig. 8 is repeated for an object situated
between the focus and the centre of curvature. Rays of light from 0,
now converge, after reflection, at a point I, in front of the mirror;
similarly, rays from O, converge on I,. If a surface, such as a piece of
paper, is placed in the plane of I, and I,, a magnified inverted image of
the object is formed upon it. Such an image has a real existence, and
is termed a real image, in contrast with the vertical images discussed
above, which have an apparent existence behind the mirror.

If the construction of Figs. 8 and 9 is repeated for other positions of
the object, the nature and size of the images obtained are as set out in
Table 1. Unless otherwise stated, images are situated in front of the
mirror.

Use of Concave Mirror in Projection Television Systems

The optical system used in television receivers for obtaining large
images from a small cathode-ray tube provides a good example of the
application of concave and plane mirrors. One form of a suitable system

F16. 8.—GEOMETRICAL CONSTRUCTION FOR THE POSITION
OF A VIRTUAL IMAGE IN A CONCAVE MIRROR.
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TABLE 1.—NATURE AND SIZE OF IMAGE WITH CoNCAVE MIRROR

Object Position 1 Image Position .' Nature of Image | Magnification

Between P and F | Behind mirror I Virtual, upright ] dreater than !

At F | At infinity Real, inverted | Infinite
Between F and C | Between C and | Real, inverted | Greater than 1
infinity |
At C At C ] Real, inverted | Equal to 1
Between C and | Between C and F | Real, inverted | Less than }
infinity

At infinity At F Real, inverted | Zero

is shown in Fig. 10. Light from the screen of the cathode-ray tube is
reflected from a concave mirror on to two plane mirrors and passes
through a corrector plate, finally coming to a focus on a viewing screen.
The cathode-ray-tube face is situated between the focus and the centre
of curvature of the concave mirror (the condition required to give a real
magnified image), and the rays of light from the face follow paths
similar to those shown in Fig. 9. The paths of four rays are shown in
Fig. 10, indicating how images of points O, and O, are produced on the
viewing screen at I, and I, respectively. The rays drawn are not those
parallel to the optic axis or which pass through the centre of curvature
as in earlier diagrams. To make it compact and suitable for mounting
in a small cabinet, the optical system is ‘‘ folded up ", the face of the
cathode-ray tube projecting through a hole in the first plane mirror.
To prevent light being reflected from the concave mirror back to the
cathode-ray-tube screen, silvering is removed from an area surrounding
the pole of the mirror. Reflection therefore occurs at some distance
from the pole, and considerable spherical aberration results. The
correct plate has a shape designed to correct this aberration and to
form an image of the required size at the required distance. By this
means images up to 14 in. by 20 in. can be obtained from a cathode-ray
tube only 2-5 in. in diameter. To give images of sufficient brightness on
the viewing screen, the picture on the face of the cathode-ray tube must
be extremely bright; these tubes are usually aluminized, and have a
final anode potential of 25 kV.

1z
Fi1e. 9. — GEOMETRICAL
CONSTRUCTION ¥OR THE
Posrrion  or A REesL /
IdaGE 11X A Coxcave /) Z= J_

MIRROR.
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Fie. 10.-—Tue Optical SysTEM UseEp IN ONE TyYPE oF TELEVISION
PROJECTION EQUIPMENT.

Refraction of Light
When a ray of light passes from one medium to a denser one. the path
is bent towards the normal at the boundary as shown in Fig. 11, the
protess being known as refraction. In other words the angle of incidence
£7 is greater than the angle of refraction Zr. These angles are related
by Snell’s law

sin 7

giny  H . ’ - @3
;\ |
N } REFRACTED
/4\ LIGHT RAY
| LIGHT
MEDIUM
INC(DEN\T\ 0l 2o \‘ ~
RAY \\I: e
/ S/ AT /
™\ REFRACTED NCIDENT /¢
DENSE Y RAY / DENSE
MEDIUM \/ MEDIUM
/
/

1. 11,—REFRACTION OF A Ray oF
LiGHT PASSING ¥FROM A LIGHT INTO A
DrxsE MEDIUM,

F16. 12.—REFRACTION OF A Ray oF
LigHT PassiNG FrOM A DENSE INTO
A LigHT MEDIUM.
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Fic. 13.—REFRACTION OF PARALLEL LiGHT By A COoxVEX LENS.

where p is known as the refractive index of the denser medium. The
refractive index of a medium is a measure of its optical density, and is
equal to 1-33 approximately for water and 1-5 approximately for glass.
In equation (3) it is assumed that the upper medium (Fig. 11) is air or a
vacuum, for which the refractive index is taken as unity.

When a ray of light passes into a less-dense medium it is refracted
away from the normal, as shown in Fig. 12, and Snell’s law becomes

sin ¢ 1

sinr )
I

where y is the refractive index of the denser medium as before.

Convex Lenses

From the laws of refraction we can deduce the paths taken by light
rays passing through a lens. Fig. 13 shows a number of rays incident
on & convex lens and parallel to the optic axis. Each ray is refracted
twice, once on entering the lens and again on leaving it. On entering
the lens, each ray is bent towards the normal and, on leaving it, is bent
away from the normal (the normals are shown for one ray in Fig. 13).
Both refractions cause the rays to be deflected towards the lens axis,
and in fact the rays meet within a small distance of the point F on the
axis, the focal point of the lens, the distance PF being the focal length f.
According to the sign convention given earlier, the focal length of a
convex lens is positive and, in fact, such lenses are sometimes referred to
as positive lenses.

Convex lenses can form images of the same type as those formed by
concave mirrors; that is to say they can produce enlarged upright
virtual images or real inverted images of any size.

Virtual Image in a Convex Lens

Fig. 14 shows the production of a magnified virtual image. Asin the
construction used for spherical mirrors, this diagram is made by drawing
two rays from each extreme of the object. One is the ray (for example
0,4) parallel to the optic axis; this ray is refracted so as to pass
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Fi1c. 14.—PRrRODUCTION

OF A MAGNIFIED VIR-

TUAL IMAGE BY A CON-
VEX LENS,

through F. The other is the ray (for example, O,P) passing through
the centre P of the lens (not the centre of curvature as in the mirror
constructions). This ray passes through the lens without deflection.
The rays BF and O, P appear to come from I, the virtual image of O,.
Similarly, the rays DF and O,P appear to diverge from I,, the image of
0,. This construction illustrates the use of a convex lens as a magnify-
ing glass, and the degree of enlargement obtained can be calculated as
shown in the following example.

Suppose the object is 2 in. in height and is situated 1-5 in. from the
pole of a convex lens of 2 in. focal length.

The sign convention used is as employed for spherical mirror calcula-
tions, but the relationship hetween u, v and f for lenses is as follows

1 1 1
- = o o o o 5
ats=7 )
From this
uf
0= =
Substituting the numerical values u = 2 and f = 2
15 x 2
v=15_a~ O

showing that the image is situated 6 in. from the pole and on the same
side of the lens as the object.

The magnification is given by
[v 6

- =4

M = =
& lul 15

and the image size is therefore 4 X 2 = 8 in.

Real Image in a Convex Lens

In Fig. 15 the construction of Fig. 14 is repeated to illustrate the
formation of a real image. For the particular object distance chosen
the image is smaller than the object ; this diagram illustrates the use of
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Fic¢. 15.—PropUcTION OF A REAL IMAGE BY A CONVEX LEXS.

a lens in a photographic or television camera. The image is situated
behind, though relatively near, the focus of the lens. As an example,
suppose the lens has a focal length of 4 in. and the object is 3 in. high
and situated 12 in. from the pole. We have u = 12 and f = 4. Sub-
stituting in (3)

uf 12 x4
u—f 12 —4

i.e., the image is situated behind the lens and 6 in. from the pole. The
magnification is given by

v = 6

W28
u

Lol —

bt |

2

and since the object height is 3 in., the image height is 1-5 in.

In representing the lens of a camera or camera tube, it is generally
impossible to draw rays parallel to the optic axis (such as 0,4 and 0,B
in Fig. 15) because the object is usually larger than the lens and only
the rays which pass through the pole (such as 0,P and O,P) are drawn.
The diagram then takes the form shown in Fig. 16, which is more
indicative of the relative sizes of object and imege.

By repeating the construction of Fig. 15 for various object distances
the results given in Table 2 can be deduced; unless otherwise stated,

TABLE 2.—NATURE AND SizE oF IMAGE wITH COoNVEX LENS

. Distance of Object Distance of Nature of

from Pole Image from Pole Image Magnification

Uptof Between P and | Virtual, upright | Greater than 1
infinity in front
of lens

At f At infinity Real, inverted  Infinite

Between f and 2f Between 2f and | Real, inverted | Greater than 1
infinity

At 2f At 2f — Equal to 1

Between 2f and Between fand 2f Real, inverted | Less than 1
infinity
At infinity At f Real. inverted | Zero
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Fic. 16.—SIMPLIFIED JMETHOD
oF INDICATING THE RELATIVE
()BJECT, AND IMAGE SIZES AND o

Pos1T10NS, FOR A CAMERA LENS. ~— -

-
—
-

-

/

the images are situated behind the lens. This table has a striking
resemblance to that for the concave mirror; in fact, the only difference
hetween them is that the image signs are reversed.

Concave Lenses

As might be anticipated, the properties of a concave lens are similar
to those of a convex mirror ; this is borne out by the following features of
the lens :

(1) when parallel light falls on a oconcave lens it appears to
diverge, after refraction, from a focal point ;

(2) a concave lens always forms virtual images which are upright
and smaller than the object.

Fig. 17 shows that the focal point lies on that side of the lens on which
light is incident; in other words, the focal length is negative, and such
lenses are sometimes termed negative lenses. Fig. 18 illustrates the
formation of an image; in this diagram the lettering corresponds with

/

-

F1G. 17.—REFRacC-

TION OF PARALLEL

LiGHT BY A CONCAVE
LExs.

01[
Fio. 18,—FoRrMa-
TION OF A VIRTUAL
IMAGE IN A CONCAVE
Lens.
[eF%
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that of Figs. 14 and 15 for the convex lens. As an example consider a
concave lens of focal length 5 in., and suppose an object 4 in. high is
situated 3 in. from the pole. For this example ©« = 3 and f = —5.
Substituting in (5)

uf _ M = —1-875 in.

YT A —FTi=—(=5 "

i.e., the image is nearly 2 in. from the polé and is on the same side of
the lens as the object. The magnification is given by

1-875
3

M =[’i = 0625
U

and the image size is thus 0-625 X 4 = 2-5 in.

Lens Aberrations

In an ideal lens rays of light originating from one point in the object
space should recombine at a single point in the image space. In
practice, this does not occur, even if the lens surfaces are ground with
great accuracy to spherical form. An illustration of this mperfection
1s that the focal length of a lens is not constant but has different values
for rays entering the lens at different points. This causes distortion
known as spherical aberration in images formed near the lens axis and
coma in images remote from the axis. The aberration produced by a
concave lens is opposite in sign from that produced by a convex lens
and, by constructing lenses of positive and negative elements, overall
aberration can be kept at a low value. Another defect commonly
observed in a simple lens is astigmatism ; a lens suffering from this can
be positioned to give crisp images of, say, the spokes of a wheel or, by
readjustment, the rim of the wheel, but it is not possible to obtain
good images of both simultaneously. This effect can be minimized
by suitable choice of lens constants, including the distance of separation
of the elements forming the lens. Lines in the images formed by white
light often tend to be surrounded by coloured borders. This is due to
variation with frequency of the refractive index of the lens material,
and the distortion is termed chromatic aberration. When a lens system
contains pairs of lenses in contact this aberration can be minimized by
constructing the two lenses of different materials, such as crown and flint
glass; such combinations are termed achromatic pairs.

Lens Systems

The optical system used in photographic and television cameras
usually contains two or more individual lenses. Inside the system, or
sometimes before or after it, there is usually an aperture or light stop,
commonly in the form of an iris diaphragm which can be adjusted to
control the amount of light traversing the optical system. Such a
control is essential, because successful results can only be obtained from
a camera of either type when the amount of light entering the camera
has a certain value. The light clearly depends on the brightness of the
scene, and as this is not always under our control, the amount of light
traversing the lens system must be controlled.
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F16. 19.—Usg oF A LiGHT STOP TO LIMIT THE AMOUNT OF LIGHT
TRAVERSING A LENs SYSTEM.

Fig. 19 shows such a diaphragm situated between the lenses of a
two-lens system. In (a) the aperture is large and the lenses are filled
with light, the diameter of the beam entering the system being d,;
in (b) the aperture has been decreased, and the light beam diameter is
now only d,. It is important to realize that *‘ stopping down * the lens
in this way only reduces the brightness of the image formed by the lens;
it does not distort the image or remove any parts of it.

The diameter of the beam entering a lens system is commonly
expressed as a fraction of the focal length thus,

focal length

diameter of light beam = =

where 7 is a number. Such fractions are termed aperture numbers or
f-numbers. 1f an iris diaphragm is set to an aperture number of f/8
and if the focal length of the optical system is 3 in., the diameter of the
entering beam (assumed parallel to the optic axis) is 3/8 = 0-375 in.
Iris diaphragms are usually calibrated in' f-numbers in multiples of 4/2;
thus the aperture control of a particular lens might be scaled f/4-5,
f16-3, f/8, f/11 and f/16. f/4-5 is the maximum aperture, and each
successive calibration point represents a reduction of the beam diameter
by a factor of 4/2; this corresponds to a halving of the amount of light
entering the camera.

Depth of Field of a Lens System

If a perfect lens is focused on a point object O, it forms a point image
at /,, as shown in Fig. 20. For a point nearer the lens such as O,

Fic. 20.—Foryariox OF CIRCLES OF CONFUSION.
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OBJECTS HERE|OBJECTS WITHIN THESE| OBJECT HERE IMAGE
OUT OF FOCUS BOUNDARIES ARE IN OUT OF FOCUS PLANE
: FOCUS - .

POINT ON WHICH
l LENS 1S FOCUSED

.L—DEPTH OF FIELD —
Fi16. 21.—DEPTH oF FIELD OF A LENs.

the image is not perfect, but is blurred so as to occupy a circle of diameter
c.  Similarly, a point such as O, farther away from the lens also gives a
blurred circular image. These blurred images are known as circles
of confusion, and their diameter increases as the object producing them
recedes from O,. If the circles of confusion subtend an angle smaller
than approximately 1 minute (%th of a degree) at the eye they can
barely be resolved, and the image appears in focus; larger circles of
confusion appear out of focus. Thus when & lens is focused on a scene
of considerable depth, all objects between two definite distances from
the lens appear to be in focus (Fig, 21); this range of object distances is
termed the depth of field, and it is & very important consideration in
photography and television. Sometimes, as in an outdoor country
scene, a large depth of field is desirable; at other times, when interest
is to be concentrated on say one particular object in a room, it is pre-
ferable to have so little depth of field that only that object is crisply
* in focus. In general, the depth of field is given by

_ 2cun

d= 7 o . . . (6)

where ¢ is the diameter of the largest circle of confusion tolerable (this
depends on the distance at which the reproduced image is viewed), u
is the object distance, n the aperture number and f the focal length.
This expression shows that the depth of field is directly proportional to
the square of the object distance, and is very small when the lens is
focused on an object close to the lens. The depth of field is directly
proportional to the aperture number, i.e.. it is increased by stopping
down the lens, being twice as large for f/16 as for f/8. Decreasing the
aperture, of course, reduces the amount of light entering the lens and
makes the image fainter, Thus, unless a very sensitive film or tele-
vision camera tube is used, great depth of field may be obtainable only
when the scene brightness is great. The depth of field is inversely
proportional to the square of the focal length, being apparently quad-
rupled by replacing the lens by another of half the focal length ; in fact,
the improvement is only two-fold because the smaller lens gives an
image of half the size (in linear dimensions), and if this is enlarged to
twice its size the diameter of the circles of confusion is also doubled.
In a television camera tube the diameter of the circle of confusion
may be taken as that of an element (the smallest area which can be
resolved) on the light-sensitive electrode (photo-cathode). Forexample,
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Fic. 22.—ANGULAR
FieLp oF A LExs.

02

consider a tube having a photo-cathode measuring 2 by 1-5in. In a
405-line television system an element has a diameter of 1-5/405 =
0-004 in. approximately. At a distance of 6 ft. and using a lens of
f/2 aperture and 2 in. focal length the depth of field is given by :
0oy . 79 9
depth of field =-cu2n=2_x 0-004 X 72 X 72 X 2
a7 4
Fundamentally, the depth of field obtainable is determined by the
sensitivity of the tube and the scene illumination. Pre-war camera
tubes were insensitive, and the lens had to be used at full aperture to
give a good signal/noise ratio at the tube output; even under these
conditions, considerable scene illumination was necessary, and it was
often difficult to televise outdoor scenes in poor light. Modern tubes
are more sensitive, and it is possible to stop the lens down when
televising scenes of moderate illumination, giving greater depth of field.
The focal length of a lens required for a camera is determined by the
dimensions of the photo-cathode and the angle of view (angular field)
required. As shown in Fig. 22, if the angle subtended by the scene at
the lens is 8

= 20 in. approx.

tan{i=—l 5 . 5 5 . {7

27 3f

where ! is the length of the photo-cathode; it is assumed that the
scene is at some distance from the lens, and that the image is therefore
very nearly at the focus. Re-arranging (7) we have

l

f= 2 tan 0/2 ®)

In practice I is commonly of the order of 1 or 2 in., and values of § lie
between 40 degrees required in a wide-angle studio shot to 2 degrees for,
say, an outdoor shot of a distant clocktower. Substituting [ = 2 in,
in (8) gives f = 2-74 in. for § = 40° and 56 in. when 6 = 2°, Inter-
mediate values of fsuch as 6 in. and 12 in. are necessary to give medium-
angle shots. Thus most television cameras are fitted with a three- or
four-lens turret which can be rotated to give a choice of up to four focal,
lengths.

The distance between a lens and the image it produces cannot he



2-18 RADIO AND TELEVISION REFERENCE BOOK

\ / LENS HOOD

Fi1c. 23.—A LENs
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A
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less than its focal length, and thus exceeds 50 in. for narrow-angle
lenses. It is almost impossible to accommodate such a lens on a turret
without making the latter very heavy and cumbersome. Moreover,
lenses are commonly fitted with hoods (Fig. 23) to prevent light enter-
ing them at oblique angles; hoods tend to make the camera even more
unwieldy. The bulk of the long-focus lenses and their mounts can be
reduced by the use of lenses of the telephoto type; such lenses require
mountings only about one-third to one-half the effective focal length.

Telephoto Lens

As shown in Fig. 24, a telephoto lens is a combination of a front
convex element and a rear concave element. Parallel light entering the
combination is deflected so as to cross the optic axis at the focus F;
as shown, light leaving the concave lens approaches the focus as though
it had been deflected at the point 0. In fact, the combination could be
replaced by a single convex lens situated at O and having a focal length
OF. OF 18 thus the focal length of the telephoto combination, but the
length of the lens mounting (approximately AF) is considerably less.
The distance BF is known as the back focus.

I i<-LENGTH OF LENS MOUNTING -

™ Focus

|
]
I
|
|
I
[}
]
|
|
, !
E BACK |
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]
~ — EFFECTIVE FOCAL LENGTH — -

F1G. 24.—PRINCIPLE OF THE TELEPHOTO LENS.
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Zoom Lens

Some television cameras are fitted with a zoom lens in place of a lens
turret. This usually has a greater length than a turret, but the width
is less, and it is far more flexible, having a focal length which can be
continuously varied over a range up to 5: 1. Thus such a lens can have
a focal length adjustable from, say, 4 to 20 in., making possible a wide
variation in angular field without momentary breaks in picture due to
lens changes (as with a turret). When the zoom control is operated to
change the foecal length, the magnification of the optical system is
altered, and a viewer has the impression that the camera is being moved
rapidly up to or away from the scene. Such a lens is of great advantage
in televising sporting events, in which the action is quick. Very quick
changes in focal length are often necessary to enable the action to be
followed in detail, in spite of rapid variations in distance from the
camera.

The design of a zoom lens is very difficult; for successful results the
back focus and the aperture must remain constant, and aberrations
must be kept at a minimum for all settings of the zoom control. These
requirements can be satisfied by using a number of positive and negative
elements, some being fixed and others moved along the axis by cams
when the zoom control is operated.

ELECTRON OPTICS

The first part of this section has briefly described the means adopted
to deflect and focus light beams. In television camera and picture tubes
it is necessary to carry out similar processes for electron beams; in both
types of tube an electron beam is focused on a screen (or target) and
deflected so as to traverse it in a scries of scanning lines. Deflection
and focusing can be achieved by electrostatic or magnetic methods,
and the following few pages are devoted to the basic properties of the
systems commonly used for such purpose. Both processes make use of
the forces exerted on electrons by electric or magnetic fields, and we
shall begin by enumerating briefly the laws governing electron hehaviour
in such fields.

Behaviour of an Electron in an Electric Field

An electron situated in an electric field, such as that hetween the
parallel plates of Fig. 25, is urged towards the positively-charged plate.
The electric field is usually represented by arrows pointing in the

+—
T T 1 T T LINES OF ELECTRIC INTENSITY
| l " (i-e. DIRECTION OF FIELD)
| | | |
| A A B B B
| | ~1——DIRECTION IN WHICH
| | | ! | ELECTRONS MOVE
! | [ ! ! {
_ 1

Fi¢. 25.—ELECcTRIC FIELD BETWEEN Two PARALLEL CHARGED PLATES.
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Fre. 26.—ELEcTRIC FIELD (SoLip LINES) AND EQUIPOTENTIAL SURFACES
(DorTEDp LINES) BETWEEN Two C0-AX1AL CHARGED CYLINDERS.

direction in which a positive charge would move; thus an electron, by
virtue of its negative charge, tends to move in the opposite direction to
the lines of electric intensity representing the field.

Fig. 26 shows in solid lines the field pattern between two charged co-
axial cylinders; this is a form of construction frequently used in
electrostatic electron lenses. It is significant that the lines of intensity
in Figs. 25 and 26 all leave or arrive at the charged conductors at right
angles. In Fig. 26 a number of dotted lines are drawn ; these have the
property that they are, at all points, at right angles to the lines of
intensity. The most important property of these is that for each of
them the potential acquired by a conductor placed at any point in the
line is constant. These are, in fact, lines of constant potential, and are
usually termed equipotential lines.

Equipotential lines are sometimes labelled with their value of
potential ; for example, line ABC, which is very near the outer cylinder,

ELECTRONS MOVING
IN THIS DIRECTION

ARE ACCELERATED
T
S S N — ov
—m - 50V
EG U EOTE N A ] I N~ E— — 100V
SURFACES | ——--——- - 150V
P — [ 200V
——|=—- r ——————— 250V
ELECTRONS MOVING ELECTRONS MOVING IN
IN THIS DIRECTION THIS DIRECTION AT LOW
ARE RETARDED VELOCITY ARE HALTED

AND REVERSED

F16. 27.—BEHAVIOUR OF AN ELECTRON BEaAM ENTERING AN
ErLecTRIC FIELD NORMAL TO THE EQUIPOTENTIAI SURFACES.
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NORMAL TO EQUIPOTENTIAL
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POTENTIAL GRADIENT. | =—=——————+

has a potential of nearly 500 volts (that of the cylinder), whereas DEF,
approximately equidistant from both cylinders, probably has a potential
of 250 volts, a value mid-way between those of the two cylinders.
Fig. 26 is, of course, a sectional drawing, and if it were rotated about its
axis of symmetry the dotted lines would generate equipotential surfaces.
The shape of these surfaces determines the behaviour of electrostatic
focusing systems, and has a bearing of the deflection of electron beams
passing through them, just as the shape of an optical lens determines the
deflection experienced by a light beam passing through the lens.

An electron moving in an electric field so as to cross equipotential
surfaces at right angles is, of course, travelling parallel to the lines of
electric intensity (which are always at right angles to the surfaces).
Such electrons experience no lateral deflecting forces, and continue to
move in the same straight line, being accelerated if they are moving up
the potential gradient (i.e.. towards a positively-charged conductor),
but retarded if moving down the potential gradient. If a retarding
field is sufficiently strong it can bring a moving electron to a temporary
halt and then reverse its motion. Such conditions exist near the target
of all low-velocity television camera tubes. Where an electron beam is
required to penetrate a retarding field it must be given an initial velocity

NORMAL TQO EQUIPOTENTIAL
SURFACES (ALSO DIRECTION

OF FIELD) \

Fi1¢. 29.—PaAaTH
TRACED BY AN ELEc-
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______________ 50V A PARALLEL ELECTRIC

ZQUIPOTENTIAL J ~——————— ~————100v FIELD OBLIQUELY

SURFACES ——-—-—--———--Sf—-o 15OV AND TRAVELLING

________________ 200V Dowx THE POTENTIAL
______________ 250V GRADIENT.
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adequate for the purpose. Fig. 27 illustrates the three effects which can
occur when an electron stream enters a field at right angles to the
equipotential surfaces.

If an electron enters an electric field at an angle to the equipotential
surfaces, its velocity is not parallel to the lines of intensity, and the
electron experiences a lateral deflecting force which tends to align it
with the lines of intensity (if the electron is travelling up the potential
gradient) or tends to make it take up a direction at right angles to the
lines of intensity (if it is moving down the potential gradient). These
two modes of behaviour are illustrated in Figs. 28 and 29. The effeot
on the beam is perhaps easier to understand when it is realized that the
beam is accelerated downwards in Fig. 28, tending to make the velocity
more nearly at right angles to the equipotential surfaces, whereas in
Fig. 29 the beam is retarded and tends to become parallel to the equi-
potential surfaces. These diagrams bear a striking resemblance to
Figs. 11 and 12, and in fact there is a relationship between the angles of
incidence and refraction for electron beams analogous to Snell’s law.

The relationship is
sin ¢ Ve
sin r \/(V,) : : ’ - 9

where V; is the potential of the medium above the uppermost equi-
potential surface and V, is that of the medium below the lowest equi-
potential surface. Both media are assumed to be of constant potential.
Comparison of equations (3) and (9) shows that the quantity which, in
electrostatic deflection of electron beams, compares with refractive
index in optics is the square root of the potential.

The potential of & medium can readily be varied, but the refractive
index of an optical medium cannot; in this respect electron-optical
systems are more flexible than their optical counterparts.

Figs. 28 and 29 show another feature of electron lenses which is not
shared by optical lenses; in an optical system regions of different
refractive indices are separated by surfaces, and light beams suffer an
abrupt change in direction as they cross these surfaces. In an electron-
optical systcm there is a boundary zone of appreciable thickness between
two media of different potential, and an electron beam, crossing from
one medium to the other, follows a curved path in such zones.

Electrostatic Immersion Lens

Fig. 30 illustrates a typical electrostatic lens of the type commonly
used near the cathode of a cathode-ray tube to concentrate emission'
from the cathode into a beam in the direction of the screen. The lens
consists essentially of two conducting plates, each containing a circular
hole, so arranged with respect to the cathode that the three electrodes
form a system with an axis of symmetry. The electrode nearest the
cathode 18 the grid, sometimes termed a modulator, and the second is
the first anode. The shape of the electric field is also indicated, and
from this we can deduce the shape of the paths traced out by electrons
released from the cathode. To do this we apply the rules implicit in
Figs. 28 and 29, namely, that electrons travelling in the direction of
increasing positive potential are deflected towards the normal, and those
travelling in the direction of decreasing positive potential are deflected
away from the normal.
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Electrons entering the field and travelling up the potential gradient
meet equipotential surfaces of convex form; they are therefore deflected
towards the normals to these surfaces, and the divergent heam leaving
the cathode is made convergent immediately inside the lens. As the
beam approaches the anode, however, it meets equipotential surfaces
of concave form, and electrons are here deflected away from the normat.
In this region of the lens the beam is made more divergent, but, because
of the increased electron velocity in this region, the effect is less than
that of the convex surfaces, and the beam leaving the lens is still con-
vergent. This is therefore an example of a positive electron lens, and
it has a focus at I which can be regarded as an image of the cathode at C.

Fig. 30 may thus be regarded as an electron—-optical equivalent of
Fig. 15. The simple convex lens of Fig. 15 is, however, not a perfect
analogy, because the media on the two sides of the lens in Fig. 15 have
the same refractive index (both being air presumably), but in Fig. 30 the
potential near the anode is considerably higher than that near the grid.
In spite of this, the analogy is useful, and it is helpful to remember that
the shape of the equipotential surfaces, encountered by an electron
travelling up the potential gradient, is also the shape of the front surface
of the equivalent optical system (in which it is assumed that light is
travelling into a medium of greater refractive index).

Electrostatic Two-cylinder Lens

There are usually two lenses of the type shown in Fig. 30 in an electro-
statically-focused cathode-ray tube. The first is formed between the
grid and anode as described, and the second is between the first and
second anodes, as shown in Fig. 31. The space between the second
anode and the screen is made equipotential as far as possible by a third
anode, consisting of a conductive coating deposited on the inside walls
of the tube and extending to within a small distance of the screen. Such
an electrode is known as a wall anode, and is usually connected internally
to the second anode (to avoid the formation of a third lens between the
second and third anodes). The focusing of the electron beam can be
achieved by variation of the first or second anode potential.

Symmetrical or Univoltage Electrostatic Lenses

Another type of electron lens is that illustrated in Fig. 32, which
consists of three parallel conducting plates with circular apertures
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having a common axis. The outer plates have the same potential, and
the centre conductor has a positive or negative bias which can be
varied to control the focal length. The diagram gives the shape of the
equipotential surfaces for a positively-biased centre plate, and also
indicates two typical electron paths through the lens, showing it to be
convergent. Univoltage lenses are chiefly employed in electron miero-
scopes, but they are mentioned here as an example of an electron lens
in which both initial and final media have the same potential. Such a
lens corresponds very closely with a single convex optical lens in air.

Electric Deflection of Electron Beams

Fig. 33 illustrates an electrostatic deflecting system; such systems
have been used in television camera and picture tubes, but are now
chiefly employed in cathode-ray tubes for oscilloscopes.

The electron beam is passed between two parallel plates situated
between the electron gun and the screen. If there is no potential
difference between the plates, the beam passes between them without
deflection and strikes the centre of the screen (as shown by the dotted
line), but if one plate is biased positively with respect to the other, the
beam experiences an accelerating force in the direction of the positive
plate (i.e., opposite to the field) and is deflected in the direction of that
plate, as shown by the solid line. The deflection D on the screen is
related to the voltage V between the plates according to the approximate
expression

D IL

Vv = 3ar, (10)
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where U, is the final accelerating potential of the electron gun, d is
the spacing between the plates, [ is the length of the plates and L is
the distance of the plates from the screen. The expression shows that
the deflection per volt applied between the plates (usually known as the
deflection sensitivity) is inversely proportional to the voltage on the
final anode of the electron gun. For this reason deflection sensitivity
is usually given in a form expressing the dependence on T7,. For
example, the deflection sensitivity may be quoted as 450/ Ve
mm. volt; if the final anode potential is 1,250 volts, the deflection is
450/1,250 = (-36 mm. /volt.

As shown in expression (10), the deflection sensitivity can be increased
by increasing the length of the deflecting plates or decreasing the
spacing between them, but both methods limit the maximum angular
deflection of the beam. This limitation can be avoided to some extent
by setting the plates at a small angle to one another, as shown in Fig. 34,
in which the beam is shown deflected through the maximum angle by
the first pair of plates.

The two plates illustrated in Fig. 33 deflect the beam in the vertical
direction only, and to scan a target or screen, another pair of plates is
required to give horizontal deflection. To avoid interaction between the
two fields, the two pairs of plates are generally mounted in tandem, as
shown in Fig. 34. To give a rectangular scanning pattern as requxred
in a television camera or picture tube, the horizontal deflecting plates

ELECTRON GUN HORIZONTAL DEFLECTING
l PLATES
¢" / — e
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F16. 34, —ARRANGEMENT OF VERTICAL AND HORIZONTAL
DEFLECTING PLATES 1N A CATHODE-RAY TUBE.
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are supplied with a saw-tooth voltage at line frequency and the vertical
deflecting plates with a saw-tooth voltage at frame frequency.

Behaviour of an Electron in a Magnetic Field

The forces acting on an electron travelling in a magnetic field can be
illustrated by reference to a diagram such as that shown in Fig. 35.
This shows a parallel magnetic field between two pole pieces, the field
being represented by arrowed lines; these indicate, at any point in
them, the direction in which a north magnetic pole would be urged,
i.e., the direction of a compass needle situated at that point.

An electron moving parallel to the field as in the direction of the
arrows 4B or CD experiences no force due to the field, and continues
to move in the same straight line. If the electron is moving in a direc-
tion at right angles to the magnetic field, as shown by arrow EF, it
experiences a deflecting force at right angles to EF and to the field.
The force, in this instance, acts downwards into the paper, and tends to
make the electron follow a curved path in a plane at right angles to the
paper. As the direction of the electron velocity alters, that of the force
changes also, because the force is, at every instant, at l'ight angles to
field and velocity. Under the action of this ever-changing force the
electron is forced to move in a circular path lying in a plane at right

Usin6

FiG. 36.—PatH TRACED BY AN ELECTRON ENTERING A PARALLEL
MaGNETIC FIELD AT AN ANGLE 0.
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angles to the paper; an attempt has been made to illustrate the path in
Fig. 35.

%rom the behaviour of the electrons entering the field as indicated in
Fig. 35, it is possible to deduce the path traced by an electron entering
a parallel field at a small angle 6, as shown in Fig. 36. The electron
velocity v can be resolved into two components v cos § parallel to the
field and v sin 8 at right angles to it. The first-mentioned component
produces a uniform motion of the electron parallel to the field, and the
second produces motion in a circular path in a plane at right angles to
the field. Under the combined effect of these two motions, the electron
follows a corkscrew path similar to that shown in Fig. 36. The path is
represented by a line drawn on the surface of a cylinder and which, after
making each complete revolution of the cylinder, returns to the level of
the starting point. The cross-section of the cylinder on a plane at right
angles to the field is, of course, the circle due to interaction of » sin § and
H; the projection of the electron motion on a plane parallel to the
magnetic field is a sine wave.

Long Magnetic Lens

One method of focusing an electron beam by a magnetic field is
shown in Fig. 37. This shows a tube similar in shape to some television
camera tubes and surrounded, for most of its length, by a coil (the turns
of which are shown in section) which carries D.C. and produces an axial
magnetic field represented by H. The electron gun, the details of which
arc not shown, includes.a cathode, a control grid and a number of anodes
consisting of plates with apertures. A wall anode is connected to the
final anode of the gun to form a field-free space in the body of the tube
through which electrons may travel at uniform velocity. The potential
on the control grid controls the density of the electron beam, and the
anodes have the effect of intercepting all electrons leaving the cathode
except those which make small angles with the tube axis (and hence with
the magnetic field). The anodes are not focusing electrodes, and the
electrons leave the gun in the form of a divergent beam of small angle
as shown. Each electron in this beam, except those parallel to the
magnetic field, follows a path of the form shown in Fig. 36, and each
returns to its initial level at the same distance from the gun. Thus the
cross-section of the beam narrows to a small value, approximately
equal to the area of the final aperture in the electron gun, at regular
intervals along the tube axis. The envelope of all the electron paths is
shown by the dotted line in Fig. 37, and one particular path is indicated
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by the solid line. At the points B, C, D, etc., the electron beam can be
said to form images of the initial opening A4, and by adjustment of the
final anode potential (i.e., the electron velocity) or the current in the
focusing coil surrounding the tube, the intervals between the foci can
be varied and one of the foci can be made to coincide with the target or
screen. This is the type of magnetic electron lens used in low-velocity
camera tubes of the orthicon, image—orthicon and c.p.s. Emitron types.

Short Magnetic Lens

Another type of magnetic lens commonly used to focus the beam in
picture tubes consists of a short solenoid carrying D.C., as shown in
Fig. 38. The magnetic field due to such a coil has the form shown;
although it is parallel to the coil axis at the centre of the coil, it has
marked radial components (at right angles to the axis) elsewhere. In
this type of lens the focusing action is principally due to the radial
components (not the axial component as in the long magnetic lens).
The mechanism of the focusing effect is somewhat complex; briefly,
electrons entering the lens and meeting the radial field at the entrance
are deflected at right angles to the paper and begin to spin around the
lens axis. At the centre of the lens this motion interacts with the axial
magnetic field to produce a force which deflects the electron towards
the lens axis. At the exit of the lens the radial field components again
predominate, and interaction of these with the electron velocity gives
rise to deflecting forces, again causing a spinning motion around the
lens axis. The radial field is, however, in the opposite direction to that
at the lens entrance, and the spinning motion is also in the reverse
direction, tending to cancel that produced earlier. In practice, the
cancellation is not perfect, and the image is usually rotated through a
small angle with respect to the inverted position. which is normal for a
positive lens. The spinning motion is ignored in the typical electron
path shown in Fig. 38.

The focal length of the lens depends on the radial field components,
and can be reduced (implying increased lens power) by enclosing the
winding in a shroud of highly permeable material (such as soft iron),
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as shown in Fig. 39. The focal length is proportional to the square of
the current in the coil, and can thus be varied by adjustment of the
current. Lenses of this type are used in the image section of image-
iconoscope camera tubes.

Short magnetic lenses often employ a permanent magnet instead of
the electromagnet illustrated in Figs. 38 and 39, and a section through
one type of permanent-magnet lens is given in Fig. 40. The magnet is
in the form of a ring surrounding the tube neck, and is magnetized so
that there is a North pole on one side of the ring and a South pole on the
opposite side as shown. The flux is led to the tube by pole pieces in the
form of annular rings. One of these has a larger inner diameter than
the other, and is threaded on the inside edge so as to engage with a soft-
iron tube which can be rotated so as to increase or decrease the air gap 4.
This gap behaves as a magnetic shunt, and by varying it the flux density-
in the tube can be controlled and the focal length of the lens adjusted.

Magnetic Deflection of Electron Beams

Fig. 41 (a) gives a theoretical diagram for a magnetic deflection
system. Electrons are fired down the centre of the tube by an electron
gun, and meet a vertical magnetic field due to the two series-connected
coils carrying D.C. These coils are arranged one above and the other



2-30 RADIO AND TELEVISION REFERENCE BOOK
TO D.C. SUPPLY

44

T

ELECTRON TUBE
PATH —»— SECTION

r )

VERTICAL MAGNETIC
FIELD

TO D.C. SUPPLY
@ ®)

F1G6. 41.—THEORETICAL DIAGRAM ILLUSTRATING THE MECHANISM OF MAGNETIC
DEFLECTION 18 SHOWN IN (a) AND A PracTicAL FORM FOR ScannNing CoIiLs
FOR HORI1ZONTAL DEFLECTION 1S SHOWN 1IN (b).

pAVAVAWAY

below the tube, and their common axis is at right angles to the axis of
the tube. The deflecting force is at right angles to the electron motion
and the magnetic field, and is thus at right angles to the paper; in
other words, this arrangement of coils gives horizontal deflection of the
beam.
The deflection D produced on the sereen of a cathode-ray tube is

given by

L U

H  /(kV,)

where H is the magnetic field in the coils, [ is the length of the magnetic
field along the tube axis, k is a constant dependent on the ratio of the
charge to the mass of an electron and V, is the final anode potential of
the electron gun. The deflection is thus linearly related to the deflect-
ing field, but is inversely proportional to the square root of the final
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anode potential. In electric deflection the beam displacement is
inversely proportional to the final anode potential itself.

Fig. 41 (b) shows a practical arrangement of a magnetic deflecting
system; the coils are of approximately square or rectangular shape, and
are moulded to the contour of the tube to form ° saddle coils”.
Another pair of coils with their common axis horizontal is needed to
give vertical deflection, and these coils can overlap the horizontal-
deflecting coils, as shown in the scctional view of Fig. 42. There is no
need for the two deflecting systems to be mounted in tandem, as in an
electrostatic deflecting system, and thus a tube with magnetic deflection
can be appreciably shorter than one with electrostatic deflection. The
efficiency of a magnetic deflection system can be approximately doubled
by the use of a tube of highly-permeablc material surrounding the
coils, as shown in Fig. 42. This tube provides a low-reluctance path for
the magnetic flux external to the scanning coils, and the flux path for
the vertical deflecting coils is shown in Fig. 42.

To give a rectangular scanning pattern as required in a television
camera or picture tube, the horizontal deflecting coils are supplied with
a saw-tooth current at linc frequency and the vertical deflecting coils
with a saw-tooth current at frame frequency.

Magnetic Deflection in the Presence of an Axial Magnetic Field (Ortho-
gonal Scanning)

As mentioned earlier, low-velocity camera tubes have long magnetic
lenses. They also have magnetic deflection systems, the saddle coils
being inside the focusing coils, and thus the electron beam in such a
tube is subjected to axial and lateral magnetic fields. The operation
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of such a magnetic deflecting system is quite different from that just
described.

Consider the behaviour of an electron beam entering the combined
field due to the focusing coil and & pair of saddle coils (giving a vertical
field), as shown in Fig. 43, in which both coils are shown in section.
The two fields can be combined to produce a single field inclined at an
angle to the tube axis as shown by arrow .4B. Electrons entering this
field along the axis of the tube perform spirals around the lines of force,
as in along magnetic lens (Fig. 37). After they have passed through the
lateral field, however, the electrons are subjected to the axial field only,
and are again deflected, emerging parallel to the lens axis but laterally
displaced from it by a distance d (Fig. 43). A similar behaviour occurs
with respect to the horizontal deflecting coils, which can be mounted on
top of or underneath the vertical deflecting coils, as in Fig. 42.

The presence of the axial magnetic field brings about two significant
differences in the effect of the deflecting coils :

(1) Coils giving a vertical magnetic field cause vertical deflection
(s1;ch coils give horizontal deflection in the absence of an axial
field). .

(2) Coils cause electrons to suffer a double deflection, first on
entering and then on leaving the lateral field, and as a result
electrons approach the target at normal incidence, no matter what
the extent of the deflection. This is known as orthogonal scanning,
and is an essential requirement in any camera tube employing a
low-velocity beam.

S.W. A,
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3. MATERIALS

MAGNETIC MATERIALS

Permanent Magnets

The improved performances achieved by the use of anisotropic alloys
and the reduction in size and scaling down of other parts which this has
made possible have led to their almost universal adoption for magnets
for loudspeakers, microphones and for the focusing of television tubes.

Loudspeakers of the moving-coil type, which have a diaphragm to
which is attached a light coil arranged to move freely in the annular
air-gap of the magnet, usually employ a permanent magnet, generally
of one of the types shown in Fig. 1.

The first of these uses a ring of magnet alloy magnetized axially,
clamped between mild-steel pole pieces as shown: The efficiency
reckoned as the ratio of flux in the gap to total magnet flux is about
40 per cent, falling as the gap field exceeds 1 Wb/cu. m. (10,000 gauss).
The slug or central-pole type is shown in Fig. 1 (b), and comprises a
magnet block surmounted by a cylindrical soft-iron tip, the whole being
fixed into a cup or yoke with a front plate to form the outer gap face and
return circuit for the flux : the maximum efficiency is around 55 per
cent. A modification of this type, Fig. 1 (c), uses a centre pole which is
completely magnet alloy. Efficiencies as high as 65 per cent are
obtained within a very limited range of gap flux density, using Alcomax
or Ticonal, which is directionally magnetized so that the flux lines,
normal to the axis throughout the greater part of the centre pole, are
turned through 90° in the vicinity of the air-gap. These last two types
are widely used in television receivers, for which they are particularly
suitable. owing to their almost complete lack of external leakage field,
due to the shielding effect of the soft-iron cup or yoke.

Various assembly methods are used; ring types are invariably
clamped with screws as shown; centre poles may be screwed, soldered,
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brazed or held solely by magnetic attraction. In this latter case a
positioning device for centralizing the centre pole is necessary. Miero-
phone magnets of the moving-coil type utilize a magnet essentially
similar to that of a loudspeaker. Ribbon types use magnets similar to
those shown in Fig. 2.

Focusing magnets for cathode-ray tubes use magnets basically of the
form shown in Fig. 3. Flux densities at the centre of the annulus of
the order of 0-02-0-03 Wb/cu. m. (200-300 gauss) are usual. Magnets
of short length are required because of space considerations, and since
they usually work on almost open magnetic-circuit conditions, and
consequently have a low permeance, the alloys having very high
coercivity, such as Alcomax III, IV or Hycomax, are most suitable.

Ferrites

The ferrites used for permanent magnets consist of mixed oxides of
iron and one or more other metals, the heat treatment of the mixed
oxides producing complex ecrystals with the required magnetic
properties.

From the point of view of mechanical properties, ferrite mmagnets
vary considerably, according to their particular method of manu-
facture. Since they are made from finely divided oxides mixed with a
binding agent, compressed and baked, the mechanical properties depend
to a large extent upon the nature of the binder, the amount of com-
pression and the subsequent heat treatment. In general, however, the
ferrites are hard and brittle, and are frequently classed as ceramics.

The high electrical resistivity of the ferrite magnets and their con-
sequent low eddy-current losses in alternating fields make them very
suitable for providing a polarizing field in inductors and transformers.
Examples are unidirectional pulse transformers, polarized relays, and
microphone and telephone units. A further advantage is the com-
paratively short length of magnet required, leading to a reduction in the
effective air gap introduced into the transformer.

Because of their resistance to demagnetization by external fields,
ferrite magnets can be nsed in opposing pairs to provide a field of
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H,

Oersted |

12,000

Recommended
Saturation .
n Values © Normal Composition
¢ (Balance Fe)

Bgat Haat

Gauss Ganss
625 | 17,000 3,000 | 8 Al, 14 Ni, 24 Co, 3 Cu
520 | 17,000 | 3.000 | 8 Al, 14 Ni, 24 Co, 3 Cu
520 17,000 3,000 | 8 Al, 14 Ni, 24 Co, 3 Cu
516 17,000 3,000 | 8 Al, 13 Ni, 24 Co, 3 Cu, 1 Cb
480 17,000 3,000 | 8 Al, 14 Ni, 24 Co, 3 Cu, 0-6 Ti
546 17,000 3,000 | 8 Al, 14 Ni, 24 Co, 3 Cu
537 17,000 ,000 | 8 Al, 11-6 Ni, 24 Co, 6 Cu, 2 Cb
450 17,000 3,000 | 8 Al,11-7 Ni, 24 Co, 6 Cu
470 | 17,000 3,000 | 8 Al, 14 Ni, 24 Co, 3 Cu
550 16,000 3,000 | 8 Al, 14 Ni, 24 Co, 3 Cu, 1-5 Ti
420 16,000 3,000 | 8 A), 14 Ni, 24 Co, 3 Cu, 1-0 Ti
775 | 15,000 6,000 =
370 16,000 2,000 | 8 Al, 11-7 Ni, 24 Co, 3 Cu
500 15,000 3,000 | 8-5 Al, 21 Ni, 20 Co, 15 Cu, 1-5 Ti

1,135 | 16,800 | 14,000 | BaFe,,0,,
1,400 | 18,400 | 14,000 | BaFe;,0,,

(Mullard Led.)

Approzimate
Heat
Treatment *

Heat
1250° C.

Cool in 2-15 min. to
to 600° C. in mag-

approrx.

netic field
Temper approximate
550-650° C.  be-

tween 4 and 50
hr. depending up-
on type

¥-£
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Material

Reeo 2A

Reco 3A .
Alnico (high Br)
Alnico .

Alnico (high lln)
Hymnico

Alni (high Br)
Alni

Alm (hxgh Hr)
Ma.gnadur 1 (blue}

brown) .

359, cobalt steel

159, cobalt steel
49, cobalt steel
69, cobalt steel
39, cobalt steel
69 tungsten steel.
49, chrome steel

Columns 1-6 are based on manufacturers’ published data.

(BIT)
x 10

bt b b b b ok ot ok ok
=SS S N N D
oGt ;e 3

segeescoo
RS C D

BT

6,250

2,000
9,000
8,200
7,800
7,500
7,200

10,500
9,800

He
Oersted

. LOow

G45
H00
H6
620
628
490
550
700
674

1,750
"250
180
160
145

TABLE 1 (contd)

Recommended
Saturation
Values ¢ Normal Composition

B4 Heg | _ - (Balance Fe)

Bgat Hyat,

Gauss Gauss
3,300 600 13,000 4,000 7 Al, 20 Ni, 20 Co 7 Cu, 6:5Ti
4,350 380 | 13,500 .5,000
6,200 327 | 13,500 3,000
4,700 362 | 13,600 3,000 | 10 Al, 17 Ni, 12 Co, 6 Cu
4,250 400 | 13,500 3,000 —
4,660 350 | 12,500 3,000 | 10 Al, 20 Ni, 13:5 Co, 6 Cu
4,000 312 | 12,000 2,000 —
3,650 340 | 12,000 2,000 | 12 Al, 24 Ni
2,840 440 | 11,600 3,000 -
3,290 350 | 11,500 3,000 | 12 Al, 32 Ni

950 | 1,000 | 17,800 | 14,000 | BaFe,,0,,

5,930 160 | 15,600 1,000 —
5,250 118 | 15,000 600 —
5,000 100 | 15,000 600 -
4,680 44 | 16,000 500 -
4,200 83 | 15,000 500 —
6,980 43 | 14,600 300
6,200 46 | 13,600 300 —

1 These materials can only be supplied in certain shapes.

(Mullard Ltd.)

A ppronmale

Heat
Treatment *

between 1 and 4
min., depending

Heat 1200-1250° (3,
Force cool to 6uu® (..
upon type

] \Iulmple heat-treat-

ment usually in-
volving at least
one quench

from approx.

Water or oil quench
850° C

#* Approximate figures not taken from manufacturers’ data.

SIVIILYIW

S-¢
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F

Fie. $.—Variots Types or MagxuTIC POWDER ('ORES.

A, Toroidal core of high-permeability alloy powder for simall loading-coil.

Az Wound eoil on A,

Ay, Completed eoil in sereening ean; @-factor of abont 100 at 1,500 ¢ 's.

B. Large ** pot ”* core showing winding former for carrier-frequency applieations;
€ > 300 from 30 ke/s to 2 Me/s,

‘C. Small ** pot ** eore for carrier and radio applications; ¢ > 200 from 80 kess to
3 Mc/s.

D. Small screw cores for radio applications: effective permeability about 2;
@ > 150 from 500 ke/s to 20 Mc/s, > 100 up to 50 Me's,

K. Permeability-tuning radio cores: effeetive permeability about 10,

F. Television line-frequency transformer, wound on core of high-perineability iron-
powder pressings,

(Saljord Electrical Instruments, Ltd.)
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TABLE 2.—MaGNETIC POWDER CORE MATERIALS

| [ |
| Relative Loss Factors

Material Permea- . Applications
bility [ |
(re) [@ % 10% ¢ x 10% e x 10%|
Electrolyticiron, <325 16 250 | 1,200 200 (Little used.)
mesh
Carbonyl-iron, E type 12 3 200 2 Radio frequencies:  first-
grade cores,
Carbonyl -iron, F type | 10 2 100 <2 |Radio frequencies (above
(special fine particle | 10 Mc/s).
size) |
Hydrogen-reduced iron 20 50 750 30 Radio frequencies, where per-

meability more important
than losses, permeability
| tuning, etc.

strength variable with their relative position. This principle has been
used in the focusing of television receivers, and could be applied also to
the control of inductance in variable reactors.

Magnetic Powder Cores

The original commercial application of magnetic powder cores was for
telephone loading coils. Powder cores in radio receivers can supply the
need for high-@ inductors for tuning circuits, but their use is based more
on economic considerations in providing a given selectivity at less
expense or in a smaller space.

For broadcast frequencies and above, small cores of a variety of
shapes and sizes are used, giving similar Q-values, reduction in size being
possible because of the preponderance of eddy-current losses at high
frequencies, for which the effective resistance is independent of core
dimensions. For the lower radio (i.e., broadcast-receiver intermediate)
frequencies or for high-frequency carrier telephony, a compromise is
often made in the form of cores completely or partially shrouding a
winding.

Besides these main functions of powder cores, subsidiary but im-
portant uses have developed, mainly in the radio-frequency fields.
These depend on the possibilities of inductance variation by the relative
motion of core and coil. There are inherent limitations on the range of
possible adjustment; because the toroidal form is impossible, only a
fraction of the effective permeability of the core materials can be
utilized. Where the maximum range is desired, it is necessary to use a
cylindrical core with a large length /diameter ratio, which restricts the
Q-value. However, cores giving an inductance ratio of 10/1 have been
successfully made for radio-receiver tuning.

High-permeability Powder Cores

Attention has recently been given to the development of powder
cores of specially high permeability, at the expense of increased losses.
Such materials may be made from inexpensive but readily compressible
and relatively coarse iron powder, sometimes in the form of flake.
They have uses at power frequencies as inexpensive replacements for
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silicon iron (Stalloy) stampings in small transformers, reactors, ete., in
which power loss 18 unimportant, They also bridge the gap between
dust cores and normal laminations. In general, their hysteresis losses
are high compared with those of silicon iron and similar laminations,
but eddy-current losses are reduced. An important application in
television receivers is to line-frequency transformers for providing the
E.H.T. voltage. A high permeability is required to obtain adequate
coupling, and under these circumstances lower losses can he obtained
than with silicon-iron stampings. Another use is for the moulded pole
pieces for electromagnetic deflectors for television cathode-ray tubes.
A typical selection of coils and cores is shown in Fig. 4.

Soft Magnets

The three basic ferro-magnetic elements are iron, cobalt and nickel.
Of these, iron is by far the most plentiful and easy to produce. but all
three have important applications as alloying elements in soft magnetic
materials. The four main alloys which have suitable characteristics for
use as soft magnets are iron-silicon, iron-nickel, iron—cobalt and iron-
aluminium. Many subsidiary groups (such as iron-silicon—aluminium)
possess useful soft magnetic properties for special purposes. Such
extra constituents are usually in the nature of additions which improve
or facilitate the achievement of the intrinsic characteristics of the
binary alloys. e.g., by increasing resistivity, or saturation flux density,
or improving fabrication properties.

The majority of iron-silicon materials, which form the largest group
of soft magnetic alloys. are produced by hot rolling from ingots to sheet,
though processes involving the cold reduction of the material to give a
final product in the form of a continuous thin strip are also now in use.

Soft Magnet Cores

For miniature transformers a range of cores has been developed con-
sisting of two C-shaped units. In one method these are made by winding
continuous, oriented strip on to a rectangular mandrel; the core is
annealed to relieve strains due to the winding process, and solidified
with a suitable impregnant. The solid core is then cut into two C-
shaped pieces, the cut surfaces being ground and etched to ensure
minimum air gap and to remove cutting burrs. The coil assembly is
fitted between the two halves of the core, which are held together by a
metal strip. Core assemblies suitable for use with three-phase
components have recently been developed.

The presence of two air gaps in the magnetic circuit increases the
magnetizing volt-amperes compared with corresponding uncut spiral
cores, but the losses are unaffected, and the C-core construction allows
the superior properties of grain-oriented material to be utilized in a
convenient manner, with conventional windings. Standardization and
ease of agsembly are important advantages of the construction.

Core assemblies of these kinds are produced by several manufacturers
in this country, using both imported oriented strip manufactured in the
U.8.A. (Hipersil) and British-made alloys such as Crystalloy and
Alphasil. Strip is available in three ranges of thickness: 0-012-
0-014 in.; 0-004-0:005 in.; 0-002 in. The material is also manu-
factured in the U.S.A. down to 0-001 in. and less.
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There is a ‘ DELANCO’ material for every
application in the Radio & Television Industry.

Our tool-room and machine shops can deal with the
@ production of punched, turned or machined components
to your requirements.

We specialise in the manufacture of small lam-

@ inated-and-moulded bobbins and coil-formers
of the highest dimensional accuracy and of the
lowest wall-thickness.

These items are suitable for use
at temperatures up to 150° C.
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write for your copy. . ..
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INSULATING MATERIALS

The materials used for insulation are numerous and of the most diverse
nature, including the majority of non-metallic substances. A relatively
few materials, chiefly metals, are employed for mechanical and structural
parts, for magnetic purposes and as conductors. The properties of the
metals are fairly well known, but the specialized use of all kinds of
materials for electrical insulation necessitates a wide knowledge of the
production, characteristics and properties of the latter to enable the
user to make a right choice and wise application of the most suitable
materials.

There is no definite dividing-line between conducting and insulating
materials, as the majority of the latter allow some current to flow,
though usually only a very small amount. The definition of an
insulating material (also called ‘‘ insulator ’ or ¢ dielectric ), given in
the B.S.I. glossary of electrical terms, is ‘‘ material which offers
relatively high resistance to the passage of an electric current ™.

In Fig. 5 some typical materials, including metals and insulators, are
arranged in order of electrical resistivity or * specific resistance
(i.e., the resistance measured across opposite faces of a unit cube of the
material at a given temperature) on a logarithmic scale, somewhat
similar to a spectrum, in order to give a picture of the relationships
between conductors, semi-conductors, poor insulators and good
insulating materials.

Whilst the conductors are practically all metals, capable of being
produced and used in many different forms (e.g., wire, strip, sheet, bar
and castings), and are easily formed to shape and machined, insulating
materials have widely different characteristics : gaseous, liquid and solid ;
organic and inorganic; natural, refined, manufactured or synthesized.
They vary from air—universally abundant and available at no cost—to
expensive and somewhat rare minerals, such as mica (very limited in
size and form). And organic insulating materials range from wood,
used in a dry state, to products of complicated conversion processes
(e.g., rayon) and others entirely synthetic, such as bakelite-type resins.

No single insulating material has the adaptability of manufacture or
the combination of properties required to enable its use to be extensive,
such as occurs with metals—particularly copper and iron. Hence, the
engineer has to employ different materials for insulation in various
applications, according to the shape, properties, etc., required, and to the
availability, cost, adaptability and often the reliability of the insulating
materials otherwise suitable. As in most practical engineering
problems, compromise between conflicting requirements and character-
istics is frequently necessary. For example, good electrical properties
may have to be sacrificed to some extent to obtain the requisite
mechanical strength, and certain materials having good heat resistance
may not be appropriate because they cannot be applied as desired, e.g.,
as wrappings or tubes.

Chemical Properties

The chemical and relevant properties of insulating materials which are
of importance in regard to their use as such, may conveniently be
grouped as follows :
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(a) resistance to external chemical effects;
(b) effects on other materials;
(¢) chemical changes of the insulating material itself.

Under (a) there are such properties as resistance to :

(i) the effect of oil on materials liable to be used in oil (in trans-
formers and switchgear), or to be splashed with lubrieating oil;

(ii) effects of solvents used with varnishes employed for im-
pregnating, bonding and finishing ;

(11i) attack by acids and alkalis, e.g., nitrie acid resulting from
corona, acid and alkali vapours and sprays. and deposits of salts
from sea spray ;
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For Flex:ble msulaﬁng
W T materials

¢ SYMITE”

rolled varnished fabric high
tension sleeving manufactured
from varnished silk, nylon, glass
or “Terylene”*. Outstanding
resistance to abrasion. Will not
crack or tear.

¢ SYMEL”

extruded elastomer sleeving.
Ideally suited to severe vibration
at temperatures up to 180°C.
Manufactured with a } mm. bore
and 0.1 mm. wall, in addition to
standard sizes.

VARNISHED FABRICS

Cotton cloth, fine cotton cloth,
glass cloth, nylon, silk, and
“Terylene ”’*. In rolls, 36” wide,
or tapes of any width. Straight or
bias cut, with straight, slit or
serrated edges.

* The trade mark “ Terylene” is the
property of I.C.I. Ltd. and is the name
given to a parucular Polyester fibre.

] e
SYMONS for sure!

VARNISHED PAPERS UNVARNISHED PAPERS

High grade electrical insulating Kraft/Manilla and condenser tissue
papers in rolls, 36” wide, or reels papers, in any width and various
of any width, with, straight, slit or thicknesses. Straight, slit or serrated
serrated edges. Also punchings in any edges.

size or shape. Send your insulation problem to
THE SYMONS ADVISORY SERYVICE
SN AR CTATRN NPT SRS IO

%J///W/M&ga ////

PARK WORKS KINGSTON HILL, SURREY

Tel. Kingston 0091. Grams : Insulation (Phone) Kingston-on-Thames
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VALVE BRIDGES
CONDENSER PLATES
T.V. CAMERA TUBES
STAMPED AND CUT PLATES
FOR ALL TELEVISION AND
RADIO COMPONENTS ETC.

IDEAL INSULATION
MICA & MICANITE

SUPPLIES LIMITED
MAKERS OF ELECTRICAL INSULATING MATERIALS

MICA HOUSE, BARNSBURY SQ., LONDON, N.I

Telephone: NORth 3032 (4 lines) Telegrams: MICASULIM - NORDO - LONDON

IDEAL INSULATION

BOBBINS
COIL FORMERS
TERMINAL BOARDS
RESISTANCE PANELS
STAMPED AND MACHINED
PARTS OF ALL DESCRIPTIONS

from

LAMALAC
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(iv) oxidation, hydrolysis and other influences of atmospheric
conditions, especially under damp conditions and in direct sunlight.

In group (b) typical cffects of the insulating materials on other sub-
stances with which they may be used are :

(i) dircet solvent action, e.g., of oils and of spirits contained in
varnishes, on bitumen and rubber; corrosion of metals in contact
with the insulation; and attack on other materials by acids and
alkalis contained in the insulating materials in a free state;

(ii) cffects of impurities contained in the insulation;

(ii1) effects resulting from changes in the material, for example,
acids and other products of decomposition and oxidation affecting
adjacent materials.

Group (c) includes such features as :

(i) oxidation resulting from driers included in varnishes;
(ii) deterioration due to acidity (e.g., in oils, papers and cotton
products);
(iii) chemical instability of synthetic resins;
(iv) self-polymerization of synthetic compounds;
(v) vulcanization of rubber—sulphur mixtures.

Most of these chemical properties are determined by well-known
methods of chemical analysis and test. The principal tests, and
examples of B.S. specifications in which they are detailed. are as follows :
acidity and alkalinity (by titration) and pH value (see B.S. 119 and B.S.
698), chloride content in vuleanized fibre (13.S. 934), presence of injurious
sulphur (B.S. 688) and conductivity of aqueous extract (B.S. 6U8) for
presence of electrolytes.

Increasing attention is being paid to chemical features of the raw
materials and processes used in the manufacture of insulating materials
—particularly varnishes, synthetic resins and all manner of plastics—
and much research work is being carried out on these features and on the
correlation of chemical structure of dielectrics with their physical,
electrical and mechanical properties.

Varnishes, Enamels, Paints and Lacquers

Numerous liquid materials which form solid films are used extensively
in the manufacture of insulating materials and for protecting windings,
ete.

Air-drying Varnishes, Paints, etfc.

One class of air-drying varnishes and lacquers consists of plain solu-
tions of shellac, gums, cellulose derivatives or resins which dry (fairly
quickly, e.g., in 5-30 minutes) and deposit films simply by evaporation
of the solvent. Other air-drying varnishes and paints form films
which harden by evaporation of solvent accompanied by oxidation,
polymerization, or other chemical changes which harden and toughen the
film, these processes often taking several hours; examples of these are
oil and gum varnishes of the * spar varnish ” type, and oil-modified
alkyd-synthetic-resin finishes.



TaBLE 3.—RESISTIVITY (VOLUME), PERMITTIVITY AND POWER FacTOR OF TYPICAL INSULATING

(Note :

Material

Vactium

(1ASES
Air (at N.T.P.)

Carbon dioxide
1.1QUIDS

Mineral Tnsulating Ol (B.5.
Chlorinated diphenyl

FUSIBLE COMPOUNDS, WAXES, KTe',

Parattin wax (reﬁnnd)
¢hlorinated naphthalene |
Shellac .

Bitatinen ¢ ompmunl

SUERT MATERIALS
American white wood (dry)

MATERIALS AT NORMAL TEMPERATURE (APPROX. 20° C.)

Figures given in this table are derived from various sources and are representative.
material were determined on diffcrent samples by separate investigators.)

Wood-—Maple (dry)

Wood--Maple, paraflin- wax breated .
Pressboard (dry) 0
Slate

1Situmen-asbestos mm]muml
Ebonite (not loaded)

Hard rubber (loadod)

Paper (dry) .

Paper (oil treated)
Varnished cotton cloth
Varnished silk cloth
Cellulose acetate filin
Cellulose acetate mmnlnlmg
isthyl cellulose

o

Resistivity
(Volume)
(MQlem cube)

Infinity

Approaching
Infinity

107-10°
108 108

]Ulo
0%
10®
s

108108
1os- 107
dx 10t
Jo*
1025 x lnI

3-H x 108
1-5 % 10
6 x 0¥
1o
107

Permittivity
(8.7.¢.)

ooy

1-0006

1-0010

fe =150 ‘ £ = 800-1,000 |

|
|

In many cases the several properties of one

0-0002
[IRVIES

0-002
0-00R
0008

0-013

0-(H
0016
0-005
0005
2

0-023

0-016
-0

|
i
\
|

Power Factor

Zero

Approaching zero

00001 1
0-01

0-0003
(TR

0006
o012
0-007
0-U05
0-15
0-06
0-04
0-03
0-u3

0-0001
1006

()04

008
0004
001

0-06
0-01-0-u3
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Laminated Sheets

Synthetic Resin Bonded paper, type T (B.S. 1137) 1-
Synthetic Resin Bonded paper (*‘ Panilax’') {
Synthetic Resin Bonded fabric (cotton) 1

Synthetic Resin Bonded * Cotopa ** fabric
Synthetic Resin Bonded wood (‘¢ Permali **

SYNTHETIC RESINS (UNFILLED)
Phenol-formaldehyde a
Phenol-formaldehyde (cast)
Aniline—formaldehyde
Polystyrene g
Polythene S
Methyl methacrylabe

SYNTHETIC RESIN COMPOUNDS
P’henol-formaldehyde—Wood filled
Phenol-formaldehyde—Mineral filled
Polystyrene—Mineral filled a
Urea-formaldehyde—Wood filled
Polyvinyl chloride compound

1NORGANIC COMPOUNDS
Porcelain
Steatite
Special (%teatll.e, ote )<e| e Tor 1.1°,
lRutile ceramics for I{.F. .
Mycalex

VARIOUS (INORGANIY)
Mica—Muscovite
Mica—Phlogopite
(ilass (plate) .

(ilass special for LI
Fuased (uartz

* fis frequency in c/s,

1 Phenol -formaldehyde f ype.

107-10®
108107
103108
104

A 1T

10¢
108
10°
]Oll
]OII
10°

195 10¢
108 108
108
3 x 1o?

10¢--10°

108109
JTELLES

107 10° §
107

o7 fon
2 % lo?

> 108
- 1012

0w
I:’,l_:\'l;'lT.)‘)ﬁh
& 2oy

G

1 Aniline-formaldehyde type.

0-02
0-02-0-06
0-2-0-1
1) 1)1—0 025

&

IY=1-3-1o0~

cePooo
SOOW

3

=

0-0012
0-0005

0-0003
[IRV

0-04-0-03
0-01-0-02

-04-0-1
0-07

0-005
0-un1
O-007

0-0002
0-002
0-0006

0-03-0-15
0-007-0-02
0-0015
0-038

0-008
0-001
0-0002
¢-0001
0-002

0-0002
0-004

9-0008
0-0002

§ Resistivity at 300° C.
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Baking Varnishes and Enamels

Where the toughest and most resistant coatings are required, baking
varnishes and enamels are used, the evaporation of solvents and harden-
ing of the material being effected by the application of heat. Typical
varnishes of this class require baking at, say, 90-110° C. in a ventilated
oven for 1-8 hours, or more in many cases. During the baking (or
‘“ stoving ') the hardening is usually caused by oxidation, but in some
cases, e.g., synthetic-resin and china-wood-oil varnishes (often known as
oleo-synthetic resinous varnishes), polymerization takes placc. The
latter process does not require oxygen, and can therefore occur well
within the interior of coils. In consequence of this feature these
varnishes are preferred in many cases where the oxidizing type skin
over on the surface and leave liquid varnish underneath. Such thermo-
setting impregnating varnishes are now being used extensively for
treating armature and stator windings, transformers and all manner of
coils where good penetration and filling, and a high degree of moisture,
heat and oil resistance are needed.

Of rocent years a new class of impregnating material, known as
* solventless varnish ”, has been developed. These are thermo-setting
synthetic resins and, owing to the absence of solvent, spaces in windings
can be filled completely. Further, improved resistance to moisture is
obtained owing to the avoidance of porosity, which can result from the
use of varnishes containing solvents. Coils are impregnated with these
solventless varnishes in a hot liquid condition, the material solidifying
within the winding by baking after impregnation.

The properties of the solid films formed after drying and hardening
varnishes, paints, ete., naturally depend mainly on the principal basic
materials, c.g., gums, resins and oxidizing oils. Other materials added
are : ‘‘ driers " to accelorate drying; ¢ plasticizers” to improve the
flexibility ; and pigments to provide the required colour and improve
the hardness and filling capabilities.

Treatments Using Varnishes, etc.

Treatments of windings, components and insulation parts, by means
of varnishes, enamecls, lacquers or paints, take the form of (a) external
coatings—chiefly for providing protection against moisture and oils, or
(b) impregnation of windings and absorbent materials, for rendering
them less susceptible to moisture and improving their electrical and heat-
resisting properties.

Both air-drying and baking materials are used for (@), but only baking
varnishes and enamels are suitable for (b). In practically all cases
(especially for (b)), thorough drying prior to application of the varnish
is essential, as for compound treatments, but with varnishes extra care
in required to remove excess varnish by proper draining, and to extract
solvents thoroughly before hardening the material by baking. This is
usually done in well-ventilated ovens at temperatures of from 80° to
150° C., and sometimes by the application of vacuum for a period to
assist the removal of solvent.

Varnish impregnation processes have recently been improved and new
methods developed which, together with the formulaton of new varnishes
specially designed for these, have enabled considerable reductions to be
made in the time required for treating electrical windings. This applies
particularly to the thermo-setting type of varnishes.



I nE{roducing the new Humidity Proof
Glass Bonded Mica Insulation MIY CALON

Evolved with the Ministry of Supply to Comply with RCS 11.

Initial S.R. greater than 10'® ohms per square.

Recovery after 6 humidity cycles to original figure within 1} hours.
Permittivity 9°6 at 10® cycles per second.

Power Factor of the order of ‘0011.

Coefficient of linear expansion 10 parts per million.

ADDITIONAL FEATURES
1. Non-tracking, non-carbonising, arc resistant and mechani-
cally stable throughout temperature range — 50°C to +-400°C,
non-warping or shrinking.

2. Moulded to toolroom tolerances and with metal inserts.

MYCALEX COMPANY LTD

Ashcroft Road, Cirencester, Glos.
Telephone: 400

Also manufacturers of LDS Grade Sheet and Rod Insulation and MLD
Grade Injection Moulded Insulation. H.V. Capacitors. Micatherm
Heater Panels. Thermostats.
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INSTRUMENT WIRES

ENAMELLED, SILK
and COTTON
covered Copper
Wires, Single or
Stranded, also Tin-
ned, Paper, Asbhestos
and Plastic Westo-
flex covered. RE-
SISTANCE WIRES.
LITZ WIRES.

WEST INSULATING COMPANY LTD.

2 ABBEY ORCHARD STREET,
WESTMINSTER, S.W.I

Telephones : Abbey 2814 & 7352

MICA, MICANITE and
BAKELITE in all forms.
Heat Resisting Boards.
Canvasite for Silent
Gears. Oil Cloth,
Silk and Paper
Slot Insulations.
Insulation Varn-
ishes. Varnished
Fabric and Plastic
Sleeving. Moulded
and Machined
Pieces, etc.

INSULATING MATERIALS
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PLASTICS

There are two main groups of plastic materials : thermosetting and
thermoplastic. The main disadvantage of the thermoplastic compared
with the thermosetting materials is the relatively low heat resistance.
The highest temperature at which a moulded or fabricated thermoplastic
application will not lose over 10 per cent of its mechanical strength, or
over which the appearance becomes affected or discoloured, is 140-
190° F. at no load and 120-170° F. under mechanical load. The
corresponding figures are 250-300° F. with phenolic materials.

Material Compounds
The following material compounds are used in the radio industry :

Thermoseiting : phenolic plastics; cast phenolies; laminated
phenolics; urea-formaldehyde; melamine-formaldehyde.

Thermoplastic: cellulose acetate and butyrate ; polystyrene; ethyl
cellulose; methyl methaerylate; vinyl material; polyethylene.

The mechanical, electrical, chemical and physical properties of the
different materials are given in the manufacturers’ catalogues. The
Plastics Comparator (first published by the Bakelite Corporation, U.8.A.)
shows the relative standing of various plastic materials for qualitative
study. It should be noted that the numerical figures of the material
properties given in Table 4 are established on standard test bars or
pieces, and values of the finished articles or mouldings are usually
different. In particular, the strength of the moulded articles is in-
fluenced by the flow of the plastics material during moulding, and
also by the shape. The chemical, electrical and thermal properties are
less affected by the manufacturing method or design.

Properties of Plastic Materials

For the radio industry, the power factor and dielectric properties of
the different materials used are of special interest. The power factors
of the principal materials are listed in Table 5. The general properties
of thermoplastics and their applications to radio equipment are given in
Table 3.

Design of Plastic Radio Components

The proper function of the plastic radio component depends to a great
extent upon proper design, operating temperatures and the humidity
of the surroundings. Material properties and the method of manu-
facture also have a great influence.  Whilst it would be impracticable
here to establish the rules to be considered when designing radio com-
ponents, the following suggestions will be of service.

PROPERTIES RECOMMEXDATION AND REMARKS

(1) Mechanical properties Even wall thickness and mass distribution.
Openings well spaced and rounded to
assure even flow. Avoid sharp edges.
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“GLASCOREIN?”
For strength, iightness ; eleciricai
resistance and anti-magnetic properties

The importance of ‘ Glascorein” laminated glass
fabric is shown by its unusual combination of many
valuable properties. .
Anti-magnetic, moisture and corrosion resisting, great
structural strength combined with lightness in weight,
are only a few of the properties that fit ““Glascorein ”
for many applications in the Radio and Television
field.

Thermo-Plastics, as the actual manufacturers, welcome
enquiries for both their standard range of laminated
glass sheeting and tubing and also components pro-
duced to specification from all plastic materials.

i) l

OUNSTABLE
————

Large rangeof standard size sheeting and tubing available

THERMO-PLASTICS LTD
DUNSTABLE — BEDS

Telephone: DUNSTABLE 686/7/8. Telegrams: THERMOPLASTICS, DUNSTABLE

Moulders and Fabricators of ALL Plastic Materials
INCLUDING glass and asbestos reinforced laminates, Perspex,
P.V.C., Polystyrene, Cellulose Acetate, Polyethylene, Nylon,
Phenol-Formaldehyde, Urea-Formaldehyde, etc.
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When you
Think Radio
Thank BAKELITE"

BAKELITE MOULDING MATERIALS
For radio and T-V cabinets, as well
as for small components, a wide
range of thermosetting materials
outstanding for their electrical pro-
perties, dimensional stability and
appearance.

BAKELITE LAMINATED For termi-
nal strips, bases and many other
radio uses. In the form of sheet,
rod or tube; based on thermoset-
ting resins with various fillers,
including glass fabric. Electrical
and mechanical properties to meet
a wide range of requirements,

BAKELITE RESINS As binders for
carbon tracks, resistances and pulp
mouldings; for impregnation of
loud-speaker cones ; as cements for
cathode ray tube and valve basing.
Polyester resins for ‘potted’ circuits.

vYBAK Thermoplastic materials, in
unlimited colour range for wire
coverings, etc.: extrusion and
moulding materials available, also
clear sheet, in rigid or flexible
grades.

BAKELITE LIMITED
First and Still Foremost

* The word ‘BAKELITE’
is a registered trade mark

BAKELITE LIMITED -12/18 GROSVENOR GARDENS - LONDON - 5W1-5LOane 0898

T200
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Materiul

Phenolic general-purpose powder
Phenolic low-loss powder
Phenolic medium shock resistors

Phenolic cast resin

Phenolic paper laminated
Phenolic fabric laminated

Urea

Melamine (ccllulose ﬁllm

Polystyrene .
Methyl-methacry Tate
Cellulose acetate
Vinyl chloride
Vinylidene chloride
Polyethylene
Porcelain
Steatite normal
Steatite H.F.
Glass

Mica

Nvlon .

PROPERTIES
(2) Wall thickness

(3) Shrinkage

(4) Tolerances

(3) Threads

(6) Assembly devices

Power Factor

At 60 cn/cles e 10° cycles
0 ] i 0-05-0-10
0-015-0-023 0-005
0-10-0-25 0-19
0-113 0-027
0-02-0-06 0-02--0-05
0-2-0-4 0-02-0-08
0-048 0-03
0-037 0-029
0-0002 0-0001
0-05-0-07 0-02
0-01-0-10 0-043
0-02-0-15 0-043
0-02-0-03 0-04
0-0003 0-0002
0-017 0-006
0-003 0-002
0-001 0-0001
0-03-0-005 0-002-0-006
0-02-0-003 0-006-0-002
0-010 0-022

RECOMMENDATION AND REMARKS

Minimum for average parts g in. for pow-
ders with fine fillers. For small mould-

ings. minimum 0-040 in. for thermoset-
ting and 0-020 in. for thermoplastic
materials.

Uniform cross-section for even shrinkage.
Immediate moulding shrinkage can be
kept within 0-002 in. per in. Urea ma-
terials shrink subsequently up to 0-015
in. per in. Large flat areas show shrink
marks.

Use the scheme of the British Plasties
Federation, issued April 1945, and state
tolerances on drawings.

Avoid threads finer than 26 T.P.I. Stan-
dard metal fits and tolerances cannot be
kept. Avoid thread cutting in mineral-
and fabric-filled material. Consider self-
tapping screws for permanent assembly.

Consider shrink fits, glued designs, spring
hinges, self-tapping serews, speed nuts.



TaBLE 6.—

PROPERTIES OF THERMOPLASTIC MATERIALS

3 Lolyrinyl l Methyl Cellulose Polyrinyl l q Ethyl
—l detyihenz ‘ Polystyrene Chloride | Methacrylate Acetate Acetate Melamime | Cellulose
— | |
Specilic gravity o l 0-96 | 1:05 1-2-1-6 ! 118 13 { 13 | 1-5 | 1-10
Tlectrical strength | l
breakdown (V/mil.) 1,000 500-700 250-450 l 400-450 200-300 | 500-700 700 | 400-700
/ tivit;
\czl;)rg/: . ;ggixil;l H 1017 ’ 1017 101 101t 1010-1012 | 101 10t1-1013 ‘ 10121014
Power factor 0-0005-0-0006 | 0-0001-0-0004 0-08-0-16 [ [
l At all | 0-06-0-019 0-01-0-09 0:008-0-1 0-05-0-01 0-005-0-030
frequencies | |
Dielectric constant | 2:2% 2:5-2-6 G:-5-12 2:8-3-0 3:5~-7-5 3-0-90 6-0-8-0 | 2:5-4-0
Moisture  absorption
(24 hr.) (%) * ] Nil i Nil 02 I 04 1-5-3-0 I 10 — 1-5-2:5
Softening t.emperature
°C. 65-90 | 70-90 75-120 | 60-70 60-110 l 60-65 125-180 90-130
Coefficient of expan— | | |
sion per °C . 7x 107 7 x 107 3 x 107¢ l 9 x 1078 156% 1078 ] 3 x 107% | — l 13 x 1078
Tensile strength (Ib.] [
sq. in.). o 2,000 5,000-8,000 1,090-9,000 1,000-9,000 4,030-7,000 [ 1 ,100-9,000 5,000-7,000 2,000-9,000
Hardness (Brmell) 1:0-2-0 20-30 2-50 | 18-20 8-15 | 12-15 16 j 4:0-85
Compression strength
(lb./sq. in)) . Flows ‘ 13,000-13,500 — 11,000-13,000 — | —_ | - | 10,000-12,000
Modulus of elastmty | |
(Ib./sq. in.) . o Low 5 x 108 5 x 108 46 x 10% 14 x 10¢ | b x lo* | — | 25 x 198
Liffect of acids . . ' None None None [ Very slight Daconiposes Slight |  Decomposes Decomposes
. (oxidizing l
| acids only) , l
Effect of alkalis o I None Nonc None Very slight Dacomposes Slight ])cp?iuls on Slight
( filler :
l I | alpha-cell ‘
| l ] decomposes
Moulding or working | l
temperature (°C) | 115-250 190-250 130-140 | 160-250 150-230 140-180 None l 185-230
Applications Iligh freq. l High freq. Cable Artistic Conduits ; Similar to ‘ Varnishes; l As cellulose
insulations; insulations; insulations ; , parts; boxes; polyvinyl | special acetate,
plugs; plugs; protective eleetrical formers; | chloride moulded | also wire
| sockets; sockets; coatings; | optical switch covers; parts coverings
cable valve-holders; varnishes, systems housings; l
insulation ; coil formers sleevings protective
protective and covered films [
coating for wire I
coils and
condensers l |

8 At all froanonmiec folle olicheie o

Ol te e o

"

l

8I-¢

008 IONIYIIIY NOISIAITIL ANV Olavy



Methods

(1) Compression moulding .

(2) Transfer moulding

(3) Lamination .

(4) Pulp moulding

(5) Injection moulding

(6) Jet moulding

(7) Extrusion

(8) Casting

TABLE 7.—METHODS AND MATERIsLS UsEp IN Ripio INDUSTRY

Materials Used

Thermosetting and ther-
moplastics with cooling

Thermosetting materials
Thermosetting  (excep-

tionally, thermoplastic
resins as binder)

Pulp impregnated with |

thermosetting resins
Thermoplastic
Thermosetting
Thermosetting or thermo-

plastic

(Certain) thermosetting

Accuracy of Products

Fairly good—of standard
quality

Improved closer toler-

ances

Fairly good—of standard
quality

Coarse

Fairly close, better than
compression moulding

Fairly close, better than
compression moulding

Very good

Coarse

Remarks

Standard commercial tech-
nique to produce mould-
ings

A variation of the compres-
sion method. Requires
more pressure

Standard commercial tech-
nique to produce sheets,
tubes or simple forms

A process as used in the
papier maché industry is
in course of develop-
ment

Standard commercial tech-
nique for thermoplastic
mouldings

In development (injection
moulding of thermoset-
ting materials)

To produce continuous rods,
tubes, strips of different
cross-scction

To produce advantage-
ously larger mouldings
of simple shape of vari-
ous cross-scetions

STVINALVIN

61-¢
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PROPERTIES RECOMMENDATION AND REMARKS

(7) Inserts . 5 . Use simply shaped, preferably round inserts,
within correct manufacturing tolerances
in order to fit mating mould parts. Pro-
vide for proper anchorage. Bolt-type
inserts should have shoulder.

(8) Heat resistance . Actual service test should be made under
load. Apply ribs or holes for air cooling
and evenly distributed walls.

(4) Chemical properties.  Actual service tests should be made. Con-
sider effect of ageing and effect of sunlight.

(10) Moisture absorption. Detrimental results in loss of electrical

properties. Choose the proper material

for the particular job.

(11) Dimensional stability Important, especially under tropical or

humid conditions. Influenced mainly by

water resistance of material, heat dis-
tortion and expansion, shrinkage or age-
ing. Cold flow.

(12) Electrical properties  State specific tests for moulding. Material

specifications are correct to B.3.S. 771,

At radio frequencies the values of di-

electric strength ‘are lower. Consider

influence of moisture absorption. espe-
cially with machined surfaces.

Cabinets

The following moulding items will have to be considered when

designing radio cabinets from plastics :

(1) Large and flat plane surfaces have to be avoided. curved or
bowed portions. besides being structurally stronger, emphasize the
lustre and depth of colour and by permitting an easier flow of the
‘powder, waves and flow marks are reduced.

(2) Practically even wall-thickness at which the bottom thickness
should be slightly above that of the side walls. Recommended
thickness for the side walls 0-125-0-180 in., and for the bottom
(+170-0-200 in.

(3) Strongribs inside result in shrinkage marks on the correspond-
ing outside surface. It is advisable to cover this outside surface
with ribs or by some surface treatment in the mould, such as sand
blasting or planned patterns, or decorative fluting.

(4) Ribs are to be carefully designed and located, as by misapplica-
tion ribs give rise to stresses. Steps in the design may help. :

(5) The after-shrinkage of the finished moulding should be con-
sidered, especially when using urea materials. Design in two or
more parts should be considered as an alternative.
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SEMI-CONDUCTORS

Materials which are neither good conductors nor good insulators,
i.e., the majority of substances, are known as ‘“ semi-conductors *’.
There are, however, some which exhibit & peculiar behaviour, notably in
the non-linearity of the relationship between some of the variables in
the electrical circuit of which they may form a part.

Further discussion of *“ semi-conductors will be found in Section 26
(Transistors). In this article information will be given of two further
types of semi-conductors of particular importance to the radio and
television engineer. These are :

(1) Thermistors (thermally-sensitive resistors) which have a large
variation in resistance with temperature. They are synthetically
prepared semi-conductors with g large negative temperature coefficient,
L.e., their resistance decreases rapidly with rise of temperature.
Thermistors are applicable to A.C. or D.C. circuits, and are generally
made of mixtures of the oxides of various elements, including manganese,
nickel. cobalt and copper, with a suitable binder in varying proportions
according to the characteristics required. The mixture is moulded into
the shape of a rod, disc or bead, and suitable leads are attached. In
the form of a bead the thermistor may be mounted in a sealed glass bulb
evacuated or filled with an inert gas according to the performance
desired.

In indirectly heated thermistors, ie., bead types, in which the bead
is surrounded by a 100-ohm heater, the time constant may be defined
as the time taken for the log of the resistance to change by (e — I)/e
(i.e., about 63 per cent when the heating power is suddenly changed.
It is usual to measure the time constant for a change of heating power
which will halve or double the resistance. It is not possible to obtain
time constants of directly heated thermistors in the above manner,
as these are largely dependent on the circuit in which a thermistor is
used.

In vacuum-enclosed thermistors the time constant is larger for cooling
than for heating; in gas-filled units the two periods are more nearly
equal but shorter than for the evacuated types. The temperature
change which brings about the variation of resistance may be conducted
to the element from the surroundings, or may be developed internally
by the passage of current through it.

(2) Non-linear elements, having a curvature in their current /voltage
characteristic. Resistor elements are manufactured in the form of a
disc or rod, usually containing silicon carbide. In these elements the
relation between current and voltage is of the form I = KV=, whero K
is a constant depending on composition and dimensions, and z lies
between 3 and 5; so that doubling the voltage applied across the
element may increase the current about twenty-fold, and trebling it
about 100-fold.

Thermistors

The most widespread use of thermistors in radio and television
practice is as current surge suppressors; suitable unpolarized resistive
elements are available made in rod form. A typical range of such
elements is manufactured and the following information on characteris-
tics and applications is included by permission of the manufacturers.
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The resistance of an element of this type decreases with rising tempera-
ture in such a manner that at room temperature an increase in temper-
ature of the thermistor of approximately 20° C. will halve the value of
the resistance. The temperature coefficient decreases as the temperature
rises, and at 250° C. an increase in temperaturc of approximately 50° C.
is required to halve the resistance value.

Voltage—Current Characteristic

When the voltage across the element is increased the current increases
with it until a certain maximum voltage (Emax.) is reached. There-
after the current will increase rapidly with a decrease of applied voltage.
so that over this portion of the curve a negative resistance character-
istic is obtained. The approximate value of Kn.x. for a thermistor can
be calculated by means of the following formula :

VR,

“max. = %

where R, is the cold resistance and k is the maximum voltage factor
for the type concerned. Typical values are given in Table 9.

Owing to the form of the voltage-current characteristic, a series-
limiting resistor must always be employed to prevent excessive current
flow when a low-impedance supply source is used.

The maximum operating current is a design centre rating which allows
for normal supply voltage variation and an ambient temperature of
50° C. The maximum instantaneous current must not be exceeded,
otherwise the component will be impaired permanently. A surge of
this order may be experienced for a brief period soon after switch-on
in certain valve-heater circuits. Should this surge exceed the rating, a
suitable resistor must be shunted across the thermistor to ensure a
slower and steady rate of increase of current during the warm-up
period. .

After a protracted period of storage under conditions of high humidity,
some increase of initial resistance may be experienced, but this will
return to its normal value once the component has been used.

At the maximum current ratings the temperature of the surge
resistor may reach 250° C., so that the unit should be positioned care-
fully to prevent damage to other components; they should not be sub-
jected to excessive mechanical stress, or fracture may occur.

Applications

Typical applications are shown in Fig. 6.

Fig. 6 (¢) shows the use of a thermistor for surge suppression in
A.C./D.C. receivers. Due to the low cold resistance of a series chain of
valves and the fact that the hot resistance of the valve chain is an
appreciable proportion of the total circuit resistance, an excessive
current surge will flow at switch-on which may cause permanent damage
to the valves. The thermistor should be connected in the circuit as
shown, between the mains resistor and the heater of the rectificr valve;
it must not be fitted between valve heaters or between the last valve
heater and the chassis. In some equipment, especially television re-
ceivers, thore is an appreciable variation i valve heating time within any
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l S F1e. 6. —TyPIcAL APPLICATIONS

OF CURRENT SURGE RESISTORS.
(C) (Standard Telephones & Cables Ltd.)]

chain of valves, so that it is necessary to use a shunt resistor to prevent
excessive voltage surges. It should also be remembered that the rate
of heating of valves produced by different manufacturers may vary.
When a dial lamp is connected in the chain it will normally have to
be under-run to allow for its short heating time and the consequent
high voltage applied at switch-on. If a thermistor has been fitted as
above for surge suppression, the dial lamp may be run at a higher
temperature. An additional thermistor, as in Fig. 6 (b), may be wired
across the lamp in place of a normal shunt resistor; should the dial

TABLE 9.—TvyPicaL RANGE oF CURRENT-SURGE RESISTORS

Resist-
Initial Resistance - Maxr. |anceat| Mar.
(Ohms) Votiage Ermax. Volts Operai-| Maz, | Instan-
Type Factor ing  |Operat- |taneons
b Current  ing | Current
— T T (Amp.)l Current| (Amp.)
0° ¢ | 20°€. | 50°C. 0°C. | 20°¢C. | 50° C. (Okms)
1, . |l
g%%A}. 4,800 | 3,000 | 1,300 | 236 | 295 | 23 17 05 | 44 06
CZ2 ~| 8,550 | 5,500 | 2,440 | 247 & 375 | a0 2n 0-3 38 04
CZ3 | 2,340 | 1,500 | 670 | 29 17 13-5 9 0-2 35 03
04 1,180 | 760 | 340 | 12 285 | 23 | 155 125 55 | 20
CZ6 | 4,800 | 3,000 | 1,300 | 22 | 29 | 23 15 045 | 27 0.7
CZ8A | 3480 | 1,500 | 540 | 248 | 23-8 | 15 94 | 03 | 30 0-6
Cz9a | 800 | 3,500 | 120 233 | 112 74 43 | 10 52 1.3

_— I ~ !

(Standard Telephones & Cadles Lid.)
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lamp fail, the thermistor will warm up quickly and the set continue to
function at full efficiency-.

In order to reduce the switch-on current surge obtained with large
reservoir capacitors associated with capacitor-input smoothing filters,
a thermistor may be connected between the rectifier cathode and the
leads to the reservoir capacitor, as shown in Fig. 6 (c).

The application of the full H.T. voltage to equipment when a directly-
heated full-wave rectifier is used, may be delayed by connecting a
thermistor in the centre-tap of the mains transformer (Fig. 6 (d)).
Due allowance must be made for the fact that the r.m.s. current value
must be used for selecting the correct current rating required. The .
r.m.s. current in the centre-tap will be 1-6 times the D.C. output current
of the rectifier.

In order to compensate for the increase of resistance of a focus coil
due to its rise of temperature while operating, the circuit shown in
Fig. 6 (¢) may be used. The thermistor should be connected in series.
in close proximity to the coil, to ensure that it reaches a similar temper-
ature. A shunt resistor may also be required for exact compensation
of resistance change.

. Non-linear Elements

The use in television receivers of non-linear resistive elements for the
regulation of E.H.T. and for the provision of first-anode voltage for
tetrode cathode-ray tubes has become widespread. Such elements
also have a wide application for the protection of components,
instruments and relays.

A typical element of this type is the ‘* Metrosil "’ manufactured hy a
well.known electrical firm. Metrosil elements which contain silicon
carbide are usually made in dise form, the faces of the dises being
sprayed with brass. Electrical contact is then made by pressure on
the sprayed surfaces or by soldering.

These elements have a negative temperature coefficient, and this
property can be used for compensating purposes as already described
under thermistors. The peculiar feature of this type of element, however,
is its ability to form an * overflow ” to prevent the build-up of high
peak voltages. It can be arranged that under normal conditions
comparatively small current flows through the element, but when a
surge occurs this is conducted through the element. This character-
istic may be used for the protection of instruments, relays, ete., under
fault conditions, or for the protection of electrolytic smoothing
capacitors under surge conditions, or for the rotection of fleld coils,
relay coils, etc., from the momentary rise in voﬁage across the coil that
occurs when the current through the coil is stopped.

Television Applications

In television receivers sunitable Metrosils may be connected directly
across the E.H.T. provided by line-fiyback systems and the like in
order to provide a degree of voltage regulation. When the output rises
above normal, the current lowing through the Metrosil increases rapidly.
and the extra load brings the voltage back to its normal level.

The provision of a first-anode voltage for tetrode cathode-ray tubes
affords a problem, particularly for A.C./D.C. receivers. In many cases
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the cathode of the tube is modulated, and it is necessary to have the
first anode about 150 volts or more above the cathode. This may
require a supply of about 250 volts, whereas, unless some means of
boost is incorporated, the H.T. available in an A.C./D.C. receiver may
be of the order of only 190 volts. The non-resistive element provides
& convenient means of producing a boost voltage, as seen in Fig. 7.
A flyback pulse, so arranged that it is positive-going, charges C, and
during the scan stroke the charge flows out, but conditions are such that
the charge flowing out is less than that created by the pulse. The
difference is about 150 volts, varying according to design, and is avail-
able as a positive potential for application to the first anode of the
eathode-ray tube.

WIRES
Textile Coverings on Wires

Textile coverings on wires serve various purposes, depending upon
the type of coil wound and the manner of winding. They act first as
& protection, especially when the conductor is insulated by a thin
enamel film. Secondly, they supply an absorbent layer between turns
which, after impregnation with suitable varnishes or waxes, provides
or augments the insulation of the conductor. At the same time, if the
impregnation has been satisfactorily carried out, the coil is rendered
impervious to moisture.

The protection of the wire is of the utmost importance in those cases
where winding is necessarily severe, for instance, in machine-wound
armatures, more especially when the turns are subsequently hammered
or manipulated into armature slots.

Flexible lead-out wires and bunched enamelled copper conductors
also need a textile covering. In the former case a variety of identi-
fication colours or colour combinations is more easily provided by a
dyed textile; in the latter, a protection of the ultra-fine enamelled wires
is a vital necessity, while in both cases it is necessary to bind the strands
together to form as near round a cross-section as possible. Moreover,
bunched enamelled copper conductors are invariably wave-wound, and
a textile covering assists by its comparative roughness in building up
the coil. It may be mentioned that B.S. 1258 : 1946 deals with the
requirements for textile-covered bunched enamelled-copper wire con-
ductors.
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Choice of Textile

The choice of the most suitable textile is governed by the nature and
function of the coil and the winding methods employed.

For field coils, single or double cotton coverings are used, since they.
most successfully withstand the hazards of the severe handling usually
suffered. Rayon may be used, but does not generally provide adequate
protection in these instances unless the thickness of the covering is
increased.

For small solenoids, where generally space factor is important, pure
silk and rayon are used. The high price of silk prevents its wide use,
except on specialist apparatus, and rayon has almost entirely taken its
place.

Medium and fine winding wires today are frequently covered with
Regenerated Cellulose. There are two types:

(1) Cuprammonium.
(2) Fortisan.

Being cellulose, these rayons have dielectric properties similar to
cotton, and can be treated with the same impregnating varnishes and
waxes. In form they bear no comparison to cotton.

Cotton is made into thread by twisting together (spinning) fibres of
a very short length. A lapping thread is made by winding parallel a
determined number of such threads in tape form.

Rayon is produced in continuous filaments of extreme fineness which
are collected in a determined number and wound without twist. The
resulting single thread can be spread flat round the wire, and so produce
a covering considerably finer than that permitted by the twisted threads
of cotton.

Present production of the two rayons gives the advantage in elonga-
tion to Cuprammonium, while Fortisan enjoys the advantage in
strength. High-speed winding demands wire with a reasonable
elongation. which is best provided by Cuprammonium, but at the same
time wave-winding is found easier with a wire on which the covering
is comparatively rough. This feature is provided more readily by
Fortisan, since the filaments tend to break up during the covering
operation.

There are two other textiles used in wire covering, but with a more
specialist application. These are *“ Celanese ”, a cellulose acetate yarn
and “ Cotopa ", an acetylated cotton.

BBoth of these have outstanding insulating properties, a low moisture
content and are resistant to attack by micro-organisms and insects.
These characteristics make them especially suitable for coverings on
switchboard wires and the like.

Designers should bear in mind that they are not bound rigidly to the
dimensions and performances of conventional types of textile-covered
wires. Tt should also be remembered that many coil-winding problems
arise through wrongly specified types. Of all covering media textiles
are the most versatile, and can be modified in many eases to meet
particular requirements or to overcome problems in the winding
shop.

The above article is reproduced from ‘ Fine Wire Data ™ by courtesy
of Messrs Fine Wires Ltd.
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TaBLE 10.—DaTA For Rounp (CorpER WIRES

S..G Diameter | Area Lb. per Ohms per | Ohms per

(zn.) (sg. in.) 1,000 yd. 1,000 yd. 1b.
10 0-128 0-0129 148-22 1-866 0-0125
11 0-116 0-0106 122-22 2-272 0-0186
12 0-104 0-0085 98-24 2-826 | 0-0288
3 0-100 0-0078 90-83 3-057 0-0336
13 0-092 0-0066 76-88 3-612 0-0470
< 0-084 0-0055 64-09 4-332 0-0676
14 0-080 0-0050 58-13 4-776 0-0822
3 0-076 0-0045 52-46 5-292 0-1009
15 0-072 l 0-0040 47-09 5-897 0-1252
16 0-064 0-0032 42-00 6-611 0-1574
17 0-056 0-0024 28-48 9-747 0-3422
18 0-048 0-0018 20-93 13-267 0-6340
19 0-040 | 0-0012 14-53 19-105 1-314
20 0-036 0-0010 11-77 23-59 | 2-004
21 0-032 0-00080 9-30 29-85 3-209
22 0-028 0-000616 7-121 38-99 5475
23 0-024 0-000452 | 5-232 53-07 10-144
24 0-022 0-000380 4-396 63-16 14-36
25 0-020 0-000314 3-633 76-42 21-03
26 0-018 | 0-000254 2-943 94-35 32-:06
27 0-0164 0-000211 2-443 133-65 46-52
28 0-0148 0-000172 | 1-990 139-55 70-14
29 0-0136 0-000145 1-680 165-27 98-37
30 0-0124 0-000120 1-397 198-80 142-35
31 0-0116 0-000105 1-222 227-2 185-87
32 0-0108 0-0000961 1-059 262-1 | 2474
33 0-0100 0-0000785 0-9083 305-7 336-5
34 0-0092 0-0000664 0-7688 361-2 469-8
35 0-0084 0-0000554 0-6409 433-2 676-0
36 0-0076 0-0000453 0-5246 529-2 1,008-7
37 0-0068 0-0000363 0-4200 661-1 1,574-0
38 0-0060 0-0000283 0-3270 849-1 2,597
39 0-0052 0-0000212 0-2456 1,130-5 4,603
40 0-0048 0-0000181 0-2093 1,326-7 6,340

* Denotes non-standard sizes.
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TABLE 11.—TURNS PER SQUARE INCH OF WINDING SPACE FOR
VArious TyPES OF WIRES

D.C.C.

Enamelled | S.c.C.
Bare Turns Turns . Turns
S.W.6. Diam. | e | per | Couered | = ey | Govered | g,
(In.) | © Sq. In. * 18q. In. | © 8Sq. In.
| |

10 0128 | 0134 55| 0-136 53| 0-142 49
11 0116 | 0-122 66 0124 | 64| 0-130 58
12 0104 | 0110 82| 0-112 | 78 | 0-118 70
* 0100 0106 88| 0-108 | 85| 0114 76
130092 0098 | 103 | 0-100 | 99| 0-106 88
* 0-084 | 00895 | 124 0-092 116 | 0-098 103
14 | 0-080 | 0-0850 136 | 0-088 128 | 0-094 112
* 0-076 | 0-0805 | 152| 0-084 | 140 | 0-090 122
15 | 0072 | 0-0760 170 | 0-079 158 | 0-084 140
16 | 0064 | 0-0675 \ 217 | 0-071 196 | 0-076 170
17 | 0056  0-0590 284 | 0-063 250 | 0-068 214
18 | 0-048 | 0-0508 384 | 0-055 326 | 0-059 284
19 | 0-040 | 0-0425 350 | 0-047 445 | 0-051 380
20 | 0-036 | 00384 670 | 0-042 560 | 0-047 450
21 | 0032 | 0-0343 840 | 0-038 680 | 0-043 535
22 | 0-028 | 0-0302 | 1,080 0-034 850 | 0-039 650
23 | 0-024 | 00261 | 1,460 | 0-029 1,180 0-034 850
24 | 0022 | 0-0240’ 1,720 | 0-027 1,360 | 0-032 968
25 | 0020 | 0-0220 | 2,040 | 0-025 1,580 | 0-030 | 1,100
26  0-018 | 0-0198 | 2,520 0-023 1,870 | 0028 | 1,260
27  0-0164 | 0-0181 | 3,020 | 0-0214 | 2,160 0-0264 | 1,420
28 | 0-0148 | 0-0164 | 3,670 | 0-0198 | 2,520 0-0248 | 1,600
29 | 0-0136 | 0-0151 | 4,350 0-0186 | 2,850 | 0-0236 | 1,770
30 | 0-0124| 0-0138 | 5,200 | 0-0174 | 3,250 | 0-0224 | 1,970
31 | 00116 | 0-0129 | 5,920 | 0-0166 | 3,600 | 0-0216 | 2,120
32 | 0-0108 | 0-0121 | 6,750 | 0-0158 | 3,960 | 0-0208 | 2,270
33 00100 0-0112 | 7.850 | 0:0150 | 4400 0-0200 | 2,470
34 | 0-0092 | 0-0103 | 9,330 0-0142 | 4,900 | 0-0192 | 2,670
35 | 0-0084 | 0-0095 | 11,000 0-0124 | 6,420 | 0-0174 3,250
36 | 0-0076 | 0-0086 | 13,400 | 0-0116 | 7,320 0-0166 3,600
37 | 0-0068 0-0078 | 16,200 | 0-0108 | 8,500 | 0-0158 | 3,950
38 0-0060 0-0069 | 20,700  0-0100 | 9,900 | 0-0150 & 4,400
39 00052 0-0061 26,500 0-0092 | 11,600 0-0142 = 4,900
40 0-0088 | 12,800 | 5,200

0-0048

0-0056

31,500 |

* Denotes non-standard sizes.

0-0138
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TABLE 12.—TURNS PER INCH OF

| ) q | 5
s.c.c. | pec. | e Enam. | Enam. | Enam. | Enam. | Enam.
R LS.C.

S.W.G. | S.8.0. and and and | and and
, Ord. | Ord. 5.C.C. | D.CC. | S.8.0. | DAC. | Paper |
6 Casl0 | — | — — — = — —
7 5-215 — = — — —
R 5-604 — — — — —
9 6-272 — — — — — —
10 6979 — 7-105 6-811 — — —
11 7-627] — 7-787 | 7441 — — —
12 8-40] — 8621 8197 —_ — —
13 9-35: — | w6 90l — — —
14 10-55 — 10-93 10-26 — — 11-70
15 11-81 —_ 12-15 | 11-45 —_ —_ 12 94
16 96 | 13-04 1468 | 13-50 | 1261 | 1443 | 1416 | 1447
17 15-74 14-59 16-64 15-17 1410 16-37 16-03 16-42
| |
18 1802 | 16-82 19-23 | 17-33 | 16-21 1890 | 1845 | 18-98
19 21110 | 19-46 22.78 | 20-20 | 18-69 2237 | 2174 | 2247
20 2361 | 21-11 25-06 22-52 20-24 24-63 23-87 | 2475
21 26-10 23-08 27-93 24-81 22-08 l . 26-46 | 27-55
1
22 2017 | 25-46 31-45 | 27-62 | 24-27 2967 | 31-06
23 34-20 29-21 | 36-76 3215 27-70 34-36 l 35-59
24 36-73 | 31-04 | 3968 3448 29-41 | 3 | 37-04 38-46 |
25 39-68 3311 43-10 3717 31-35 4274 40-16 41-84 '
26 43-15 35-49 48-31 40-32 33-56 46-95 44-84 4587
27 46-38 37-66 52-36 43-29 I 35-59 51-02 48-54 49-75
28 50-12 | 40-08 57-47 | 4673 | 37-88 56-18 | 52:91 | 54-35
29 53-36 4212 61-73 49-75 | 39-84 60-61 56-82 58-48
30 57-08 4440 6667 53-19 42-02 65-79 61-35 63-29
31 59-81 46-01 70-42 55-87 43-67 69-93 64-94 6711
32 62-85 47-83 7463 5848 45-25 74-07 68-49 70-92
33 66-23 | 49-75 7937 | 61-73 47-17 7937 7299 | 75-76 |
34 69-93 | 5181 8475 | 6536 = 4926 R5-47 | 7813 | 81-30
35 8000 | 57-14 9091 | 7407 | 5405 9l-74 | 83-33 | 86-96
36 8547 | 59-88 98-04 | 7937 5682 | 100-0 9009 | 9434
37 91-74 62-89 106-4 84-75 59-52 | 108-7 97-09 | — |
|
[
38 99-01 | 66-23 116:3 91-74 62-89 | 120-5 106-4 — '
39 107-5 69-93 J 128-2 9901 66-23 133:3 116-3 —_
40 1124 71-04 1353-1 | 1082 | 68-49 | 1429 | 1235 = |
41 — — 140-3 = — 149-3 | 128-2 —
42 —— -— 1493 — — 158-7 135-1 —
43 — — ’ 15387 — 169-5 | 1429 —
44 —_ — 1695 - — 185-2 153-8 -—
45 — — 181-8 = — 2041 | 1667 =
46 — — 196-1 — -— 22252 178-6 —
47 — — 212-8 — — 250-0 | 1961
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VARIOUS COVERED (CONDUCTORS

208-3 192-3 212-8

Lewco- Lewco- e ! (TR
glas‘;, glass, [ b’é;’(;; Fnam. L’fnlzlc"k’ = —— -
Single Double , g >
¥ IF TF QF
. — - | - — . . —
— — - | - - — — - —
= — 6-930 7-532 7-342 — — — —
— — 7-565 8:307 8-085 — — — —
| - | - 8-333 9-259 8:994 — — — —
— — 9-264 10-44 10-12 — — — —
11-66 1126 | 10-44 11-98 11-60 11-96 11-81 11-64 11-36
12-87 12-39 ‘ 11-81 13-28 12-87 13-26 13-07 12-89 12-56
14-37 1377 1305 14-90 I 1443 14-88 14-64 14-41 14-01
} 16-23 1548 | 14-58 16-98 16-47 1692 | 1661 16-31 15-80
l 1869 17-70 l 1653 ‘ 19-72 19-08 19-65 19-27 18-87 | 1821
2203 20-66 19-08 23-53 2273 23-42 22.88 | 2237 | 2Lel
| 2415 22-52 20-66 26-04 25-13 2591 | 25132 24-69 23-64
26-81 ‘ 24-81 2257 | 2915 2809 | 2907 l 28-33 l 27-62 26-39
30-03 27-55 24-81 3311 31-85 35-00 3205 3115 29-67
| 34-25 ‘ 31.06 2762 | 3831 36-76 38-31 3717 3597 3401
36-76 33-11 29.24 | 41-67 39-84 4167 | 40-32 3891 36-63
| 3968 3546 31-06 45-66 4348 4545 43-86 42-37 39-84
| 4310 3817 34-25 l 50-51 48-08 ' 50-25 48-31 46:51 | 4367
46-30 40-65 36-23 5525 52:36 54-95 5263 50-51 4717
| 5025 43-67 38-61 60-98 57-80 60-98 58-48 5618 | 52-36
5348 46:08 40-49 66-23 62:50 7353 62:89 | 6024 55-87
|
‘ 57-14 48-78 42-55 72-46 6803 | 7194 | 6897 65-79 60-98
59-88 50-76 44-05 7752 72.99 | 76-92 73-53 69-93 64-52
62-89 52.91 45-66 82-64 78-13 81.97 | 78.13 7407 | 6803
66-23 55-25 47-39 l 89-29 84-03 i §8-50 84-03 79-37 7299
— — — 97-09 90-91 96-15 ‘ 90-09 84-75 7752
— — — 105:3 | 99-01 104-2 98-04 92-59 8403
— — — 116-3 108-7 1149 107-5 101-0 91-74
— - — 128-2 119-0 126-6 119-0 1111 101-0
— — — | 14%9 133-3 142-9 1351 126-6 ‘ 113-6
— — — 163-9 1515 163-9 153-8 142-9 128-2
— — — | 1786 1639 178-6 1667 153-8 | 1389
— — — 192-3 1754 192-3 1818 | 1695 151-5
— — — 227-3 | 2083 | 232¢ ‘ 2222 204-1
- — — 256-4 232:6 256-4 243-9 227-3 208-3
— | - — 294-1 2632 | — 2778 256-4
= 3333 | 3030 — | 3226 l 294-1 1 263-2
3448 303-0

[ = 1000 | 3704 — | 3816




No.

30
3{0
2;0

S.w.a.

In. Mm,
0-400 10-160
0-372 9-449
0-348 8-839
0-324 8-230
0-300 7-620
0-276 7-010
0-252 6-401
0-232 5-893
0-212 5-385
0-192 4-877
0-176 4-470
0-160 4-064
0-144 3-658
0-128 3-251
0-116 2:946
0-104 2-642
0-092 2-337
0-080 2-032
0-072 1-829
0-064 1-626
0-056 1422
0-048 1-219
0-040 1-016
0-036 0-914
0-032 0-813
0028 0711
0024 0610

[

TABLE 13.—WIRE Gauces IN CoMMON Use
.

B.W.G.

In. Mm.
0-454 11-532
0-425 10-795
0-380 9-652
0-340 8-636
0-300 7-620
0-284 7-214
0-259 6-579
0-238 6:045
0-220 5-588
0-203 5156
0-180 4.572
0-165 4-191
0-148 3-759
0-134 3-404
0-120 3-048
0-109 2-769
0-095 2-413
0-083 2-108
0-072 1-829
0-085 1-651
0-058 1-473
0-049 1-245
0-042 1-067
0-035 0-88%
0-032 0-813
0-028 0-711
0-025 0-635

B. &£ 8.

In. Mm,
0-4600 11-684
0-4096 10-404
0-3648 9-266
0-3249 8-252
0-2893 7-348
0-2576 6-543
0-2294 5-827
0-2043 5-189
0-1819 4-620
0-1620 4-115
0-1443 3665
0-1285 3.264
0-1144 2-906
0-1019 2-588
0-0907 2-304
0-0808 2-052
0-0720 1-829
0-064% 1-628
0-0571 1-450
0-0508 1-290
0-0453 1-151
0-0403 1-024
0-0359 0912
0-0320 0-813
0-0285 0-724
0-0253 0-643
0-022¢ 0-571

S.Ww.a.

In. Mm.
0-022 0-559
0-020 0-508
0-018 0-457
0-0164 0-417
0-0148 0376
0-0136 0-345
0-0124 0-315
0-0116 0-295
0-0108 0-274
0-0100 0-254
0-0092 0-234
0-0084 0-213
0-0076 0-193
0-0068 0-173
0-0060 0-152
0-0052 0-132
0-0048 0-122
0-0044 0-112
0-0040 0-102
0-0036 0-091
0-0032 0-081
0-0028 0-071
0-0024 0-061
0-0020 0051
0-0016 | 0041
0-0012 0-030
0-0010 0-025

B.W.G

In. Mm,
0-022 0559
0-020 0-508
0-018 0-457
0-016 0-406
0-014 0-356
0-013 0:330
0-012 0-305
0-010 0-254
0-009 0-229
0-008 0-203
0-007 0-178
0-005 0127
0-004 0-102

B. & 8

In. Mm.
0-0201 0-511
00179 0-455
0-0159 0-404
0-0142 0-361
0-0126 0-320
0-0113 0-287
0:0100 0-254
0-0089 0-226
0-0079 0-203
0-0071 0-180
0-0063 0-160
0-0056 0-142
0-0050 0127
0-0045 0-114
0-0040 0-102
0-0035 0-090
0-0031 0-079
0-0028 0-071
0-0025 0-063
0-0022 0056
0-0020 0-051
0-0018 0-046
0-00157 0-040
0-00140 0-036
0-00124 0-031
0-00099 0-025
1:00088 0-022

z€-¢
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TABLE 14.——WIRE ABBREVIATIONS

The following abbreviations are the recognized trade descriptions and
should therefore be used when ordering or specifying :

S.C.C. Single Cotton Covered
D.C.C. Double Cotton Covered
T.C.C. Triple Cotton Covered
Lam. Laminated

SAWS. Ningle White Silk
D.WS. . Double White Silk
S8.8.C. Single Silk Covered
D.s.C. Double Silk Covered
Enam. Enamelled

Enamelled and Single Silk Covered
Enamelled and Double Sillk Covered
Enamelled and Single Cotton Covered

Enam. & D.C.C Enamelled and Double Cotton Covered
el PG Single Paper Covered

D.P.C Double Paper Covered

T.P.C Triple Paper Covered

Ntandard ~tandard Covering

Fine Fine Covering

B D or Brd.
Compd. strand

Braided
(Compressed strand
Hard Drawn

8D, Soft Drawn

H.C. High Conduectivity
PL cu. 5 Plain Copper

T,d. cu. . Tinned Copper

S.LR. or 8.P.R.
D.I.R. or D.P.RR.

Pfd.
SW.G.
B.W.G. .
B. & N, .
V.C. tape

Single lapping of Pure Rubber

Double lapping of Pure Rubber

Paraffined

standard Wire Gauge

Birmingham Wire Gauge

Brown & Sharp’s Gauge

Varnished cambric tape (also known as
* Empire 7 or " Lino "’ tape)

Litz Wires

The term ** Litz Wire ~’ is derived from the German * Litzendraht ™
(litze. strand; draht, wire), and is generally understood to apply to
conductors which are built up by successive stranding of wires or group=
of wires in groups of three. each individual wire being insulated with
enamel or silk.

Litz wires were developed for use in high-frequeney work, in which
“ skin effect *’ (the tendency of the current to flow along the surface of
the conductor only) is encountered. This tendency causes the resistance
of a conductor at high frequencies to be much greater than its normal
D.C. resistance. In order to reduce the effect the required cross-section
of conductor is obtained by using a large number of small wires, each
completely insulated from all the rest. twisted together in such a
manner that throughout the whole length of the multiple conductor an
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individual wire occupies in turn all possible positions in the winding
section. The necessary interweaving of the wires is usually brought
about by constructing the stranded conductor on the  three »’ system,
in which three wires are first twisted together, then three of the three-
wire strands are twisted to form a nine-wire strand, and so on, the
strands containing 3, 9, 27, 81, etec., wires. A slight variation of this
construction is sometimes used, in which the number of wires in the
original strands is other than three, but the further stranding conforms
to the * thrce ” system.

The accompanying tables give details of some of the standard sizes
of Litz Wires, but the range can, of course, be extended considerably
by using larger wires and by multiplying the stranding process to give
243, 729, ete., wires. If a copper area slightly different from that of
the standards is required, this can be achieved by altering the number
of wires in the first groups, e.g., 3/3/4 wires can be used instead of 3/3 /3.
The length of lay can also be adjusted, if necessary, to suit particular
requirements. In the case of heavy Litz strands, it is sometimes the
practice to compress the finished conductor into a rectangular section
convenient for the particular application.

It is usual to apply an overall insulation of silk, glace cotton or other
textile covering to the stranded conductor, or alternatively to treat it
with a coating of wax or varnish which bonds the individual wires
sufficiently to avoid displacement in wiring.

Attention is drawn to the fact that B.S. 1258 : 1946 for * Textile-
covered bunched enamelled-copper wire conductors ” does not cover
Litz wire (see Clause 1—‘‘ Scope ”’).

TaBLE 15.—Lrtz WirEs. LENGTH OF LAY (INCHES)

—— — S . . — S

Diameter of

Bare Wire Length of Lay (Inches)

3/3—9

[ 5 3/3/3 = 27 3/3/3/3 — 81 Wire
8. W'G'L Inch Conlc‘l’zz;io rs Wire Conductors Conductors

48 000161 ¥ 3|+ ¥ | 4| 3| 3 { y |2
47 100020 } l 3 3| % 3 } PRI 3
46 | 00024 | 1 L | 4 + | % } ; 3 | % [ i
45 00028 | 1} | 1 ! t 1| l 3
4400032 4 [ & | & | % , 1
43 | 0-0036 % ' I & 1
42 00040 | f % & 1
41 00044 § | 3 l 13
40 100048 & | i | ‘ 14
39 00052 & | 3 |13
38 00060 5 | 1 5% |1 1 & |1 1 2
37 00068 & | 1 5 |1 1 & 11 1 2
36 00076 & | 1 &5 |1 1 5 |1 1 2
35 00084 § 1} | & 1} | 1} 13 | 1} | 24
3¢ 00092 § | 13| & |11 | 11 13 1} | 2%
33 00100 § |1} | & | 11 | 1} 14 | 1} | 2}

i
;
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See what the boys
in the back room
will have . ..

Manufacturers of radio, television and
electronic components have always
insisted on Connolly’s winding wire.
Our range includes copper wire insulated
with enamel, Conymel, cotton, silk, rayon,
paper, Conglass, Conybond. Highfrequency

bunched strands, Litz wires and Conylitz.

= CONNOLLYS

Kirkby Trading Estate, Near Liverpool
Telephone : SIMonswood 2664
Telegrams: “SYLLONOC, LIVERPOOL”

Branch Sales Offices :
SOUTHERN : 34 Norfolk Street, Strand, London, W.C.2. TEMple Bar 5506.
MIDLANDS: 15/17 Spiceal Street, Birmingham. MIDland 2268.
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relating to the

best type of
insulated wire
Jor a specific
application

by consulting

whose many

branches and

technical service
are waiting Write for pamphlet
7 giving  particulars
to help and data.

THE LONDON ELECTRIC WIRE COMPANY AND SMITHS LIMITED
LEYTON, LONDON, E.10.

Incorporating Frederick Smith and Company.
Associated with The Liverpool Electric Cable Company Ltd. and Vactite Wire Company Ltd.
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TABLE 16.—L1rrz WireEs. ENAMELLED WIRES, STRANDED AND
D.S.C. OvERALL.

; . I . .
Diameter of Single Approximate Overall Diameter

" | Diameter
Wires (Bare) of Single (Inch)
Enamelled 4 9 27 81

Inch S.W.Q. (Inch) - Wires Wires Wires Wires
3 3/3 3/3/3 | 3/3/3/3

0-0016 48 | 00020 | 0-0062  0-0103 |« 0-0178 | 0-0330
0-0020 47 | 0-0025 0-0075 = 0-0123  0-0222 | 0-0407
0-0024 46 ' 0-0029 0-0083 | 0-0139 0-0253 ' 0-0467
0-0028 45 0-0034 0-0093 0-0158 @ 0-0291 ' 0-0552
0-0032 44 0-0038 0-0101 = 0-0174 | 0-0322  0-0614
0-0036 43 | 00043 | 0-0111  0-0193 0-0360 | 0-0686
0-0040 42 0-0047 0-0119 | 0-0209 0-0390 & 0-0756
0-0044 41 0-0052 0-0129 ' 0-0234 0-0430 ' 0-0834
0-0048 40 0-0056 0-0137 | 0-0250 0-0461 | 0-0895
0-0052 39 0-0060 0-0145 | 0-0265 | 0-0491 0-0954
0-0060 38 0-0069 0-0163 | 0-0300 @ 0-0570  ©0-1090
0-0068 37 0-0078 0-0181  0-0336 0-0639 0-1223
0-0076 36 0-0086 | 0-0197 . 0-0367 0-0711 ' 0-1342
0-0084 35 0-0095 0-6220 = 0-0402 | 00780 , 0-1480
0-0092 34 0-0104 | 0-0238 | 0-0438 0-0850 | 0-1625
0-0100 33 00113 0-0256 = 0-0473 0-0918 | 0-1750

In order to avoid any possibility of confusion when ordering Litz
wire, the method of stranding should be given, not only the number and
size of wire : e.g., 81/0-0024 in. should be ordered as 3/3/3/3/0-0024 in.

The direction of twisting is nsually as follows :

First process . . . . Left hand

Second process a a . Right hand

Third process . 5 5 . Right hand

Fourth process . 5 . Left hand

Further processes . : . Alternate directions
Self-bonding Wires

Self-bonding wires have recently been developed in order to meet the
demand for a wire capable of being used to malke rigid, self-supporting
coils without formers or taping. An example of this type of wire is
‘ Lewmexbond *’, which consists of standard * Lewmex ’* wire with an
additional coating of thermo-bonding material. The increase in
diameter due to the additional covering is usually of the order of from
4 to 1 mil, according to the size of the wire. The other conductor sizes
to which this treatment is applied are limited to the range of 0-030 in.
and finer.

Nelf-supporting coils are produced by heating the wire whilst it is on
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the former, removing the coil when the wire has cooled. The bonding
occurs through the welding of the outer coatings of adjacent turns of the
wire. Any form of heating may be employed, but the best method is
to pass a current through the coil sufficient to raise it momentarily to
130-150° C. The heat dissipation throughout the coil is almost
uniform.

Such coils can be used for many purposes, including coils of matched
inductance, such as those used as deflection coils for television, small
frame aerials and tuning coils. ’

RARE AND PRECIOUS METALS

Fine silver, standard silver, iridium—platinum, palladium-silver,
platinum-silver-gold, silver on copper bi-metal are largely used for
metal contacts in scientific and precision instruments. Iridium,
platinum and tungsten contacts find their chief applications in magnetos
and coil-ignition equipment. Iridium-platinum and rhodium-platinum
are utilized for the electrodes of cathode-ray tubes. Cwesium salts are
employed chiefly in the manufacture of photo-electric cells. Platinum
and rhodium-platinum provide two excellent materials for forming
thermocouples, particularly where stability of operation is the prime
consideration.

The table gives the properties of the rare and precious metals which
are used for contact materials.

TABLE 17.—RARE AND PrEcious METALS

Vickers Resistivity | Melting

Metal Density 1lardness  (JIQ/cm. DPoint

(Annealed) cube) [G*D)]

Silver 105 | 2 16 | 961
Platinum o S o o o 21-4 65 11-6 | 1,766
Palladium 0 0 o o o 11-9 40 107 1,662
Gold o - 19-3 | 20 2-4 1,063
Iridium . 5 0 o S o 22-4 220 53 2,454
109, Gold-silver o o o o 11-4 29 36 965
5% Palladium-silver o . 5 05 33 3-8 975
10% Palladium-silver 5 o o 106 40 5-8 1,000
20% Palladium-silver 5 . 5 10-7 | 55 10-1 1,070
Standard silver (719, Copper) . . 10-3 56 1-9 778
10% Copper-silver . o . o 10-3 62 2.0 778
20% Copper-silver . . . . 10-2 85 251 778
509, Copper-silver . . . . 9.7 95 2.1 778
Cadmium-silver (Elkonium 17) . . 10-3 55 5-8 850
Cadmium-copper-silver {Elkonium 18 10-1 65 42 800
109 Iridium-platinum o o 21-6 120 | 24:5 1,780
209, Iridium~platinum 207, 200 30-0 1,815
25%, Iridium-platinum 207, 240 32:0 1,845
309% Iridium-platinum 21-8 285 32-3 1,885
109 Ruthenium-platinum 199 200 42-2 1,780
149, Ruthenium-platinumn . 195 | 240 45-8 1,800
Iridium-ruthenium-platinum (Irru) 20-8 310 39-0 1,890
Iridium—osmium-platinum 0 22.0 540 — 2,400
Molybdenum-platinum 20°5 195 585 1,700
409 Silver—palladium 110 95 35-8 1,290
40% Copper—palladium 10-4 145 35-0 1,200
309%, Silver—gold - 16-6 32 10-4 1,025
Platinum-silver-gold 151 60 16-8 1,100
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i  WIGGIN High-Nickel Alloys -
%&"%‘rﬁ@é’{—‘ '\i.:;:‘«3*&*@3{?@;%@(@&m&mmm@m&@rW“ﬁ‘
i )
~ for he Electronics Industry
L]
° NICKEL
O ‘GFA’ nickel for anodes, plates and
grids. *Gassy’ nickel for terminal
° pins. ‘O’ nickel for sleeves of in-
. directly heated cathodes. ‘HTC’
nickel for resistance thermometers.
. ‘HPA’ and *"HPB’ high purity nickel.
L

MANGONIC ALLOYS
° Nickel-manganese alloys for elec-
trode support wires, etc.

o
*

®  BRIGHTRAY ALLOYS
. Resistance Materials for all types of”

electrical heating element, both
° domestic and industrial.
* *

FERRY

® Nickel - copper alloy with low
° temperature cocflicient of resistance.

Suitable for instrument resistances.
]

e NILO SERIES
Nickel-iron alloys with controlled

° cxpansion properties.
O *
o NI-SPAN C
Constant modulus alloy for springs.
L)

» THERMOMETALS
Thermostatic bimetals for tempera-

X X . ° ture-control devices.
Full technical information

is contaived in our techni- ¢ JAE METAE
cal bulletins. Write for  * Nickel-copper alloy for magnetic
free copies. shunts.

/$\
o .
nemay O wiccin * Registered Trade Mark

HENRY WIGGIN AND COMPANY LIMITED . wiGGIN STREET - BIRMINGHAM - 6.
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SOLDERS AND FLUXES

The economy of the soldering operation and the quality of joints
depend on the choice of correct grades of solder and flux and the most
suitable method of soldering.

Soft solders are basically lead-tin alloys, with sometimes a small
proportion of antimony, which strengthens the metal. British standard
graces of solders are given in the following table.

TABLE 18.—STANDARD GRADES OF SOLDERS

| Tin Antimony|  Solid I Liquid

Grade | (%) (%) at at Uses
A 65 1-0 * 183°C. | 185°C. | Work requiring low
(361° F.) | (365° F.) | melting point.
K 60 0-5* 183° C. | 190° C. | Fine soldering electrical
(361° F.) | (374°F.) | work, special machine
soldering.
F 50 0-:3*  183°C. | 212°C. | Machine soldering elec-

(361° F.) | (414° F.) | trical work, zinc, and

| galvanized iron.
B 50  2:5-3:0 | 185°C. | 204°C. | Tinsmiths’ and copper-
(365° F.) | (399° F.) | smiths’ fine work, bit

soldering.

M 45  23-2.7 | 185°C. | 215°C. | Tin-box and general

(365° F.) | (419° F.) | hand soldering.
G 42 0-4* | 183°C. | 230°C. | Zinc and galvanized
(361° F.) | (446° F.) | iron, electrical joints.

C 40 2-0-2-4 185°C. | 226°C. | General bit and blow-
(365° F.) | (439° F.) pipe soldering.

H 35 0-3 * 183°C. | 244° C. | Lead-cable wiped joints
(361° F.) | (471° F.)

J 30 0-3* | 183°C. | 255°C. | Dipping baths.
(361°F.) | (491°F.)

D 30 1-0-1-7 ' 185°C. | 248°C. | Wiped joints.

(365° F.) | (478° F.) |
N 18 | 0-75-1-0  185°C. | 275°C. | Dipping baths.
(365° F.) | (527° F.)

* Maximum.

Soldering Fluxes

AcTive Fruxes. These contain chlorides, are rapid in action and
very effactive in cleaning the metal surface and promoting spread and
penetration of the solder. They are suitable for use on all common
metals, with the exception of aluminium and its alloys.

SareTy Fruxes. Resin-base fluxes are not so rapid or effective,
but have the advantage that they are completely non-corrosive, so
that the joint need not be cleaned after soldering. Such fluxes should
always be used in the soldering of electrical conductors.
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CorED SOLDER. Solder wire with a continuous core of flux is useful for
* spot soldering *, particularly where the joint is not readily accessible.

SoLpER PaINT. This is a creamy mixture of powdered solder with an
active flux. It is used for tinning and for sweat soldering; in the latter
application the joint members are brushed over with the paint,
assembled and then heated to soldering temperature by any convenient
method.

Fusible Solders

For delicate work whlch might be damaged by heat when a normal
solder is used, special fusible solders are available.

There is a series of alloys covering a range of melting points down to
70° C. (158° F.).

Soldering of Radio Components

For general repair and construction of radio and television assemblies,
the following points should be observed :

‘ (1) Only non-corrosive fluxes should be used. Cored solders
with rosin-based fluxes are generally convenient. For miniaturized
assemblies—where the lengthy application of heat may have
harmful effects—a liquid flux of resin-base permits joints to be
made rapidly, Acid-based fluxes, such as killed spirits, should
not be used.

(2) All wires, tags and solder should be clean and free from
oxidation. Since the cleansing action of non-corrosive fluxes is
less effective than with active fluxes, greater care is needed in pre-
cleaning of wires and tags, and it is often advisable to tin these
parts before assembly. :

(3) The iron should be clean, adequately tinned and should be
about 50° C. above the liquefying point of the solder. With
cored solders, “ spitting ”’ indicates too high a temperature of the
bit, while ‘ plasticizing ** indicates too low a temperature.

(4) When using cored solders, the iron should never be used to
carry the solder to the joint : whenever possible apply the iron
beneath the joint and then apply the solder from above.

(5) Fine-gauge enamelled wires should not be scraped with a
knife or with emery cloth, as this may damage the wire. A
suggested method of cleaning them is to heat such wires in the flame
of a spirit lamp, plunge them into methylated spirits and finally
to wipe them dry.

(6) Dry joints, which may introduce considerable resistance
into joints, are formed by layers of undiffused resin; this may be
caused by too brief an application of the soldering-iron or by the
bit being at too low a temperature.

Soldering to Aluminium

Soldering of connections to aluminium and its alloys by normal
methods is seldom effective. In recent years, however, equipment has
been marketed specifically for this purpose using an iron whose bit is
subjected to a supersonic frequency produced by magneto-striction.
This supersonic frequency prevents oxidation by disturbing the fluxing
metal. A tin/zinc-based solder is used.
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TABLE 19.—THE ELEMENTS IN ORDER OF ATOMIC NUMBER
=8 —~ | © B ~
=S . S . . 28 : 32 .
Period '§§ Name I '§ { ‘f,fg:;”"i }Il’t’ﬂo(i §'§ | XName ‘ £ #3;"5
e Tow | | e w
- ) (S | m—— - I S
| 1 | Hydrogen | 1 1-008 V| 49 | Indium. . I In 1148
2 | Helium | He 4-002 50 l Tin . & | 1187
— | !» 51 | Antimony . | &b | 1218
138 3 | Lithium i | 694 52 | Tellurium Te 127-6
4 | Beryllium e 9:02 53 | Todine 1 126-9
5 | Boron . B 10-82 54 | Xenon . Xe | 1313
6 | Carbon C 12:00 I—— |
7 | Nitregen N | 14008| VI | 55 | Casium
8 | Oxygen Q 16-00 56 | Barium .
9 | Fluorine ¥ | 1900 57 | Lanthanum
10 | Neon Ne | 20-18 | 8% | Cerium . o |
| | 59 ‘ Praseodymiumn
114 11 | Sodium Na | 2299 60 | Neodymium
12 | Magnesium Mg 24-32 61 | Promethium .
13 | Aluminium Al 26-97 62 | Samaritun
14 | Silicon .8 28-06 63 ' Europium
15 | Phosphorus . | P 31-02 | G4 | Gadolinium
16 | Sulphur S| 3206 65 | Terbium
17 | Chlorine | Cl 35-46 66 | Dysprosium
18 | Argon . A 39-94 67 | Holmium
— | 68 | Lrbium
IV | 19 | Potassium . i K 39-09 || 69 | Thulium
20 | Caleium .| Ca 40-08 70 | Ytterbiuru
21 | Scandium | S¢ 45-10 71 | Lutecium
22 | Titanium Ti 4790 | 72 | Hafnium
23 | Vanadium v 50-95 | 73 | Tantalum
24 | Chromium Cr 52:01 74 | Tungsten
25 | Manganese . Mn 54-93 | 75 Rhenium
2G | Iron Ie 55-84 76 | Osmium
27 | Cobalt Co | 5894 ] 77 | Iridium
28 | Nickel . Ni 58-69 || 78 | Platinum
29 | Copper .| Cu G3-57 I |79 | Gold
30| Zine Zn 65-38 8} | Mercury
31 | Gallium Ga 6972 81 | Thallium
32 | Germanium . | Ge 72-60 82 | lLead
33 | Arsenic .1 As 7491 || 83 | Rismuth
34 | Selenium Se 7896 I &1 | Polonium
35 | Bromine Br 79-91 85 | Astatine
| 36 | Krypton | Kr | 837 | | & | Radon o
— ) — — —— | I = - - —
V | 37 | Rubidium Rb | 85-44 VII | 87 | Francium
38 | Strontiuni S|r 87-63 88 | Radium
39 | Yttrium 88-92 89 | Actinium
| 40 | Zirconium | Zr 91.22 90 | Thorium
41 | Niobium Nb 92-91 91 | Protoactinium 23
42 | Molybdenum | Mo | 96-0 92 | Uranjum S \ 2381
43 | Technetium ., | Te 99 I 93 | Neptunium Np | 237
44 | Ruthenium . | Ru | 101-7 | 94 | Plutonium Iu | 234
| 45 | Rhodium Rh | 1029 95 | Americium Am | 241
46 | Palladium rd | 106-7 96 | Curium . Cim | 242
47 | Silver . g | 1079 | | o7 Berkelium Bk | 243
48 | Cadmium Cd | 1iz-4 | | 9& | Californium Cf 241



TABLE 20.—MECHANICAL AND' PEYSICAT. PROPERTIES OF ELECTRICAL STRUCTURAT. MATERIALS

8§ == gpecific gravity.
w’ = weight, Ib./cu. ft.
= weight, lb./cu. in.

j, = elastic stress limit, tons/sq. in.

f3 = ultimate tensile strengt.h, tons/sq. in.

é = Young’s modulus, thousands of tons/sq in.

o, fe, f3 = working stresses, tensile, compressnve, shear, tons/sq. in.

o = coefficient of linear expansion x 107¢/° C.

¢ = specific heat (15-100° C.).

k = thermal conductivity, W/c.c./° C

O = melting pomt °C.

- - - e S _— S _ S -
Material l s | w | o f A K 1t fe A « c k
Aluminium ] | l |
Cast ) 2:67 166 0-097 34 4 6 4-3 1.5-2 — —_ 24 0-214 | 2-0
Annealed 2-7 169 0-098 35 b —_ 2 — ~— 24 0-214 | 2.0
‘Wrought 2.7 1649 0-098 8-9 12 4-3 7 — —_ 24 0-214 —
Brass (60 Cu, 40 Zn): ]
Cast . ° 8-4 5256 0-304 9 20 5b - 1-5 — 18-9 0-094 | 1-1
Cold-rolled ‘ 84 525 0-304 20 30 [ 31] 10-12 — - — — -
Bronze : |
Hard-drawn 8-89 1133 0-32 45 67 22 — 18 — —
Cadmium-copper :
Hard-drawn, 93% cond. 89 5556 | 0-32 | 20-30 | 30-36 | 85 16 = 166 | 0-095
Cogper B
ast 99-6% Cu. 0 87 546 0-31 34 8-11 ) 176 2:76 17 0-093 | 3-8
Annealed, 99-99, Cu 89 5565 0-32 35 12-18 7 2:5 —_ 1-0 17 1-093 —
Hard-drawn 39 5565 0-32 - 22-29 8 8-12 — — 166 0-093 —
Copper-clad steel :
30-40% conductivity 825 514 0-298 — 45-60 10 18-36 ; — — 12-8
Duralumin (94 Al, 4 Cu, 0-5 Mg) ' [
Anpealed 2:79 173 010 16 25-29 47 8-9 8-9 22:6 1-3
Rolled 2-79 173 010 33 l 35 20-26 — — — ‘

Om

660
660
660

890

ob-¢

A009 3IDNIYIJIY NOISIAFIAL ANV 0iavy



Tron :
‘Wrought (electric)
Cast .

Malleable cast .
Nomag cast

Phosphor-bronze :
Oast o 0
Hard-drawn

Steel :
Cast (0-3-0-5% C)
Armature (29, Si)
‘Transformer (2%, Si)

T'ransformer (4%, Si)

QGalvanized wire

Resistance alloys # :
80 Ni, 20 Cr

59 Ni, 16 Cr, 26 Fe .
37 Ni, 18 Or, 2 8i, Fe Ba

45 Ni, 54 Cu
80 Cu, 20 Ni

62 Cu, 15 Ni, 22 Zn .

84 Cu, 12 Mn, 4 Ni

&
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480
483
480
468
490

522
517
532
bbb
558
557
528

4

0-278
0-280
0-278
0-271
0-284

0-302
0-299
0-308
0-321
0-324
0-323
0-306

14-16 | 16-20
— | 815

25
9-14

16-18
30-70

25-35
20
22
40

23-80

47.5
44-5
47
325
23
30
60

(=]

e«

s th
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o W
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@
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HE
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|

——

e
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12:5
12-5
14-2
14-9

18
18

0117
0117
0-117
0-117
0-117

0-103
0112

0-038

0-054

0-25

0-216

1,600
1,375

1,200

900
900

1,400
1,400
1,400
1,400

¢ Alloys : (a) Brightray C and S (working temperature up to 1,150° C.); (b) Brightray B (850° C.); (c) Brightray ¥ (certain types of furnace
up to 1,1000° C); (d) Ferry (200° C.); (€) Cupro (350° C.); (f) German Silver, Platinoid; (¢) Manganin (Working temperature, 450° C.).
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TABLE 2]1.—ELECTRICAL PROPERTIES OF CONDUCTORS

pem. = resistivity, uQ-cm. at 20° C.
pin. = resistivity, uQ-in., at 20° C.
y/yCu = rela €
o = resistance-temperature coeflj

relative conductivity, % of standard annealed copper.

cient per ° C, X 107* at 20° C.

Material pom. pln. y/yCu ! «
International standard annealed copper 1-72 0-678 100 39-3
Aluminium and alloy :
Aluminium, cast . o 2-6 1-02 66 390
Aluminium, hard-draw: 2-8 1-20 62 39-0
Duralumiu . o 4-7 1-85 36-5 —
Copper and alloys :
Copper, annealed. 0 a a . | 1:69-1-74 | 0-665-0-685 102-99 39-3
Copper, hard-drawn . o o o | 1-74-1-81 | 0-685-0-712  99-95 38-1-39
Brass (60/40), cast a o 75 2:95 23 16
Brass (60/40), rolled 9:0 3-55 19 16
Bronze o o o 3-6 1-41 48 16-5
.Yhosphor-bronze, cast . o a o 6-12 2-44-8 29-14 10
Cadmium-copper, hard-drawn, %3°, cond. 1-85 0-727 93 —
Cadmium-copper, hard-drawn, 829, cond. 2.1 0-825 ¥2 40
Copper-clad steel, hard-drawn, 409, cond. 431 | 1-70 40 375
Copper-clad steel, hard-drawn, 30%; cond. 573 2.27 30 375
Tron and steel :
Iron, wrought (electric) o a a 10-7 4-23 55
Iron, cast, grey . . . . )] | 275 —
Iron, cast, white . o o o o 100 39-3 20
Iron, cast, malleable . o 5 o 29-5 11-6 LR —_
Iron, cast, nomag o . 5 . 160 | 63 1. 4-5
Steel, 0-19, carbon o o . 0 20 79 8- 42
Steel, 0-3~0-5% carbon o . 5 12-19 4-7-7-5 14-3-9 42
Steel armature, <29, Si . o . 15-20 59-7-9 11-5-8-6 —
Steel armature, 29, Si . o 0 o 35 | 138 49 —
Steel armature, 4%, Si . a a o 55 21-6 31 —_
Steel wire, galvanized . . o a 13-14-5 51-5-7 13-3-11-8 44
Steel wire, galvanized, 45-ton 17 67 10 34
Steel wire, galvanized, 80-ton [ 215 85 3 34
Resistance alloys # :
80 Ni, 20 Cr . o . . Aa) 109 406 1-65 1-0
59 Ni, 16 Cr, 25 T'e . . ()] 110 41-8 1-62 240
37 Ni, 18 Cr, 2 Si, Fe bal. . . () 108 35-8 1-89 2:6
45 Ni, 54 Cu . . . L) 49 18-9 36 0-4
80 Cu, 20 Ni o a o .(e 26 10-2 66 2.9
62 Cu, 15 Ni, 22 Zn . o ) 34-4 13-5 50 2:5
84 Cu, 12 Mn, 4 Ni . o N ()] 48 18-9 36 0
Other Conductors :
Carbon, graphitic . o . a 4,600 1,810 0-037 —0-2
Carbon, arc-lamp . . o . 2,080 2,000 0-034 -5
Gold . . . . 2:36 0-93 ¥3 30
Lead . 22.0 8-65 78 409
Mercury 955 376 1.8 7
Molybdenum 57 [ 2.24 30 40
Nickel 136 5-34 126 50
Platinum o 11-7 4-61 147 3¢9
Silver, annealed . 1-58 0625 109 40
Silver, hard-drawn 175 0-685 98-5 40
‘Tantalum 155 6-1 11-1 31
Tungsten 56 2-2 31 45
Zine . | 6-2 I 243 28 40

® Alloys : (a) Brightray C and 8 for furnaces, fires, heater elements; (b) Brightray B, for
irons, tubular heaters; (c) Brightray F for certain types of furnace elenient; (d) Ferry for

control resistances; (e) Cupro; (f) German silver,
for instrument shunts and resistance standards.

Platinoid, for instruments; (y) Manganin,
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BROADCASTING STUDIOS

Broadcasting studios range in size from those suitable to aceommo-
date one person delivering a talk up to concert halls capable of holding
a symphony orchestra, chorus, organ and audience. Between these
two extremes, the space and acoustic environment of small orchestras,
discussion groups and dramatic personz have to be met. The oppor-
tunity to build new premises occurs so rarely that when new studios are
built by any broadcasting organization, interest in their construction
is widespread. Before discussing the variations in acoustical quality
and in equipment needed for these diverse needs, it is probably worth
while considering the common requirements for all studios, that is,
good sound insulation against external noise.

External Noise Sources

The most obvious source of interference, street traffic noise, is likely
to be kept well in mind, but other sources of noise, such as low-flying
aircraft, underground-train services or ships or works sirens, may have
to be taken into account. Nor must it be forgotten that an organ or
similar recital in one studio may represent a source of interference to an
adjacent studio. ’

Sound Insulation

The particular need for good sound insulation between studios and
between the studios and the outside world is extremely important. as
any failing in this direction is almost impossible to correct. A quiet
site on which to build, situated near the eentre of a ecity for the con-
venience of artists and broadcasters and for access to the necessary
communication cables, represents an ideal condition but one seldom
found.

The first approach to the consideration of sound insulation is in the
planning of a studio centre as a whole. It is usual to arrange as far as is
practicable that groups of studios are ringed by corridors, beyond which
a shell of rooms used as offices, stores, libraries, ete., provide a relatively
effective sound barrier, shielding the studios from external noise.l: 2

Rooms on floor levels, both above and below studios, should also be
reserved for quiet activities, so providing a sound berrier to floors two
storeys away which may also be used for studios.

Electrical generating plant, ventilating plant and maintenance work-
shops should also be planned to be remote from studios.

Sound Leakage

Given basically adequate sound insulation. care must be taken not to
reduce this by sound leakage into the studio, which can be both air-

4-2
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RUBBER INSERTS
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\‘/4\‘: l",
PERFORATED METAL™

Fic. 1.—MEAXS OF OBTAINING ACOUSTICALLY SEALED DOORWAYS.

horne and structure-borne. For quietness, the ventilation system
should displace a large volume of air at a slow speed. The ventilating
ducts must be acoustically baffled and lined with sound absorbents,®
whilst the joints between sections of ducts must be acoustically isolated
to prevent noise from the ventilating plant being transmitted to the
studio. Similarly, cable ducts should be interrupted, and the unused
space in the ducts should be stoppered with a plug of absorbent material
wherever they pass through studio walls.

Studio doors should be of solid construction and be acoustically
sealed when closed. An automatic door closer is also necessary to
prevent the door being slammed or left ajar. Fig. 1 (a) shows one type

TABLE 1.—VARIATION IN SOUND INSULATION OF DOUBLE } IN. PLATE-
¢LASS WINDOWS WITH VARIATION IN SPACING
(Due to P. E. Sabine.)

Sound Reduction

P in Decibels
Sashes in contact 5 5 33-2
1} in. separation . 5 5 386
44 in. separation . 5 5 40-1
7% in. separation . 5 0 44-2
9% in. separation . 0 5 463
133 in. separation . . 18-2

16 in. separation . 5 5 488




4-4 RADIO AND TELEVISION REFERENCE BOOK

60 : — - =
g || 1] P TTTT
- | 1] B
50— ] —H TR
24
o | L1 I | | a’r l
1=
fol— | | | el
= ! g i
g | bt | | l!'
530‘ L ® s gl ! :: ”
3 ? | 2 ||

o ' & 2 ‘
& a ! v | | o
020,_ 71 21 | ] = ;i¢ 2
z o | | & v S
2 l [ o] U] «!
g | = % & o}

10} {'3[1 T < St
w 2
: S 8|3
g ol | =] ~ RN
>
Z ro 1o 100

WEIGHT OF PARTITION IN LB/SQ. FT.

Fi¢. 2.——AVERAGE TRANSMisSION TLOSSES OF BUILDING MATERIALS.

of door seal: another, more recent, type which had its origin
in Scandinavia consists of perforated slotted metal over acoustic
absorbent. and is shown in Fig. 1 (b).

Windows in studio walls are usually constructed of two or three sheets
of plate glass spaced apart, and Tab?e 1, due to P. E. Sabine, shows the
improvement in insulation due to different air spacings between double
plate-glass windows. JMore recently G. H. Aston of the National
Physical Laboratory has published more comprehensive information
regarding the sound-insulation properties of glass windows, and shows
not only the variation in sound reduction with variation in spacing
between double windows, but also the sound reduction variation with
frequency and the effoct of different frames and methods of mounting.*

The transmission loss in decibels due to a homogeneous partition is
given by :

Transmission loss (T'L) = 10 log,, ;1 db
2

where J, is the intensity of sound incident to the partition, and I, is
the intensity of sound transmitted by the partition.

Fig. 2 shows typical figures for the average transmission loss of a
1few building materials, plotted against the weight of the material in
b./sq. ft.

The transmission loss does not take into account .the acoustic
properties of the rooms on either side of the partition, and the total
sound reduction is given by :

aS

Sound reduction = Transmission loss in db + 10 log |, 1
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where aS is the total absorption in the receiving room and A is the
area of the partition.

As a studio wall is seldom a simple homogeneous partition, published
figures of sound insulation for such partitions should be accepted only
as a rough guide. To prevent sound from a loudspeaker in a listening
room being acoustically fed back to its associated microphone in a
studio, thus causing a * howl round ”, & minimum sound reduction of
some 30 db is necessary at low frequencies. When this sound insulation
is obtained at low frequencies, it will generally be found that sound
insulation rises with increase of frequency to the satisfactory figure of
some 50 db at 1,000 c/s.

Transmission Quality

The essential considerations in the design of studios are the shape, the
volume, the average reverberation time and the reverberation time/
frequency characteristic. The problem of studio design differs from
the design of auditoria in that the shape of a studio need not be
unduly influenced by considerations of seating an audience. Although
studios accommodating an audience are quite common, particularly for
variety shows, the acoustical conditions required for the broadcast are
of primary concern.

Shape and Size

The shape of the studios can well follow traditional design in being
rectangular both in plan and elevation. Experiments have been made
with studios having non-parallel, non-plumb walls, and with stepped and
sloping ceilings, but there appears to be no strong evidence yet to sug-
gest that their acoustics are superior to the studios of simpler form,
which are easier and cheaper to construct. The proportions of height :
width : length are important in obtaining even distribution of the
characteristic resonance frequencies of a studio, and although not
critical, a ratio of 2 : 3 : 5 provides a useful basis for design.

Little has been published regarding the optimum volume of studios
for a given number of performers, but a popular misconception that a
floor area adequate to accommodate the performers would suffice was
dispelled by H. L. Kirke and A. B. Howe,® and their recommendations
are shown in Fig. 3. For music studios the area covered by the per-
formers should not be more than a third of the total floor area.

Reverberation

In the absence of specific faults it can be said that to a first approxi-
mation the average reverberation time and reverberation-time/fre-
quency-characteristics, more than any other factor, determine the
quality of sound transmission of a studio.

There appears to be a good deal of agreement upon the optimum value
of reverberation times for studios, and a review of a number of halls and
studios shows that their reverberation times fall within well-defined
limits, which are indicated by the shaded areas in Fig. 4.

The higher limit would be selected when * fullness * of orchestral
tone was a main consideration : the lower limit would be preferable for
speech, songs, chamber music and dance music. As, however, many
studios have to be used for diverse programmes, the choice of reverbera-
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tion time is a matter for compromise. The particular compromise
adopted by the British Broadcasting Corporation ® is shown in Fig. 5.

It will be noted from Fig. 4 that for studios with a volume of about
15,000 cu. ft. a large tolerance for reverberation times is indicated.
This arises because, at about this volume, the requirements of drama
studios and small music studios overlap. For drama studios it must be
possible to produce different conditions of reverberation to agree with
the different settings of a play. Some organizations tackle this problem
by equipping the studios either with roller blinds, or with hinged or
sliding wall panels of different absorption characteristics. These
inethods do not entirely satisfy the needs of drama production, as the
variation in reverberation time is not very great, and the characteristics
can seldom be modified during transmission.

A better solution to this problem is to use a “ live-end, dead-end "’
studio, arranged by drawing—or partly drawing—heavy curtains across
the centre of the studio, one-half of which is built with little acoustic
absorption, and the other with considerably more. This acoustic
treatment may be auginented by the use of large portable acoustic
screens, one side of which is highly absorbent and the other side highly
reflective. By these means, and by the employment of directional
microphones, it is possible to segregate the microphones into zones
having widely different acoustic characteristics. Portable acoustic
screens, however, obstruct the view into the studio, and also tend to
curtail an artist’s movement, A novel solution to this problem has
been put forward in a description of a new small drama studio 7 in which
a tall folding screen, with different acoustic treatment on opposite sides
and with curtains above, can be drawn across the studio. The line of
partition bisects the control cubicle window so that a clear view is
obtained into both the * live side ”” and *‘ dead side ”’ of the studio.

Reverberation Time versus Frequency .

Reverberation time, considered so far in general terms, has referred
to an average figure over the middle of the audio range or to the figure
at 500 ¢/s. Unless this figure can be maintained level over a reason-
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ably wide frequency band. its value as a guide to optimum reverbera-
tion time is meaningless. Indeed, a decade ago it was not uncommon to
find studios or halls with reverberation times which might rise in the bass
region to twice the value at 500 ¢/s. and which fell by a like ratio in the
treble, resulting in * boomy ”’, muffled reproduction.

One of the most heartening improvements in studio acoustics has
been the manner in which reverberation over the major part of the audio
range has been brought under control, and most new studios coming
into commission have flat reverberation time/frequency curves. The
exceptions are the larger studios and halls, where the air attenuation
causes a fall in reverberation time above about 5,000 c/s, a natural
phenomenon entirely acceptable. It is, however, noted that Scandi-
navian countries prefer the reverberation time to rise slightly below
100 ¢/s, and also, for orchestral studios, prefer a rise from 250 to 3,000 ¢/s
with the studio empty. This rise probably results in a level curve when
the orchestra is in place.

Determination of Reverberation Time
Prof. W, C. Sabine of Harvard University. the pioneer in this work,
deduced an equation for reverberation time : &

q q 05V
Reverberation time (f) = ((—%%L

where ¢ = time taken for sound in a room to decay by 60 db;
V = volume of the room in cubic feet :
« = average coefficient of absorption of S:
S == total area in 8q. ft. of all surfaces of the room;
aS = a;8; + a,Sy + aS; + . . .;
S, = area of absorbent with coefficient of absorption a, ;
S, = area of absorbent with coefficient of absorption a,.

Later, C. F. Eyring derived an equation ® more applicable to large
rooms or studios with large amounts of absorption. This gives :
0-05v
vS[—log, (1 — a)]
where v is the velocity of sound in air. This reduces to Sabine’s formula
when « is less than 0-2.

At high frequencies, carpets, heavy fabric curtains and furnishing
materials provide useful absorption, which, however, increases in
effectiveness with increase in frequency. Tables of absorption
coefficients of these and of special absorbents and of common building
materials appear frequently,!%11.12.13 and will not be repeated here,
as interest is in more recent developments. Glass wool in various thick-
nesses between 1 and 4 in. is a most effective absorbent; it is vermin
proof and does not absorb moisture. Covered with open-weave
plastic material or faced with wooden slats of a particular cross-section,
referred to as ‘‘ Copenhagen treatment ”, it is extremely effective at
high frequencies, whilst used in conjunction with hard perforated panels
it becomes very effective in the medium-frequency range from 250 to
2,000 c/s.. 14

In the low-frequency range, below 250 ¢/s, recourse must be made to
the use of Helmhlotz resonators or to membrane or panel absorbers.

Reverberation time (¢) =
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Helmholtz resonators have been used frequently on the Continent,!*
but the first use reported in this country was for the rebuilt Studio No. 1,
Swansea, for the B.B.C.14

The particular arrangement used in this studio consisted of groups of
resonators arranged in rows projecting from the surface of the wall. so
providing diffusion as well as absorption. This arrangement, referred
to as in ‘“‘line array >’ has characteristics midway between those of
isolated resonators and plane arrays.’* By this means an absorption
of 0-7 at resonance, i.e., absorption per resonator compared to a perfect
absorber, has been obtained at a frequency as low as 90 ¢/s.

Membrane absorbers are probably the most attractive for use at low
frequencies, as they are relatively simple to construct. The theoretical
analyses of their behaviour is not so simple, but C. L. 8. Gilford has
presented a most comprehensive analysis.!? confirmed by subsequent
mesasurements, and a report of nearly twenty studios acoustically
treated successfully by this means. The principal concert studio of the
B.B.C. has been retreated acoustically with membrane absorbers and
reported as most satisfactory in an article by T. Somerville and H. R.
Humphreys.’®* This article also shows photographs of the pulsed-
gliding-tone method of investigating irregularities in sound decay, a new
technique reported in 1951.1*

Diffusion

As experience has been gained in the choice and control of reverbera-
tion time and of reverberation time/frequency characteristics, so has the
effect of the proper diffusion of sound been thrown into prominence.
For some time opinion, influenced by investigations into this aspect of
acoustics carried out in America, has favoured hemi-cylindrical diffusers.
Recent work, in this country 2%2! and in Denmark,*® would seem to
establish the superiority of rectangular diffusers beyond dispute.
Furthermore, traditional architectural style may more easily encompass
the use of rectangular diffusers in future building, with resulting
improvement in @sthetic appeal.

Specific Defects

Even when the major problems have been solved, it might occur that
a distinct “‘ coloration ’’ appears in the output from a studio, and it
should be noted that heating radiators, lamp fittings and other studio
fixtures may be resonating. Ventilating ducts may behave as Helm-
holtz resonators, and selectively either augment or attenuate the sound
output. Inadequate attention to the reverberation characteristics of
studio listening rooms, or inadequate sound insulation of echo rooms,
may mar an otherwise satisfactory studio suite.

Finally, the sound output from even a good studio may be impaired
if the selection and placing of microphones and artists are not
meticulously carried out. Recent articles ** 2 reviewing this technique
have led to an appreciation and better understanding of this art.
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BROADCASTING STUDIO EQUIPMENT

Although in the past many different arrangements of studios have
been used in the preparation, presentation or recording of a programme,
it is almost universally agreed that the most flexible arrangement is to
provide an associated control cubicle immediately adjacent to each
studio, with a large observation window built in the partition wall
between the cubicle and studio. In the case of large studios of height
spanning two floors, a cubicle on the upper floor level gives such an
improved view into the studio as to compensate for the less easy access
betwecen cubicle and studio.

The studio control desk is situated immediately in front of the
observation window, and carries all the controls necessary for controlling
a programme.

All cubicles should be equipped with the means to enable the following
operations to be performed :

(1) The amplification and mixing of the output from micro-
phones, gramophones and incoming line contributions to the
programme.

(2) The control of the permitted dynamic range of a transinission
within certain defined limits as indicated on a particular meter.

(3) The aural monitoring of the acoustical balance and artistic
and technical quality of the programme.

(4) ““ Talk-back ' from the producer, via a microphone in the
cubicle, and a loudspeaker in the studio to the artists in the studio.

(5) The operation of lights to signal the commencement and end
of a transmission.

(6) The operation of light signals to ** cue ” or signify to an artist,
groups of artists, or effccts or gramophone operators the point to
" come in ”’ on programme.

(7) The aural identification of tho correctness, and visual check
of the level, of an incoming contribution previous to its being faded
into the programme (pre-fade listcning).

(8) Telephonic communication with any point on the engineering
telephone cxchange.

(9) The sending of *“ tone " to * line-up ™ the programme chain.

In drama and in variety studios the following additional facilities
may be needed :

(10) Reverberation effects.

(11) Frequency distortion effects.

(12) A feed from any microphone or combination of microphones
to the studio public-address equipment.

(13) Direct telephonie communication to the points of origin
of any incoming contributions to the programme.

Programme Volume

Before an amplifying and mixing system can be designed, it is
necessary to know the maximum range of sound intensity which may
occur. This is usually quoted as 80 phons, and is attributed to the
output of a full symphony orchestra. In practice, owing to the ambient
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noise level in a concert hall or concert studio, it is much lower than
80 phons. The output of the B.B.C. Symphony Orchestra of 120
musicians, playing Elgar’s Symphony No. 2, has been measured as
100 phons for the loudest fortissimo chord and 50 phons for pianissimo
playing by the stringed instruments.!

A high-quality ribbon microphone with an output impedance of
600 ohms will produce at these extremes of volume a minimum level of
—100 db and a peak level of —50 db (with reference to 1 mW into
600 ohms). The characteristics of different types of microphone are
discussed in Section 31  Microphones ™, and 1t will be assumed here
that by the use of local amplifiers, transformers and attenuators as
necessary, their outputs may be adjusted to make them interchangeable
in the studio.

The next information required is the peak level at which the amplified
programme must leave the studio. This is specified by the British
Broadcasting Corporation as 48 db peak, and the lowest peak per-
mitted is —14 db, but provided the lower figure is indicated at least once
every 20 seconds for orchestral works, the level is not adjusted. This
means in practice that the total range is some 30 db, which is adequate
for a large number of symphonic compositions. Nevertheless, it is
necessary at times to compress the programme from a range of 50 to
22 db, and considerable artistic ingenuity is employed in accomplishing
this (see ‘‘ Broadcasting Studios ).

Amplification and Gain Control

The minimum basic amplification required may now be assessed.
To raise the minimum peak-level input to the minimum permitted
peak-level output requires a gain equal to the difference between —14
and —100 db, i.e., 86 db. Similarly, the minimoum gain employed is
the difference between the maximum peak-level input and the maximum
peak-level output, i.e., the difference between —50 and 48 db = 58 db.

The difference between the two
gains of 86 and 56 db is 28 db,
and thisrepresents the attenuation
range over which the programme
is to be regulated by a main gain
control. This is usually a stud-
20 y type attenuator. In the interests

i of smooth control over the control
B A range, and some 20 db below the
step-to-step attenuation should not
[ be greater than 2 db. After this
74 ] the attenuation between steps may-

gradually be increased, since the
ear is less sensitive to change of

(¢] 10 20 30

level as the actual level falls. The
law of a typical main gain control
/ is shown in Fig. 6

ATTENUATION N DB.

The best position for the main
7\OFF gain control in the amplifier chain

800 10 20 30

CONTACT NUMBER Fic. 6.—Marx Gaix CoNTROL.
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may now be decided. It should not be placed previous to the amplifier
chain, as the signal-to-noise ratio would be seriously decreased, nor
should it be placed after the amplifier chain, as this would entail the use
of unnecessarily high output power. The main control, therefore, is
placed almost invariably between two stages of amplification.

The sdme arguments apply to the choice of the best position for the
channel faders which are necessary for fading each source smoothly
into and out of the programme. If the fadersare placed in their rightful
place, immediately preceding the main gain control, a stage of amplifica-
tion is necessary for each channel. This step may be avoided, provided
that certain precautions are observed, by the use of a series fader for
each channel previous to amplification. As each additional source is
faded into circuit the signal level and signal-to-noise ratio fall, due to
the additional shunt impedance across the circuit, and the level must be
restored by simultaneously advancing the main gain control. The
decrease in signal-to-noise ratio can usually be neglected, due to the
fortuitious circumstance that the types of programme which require a
number of sources in circuit at one time generally have an initially high
signal-to-noise ratio, whilst the type of programme generating the low
levels mentioned earlier need seldom involve the use of a number of
channels at one time. The attenuation curve of a typical channel fader
is given in Fig. 6.

Amplifier Chain

The basic amplifier chain may now be shown as Fig. 7. The amplifier
stages may consist of individual valves in cascade with a simple potentio-
meter between them. If the programme meter is also contained in the
same unit as the amplifier, the arrangement represents an economical
and compact assembly, and the ability to change the whole unit en bloc
in case a fault develops commends it for use where simplicity and ease of
maintenance are of first importance.

Design Refinements

For the more sophisticated needs of a large broadcasting organization.
more complicated designs are necessary to meet the varied requirements
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already sct out, and to satisfy the ever-increasing finesse needed in the
presentation of variety, drama and music. A large number of channels
becomes necessary, and a group ccntrol is needed to enable a number of
sources to be faded in and out of programme by a single control, whilst
the channel faders which set the degree of mixing need not be disturbed.
[t must be possible to by-pass the group control with at least one inde-
pendent channel, so that a source may be faded up whilst the group is
faded down, so preserving continuity of prograinme. A further refine-
ment is to use two group controls, to which any combination of channels
may be switched as desired. The channel and group mixers can be con-
veniently of the constant.impedance type, a configuration also suitable
for the main gain control, for it can no longer be a siinple potentiometer
between two valve stages. The increased gain necessary to overcome
the increased losses means that each amplifier stage of ¥Fig. 7 now
bzcomes a complcte amplifier, and the link between them is of relatively
low impedance.

Mixing

The actual mixer losses depend on the circuits employed. which are as
various as the number of organizations using them. The star mixer to
be described has been found simple and effective, particularly for a large
number of sources and where a constant impedance at the junction of all
units is required throughout the chain.

Referring to Fig. 8 : If N is the number of sources of nnpedance Z,
which are to be mixed to a common impedance Z,, and if both Z, and

Z,are to ‘“sec’’ matched impedance, then if M represents 7 Z ! the values
2

Z
of the resistances are :
M2 4+ MN(N —2)
R, = Nt — M - X Zy
Nz M@EN - 1)
R, ="~ — s X Z
2 N, — M 2
,R, L In the most usual case when Z, — Z, =
-~y - Z(and . M = 1) ! '
\
o=MAMW— N1
RBR=R =R, =" X2
— L 2T N+1
=AM
o—pq The loss introduced by these mixers is

0 given by 20 log,,(1/N). which, it will

d Ro be noticed, is independent of the imped-
WW—g _  ance of Z, and Z,.

R +— 2 For the sake of eompleteness, it
o—~AVWA— should be mentioned that if the num-
& ber of sources N does not exeeed a
oAM= critical number Ne, given by Ne¢ =
—a M 4+ V2?2 — M, then R, must be
O—AMAN calculated for N = Nc. R, should be

. *° R, |~

| o————— I1G. 8,—STAR MIXER.
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Ne2 — M-
It is more practical in initial design to ensure that if possible the

number of sources is at least eq

2(Nc — M)

0 log,,

b
<

+ parallel with Z, and the mixing loss =

Nec+ N

zero, and the output channel Z, terminated with a resistance equal to
2R

Ve.

ual to the first whole number above N

The additional loss will most probably be negligible, whilst the addi-
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tional source connection made available may prove useful, aud until the
need to use it arises it may be terminated in its matched resistance.

Considering two mixers, one suitable for eight sources of 600 ohms
mixed to a 600-ohm load, and one suitable for joining two 600-ohm
sources to a 600-ohm load.

8 —1

The first gives R = X 600 = 466 ohms.

8§+ 1
The second gives R = 200 ohms.
The relevant losses =20 logm% = 18 db
and 20 log,, % = 6 db respectively.

A basic diagram (Fig. 9) can now be drawn of a programme chain
suitable for general studio use, and the gains required of the amplifiers
may be determined.

It was previously ascertained that the minimum gain required to raise
the minimum peak-input level to the minimum peak-output level of
—14 db was 86 db. To this must be added the losses of 4 db, 18 db
and 6 db due to the insertion of the hybrid divider and the two star
mixers in the chain. If, say, 16 db additional attenuation is allowed as
gain in reserve on the main gain control, the total gain needed is
86 + 4 + 18 + 6 + 16 = 130 db. Three amplifiers are shown in
cascade in Fig. 9, but this is a matter of convenience. If the gain is
equally divided between them we get the odd figure of 43 db gain for
each. In practice, an amplifier would be used with its gain switchable
to 40 or 50 db, and pre-set to suit a particular studio. The levels shown
in Fig. 9 indicate that the penultimate amplifier would have to handle
a peak output of +12 db without distortion, whilst the gain control
still held 16 db of gain in reserve. If necessary the gain of the channel
amplifier could therefore be set 10 db lower than that shown and the
gain control advanced. However, if further losses were anticipated, as
would be the case if the total number of channels were increased, or if
special effect units, or equalizers, were inserted in the chain, the gain of
the channel amplifier would be restored to 50 db.

Artificial Reverberation

It is not often that arrangements are made for reverberation to be
applied to more than one or two channels at one time, although details
of a most comprehensive arrangement have been published,! which is
shown simplified in Fig. 9. The output of each channel fader is divided
by a hybrid transformer, which is essential to prevent howl-back from
the reverbsration-room microphone to its own loudspeaker. Hybrid
coils introduce loss in this direction of transmission only. Alternatively,
buffer amplifiers must be used, one output of which is connected to
the main chain-star mixer, and the other to an echo-star mixer.
The output of the latter is routed via amplifiers to the loudspeaker
in the reverberation chamber, whence a microphone picks up the
reverberant sound, and the resulting electrical output becomes a source
and appears as Channel 8 in the diagram. Ganged faders associated
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with the two outputs from the hybrid transformer may be pre-set to
vary the ratio of direct to reverberant sound.

Ideally, the reverberation chamber should be able to be varied in
size to be able to give different aural illusions, for the ear is not only
sensitive to reverberation time but also to the delay time of early
reflections. The development of electronic means of artificial reverbera-
tion control may eventually prove superior to small reverberation rooms.

Monitoring

The cubicle loudspeaker used for aural monitoring should be able to
be switched away from its own studio output to monitor the programme
to which the studio is to make its contribution. It should be able to be
attenuated instantly by a fixed amount whilst a telephone is in use.
The studio loudspeaker should monitor the programme on all occasions
when the studio is in service and all the studio microphones are faded
out, e.g., during a period when only gramophones or outside sources,
being part of the studio programme, are faded up. In this way the
artists in the studio may join the programme more smoothly.

To permit proper control of the dynamic range of a transmission, &
programme meter is required. There are two main types in general
use. In this country and on the Continent a peak programme meter is
generally used, which conforms reasonably closely to the U.L.R. C.C.I.F.
Specification of 1935, whilst in America a programme volume meter is
preferred.? The former consists of a rectifier and logarithmic amplifier
driving a milliammeter.

The British specification including the meter calls for the pointer to
reach 80 per cent full-scale-deflection in 4 milliseconds, and to return
to rest in 3 seconds. The charging-time constant of the rectifier-
circuit necessary to satisfy this specification is 2:5 milliseconds and the
discharging time constant 1 second.

A minor difference from British practice is noted in some Continental
countries, where a programme meter is called upon to have a rise time of
10 milliseconds for 80 per cent full-scale deflection and a return time of
2 seconds.

Thescaleof the 24-in.-diameter instrument used in this country is shown
in Fig. 10. The pointer, the figures and calibration marks are in white
against a black background, and make the meter easy to read. The
scale is approximately logarithmic, the space between the figures
represent 4 db, except between the
figures 1 and 2, where the difference is
6 db. The meter is calibrated by
causing it to read steady tone of zero
decibels level (with respect to 1 mW
across 600 ohms) when the meter should
indicate 4. This represents ‘‘line-up”
level, at which point the transmitter
modulation is 40 per cent. Peaks of
programme indicating 6 on the meter
and equivalent to +8 db peak level

F16. 10.—PROGRAMME METER.
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therefore indicate 100 per cent modulation. Other forms of meter and
scale are used, including a light beam moving across a linear translucent
scale.

A rehearsal talk-back circuit may be added to the arrangements
shown in Fig. 9, by enabling the cubicle microphone to be switched to
the input of the second amplifier in the chain in place of the studio
feed, at the same time disconnecting the cubicle loudspeaker. For
transmission, however, a separate cubicle microphone amplifier is
necessary whose output feeds only studio headphones.

It is possible that some programmes, e.g., when presenting two dance
bands alternately, need a greater number of sources than can be accom-
modated on the channels available. In such a case a change-over relay
may be fitted to the input of the requisite number of channels, and all
these relays energized via a single key, upon the operation of which all
the microphones of one band are substituted for those of another. It
should be remembered that the cue lights of each band should be
transferred at the same time.

Cue lights should be fitted as near as is conveniently possible to the
artists: white lamps may temporarily dazzle anyone reading a script,
and green lamps of from 6 to 15 watts have been found preferable. The
lamp filament should not have a high thermal lag, or a quick *‘ flick ™’ on
the lamp may pass unnoticed. If one switching contact on the cue key
is arranged to switch on a small green cue lamp on the control desk a
fraction later than a second contact on the key switches the studio cue,
it will assure the operator that the cue has been properly transmitted.

The present trend in the fashioning of control-cubicle equipment is
towards a self-contained desk which accommodates the necessary
amplifiers, power-supply units, relays and switches. With miniature
components available this arrangement becomes most attractive,
particularly from the installation point of view. For large studios,
however, there is still a place for the earlier arrangement of equipment,
in which only the necessary controls were mounted on the desk, most of
the associated equipment being contained in an adjacent cabinet. This
arrangement generally provides more room at the desk, and greater
accessibility to equipment in both the desk and the cabinet; whilst
induced hum, microphonic noise and acoustic noise from relays and
mains transformers are generally less troublesome.

Acknowledgment

The author wishes to express his thanks to the Chief Engineer of the
British Broadcasting Corporation €or permission to publish this review,
and to his colleagues who have provided much helpful information and
advice.

References

! H. D. Eruis, “ Studio Equipment : A New Design ", B.B.C. Quarterly,
April 1946.
2 Howarp A. CHINN, * The Measurement of Audio Volume ”’, Audio
Eng., Vol. 35, Nos. 9 and 10, 1951,
R.D. P,



TELEVISION STUDIOS 4-19

TELEVISION STUDIO PLANNING AND LAYOUT

Small studio installations are most conveniently and economically
housed in a single-storey building. Large installations comprising
several studios with full facilities for large-scale presentations may
require & multi-storey construction. In all planning, provision for
future expansion should be kept in mind.

Fig. 11 is a typical accommodation plan, which brings out the main
features of a large studio with associated facilities. Accommodation
for artists, technical personnel, office staff and visitors is grouped into
separate areas, so that their paths do not cross unnecessarily in the
course of their varied activities. In commercial television the trans-
mitter is commonly incorporated in the studio building, with the
transmitter hall, power-distribution equipment, valve store and a light
workshop grouped together in one section. In these circumstances the
building is sited at the highest accessible level above the general terrain,
near the centre of the region to be served, and if a high radiator is to be
erected, the area of the site must be large enough to embrace the stay
anchorages. The mobile outside broadcast unit is garaged near the
studio, so that camera and control equipment can be transferred
quickly to augment the main studio equipment for full-scale productions.

The particular arrangement shown is planned to allow for future
extension by transferring the dressing-rooms to a basement and re-
siting the toilet facilities, thus leaving the dressing-room space available
for a second studio and the toilet space for a second control room and
master control room.

Floor Areas

Studio floor areas vary with the equipment to be installed, the scale
of programme production to be catered for and in the case of large
studios with the amount of space allotted for an auditorium. The area
must be sufficient to permit free movement of cameras and microphones
around the sets. Typical floor dimensions for the largest general-
purpose studios are 120 ft. x 70 ft., for medium-size studios 70 ft. X
45 ft., and for small studios 50 ft. x 25 ft. Heights of 50 ft. or more
may be necessary to provide for certain acrobatic acts. In the arrange-
ment shown, the main studio has a floor area 65 ft. x 40 ft., sufficient to
accommodate three or four sets and camera channels, allowing for
continuous production.

A gallery about 4 ft. wide erected 10-12 ft. above floor level around
the studio walls, and accessible from the control room, is an extremely
useful feature for giving access to the catwalks for the lighting grids and
for taking downward camera shots. Background lighting units can be
clamped to the hand-rails, the tops of sets anchored to the gallery and
curtains hung in any desired position to serve as a background for
announcements and interviews.

The studio floors must be solid, level and surfaced with smooth,
resilient material to ensure even, quiet running of camera dollies and
microphone stands and subdue the noise of movements of personnel.
These requirements are met by a 6—12-in. layer of concrete, covered by
thick, hard-wearing linoleum or hard rubber sheet. Property stores and
artists’ dressing-rooms should be situated for convenience near by.
Studios and property rooms should preferably connect at ground level,
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and must have doors large enough for easy transfer of ““ props ”', with
access to outside for large articles such as cars and animals.

Studio and Control-room Facilities

The function of a control room is to direct and monitor all operations
in the studios and establish control between the studio and the trans-
mitter. A typical facilities diagram is shown in Fig. 12. A separate
control room adjoins each studio, equipped with sound-proof windows
and stepped up to a level 3 or 4 ft. above the studio floor level, to afford
an unobstructed view of all studio operations.

In commercial studios it is customary to group the camera control
operators, vision mixer, audio operator, supervising engineer and
producer with his secretary together in the control room. During
rehearsals the scene designer and lighting engineer may also be present,
to check the settings on the monitoring tubes as they would be seen by
viewers. The producer sits on a dais behind the camera-control units
looking into the studio, and uses the monitoring tubes on the control
units for previewing each picture channel. This arrangement gives him
full facilities for calling his vision mixer to cut the various cameras at
will, and economizes in both personnel and equipment.

This scheme, however, has limitations from an operational point
of view, and the present trend is towards separation of the individual
groups. The camera-control-unit operators are accommodated in a
room adjoining the studio and at studio floor level, the control room
being situated immediately above and divided by means of a motor-
operated window into a video and audio section. The producer sits in
the video section facing a row of high-grade picture monitors, which
repeat the control-unit monitors, and sideways to the control-room
window. A ‘ talk-back > network enables him to maintain continuous
contact with the camera crew, microphone operators and technicians,
while the audio controller in the audio section is able to check his pro-
gramme level free from the distraction of the producer’s commentary.
During camera rehearsals the dividing window between the video and
audio sections is lowered to allow the groups to co-operate as a team.

Where there are two or more studios, a master control room hecomes
essential. to co-ordinate all internal programmes and outside broadcasts
received by co-axial cable or U.H.F. link from distant sources. This is
achieved by tie-lines and video-frequency and audio-frequency patching
panels. Economies in personnel and cables aro made possible by
placing the teleciné room adjacent to the control room, with the editing
room and film storage near by.

The equipment for a projection room includes teleciné equipment, or
alternatively & 16-mm. or 35-mm. film projector and camera, film
cameras, and a slide projector or monoscope tube for *stills” and
captions. .

Air-conditioning plant or a forced-air ventilating system must be
installed to remove the heat generated by the lighting equipment and
compensate for seasonal variations of temperature in studios and control
rooms. The plant should be designed to maintain the temperature at
a level between 70° and 80° F. for reasonable comfort. Economnies
in heating and heating charges can often be made by ducting the warmed
air to other parts of the building during the presentation and rehearsal
of programmes.

K
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Studio Acoustics

Studio walls and ceilings are cither built of or treated with acoustic
insulating materials, mainly to exclude outside noise. The problem of
eliminating undesirable reflections in television studios is simpler than in
sound-broadcasting studios, which are relatively devoid of furnishings.
Reflections are largely broken up or damped by the wings and ** props .
Noise may be admitted through windows, doors and other openings, door
clearances, by conduction through the solid materials of walls and by
structural resonances. The maximum noise level that can be tolerated
in studios is 10-15 db above the threshold of hearing, and in recording
rooms 8-12 db.

Precautions taken to reduce noise include the use of double doors with
a sound lock. Control rooms are acoustically insulated from studios,
the programme being monitored on loudspeakers and heard under the
same conditions as the listener. Air noise introduced by ventilating
ducts is reduced by admitting the air through ducts of generous cross-
section at low velocity, and by fitting noise filters or lining the ducts with
absorbing material.

In small commercial studios designed for demonstrations and
announcements, reflection is controlled by the liberal use of sound-
absorbing materials on the walls and ceilings, such as draperies, plaster,
acoustic panels and slag or glass wool sandwiched between perforated
metal sheets, wire netting or asbestos board. In general, the acoustic
absorption of all materials increases with frequency, and is improved by
increasing the thickness and leaving an air space between the material
and the wall or ceiling.

Draperies hung a few inches from the wall are effective absorbers,
and are economical and adaptable. Plaster is moderately efficient,
but does not withstand rough treatment. Acoustic panels have
excellent absorbent properties at all but the lowest frequencies, but
being porous, they trap dust and discolour. Painting prevents dis-
eoloration, but greatly reduces the absorption efficiency. Covered
mineral wools are most effective, and the coverings can be painted
without serious loss of efficiency.

W.E. P.

TELEVISION STUDIO LIGHTING

The methods used in television studio lighting are founded largely on
the technique evolved for ciné film production and the theatrical stage.
In television studios action is continuous, and there can be no re-taking.
The equipment must satisfy both technical and artistic requirements, be
readily adaptable for rapid changes of the set and silent in operation.
It must be sufficiently flexible for the fourfold purpose of general
illumination of the set, the subject, the background and the creation of
special effects. The lighting intensity must be adjusted to suit the
sensitivity of the camera tube in use and the tones of the settings.
Picture quality and dramatic atmosphere are profoundly influenced by
the ratio of highlights to shadows.

Lighting units fall into three classes : floodlights, banked floodlights
and spotlights. Incandescent lamps, rated from 100 to 5,000 watts,
find wide application to both general and spot lighting. They are light
in weight, silent and more compact and adaptable than gas discharge
tubes, but are deficient in radiation at the violet end of the spectrum,
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and radiate an appreciable amount of heat, which must be extracted by
the ventilating system. Gas discharge lamps generate little heat, and
are richer in ultra-violet radiation than daylight, but their maintenance
costs are higher. Compact source discharge lamps are sometimes used
for spot lighting. Carbon arc lamps are a powerful and efficient source
of pure white light, but are cumbersome. They are occasionally used for
illuminating outside events and special.effects.

Banked floodlights for wide-angle illumination of the set are mounted
on movable overhead frames or grids, ranged along the walls, suspended
from the roof or attached to the tops of the sets, about 15 ft. above floor
level, as shown in Fig. 13. These lamps may be supplemented by low-
level floodlights. High- and low-level sources are carefully blended to
eliminate facial shadows and shadows cast by microphone booms and
cameras, and to prevent the shadows of actors obscuring each other
while in movement. The intensity varies up to 120 ft.-candles, accord-
ing to whether it is required to simulate interior, exterior, day or night
light.

gSubject lighting is concentrated directionally and projected at an
angle to the viewing line, to contrast the subject with the background
and give an illusion of depth. More than one source may be used to
emphasize particular features and colour values. This form of lighting
is provided by spot lights or “modelling lights ”, equipped with
Fresnel lenses, reflectors and shutters, designed for beam divergencies
from 10° upwards. The intensity is somewhat higher than for general
lighting. For close-up portraiture, general and background lighting are
supplemented by individual lights to enhance the effect of make-up.

All lighting is grouped into separate circuits, controlled by switch-
fuse ways and dimmers on a distribution panel, situated at a convenient
control point. To avoid interference, cables are run in separate channels
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TABLE 2.—STUDI10 EQUIPMENT PARAMETERS

B.B.C. R.M.A. C.C.L.LR,
(British) (U.8.4.) (International)
405-line 525-line 625-line
Vision-signal Distribution :
Impedance of co-axial cables R 75 ohms 75 ohms 75 ohms
Polarity : white positive . Yes Yes Yes
Non-composite signal level, peuk-
to-peak voltage 07 1-5# 075
Composme signal level peuk -to-
peak voltage . ! 1 g 1
Distribution of Drives, Blankmg and
Synchronizing ;
Impedance of co-axial cables o 75 ohms 75 ohms 75 ohms
Polarity : negative . o Yes Yes Yes
Level, voltage peak- to-peak . 2 4 2
Drives ;
Line-drive width o 8 us 63 us 1 63 us
Leading edge of line drive relntu'e
to leading edge of line syn-
chronization . 0 —4 us —1-6us —1-6us
Field (frame 1) drive width . 400 500 509
Leading edge of field ‘(frame 1-)
drive coincident with leading
edge of field (frame t) blanking Yes Yes Yes
Line Waveform :
Line period (H) o 0 o || 98-8 us 63-5 us | 64 us
Line blanking period . o . 17017 H.) us | 11-5(0-18 Hyus  11-5(0-18 M) us
Front porch ., S 1001 HY ps | 16 (0025 H) us | 1-6 (0-025 H) ps
Line-synchronizing pulse width . | 10(0-1 H) us 5(0-08 Hypus |575(0-09 H)us
Field (Frame 1) Waveform ;
Field (frame’t) period (U) . | 20,000 u 16,667

000 s
Field (frame 1) blanking penod 1,450 (0-07 l)us 1,100 (0 OGo U)us iy 600 (0 OS L dus
Leading edge of field (framct) |
blanking coincident with leading !
edge of first field (frame 1) syn-
chronizing pulse . Yes No No
Leading edge of field (frame +)
blanking coincident with leading |

edge of first equalizing pulsc . — Yes Yes
Field (frame t) synchromzmg pulse [
width 0 0-43 H) us 26 (0-41 H) u3

. 40 (04 H) us 27 (0
Equalizing pulse width . 5 — 25004 H)us | 29 (0045 H)ps
Number of field (framet) syn-

chronizing pulses . 8 6 6
Number of equalizing pulses before

and after field (frame 1-) syn- |

chronizing . 0 6 6

Picture/Synchronizing Ralzo : i

Bianking level, reference pcak
white . 0 0 0 0 300, 25% 25%,

* May be reduced in practice. 1 British terminology.

from video-frequency and audio-frequency cables. Overhead lights are
fed from connectors fixed at suitable points and connected to the dis-
tribution panel by cables run in metal cable troughing in the walls or
along the studio ceiling. Low-level lamps and spot lights are fed from
sockets conveniently disposed around the skirting. e
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TELEVISION STUDIO EQUIPMENT

The normal complement of television apparatus in a studio is three or
four cameras on the studio floor, together with one film transmitter for
film inserts in the studio programme. The cameras are variously
mounted, depending on the nature of the programme, e.g., camera
cranes, dollies or trucks and pedestals. All cameras are energized all
the time, and the producer in the control room has presented to him
simultaneously pictures from all cameras so that he can arrange his
choice of angle and view before using any particular camera for trans-
mission. Under the control of a vision-mixing operator are facilities
for cutting, fading and dissolving from camera picture to camera picture.

By means of a microphone, the producer can give instructions to
cameramen, sound operators, dolly pushers, etc., who all wear head-
phones. Connected to this talk-back network is a small radio trans-
mitter, so that the studio manager who is in charge of all the artists,
scene shifters, etc., on the studio floor can also hear the producer with
the aid of a small pocket radio receiver. During rehearsals, the pro-
ducer can also talk to the artists by means of a loudspeaker in the
studio.

In all modern television cameras the cameraman is provided with an
electronic viewfinder which presents him with the picture from his own
camera so that he can focus and adjust his angle of view conveniently.

A turret, carrying three or four lenses of different focal lengths,
makes the selection of the angle of view convenient and rapid.

Each camera is connected by a multi-wire flexible cable to a rack of
equipment in the television apparatus room adjacent to the studio
control room. This rack contains all the necessary power supplies,
pulse forming and amplifying circuits, and mixing stages for adding
to the picture signal emanating from the camera the appropriate
suppression and synchronizing signals. The output signal from this
rack, or camera channel, is a complete television video signal of 1 volt
amplitude (0-3 volt synchronizing signal, 0-7 volt picture signal).

In the camera channel are the necessary variables for adjusting picture
gain, black level, etc., for the proper adjustment of the picture for
transmission. The operator has a picture monitor and a waveform
monitor to display clearly the picture signal waveform to assist in these
adjustments.

The precise layout and disposition of cquipment varies from studio to
studio, but Fig. 14 shows a typical example.

Film Transmitters

Two types of film transmitter are used: (a) a continuous-motion
projector in conjunction with a television studio camera, and (b) a
flying-spot film scanner. The former is used exclusively for films
which form part of studio programmes, whilst the latter is used for
newsreels, feature films, etc.

(a) ConNTINUOUS-MOTION PROJECTOR. The principle of the con-
tinuous-motion projector is indicated in Fig. 15. The film is illuminated
by a conventional lamp arrangement and an image of the film frame,
F,, is formed by the mirror, M, and the lens, L, on the sensitive surface
of a television camera. As the film moves down, the mirror, M,,
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IMAGE OF FILM
FRAME ON CAMERA
TUBE PHOTO CATHODE

F16. 15.—THE PRINCIPLE OF THE COXNTINUOUS-MOTION PROJECTOR.

moves in sympathy to keep the image on the camera stationary. As the
film frame, F,, passes from the illuminated source, the next frame, F,,
becomes illuminated, and by means of mirror, M,, an image is formed in
the camera exactly superimposed on the image of F,. Finally, as F,
passes completely from the illuminated area, F, is fully illuminated.
And so on, by mechanical optical means, the machine dissolves from film
frame to film frame, all the time presenting a stationary image of each
successive frame on the sensitive surface of the camera.

The television camera converts the optical image into a television
signal in the same way as it would a studio scene.

(b) FLyING-sPoT FILM SCANNER (SEE Fi1G. 16). A rasterisformedona
high-intensity cathode-ray tube, A. Two identical images of the raster
are formed by the split optical system, B, on the film, D, one image
being shuttered off by the shutter, C. Behind the film the photo-
electrical cell, E, collects the light from the raster which passes through
the film.

As the light spot traverses the screen, and its image traverses the
film, an electrical signal will be generated in the photoelectric cell
corresponding to the picture density in the film, i.e., corresponding to the
picture brightness in the original scene.

The film is moved continuously and smoothly. For the odd lines of
the television picture the top image, I,, is used. When these are
complete, the shutter obscures the image, I,, and releases the image,
I,, and the even lines are then scanned, giving the complete interlaced
picture.

Outside Broadcasts

In essence, the equipment used for television outside broadcasts is
similar to that used in the studio, but it has to be mere compact and
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Fie. 16.—THE FrLyvING-sPOT FILM SCANNER.

more flexible, both with regard to facilities and capability of working
over a wide range of conditions of light and weather.

The normal complement is three cameras. The operating staff,
producer, etc., with the apparatus, work in a mobile control room.
At many outside broadcasts, e.g., from theatres, the equipment is
removed from the van and set up in a room in a building.

The cameras themselves are located up to a maximum of about
1,000 ft. from the control room in positions of vantage. The producer
has a simultaneous display of the pictures from all three cameras, as in
the television studio control room.

By contrast with a studio production, where the producer can position
and move his cameras at will, generally speaking on outside broadcasts
the camera positions are dictated by circumstances which bear little
relation to artistic effect, e.g., cameras must often be located a long way
from the centre of action and cannot be moved. Thisleads to the use of
a great variety of long-focus lenses in order to obtain close-ups, say, of
the batsman at the wicket. This in turn means very often a great deal
more perspective distortion than is desirable.

One interesting lens used in outside broadcasts is the Zoom lens. The
focal length of this lens can be varied by as much as 5 to 1 without
change of focus, so that the angle of view can be changed while the
camera is * on the air ’. This is often used to good effect on sporting
events to come into close-up on incidents of interest and then, so to
speak, to retire discreetly when the interest widens.

L1
L2 L3 L4

FOCUS OF
IMAGE

Fi16. 17.—THE ZooMm LENS.



4-30 RADIO AND TELEVISION REFERENCE BOOK

The lens itself comprises four elements, which can move relative to
one another in a complex relationship as shown in Fig. 17.

The front lens, L,, is moved to focus the image. L, and L, are
moved to alter the overall focal length, and L; forms the image of the
scene on the photo-cathode of the pick-up tube.

Cameras

The eve of the television camera is the pick-up tube. In British
television several types of pick-up tube are in use. It is true to say that
the completely satisfactory pick-up tube has not yet been devised, and
therefore a choice has to be made with programme and artistic require-
ments on the one hand and technical considerations on the other.

The factors which must be considered in choosing a television camera
tube for a particular function are: good resolution, sensitivity (i.e.,
the lighting required for good picture), freedom from unwanted dis-
tortion and contrast characteristic. The only factor in the camera
design which is affected appreciably by the television receiver is the
contrast characteristic, so a brief outline of this problem will show its
importance.

It is well known photographically that for the satisfactory reproduc-
tion of a scene the relationship between the reproduced brightness of a
particular part of the scene and the brightness of the original point in
the scene should be (very) approximately linecar. Some deviation is
permissible, and the amount is largely a matter of opinion (see Fig. 18).

In a television system, assuming that all the amplifiers, radio links,
etc., are distortionless (an assumption which is substantially true for.
the purposes of this discussion), then the two controlling elements in the
relationship between original scene brightness and reproduced scene
brightness are the television camera and the cathode-ray picture tube
in the receiver.

In the receiver cathode-ray tube the relationship between voltage
applied to the grid and the brightness of the screen is not linear, but is
approximately a power curve of the form

B =KI'*

where B = brightness of screen ;
K = constant depending on the particular tube;
V' = applied grid volts;

x = coefficient (see Fig. 18).

For most television receiver tubes the value of « lies in the region
of 2-5.

If therefore the overall characteristic is to be approximately linear,
the television camera must have a characteristic which is the inverse of
the receiver characteristic, i.e. :

1
V= kb—t
where v = output voltage;
k = constant depending on particular camera ;
b = original scene brightness ;
x = coefficient of power low of television receiver tube (see Fig. 18).
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Fic. 18.—CHARACTERISTICS FOR A TELEvIsioN CaMERA TUBE.

For studio productions, the more important factors are good contrast
characteristic, good definition and freedom from unwanted distortions.
Factors not so important are sensitivity and ability to work over a
large range of lighting conditions. In studios, the cameras in use are
Emitrons, C.P.S. Emitrons (C.P.S. = Cathode Potential Stabilized) and
Photicons, and P.E.S. Photicon (P.E.S. = Photo Electron Stabilized).

On outside broadcasts the cameras must be able to work with
extremely bright light, e.g., summer sunshine, and very little light,
e.g., the interior of a cavern. Therefore, extreme flexibility and adapt-
ability is the dominant factor, and such matters as contrast character-
istic and contrast range are secondary. On outside broadcasts, the
camera tube is universally the Image Orthicon.

"Table 3 summarizes the performance of various camera tubes.

Image Orthicon Tube

A brief description of the mechanism of the Tmage Orthicon Camera
Tube is given below, and a sectional schematic layout is shown in Fig. 19.
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TAaBLE 3.—SuMMARY OF CaMERA TUBES

i

Camera Contrast | Contrast

Tube Use Characteristic ‘Range Sensitivity | Remarks
Emitron |  Studio Good | Good | Low | Obsolescent. Recognized
| by white flare often at
bottom of picture, and
| poor depth of focus.
[ 1
C.PS. | Studio | Good Fair Medium | Recognized by smooth
Emitron rendering of dark tones
| and absence of * flare’".
Occasionally unstable in
| bright parts of picture.
Photicon Studio | Good Good Medium | Recognized by white flare
| often at bottom of
| | | picture.
P.E8. | Studio Good Good | Medium | White flare negligible.
Photicon
Image | Outside Fair | Fair Extremely | Recognized by typical
Orthicon | Broadcasts Sensitive black halo round bright

parts of picture.

The lens focuses the optical picture on the photo-cathode. Electrons
are emitted proportional to the incident light, and are drawn towards
the target by the voltage applied to the accelerator grid, their paths
being kept parallel by the magnetic and the accelerating fields.

The electrons pass through the copper-mesh screen, which has 1,000
squares to the inch, in front of the glass target, which they strike,
releasing secondary electrons, which are collected by the copper screen.
This screen is held at a fixed potential of about 1 volt, with respect to
the cathode of the gun. Since the mesh and the glass are in close
proximity (between 5 and o of an inch), the surface of the
glass is stabilized against change of potential for all values of incident
light. :

g’I'he emission of secondary electrons leaves a pattern of positive
charges on the front side of the glass target corresponding to the
distribution of light over the photo-cathode. These charges leak away
in two ways :

(a) by leakage across the surface of the glass; and
(b) by conduction through the glass to the rear side.

The thickness and quality of the glass is so adjusted that the transfer
of charge by the second mode predominates (the temperature of the
glass is an important factor in this).

By this transfer of charge, a positive electron image of the scene
appears on the rear side of the target.

This rear side of the target is scanned by a beam which strikes it
orthogonally. This is achieved by the use of a combination of the axial
magnetic field produced by the focusing coil and the transverse magnetic
fields of the scanning coils.

Because of the presence of the Decelerator Electrode, fixed at a
small potential with respect to cathode, the scanning beam strikes the
target at a very low velocity, so that no secondary electrons are emitted.
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The beam gives up electrons depending on the charge on the glass. The
remainder of the beam returns by substantially the same path to the
No. 2 grid of the electron gun. (There is a hole in this to permit the
ejection of electrons from the gun.) This grid forms the No. 1 dynode
of a five-stage electron multiplier. The output from the electron
multiplier (of the order of 100 mV) is amplified by conventional means.
The scanning beam is focused by the electrostatic field of grid No. 5.
The beam is fired axially down the magnetic field along the tube by
adjustment of the current and position of the alignment coil.
The secondary electrons from dynode No. 1 of the multiplier are
focused on to dynode No. 2 by the electrostatic field from grid No. 3.
The quality of the picture is affected by the conductivity of the glass
target. If the conductivity is too low, smearing will occur; if it is too
high, resolution will be lost. It is necessary, therefore, to keep the
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Fic. 19.—THE Imace OrrThHicoX CadMERA TUBE.

temperature within fairly close limits 35-60° C. (This is achieved by
the use of a heater and blower, depending on external conditions.)
Hysteresis in the glass target gives the tube a memory of a few
seconds, and this is also minimized by keeping the temperature within
the prescribed limits.
The image orthicon has two regions of operation :

(a) the low-light region, where the signal output is proportional
to the light on the photocathode ;

(b) the high-light region, where the signal output is substantially
independent of the average light on the photocathode.

It is usual to operate the tube in the high-light condition, though
pictures can be obtained in the low-light condition at a sacrifice of
signal-to-noise vatio. smearing and resolution. . .

The mechanism of the tube in the high-light region is approximately
as follows : o

Suppose a picture comprising only black and white squares (similar to
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a chequerboard) is presented to the camera, the brightness of the white
parts being, say, z ft. lamberts. Then nz photoelectrons per unit area
will pass from the photocathode to the target. These in turn will
release m(nz) secondary electrons. Of these, some will pass to the
mesh, and some will fall back on the target close to their point of release
(they cannot travel far because of the close proximity of mesh and
target). Those which fall back on the target will give the effect of a
local shading signal.

If the illumination of the scene is now increased to, say, 10z ft.
lamberts, 10m(nx) secondary electrons will be released at the target.
Because the number released is now larger, the target will tend to rise
farther in potential and so draw back more secondaries. That is to
say, proportionally more secondary electrons do not pass to the mesh,
and the charge on the target due to changes in the incident illumina.
tion of the phetocathode is substantially unaltered. All that happens is
a change in the local shading signal.

This local shading signal under some circumstances is very visible;
for example, a bright light in the picture is often surrounded by a region
of black, although the remainder of the picture should be, say, grey.

The overall effect of this is to give the tube a kind of A.V.C, or com-
pression characteristic, which can be extremely useful. For example,
detail in dark regions of an otherwise light picture is very clear. (A
dark doorway in a brightly lit house front is a good example.)

On the other hand, it gives the tube a peculiar contrast characteristic,
which is at times rather inartistic.

In spite of this defect, its enormous sensitivity and its flexibility give
it the versatility required for outside broadcast use,

T. W.

Central Control Room

Different programmes must be delivered in the form of their electrical
signals to some controlling centre from which they may in turn be
switched to the central distributing system. This controlling centre is
called the central control room, and we may immediately outline two
of its functions :

(1) To switch the incoming vision signals from any programme
source to the vision-distribution system.

(2) To switch the incoming sound signals from any originating
source to the sound-distribution system.

The meaning of switching is to change from one programme to another
instantaneously. Such a change is called s cut.

Alternatively, it can be arranged to fade down gradually the picture
from the first source and fade up that from the second source at a speed
controlled by the operator. Which of these two methods is adopted
will be determined wholly by artistic considerations. From the tech-
nical angle, however, a cut is a fairly simple operation which may be
effected by means of remotely controlled vision-frequency relays, but a
fade is a vastly more complicated matter.

Vision Fading
The vision signals consist of two parts—the picture signals, which
represent the details in the scene, and the synchronizing signals, which
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keep the receiver scanning in step with that at the source of programme
origin. It is clearly desirable to fade only the picture part of the com-
posite signal and to maintain a continuous stream of synchronizing
signals into the receiver, or otherwise the picture will slip at the moment
of changing over, and this, though in a sense not detrimental to the
finished result since it occurs at the moment when neither picture is
present, nevertheless represents a blemish on an otherwise polished
presentation and should preferably be avoided.

In order to bring about this desired result a panel of electronic
apparatus is required into which is fed the signal already on trans-
mission, which we will call signal A, and that to which it is proposed to
change, which we will call signal B. When the moment of change-
over arrives, the rotation, by the operator, of a control on this panel
will, through the agency of the electronic circuits incorporated in it,
bring about the following operations in succession :

(1) The picture component of vision signal A is faded down,
while the synchronizing signals continue through the panel at full
strength.

{2) At the central point of rotation of the control a system of
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fast-operating relays changes over the output of the panel from
synchronizing signals derived from signal A to those derived {rom
signal B, another section of the panel having already separated out
the picture and synchronizing components of signal B, holding the
latter in readiness for this operation.

(3) On completing the rotation of the control, the picture signals
of signal B are faded up. Thus. as far as the viewer is concerned,
signal A is smoothly faded over to signal B without any apparent
discontinuity.

It is usual to operate this equipment remotely from a central vision-
mixing desk which is equipped with the control knob and a number of
groups of buttons which remotely operate relays. By means of these
buttons the operator can select from his various programme sources
which of them he requires to assume the roles of signals A and B in the
above description.

Sound Fading

The comparable operation in sound is rather more simple, and the
corresponding central sound-mixing desk can be designed in either of
two ways. In the first plan a single change-over attenuator can be pro-
vided operating on the same principle as that of the vision fader
described above; that is to say, at one end of its rotation it will transmit
sound signal A, and on rotating the control these signals will be smoothly
faded down, and simultaneously sound signal B will be faded up. By
means of similar buttons and relays the operator can pre-select any two
of his sources between which the fading operation is desired. In the
second plan, the desk may be designed fo accept perhaps six or even a
dozen sources, each of which will be delivered at standard volume and
will have its own attenuator control. On changing from one pro-
gramme to another, all that is necessary is that one control must be
faded up and the other faded down.

Vision and Sound Auxiliary Apparatus

In order to facilitate these operations, the central vision and sound-
mixing positions have certain auxiliary apparatus. A high-quality
vision monitor displays at all times the picture on transmission, while a
second monitor, termed the pre-view monitor, can be switched to any
of the other vision sources which are live, and in practice it will be
switched to that source next to be transmitted, and observation will
be kept on the quality of the picture by this means prior to the moment,
of transmission. Similarly, on the sound side a high-quality loud-
speaker is provided for the programme on transmission, while, via head-
phones and with the aid of proper amplifiers and switches, the operator
can listen in advance to the source next due for transmission.

Presentation

‘We may now turn to the further functions of the central control room.
Perhaps one of the most important is to exercise centrally the control of
what is termed * presentation . By presentation is meant the manner
in which the successive individual items of a programme are united by
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means of suitable announcements so that they will appear, not as
utterly disconnected and separate programme items, but as component
parts of a properly balanced period of entertainment.

A central control room must have thoroughly good communication
with all contribution and distribution centres. Information must be
rapidly sent by telephone from any source of programme or transmitter
which has a fault, or from any source of programme in which the
arrangements cannot be carried out as planned.

Supervision of a Television Transmission

We may finally mention the last of the several functions of the central
control room, and that is to maintain a critical survey of the quality of
the transmitted picture and sound, and, in the event of anything not
seeming to be right, to make an immediate inquiry about the state of
affairs with a view to rectification or subsequent investigation. Of
course, the quality of the pictures and sound is being carefully observed
everywhere in the system where there are operators, and primarily, of
course, at the source of the programme itself, but in the rather more dis-
passionate atmosphere of the central control room it is possible to be
more critical and generally to keep a closer watch with less liability to
distraction.

Mobile Control Room

For television outside broadcasts cameras are generally used in
groups of three. A number of such groups or Units are in service in the
United Kingdom. One Unit is sufficient for any normal programme,
and it is necessary only to employ two or more for complicated or wide-
spread events such as the Boat Race, Olympic Games, etc. Although
the cameras are the vital and most obvious part of any television
system, they are far from sufficient in themselves. Supporting them is
much auxiliary equipment, known as Camera Control Units, Waveform
Generators, Camera Mixing Units—not to mention microphones,
amplifiers and other apparatus for dealing with the accompanying
sound. All this equipment, together with the operating staff, is
normally housed in a Mobile Control Room, which is a trailer resembling
a small caravan, though if no convenient parking space can be found, all
the contents can be dismantled and reassembled in any room or other
shelter of equivalent size—a tent, for example. The Mobile Control
Room, as its name implies, is the Control Centre for the cameras,
microphones and all other features and facilities which collectively
constitute the television O.B. This Control Room will be situated
somewhere ‘ behind the scenes *’ or, as often, in the street. Here are
displayed the pictures from each of the three cameras, enabling engineers
to make adjustments as necessary and the producer to select the scenes.
Cameramen, who wear headphones for the purpose, receive instructions
by ¢ talk-back ", and can also reply if need be. Others on this ** talk-
back’ system are the commentator (the latter also equipped with a
picture monitor enabling him to report the scene as broadcast to viewers)
and the stage manager; often many others besides. The Control Room
will also be in touch by telephone with the Central Control Roomn of the
Television Service as well as with certain other intermediate points in
the path of the vision and/or sound signals.
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CAMERA TUBES
Basic Principles

An early device used for picture pick-up was the Farnsworth Image
Dissector. An optical image was focused on to a photo-emissive
surface, and the photocurrent from each * picture point ** was measured
once per frame. The principal limitation of the system was that only
the energy originating from a picture point during the examination
of that point was available for transmission.

In the modern camera tube the train of signals can still only relate at
any one instant to one picture point, but the energy transmitted is that
stored electronically for a large fraction of the time between scans.
The gain in sensitivity depends on the ratio of ‘ storage time '’ to
‘“ examination time ’; in a high-definition system the examination
time becomes very small and the gain becomes very large. For example,
a tube operating on British Standards (405 lines and 4/3 aspect ratio)
may be regarded as forming a picture with 405 x (4/3 X 403) or
approximately 200,000 picture points. Hence the examination time is
1/200,000 of frame time. So that if the storage time is frame time,
there is a theoretical gain in sensitivity of 200,000.

The modern camera tube, then, consists essentially of a photo-
sensitive surface which can meter the light content of a picture, a storage
surface on which the picture content is stored as a charge image, and a
means for scanning the charged surface with a beam of electrons to
neutralize the charge image or restore the surface to some equilibrium
condition. .

Camera tubes fall conveniently into two groups according as they are
scanned with a low- or high-velocity beam. In the first group are the
C.P.8. (Cathode Potential Stabilized) Emitron, the Image Orthicon and
the Photo-conductive Tube (Vidicon and Staticon). In the second
group are the Emitron (now obsolescent) and the modern equivalents
of the Super-Emitron (the Midget Super-Emitron, the Photicon, the
Eriscope and the Image Iconoscope).
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Fi6. 22.—THE C.P.S. EMITRON.

The C.P.S. Emitron

In the C.P.S. Emitron the light-sensitive surface and the charge-
storage surface are combined in a photo-mosaic (Fig. 21) consisting of
an array of photo-emissive elements on the surface of a dielectric, each
element being insulated from neighbouring elements. The mosaic
surface is scanned with a low-velocity beam; without illumination this
surface will stabilize at such a potential that in effect no more electrons
can land. This potential is substantially that of the gun cathode.
When a picture is imaged on to the mosaic surface, photo-electrons are
liberated and withdrawn to the wall anode, thereby building up a
positive charge image, the charge on any element being proportional to
the light falling on that element between scans. The charge pattern is
stored by virtue of the mosaic insulation and also by the capacitance of
each element to a common transparent metallic film, the signal plate,
formed on the other side of the dielectric sheet. Each element on being
scanned is restored towards cathode potential; the charges thereby
induced in the signal plate leak through the signal resistor R, and
produce a voltage fluctuation on the grid of the first valve of the
amplifier. Since there is complete collection of the photo-electrons
over the whole frame period, this tube operates with full storage.

The Image Orthicon
A description of the Image Orthicon camera will be found on p. 4-3r1.

The Midget Super Emitron

The Super Emitron is a tube similar to the high-velocity-scanned
Emitron, but having an added image section, again to separate the
functions of photo-emission and charge storage. Not having a double-
sided target, this tube employs oblique scanning (Fig. 23) by an electro-
magnetically focused gun. The photo-electrons are focused on to the
storage target by a combination of electrostatic and magnetic fields.
The accelerating potential is 500 volts, so that there is secondary
emission multiplication at the storage target. Since the storage target,
however, is stabilized near the potential of the wall anode, not all these
secondaries are collected, but a large proportion fall back on to the
storage surface. As these electrons have considerable emission velocity
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¥16. 25.—THE Basic PRINCIPLE OF THE PHOTO-CONDUCTIVE TUBE.

they are able to spread, so that only a few secondaries fall back on their
place of origin. Thus an area corresponding to a highlight gradually
acquires positive charge compared with its surroundings, and this
process is contituous during the whole frame interval. In addition to
the frame storage effect therc is a storage effect which operates for a
few line periods only. The scanning beam liberates secondaries which
are also widely scattered so that a trail of positive charge is left by the
beam (Fig. 24), and this positive trail is able to collect the secondaries
liberated by the photo-electrons from a given area as the beam
approaches that arca. With both these storage effects the storage
efficiency of the Midget Super Emitron is still only 6 per cent of that
which would be obtained if all the photo sccondary clectrons could he
collected.

The Photo-conductive Tube

The last type of tube currently used for picture pick-up, although of
limited application, is the photo-conductive tube. The basic fcatures
of this type of tube arc shown in Fig. 25. The optical image is pro-
jected through a transparent metal signal plate on to a layer of photo-
conductive material deposited directly on to the signal plate. The
scanned surface is again stabilized near cathode potential and the
signal plate is held a few volts positive with respect to the cathode.
Under illumination, the resistance of the layer is reduced according to
the intensity of the illumination, and positive charge leaks through to
the scanned side, building up a charge image during the whole frame
interval. The charge image is scanned off by a low-velocity beam, and
the signal is taken from the signal plate. As the charge image is nearly
proportional to the light received between scans, this tube also operates
with full storage.

Performance Characteristics

The practical performance of all tubes falls far short of ideal, and a
review of some of the following performance characteristics, most of
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which can only be judged subjectively, will inevitably be largely an
account of failings :

Sensitivity and signal/noise ratio . Spurious signal
Definition . e . . Exposure time and lag
Contrast rendering . o o . Geometry, life
Stability . . . . . . Colour response

A summary of the practical performance of camera tubes will be
found in Table 3, but more detailed information is given below.

Sensitivity and Signal/Noise Ratio

There is no absolute method of assessing sensitivity, Table +—
compiled by D. C. Birkinshaw—compares the sensitivities of current
tubes in terms of the illumination required on a scene to give a good-
quality picture with an equal, arbitrary depth of field. The depth of .
field is, of course, set by the optical system, the f number relating to the
size of the optical image required by the sensitive surface of the tube,

TABLE 4.—CAMERA-TUBE SENSITIVITIES

Inci Light

Tube Lens Aperture (’}go(tiec’:ztndlfs)
Emitron . . . .} f17 8,000
Midget Super Emitron o ] f23 125
Photicon o o . 42 700
C.P.S. Emitron . - f63 120
Image Orthicon ol f46 30

In practice, the incident illumination in studios does not exceed 300 f.c.
(foot-candles), and where necessary focal depth is sacrificed. In *‘ out-
side broadcasts ’’ the illumination may vary from about 2,000 f.c. to
below 10 f.c. Indeed, modern sensitive cameras can produce intelligible
pictures, although of poor quality, at illuminations below 1 f.c. (The
illumination in an artificially lighted domestic room is usually within
the range of 3-10 f.c.)

One limit to sensitivity in camera tubes is set by the noise generated,
either in the tube itself or in the first stage of amplification. Noise
appears in a picture as white flecks which tend to mask picture detail.
The length of the flecks depends on the frequency of the disturbances.
Low-frequency noise produces long flecks, while high-frequency noise
appears as small ““ snowstorm "’ flecks. Noise arises from the following
causes : random fluctuations in the photo-current about a mean value,
known as shot noise, a similar fluctuation in the beam current, a thermal
agitation noise in the signal resistor and, lastly, a shot effect in the first
valve of the amplifier. The sources of noise in the tube and the resistor
noise have energies distributed over the whole of the range of fre-
quencies to be transmitted, while the amplifier noise, by suitable
amplifier design, tends to be concentrated in the high-frequency end of
the spectrum. In estimating the signal/noise ratio required to give a
noise-free picture, the more disturbing effect of flat or ““ white " noise
as against peaked or ‘‘ coloured *’ noise, has to be considered.
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The Image Orthicon derives its sensitivity from the multiplication in
the image section, followed by the noise-free amplification in the
electron multiplier. This raises the output current to a level where the
contribution of noise by the amplifier is negligible. The resultant
signal/noise ratio then is set by the signal/moise ratio before amplifica-
tion in the multiplier, since both signal and noise are amplified together.
It is unfortunate that the only solution yet achieved to the problem of
making a practical double-sided target necessarily produces one of low
capacitance; hence only a small charge can be stored and the shot noise
is relatively high. Moreover, in cathode-potential-stabilized tubes it
is not possible to produce more than about 30 per cent modulation of
the return beam, which therefore has a large idle component con-
tributing noise. Finally, this noise has the disturbing flat characteristic.
The anomalous result is that, although the Image Orthicon is a very
sensitive tube, it has a poor optimum signal/noise ratio.

The C.P.S. Emitron, with its much higher storage capacity, is limited
by the noise generated in the first stage of the amplifier. Since, also,
this noise is peaked, this tube can give a sensibly noise-free picture.
Both these tubes will continue to give information, however, when the
light is poor and the signal /noise ratio is correspondingly low.

The Midget Super Emitron gives a fairly low-noise picture under
good lighting conditions, although in this tube the beam can contribute
noise. At low-light levels, however, this type of tube becomes limited
by shading.

Definition

It is generally assumed that a camera tube operating on 105 lines
with a 4/3 aspect ratio should be capable of resolving 405 X 4/3 = 530
vertical black and white lines with 100 per cent modulation to give a
balanced picture. This is equivalent to saying that the response
should be flat to 2:7 Mc/s. In practice, it is doubtful whether any tube
can achieve 50 per cent modulation of 530 lines. Definition in a tube
may be limited by the following factors : beam focus and pulling of the
beam by highly charged areas (low-velocity tubes), target leakage, cross
talk between scanning and image sections (image-section tubes), and
the mosaic structure in the C.P.S. Emitron. High-frequency losses can
be corrected by boosting the top response of the amplifier, although
such ** aperture correction * will reduce the signal/noise ratio.

Contrast Rendering

The receiving tube has a gamma of about 2-2 (gamma = log signal/log
light). To reduce the overall gamma of the system to 1-5, which is still
high, the signal applied to the tube must have a gamma not exceeding
1-5/2:2 = 0-68. The C.P.S. Emitron has unity gamma over its normal
working range, and must be corrected by a non-linear amplifier. A pre-
requisite for gamma correction is a true black level as a zero reference,
as can be provided during frame return time when the beam is cut off.
As long as the light range of the sceno is not too great, the C.P.S.
Emiton will give a picture with fine tone gradation.

No other tube has a fixed gamma law. In the Image Orthicon the
tonal gradation depends on the mesh potential and the light content of
the picture. Inlow-velocity tubes the voltage excursion of the scanned
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surface must always be controlled to within fairly close limits. If it
is too high the beam will be defocused when scanning the more positive
areas; if, on the other hand, the potential is too low, then the discharge
efficiency of the beam falls, resulting in poor beam modulation and
incomplete discharge of the storage surface. The target capacitance of
the C.P.S. Emitron is chosen to give the right voltage swing for the
charge available from the photo-emission in frame time. The target of
the Image Orthicon, however, has limited capacitance, and the voltage
excursion is controlled by the mesh potential. When a * highlight *’
reaches mesh potential, the secondaries from the highlight will no longer
be collected by the mesh, and will redistribute themselves on the target,
some falling on the darker areas surrounding the highlight, producing
a dark ‘‘ halo " to the highlight (Fig. 26). Thus a highlight is able to
preserve its contrast even if the surroundings are so bright that their
corresponding charge images are also subject to limiting. The tube will
operate under adverse lighting conditions by virtue of this effect, but it
does so only at the expense of losing fine tone gradation.

The contrast rendering of the Midget Super Emitron is generally
good, but will depend on scene content to a small extent, since in this
tube too there is a redistribution of the secondary electrons, which
reduces the brightness of a highlight together with the surrounding
area, but the effect is less localized than in the Image Orthicon. In
practice, this tube can be said to have a gamma varying from 1:0 at
low light to 0-3 at highlight levels, so that again this tube is adaptable
to adverse lighting conditions. A gamma-correction circuit cannot be
used, as there is no fixed black level

Stability

This is the ability of a camera tube to produce a picture when over-
loaded with light. As explained above, the Image Orthicon and the
Midget Super Emitron are able to give a picture when overloaded, at
the expense of picture quality. The C.P.S. Emitron, however, works in
a metastable condition. Should a highlight appear sufficiently bright
to charge the mosaic within frame time to such a potential that on the
average each beam electron will liberate one secondary electron, then
it is clear that the beam will not be able to discharge the mosaic.
On subsequent scans the mosaic will be charged by loss of secondaries
very quickly, the mosaic will stabilize at wall anode potential, and the
picture is lost. This tube is very much more stable than previous
tubes of a similar type, owing to the structure of its mosaic, which is
made by evaporating the base layer of the sensitive surface through the
interstices of a metal mesh. The strips of dielectric surface between the
elements exert a marked biasing effect on the photo-emission. This has
no effect within the normal working range, but a very small highlight
will be biased off very quickly no matter how bright it is. Due to this
biasing effect, the tube will stand an overload on one-eighth of the area
of about twenty times the light to give peak white signal.

It is possible to render the C.P.S. Emitron completely stable by
providing a mesh electrode close to the scanned surface; the mesh is
held near the critical potential mentioned above, and no element can
acquire a potential above the mesh potential. So that even under
extreme lighting conditions the mosaic is held to a potential at which
the beam can still discharge efficiently.
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Spurious Signals

Any non-uniformity in the sensitivity of a photo-surface, or any varia-
tion m a secondary emission surface, will produce ‘‘ background .
This type of defect occurs in all tubes. The C.P.S. Emitron has no
other source of spurious signal.

The Image Orthicon has the following additional possible sources of
background. If the beam electrons have some lateral energy, the
amount of which varies according to the amplitude of scan, then there
will be a variation in the potential at which the target is stabilized, and
hence a variation in the voltage excursion. This will produce variations
in signal and gamma (Fig. 26). (A similar variation of target potential
may occur in the C.P.S. Emitron, but the voltage swing is unchanged,
and only slight defocusing will result.) Secondly, there will be back-
ground due to the return beam scanning a small area of the gun anode :
this defect, which includes a white spot due to the limiting aperture, is
minimized by slightly defocusing the beam. There may be further
shading introduced by non-uniform multiplication of the return beam.
Finally, there is the possibility of *“ ghost >’ images being formed which
are the result of the secondary electrons from a saturated * highlight
arriving back on the target in partial focus.

High-velocity tubes have a serious form of shading due to the non-
uniform generation and redistribution of the secondaries released by the
scanning beam. Increasing the beam current in high-velocity tubes
increases the signal, but shading also increases, and at a faster rate.
This effect rather than noise sets the illumination lower limit for high-
velocity tubes. The modern small versions of the original Super Emitron
have reduced shading signals, and in one development of the Photicon
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(P.E.S. Photicon) they are still further reduced by providing an auxiliary
source of electrons to balance the redistribution of secondaries.
Residual shading can be corrected with varying success by injecting
signals with sawtooth and parabolic waveforms at both line and frame
frequency, but these may require adjustment as the scene content
changes.

Exposure Time and Lag

The exposure time depends on the storage mechanism. In the C.P.S.
Emitron the exposure time is frame time. In the Midget Super
Emitron the exposure time is still frame time, although the storage .
efficiency is only 6 per cent, as this tube stores inefficiently for the whole
frame time. The exposure time in the Image Orthicon will depend on
how long it takes for the highlights to start saturating : darker parts of
the picture may have an exposure time which is the same as frame time.
Frame time exposure (& second) will produce blurring on fast-moving
objects. This should not be confused with the lag resulting from the
incomplete discharge of the storage target, an effect which becomes
noticeable when the light is not sufficient to produce the optimum
voltage excursion.

This brings us to the fundamentals of the photo-conductive tube.
The layer, which is in effect its own storage dielectric (the dark resistance
being high), is very thin, since photo-conductive materials used hitherto
produce highly absorbing layers, and with most materials the tube will
operate only if the whole thickness of the layer is illuminated. Owing
to the thin layer, the capacitance between the storage surface and the
signal plate is correspondingly large, so that the tube stores a high
charge at a low potential. Consequently the discharge efficiency of the
beam is poor, resulting in long lag on moving pictures. The effect is
minimized by scanning the smallest area allowed by the beam focus,
thus reducing the capacitance and stored charge and allowing the beam
to be used more efficiently. In addition to the discharge lag there may
be hysteresis of the light-sensitive effect, which also produces lag. In
tubes employing materials not subject to the light-absorption limitation,
so that thicker layers can be used, hysteresis appears to nullify the
expected improvement in lag.
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TRANSMITTER POWER REQUIREMENTS

Primary Power Supply

Low-power transmitters for fixed stations, for which the power input
does not exceed 5 kW, usually derive energy from a single-phase
service. This source may be one phase and neutral of a three-phase
public supply or a small single-phase engine-alternator. Transmitters
above this rating are invariably designed for operation from a three. .
phase supply system, since a single-phase load greater than this may
seriously unbalance the phase loading, particularly where a smalil
engine alternator is the source of supply.
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TRANSMITTER.
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The chief advantages of a thrce-phase supply are that the weight
of copper in supply and distribution cables is only 75 per cent of that
required for a single-phase supply; three-plhase or six-phase rectifica-
tion for anode power is more efficient than single-phase rectification,
and smoothing filters for the higher rectification frequency can be made
much smaller and cheaper; three-phase squirrel-cage motors for cooling
plant and other auxiliaries are cheaper and require less inaintenance.

Light mobile transmitters are designed to operate from 6-volt or
12-volt vehicle batteries or from 12-volt or 24-volt D.C. aircraft supply.
A small rotary transformer, rotary converter or a vibrator power pack
converts the D.C. to A.C. for feeding the H.T. rectifier. Filaments are
heated directly from the battery or D.C. source. Transreceivers and
** walkie-talkie "’ equipments usually rely entirely on dry batteries.
Military pack sets commonly obtain their supplies from hand-driven or
pedal-driven generators or small motor generators.

Transmitter Efficiency

The division of Joad in a transmitter is illustrated by the typical
power-utilization diagrams of Ilig. 1 for a high-power broadcast trans-
mitter and Fig. 2 for a television transmitter. In genersl, the efficiency
of conversion to radio frequency power increases as the output power
is increased and as the frequency is reduced, and seldom exceeds 60 per
cent. The following table shows the average conversion efficiencies
to be expected from transmitters of various types and ratings. These
figures are typical, and some variation will be found with transmitters
of different design.

TABLE 1.—OvERALL EFFICIENCY OF TRANSMITTERS

Overall
. | R.F. Output Frequenc, Efficiency :
Type of Transmitter e P q Y | R.F. power output
ype of Power i Range | "A.C. power input

| (%)

M.F. amplitude-modu- | 0-25-5:0 kW | 525-1605 ke/s | 22-34
lated broadcasting carrier

M.F. amplitude-modu- | 5-100 kW |525-1605 ke/s 34-60
lated broadcasting | carrier | [

H.F. amplitude-modu- | 0-25-5-0 kW 2:5-26-0 Mc/s 20-30
lated broadcasting carrier |

H.F. amplitude-modu- | 5-100 kW | 2:5-26-0 Mc/s 3043
lated broadcasting carrier

V.H.F. amplitude-modu-| 2-20 kW | 42-88 Mc/s 26-33
lated broadcasting carrier

V.H.F. frequency-modu- | 2-20 kW | 85-100 Mc/s 34-48
lated broadcasting

V.H.F. television 0-5-5-0 kW | 42-88 Mc/s 16-28

peak
5-50 kW 42-88 Mc/s 28-33

peak
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TasLE 1 (contd.)

Overall
| Efficiency:
Type of Transmitter R'I';J' Cd Fr]e?quency RF 'g‘ower of'xltmlt
CicTa ange A.C. power input
| (%)
H.F. telegraph, C.W. I 0-1-2-5 kW | 2:0-27-5 Mc/s t 17-33
key down f
H.F. telegraph, C.W. 2.5-20 kW | 2:0-27-5 Mc/s | 33-40
key down |
H.F. double-sideband 2-5-20 kW | 2-0-27-5 Mc/s 29-36
telephony carrier
V.H.F. telegraph/tele- | 10-100W | 100-156 Mc/s 8-12

phone

Total kVA and Power Factor

The determination of the total kVA and overall power factor of a
station must take into account the different reactive effects of the
various parts of the equipment. The total kVA is calculated by adding
separately the power components in kW and the reactive or wattless
components in reactive kVA taken by each piece of apparatus, and
adding the results vectorially, as shown in Fig. 3.

Power component in kW P = kVA X cos ¢

Reactive component in kVAr = P tan ¢
Total kVA = 4/(total k\W)? 4 (totalreactive kVA)?
total kW

Overall power factor = total VA

It is convenient to tabulate the kVA and power factors for each piece
of equipment, and obtain values of tan ¢ for corresponding values of
cos ¢ from trigonometrical tables, as in the example Table 2.
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Fic. 3.—TotAaL kVA AND OVERALL POowER FACTOR OF TRANSMITTING
EQUIPMENT.
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TABLE 2.—kVA axp Power IFacTors

- T I T
. P.F. w | kVAr
Equipment VA (cos ¢ | &) tan ¢ | (P tand)
Main H.T. rectifier anodes a o 250 0-95 | 239 0-33 8-25
Main HL.T. rectifier filament heating . | 0-5 1-0 | 06 0 ‘ 0
Augxiliary H.T. rectifier anodes .05 i 0-87 0-44 0-57 . 0-29
Girid-bias rectifier anodes a o 075 0-85 0-64 0-62 0-47
Auxiliary and grid-bias rectifier fila- |
ment heating . o 0 0-2 10 0-2 0 0
Amplifier filament heating 30 1-0 30 0 0
Air cooling fan. 0 5 1-5 0-85 1-27 I 0-62 I 0-93
Controls and auxiliaries . .03 0-83 0-25 067 0-2
Totals . 1 = = l 2 | — 10-14
Total kVA = 4/30:27 = 10°T4? = 31-9 kVA
302
Overall P.F. = 3i =0-947 or 94-79,

The load power factor of modern high- and medium-power trans-
mitting equipment is usually of the order of 95 per cent. Consequently,
the use of power-factor correcting condensers is seldom justified by the
saving in power costs.

Power Distribution Diagrams

One of the first steps in planning the equipment of a high-power
transmitting installation is to construct a power-distribution diagram
of the kind outlined in Fig. 4. These diagrams are built up from a know-
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efficieney and BoNCH factor of the installation, and data for the preparation
of detuiled specifications of conversion pla,nt cooling equipment, switch-
gear and cables.

TABLE 3.—AVERAGE EFFICIENCIES AND POWER FACTORS OF
CoNVERsiON AND CooLING PrLaNT

Lfficiency Power

Equipment (1 Factor
Three-phase or single- pha.se alternator
10-50 kVA . . . . 86-90 —
50-100 kVA . . . . . 90-92-5 —
100-500 kVA . . . . . 92-5-94-5 —
500-1000 kVA . o o 94-5-93 —
D.C. generator, compounded
1-5 kW . . . 75-82 —
5-10 kW . . . . . 82-87 —
10-50 kW . . . . . 87-91 —
50-100 kW . . . . . 91-93
100-500 kW . 93-94 -
Three-phase induction motor D.C. gener-
ator
1-5 kW . . . 0% ¢ 62-70 * 0-75-0-80 *
510 kW . . . . . 70-77 0-80-0-83
10-50 kW . . . . . 77-82 0-83-0-86
50-100 kW . 82-85 0-86-0-87
Three-phase squirrel- cagc induction motor
1-5 B.H.P. . . . 75-85 * 0-81-0-86 *
5-10 B.H.P. . . . . 85-88 0-86-0-88
10-50 B.H.P. . . . . 88-91 0-88-0-91
50-100 B.H.P. . . . 91-92 0-91-0-92
Three-phase synchronous motor
50-100 B.H.P. . . . . 91-94 1-:0-0-9
100--500 B.H.P. . . . o 94-96 1-0-0-9
D.C. shunt-wound motor

Fractional B.H.P. . 5 . 5 65-75 —
1-5 B.H.P. . . . : 76-83 —
5-10 B.H.P. 5 0 5 . 83-86 —

10-50 B.H.P. . . . . 86-90 —

50-100 B.H.P. . . . . 90-93 —

Rotary transformer
50-250 W : 50-60 —
Three-phase or single- phase transformer :

Fractional kVA o 5 80-93 —
1-5 kVA 2 . . 5 5 94-96-5 -
5-10 kVA . . . 5 5 96-5-97-2 —

10-50 kVA . . . . . 97-2-98-2 -

50-500 kVA . . 98-98-4 —

Cold-cathode steel- bulb mercurv-arc recti-
fier with auxiliaries
200-1000 kW, 2-12 kV . . 5 93-95 0-96
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TABLE 3 (contd.)

Equipment Egi %;:)n Y ;31:;7:
Cold- cathode glass-bulb mercury-arc rectl
fier with auxiliaries |
25 kW, 100 V . . . . 78 0-92
50 kW, 250 V . . . . 87 0-92
200 kW, 600 V o || 93 0-93

Hot-cathode mercury-vapour rectifier
with auxiliaries

50-200 kW, 2-12 kV . . o 94-95 . 095
Metal rectifier with transformer | |
25-250 W, single-phase full wave 50-65 | 0-7-0-85
250-2500 W three- phase full wave . 65-83 0809
Vibrator converter o . 50-60 -
Motor-driven centrifugal fa,n
0-05-0-1 air H.P. 0 0 0 0 7-12 % 0-75-0-78
0-1-0-25 air H.P. . o o o 12-20 | 0-78-0-8 .
0-25-0-5 air H.P. 5 5 5 5 20-35 | 0-8-0-81
0-5-1-0 air H.P. . . o o 35-37 0-81-0-82
1-0-2-0 air H.P. o o o o 57-65 0-82-0-84

* Efficiency and power factor improve with increase in synchronous
speed.

1 Power factor varies from lag to lead with increase in excitation.

I Overall efficiency, air H.P. divided by input power to motor.

POWER TRANSFORMATION

Economics of Transformation

The practico of duplicating transformers ensures continuity of supply
if a defect occurs in one of them. A saving in first cost can be made by
rating each transformer for two-thirds of the station load with all
transmitters operating at full power. The iron and copper losses of two
similar transformers sharing a load in parallel are less at full load than
the losses of a single transformer of equivalent rating. British Standard
Specification B.S. 171:1936 stipulates that a transformer shall be
capable of handling 50 per cent overload for 5 minutes following normal
full loading, or for a longer period after light loading. Correspondingly
longer periods are permissible with a lighter overload. Thus, if one
transformer should fail, the other can take over the full load for a short
period or maintain continuous service at two-thirds of the normal full
load.

Transformers will operate satisfactorily in parallel on the same supply
if the secondary voltages are the same and in phase at all loads. This
means that they must be alike in (a) voltage ratio, (b) polarity, (c) phase
rotation, (d) impedance and (e) resistance/reactance ratio. If the
impedances differ, the load will divide between the transformers in the
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H.V.SUPPLY inverse ratio of their impedances,
the terminal voltages will not be
the same and circulating currents

ISOLATORS will flow. Means must, of course,

be provided for isolating either

OIL CIRCUIT transformer in the event of a fault
BREAKERS

or for separate operation. Fig. 5
illustrates the basic requirements.

Noi  No.2 fEESSCINERS Transformer losses at,lnd heating
increage with the loading. The

ISOLATORS load that can be carried is, there-

fore, limited by the temperature
rise above the surrounding air. As

M.V.SUPPLY there is a thermal lag, the tempera-

TO TRANSMITTERS ture rise corresponds to the average

Fic. 5.—DupLicatioN oF SurpLy 108d, S0 that transformers for trans-
TRANSFORMERS. mitters in which the load varies

under modulation or keying may

be rated below the peak demand.
For example, a supply transformer for a Class B modulated broadecast
transmitter, rated for a continuous load equal to that at average
modulation, which is about 30 per cent of the peak, will comfortably
deal with modulation peaks. If the transformer complies with the
British Standard Specification, it will also be capable of dealing with an
overload of 20-30 per cent for 30 minutes, and it will not, therefore,
overheat excessively on a sustained full-modulation test of the trans-
mitter for that period of time.

With high-power broadcast transmitters a saving in transforming
equipment is made possible by taking power for the main rectifier
transformer, which forms the bulk of the load, direct from three-phase,
high-voltage lines, and transforming down to a medium voltage only
for grid bias, filament heating and auxiliary supplies, as shown
schematically in Fig. 6.

Uses of Auto-transformers

Auto-transformers can be used economically to step up or step down
the supply voltage where it differs from that for which the transmitter
is designed. Since the primary turns are included in the secondary
winding, the volume of copper in the windings is less than in an equiva-
lent double-wound transformer. For a given transformation ratio %,
the saving in copper compared with a double-wound transformer is

1/k X 100 per cent

The saving is appreciable with low transformation ratios : for example,
with a 2:1 ratio it is 50 per cent; with a 10 : 1 ratio it is only 10 per
cent.

Three-phase auto-transformers are usually Y-connected, as in Fig. 7.
This permits the insulation to be reduced at the neutral point when it is
joined to the neutral of a four-wire supply. The neutral is usually
brought into the station to obtain the phase-to-neutral voltage, (which is
1/4/8 of the line voltage) for auxiliary apparatus and control circuits.
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6-6KV.3-PH. 6-6KY.3-PH.
4 l & -
ISOLATOR ISOLATOR
0.C.8B. oc.8.
TRANSFORMER TRANSFORMER
400KVA 125KVA
6-6kV/415Y 6-6KV/415V
ISOLATOR ISOLATOR {3
; Ia 4
Ll L
AC \SL S S ACB.
DISTRIBUTION DISTRIBUTION
TO AUXILIARY TO AUXILIARY
EQUIPMENT EQUIPMENT
PV.RECTIFIER 6
TRANSFORMER (b) TRANSFORMER
275KVA 275KVA
415V/12kV. 6KV/12KV.

F16. 6.—Two TRANSFORMATION SCHEMES FOR HI1GH-POWER TRANSMITTING
EQUIPMENT.

(a) Medium-voltage distribution. (b) High-voltage supply to main rectifier, medium-

voltage distribution to auxiliaries.

Where a four-wire supply is available, the neutral point of the trans-
former must be connected to the neutral of the supply, for the following
reasons :

(1) It permits the use of cables and apparatus insulated only for
the line-to-neutral voltage.

(2) If the neutral were left floating, out-of-balance conditions or
the occurrence of a fault between a line and neutral might lead to
excessive rise of voltage on the neutral conductor (see Fig. 8).
Under such conditions the insulation of connected apparatus
would have to be good for the line-to-line voltage.

(3) A floating neutral would require to be switched in the same
way as the line conductors to ensure that no voltage is present on
connected appliances when the three-phase switch is open.

A - 4
! T él Ex T
i
E4 Ea Eq i —>—i E2
| | Ey EZ
' Y Yoy i l

F1G6. 7.—ONE-PHASE AND THREE-PHASE AUTO-TRANSFORMERS.
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-
P—]
e
INCORRECT CORRECT
F1G. 8.—THREE-PHASE AUTO-TRANSFORMER—THREE-PHASE, FOUR-WIRE

SuprLy,

An auto-transformer should not be used under the following
conditions :

(1) On a three-phase, three-wire supply where it is required to
earth the neutral (see Fig. 9). Supply authorities usually prohibit
earthing at any point in the distribution system other than at the
source, as the introduction of a second earth connection would
unbalance the earth-leakage protection circuits.

(2) For high-ratio step-down of voltage, when there is a danger of
high voltages appearing in the low-voltage circuit under fault
conditions.

Transformer Rooms

Precautions must be taken against fire risks in the housing of oil-
filled supply transformers, modulation transformers and smoothing-
chokes. Such equipment must be accommodated separately from other
transmitting equipment. If the transformer chamber is built into the
main building, entry must only he possible from outside, and the door
must be normally kept locked, the key being in the possession of an
authorized person. To prevent the possibility of burning oil escaping,
there must be no direct connection between the chamber and other

AAAAAAAY

AAAAAAAA

: I

v

INCORRECT CORRECT

F1G. 9.—THREE-PHASE AUTO-TRANSFORMER—THREE-WIRE SUPPLY,
NEUTRAL REQUIRED.
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rooms, nor any interconnecting pipes conveying air, gas or water.
Cable connections must be sealed where they pass through the wall.
The chamber must be constructed of non-combustible materials and
ventilated to the outer air independently of the rest of the building.
Ample access must be provided for safe access to plant and for removing
faulty units without disturbing other equipment. The accessories
should include approved fire extinguishers or an automatic spraying
system.
inl-dminage duets should slope towards a sump in the chamber,
which must in turn discharge outside the building. The sump should
preferably not connect to the public drainage system, because of the
risk of water ““ backing up ”’ the drain and flooding the chamber during
heavy rain.

VOLTAGE AND FREQUENCY VARIATIONS OF SUPPLY

Effects of Voltage Variation

Voltage variation at the supply terminals results from the inherent
regulation of the supply network associated with :

(a) changing loads on the supply lines, independent of the
transmitter load, or
(b) the fluctuating load of the transmitter itself.

Variation caused by (a) is slow and occasional, or may be characterized
by a sudden rise or fall of voltage. This can be corrected by an auto-
matic induction regulator having a throughput rating sufficient to
cover those parts of the equipment affected by the variation. In-
duction regulators are capable of reducing variations up to --10 per
eent to within --1 per cent, but they are slow acting and require from
60 to 120 seconds to correct the full range of variation.

Variations allied with the operation of the transmitter result chiefly
from the load on the main rectifier fluctuating with signalling or modula-
tion, the auxiliary load remaining substantially constant. Simple
tolegraph transmitters are designed for on/off keying, which in effect
switches on and off the anode current of the final amplifier. The load
swings rapidly at the signalling speed between a maximum on ‘ mark
and a minimum on ** space >’ at periodic intervals of time ranging from
4 to 6 cyeles of a 50-cycle supply, depending on the signalling speed.

The load of amplitude-modulated telephone, broadcast and television
trausmitters fluctuates irregularly, according to the degree and fre-
quency of modulation. At all modulation frequencies above the rectified
A.C. ripple frequency the smoothing filter of the main rectifier is effective
in smoothing out the peaks, so that the terminal voltage assutnes &
steady mean value corresponding to the average load. leavy peaks of
modulation at the lowest frequencies, however, may be reflected back to
the terminals. The load of frequency modulated transmitters, on the
other hand, is constant, since the radio frequency and not the amplitude
varies under modulation.

The automatic induction regulator is too slow in action to correct for
fluctuations of this kind. Two alternative methods are available :

(1) Load equalization.
(2) Quick-acting {lux-regulating transformers or thermionic
voltage stabilizers.
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Load equalization is applicable only to communication transmitters
keyed by the on/off method. This method makes use of an absorption
load incorporated in the transmitter, consisting of a D.C. amplifier
controlled by keying, which completes a circuit across the H.T. supply
on “space’. This circuit contains a resistance capable of dissipating
an amount of power equal to the difference between the ‘“ mark ** and
““ space  loads.

uick-acting flux-regulating transformers are connected in the supply
leads to apparatus which requires stabilizing, in the same way as' a
transformer, or may replace a transformer to serve the dual purpose of
voltage regulation and transformation. These regulators are capable of
correcting voltage variations within a fraction of one cycle of the supply
frequency, and of maintaining the voltage constant to within X1 per
cent or better with variations of 410 per ‘cent or more.

Alternatively, thermionic voltage stabilizers may be fitted in the out-
put circuits of small rectifiers to control the D.C. voltage. They are
practically instantaneous in action, and will control the voltage to
within 401 per cent, but they have the disadvantage of a relatively
high inherent voltage drop.

Voltage variations at the input of transformers and static rectifiers
are repeated at the output. A.C. motor-generators and A.C. motor-
driven equipment, such as valve-cooling fans and water-circulating
pumps are, for all practical purposes, insensitive to voltage variations.
The speed of induction motors and synchronous motors is determined by
the frequency, and remains nearly constant over a wide voltage range.
The R.T. stability of crystal oscillators is very little affected by changes
in the anode and filament voltages of the associated valves, but the
frequency of valve oscillators can vary widely with voltage changes.

In order to meet certain performance specifications, it is often
necessary to stabilize the whole A.C. input to broadcasting and television
transmitters by installing an induction voltage regulator, but inore
usually it is sufficient to stabilize only the auxiliary equipment
indicated in Table 4.

TABLE 4.—AUXILIARY EQUIPMENT REQUIRING STABILIZATION

Equipment ‘ Type of Voltage Regulator
Filament transformers 5 . l Induction regulator or flux regu-
lating transformer
Filament rectifiers . : . | Induction regulator or flux regu-
lating transformer
Grid bias rectifiers . . | Thermionic stabilizer
D.C. control motors for timed
operations . o . . | Thermionic stabilizer

Effects of Frequency Variation

All inductive apparatus is, to some extent, affected by frequency
variation. Assnming the applied voltage to remain constant, the
current in an inductive circuit varies inversely as the frequency and in &
capacitive circuit directly as the frequency. Induction regulators and
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moving-coil regulators are responsive to frequency change, which
degrades the voltage constancy. The speed and output voltage of A.C.
motor-generators, rotary transformers and converters varies directly
as the frequency. Rectifiers are substantially unaffected by normal
variations of frequency. The R.F. constancy of crystal oscillators and
valve oscillators is not impaired, provided the valve supplies are
voltage stabilized.

Voltage and Frequency Tolerances

Under normal conditions voltage variations at the terminals of a
public supply system are not allowed to exceed 46 per cent of the
declared voltage. The maximmum allowable frequency variation on
time-controlled supply systems is 41 per cent. Performance specifica-
tions for transmitters vary so widely for different services, that voltage
and frequency tolerances cannot be closely defined to meet every case.
The tolerances given in Table 5 are useful as an approximate guide.

TABLE 5.—VOLTAGE AND FREQUENCY TOLERANCES

Maximum Maximum

Permissible Permissible
Apparatus Voltage Frequency
Variation Variation
L (%) (%)
Main H.T. and grid-bias rectifiers + 6 { +1
H.T., D.C. motor generators + 6 +1
Filament heating transformers + 2% +1
Filament heating rectifiers . + 2% +1
Crystal oscillators (frequency con-
stancy 1 part in 10°%) . . . + 6 +1
Compensated valve oscillators (fre-
quency constancy 4 parts in 10%). + 2 | +1
Motor-driven air fans, water pumps
and controls 5 . 5 . + 6 +1
Automatic voltage regulators . +10 +

l
l

VOLTAGE REGULATORS

Induction Voltage Regulators

The induction regulator is a form of transformer, in which one
winding can be moved with respect to the other to produce a variable
secondary voltage. The primary or movable winding is wound on a
rotor and connected across the line. The secondary is wound on a
stator and connected in series with one line.

Referring to Fig. 10, current in the primary coil P produces a flux
which links with the secondary S in a varying degree as the rotor is
turned, and induces a voltage in it, which either adds to or subtracts
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F16. 10.—ScHEMATIC DIAGRAM OF SINGLE-PHASE INDUcCTION REGULATOR.

from the line voltage. In position 1, Fig. 10 (a), most of the flux links
with the secondary, and the induced voltage E, is a maximum. When
the rotor is turned through 90° to position 2, Fig. 10 (b), none of the
flux links with the secondary, and the induced voltage is zero. Rota-
tion through a further 90° to position 3, Fig. 10 (c), produces another
voltage maximum, but of reversed phase. Thus, rotation through 180°
varies the line voltage from a maximum value E; + E, to a minimum
E, — E,. The correct degree of rotation compensates for the rise or
fall of line voltage.

In the mid position the leakage flux and the reactance drop in the
secondary would, in the ordinary way, be excessive. To overcome this,
a short-circuited tertiary winding T is wound on the rotor. The heavy
current produced in the tertiary winding by linkage with the secondary
largely annuls the flux producing it and reduces the reactance drop.

When designed for automatic regulation, a voltage-discriminating
relay, fitted with two pairs of contacts, controls the turning of the rotor
shaft. Any rise or fall of line voltage causes one pair of contacts to close
and starts a motor coupled by a worm drive to the rotor shaft, turning it

either in a forward or reverse direction.
Rotation continues until a position is
STATOR ROTOR reached which restores the line voltage
to its normal value. At this point the

- P - s b5 contacts open and the motor is stopped.
> & The principle of the three-phase induc-
e 2 tion regulator is basically the same as

for the single-phase regulator. Fig. 11
shows the simplified connections. The
Fic. 1l.—CoxnNEcrioNs or Stator is wound with three windings
‘T'HREE-PHASE INDUcTION REGu- connected in star formation across the

LATOR. lines, and the rotor with three windings
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FiG. 12.—SINGLE-PHASE AUTO-TRANSFORMER VOLTAGE REGULATOR.

connected separately in series with the lines. Rotation through 180°
covers the full range from maximum buck to maximuin boost.

Auto-transformer Voltage Regulators

Figs. 12 and 13 show two adaptations of the auto-transformer
principle to automatic voltage regulation. In Fig. 12, A is the variable
portion of the winding which covers the range of voltage correction
required. This winding is tapped at a large number of points along its
length to give very small voltage increments. The tappings are brought
out to a group of contacts, to which connection is made by a sliding
brush, actuated by a reversing capacitor motor. B is the fixed portion
of the winding, which is multi-layered on the core in the conventional
manner. Fig. 12 (a) and (b) show respectively the adjustients for
maximum and minimumn transformation ratios to give maximum boost
and buck.

Fig. 13 is a modified arrangement incorporating a small booster
transformer, which is suitable for higher throughput powers. The
voltage applied to the boosting primary P is varied by two brushes
moving in opposite directions over contacts which select tappings on the
main winding. With this arrangement the currcnt in the brushes is
determined by the turns ratio of the booster transformer, and is only a
fraction of the load current. The voltage induced in the secondary
winding is added to or subtracted from the line voltage according to the
positions of the brushes, as shown in Fig. 13 (a) and (b), and confines the
output voltage within the limits required.

The control consists of a moving-coil voltmeter movement fitted with
two pairs of contacts and fed by D.C. obtained from a metal rectifier
connected across the A.C. output terminals. An important advantage
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F1G6. 13.—SINGLE-PHASE AUTO-TRANSFORMER VOLTAGE REGULATOR WITH
BoOSTER TRANSFORMER.
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of this method is that the performance is unaffected by frequency varia-
tion. If the voltage rises or falls beyond specified limits, the appropriate
contacts close a contactor circuit, which actuates the control motor.
Limit switches are fitted to prevent over-running of the brush
mechanism. To eliminate contact chatter and hunting of the regulator,
compensating resistances are incorporated in the relay circuit to hold
the contacts closed until restoration of the voltage is complete.

Thermionic Voltage Regulators

Thermionic voltage regulators, when incorporated in the D.C. output
circuits of rectifiers, correct for both variations of load and A.C. supply
voltage. There are many circuit variations, but the basic feature
common to all is a variable impedance regulating valve connected in
series with the line. A typical circuit is shown in Fig. 14.

V), is a low impedance regulating triode, capable of passing full-load
current with a low voltage drop. V), is a control pentode fed from the
line through a suitable voltage-
reducing resistance R;. When
V, passes current, the voltage
drop in the neon lamp N in series
with the cathode lead, biases the
cathode positively with respect
to the negative line. A tapping

OUTPUT on a voltage divider R, connected
R, €=E-3€ acrossthe output terminals biases
+ | the control grid to a value less

| positive than the cathode, and

V therefore negatively with respect

= - to it. A second tapping on the

Fi6. 14—D.C. THERMIONIC divider provides a suitable screen

VOLTAGE STABILIZER. grid voltage. .

The principle of operation is as

follows: A rise in line voltage

makes the control grid of V, more positive and causes the valve to pass

& larger current. The increased voltage drop in R, reduces the anode

voltage and biases the grid of the regulating valve V, more negatively.

This action is augmented by the fact that the resistance of a neon

lamp falls with rise of voltage. As a consequence the current increases

to a greater extent than it would with an ohmic resistance of equal

value. Provided R; and R, are suitably adjusted, the voltage change

across valve V, largely compensates for the rise of line voltage. If the
line voltage falls, the reverse action occurs.

In practice 100 per cent regulation is never attained in any voltage
regulator. If e is the residual voltage variation applied to the control
circuit and @ is the voltage gain of the circuit, the correction voltage
opposed to the line voltage variation E will be ae, so that :

e =FE — ae
E/(l < a)
la

==

since a is always much greater than unity.
Hence variations in the rectified output voltage, together with any
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residual ripple voltage after smoothing are reduced to 1/a of the original
values. Gain factors of the order of 500-are commonly obtainable with
well-designed circuits.

ENGINE GENERATORS

Mains Supply versus Generating Plant

Power for a transmitting station is most economically obtained from
a public supply system. The chief arguments in favour of purchasing
power as compared with generating at the station are :

(1) It can be generated more efficiently and cheaply in bulk.

(2) There are little or no capital and renewal costs or depreciation
charges.

(3) It eliminates the cost of shift and maintenance staff for
generating plant.

(4) Failure of supply is less probable and usually of shorter
duration.

(5) Voltage and frequency stability are better.

(6) Additional power for future expansion of services is more
quickly and cheaply made available.

There are, however, many sites where conditions render generating
plant essential. Engine generators are installed :

(1) At remote sites where it is either uneconomical or im-
practicable to extend power lines from a public supply system.

(2) As a stand-by to the mains supply.

(3) Where the public supply is unreliable, e.g., a small hydro-
electric source where the water supply may fail in the dry season.

Diesel alternators are the most suitable for all but very low power
requirements. They have a high thermal efficiency, are quick-starting
and compact. Although Diesel alternators are made to give outputs as
low as 1 kVA, for powers below 3 kVA petrol-engine alternators are a
serious rival.

Anti-vibration Precautions

The performance of thermionic apparatus may suffer from the vibra-
tion produced by engine alternators. Cyeclic impulsing of the engine is
conducted through a solid foundation and transmitted some distance if
the sub-soil is of a rocky nature. This trouble is sometimes accentuated
by resonances occurring in parts of the building structure. Vibration
must be reduced to & minimum, particularly when receivers are installed
in the same building, by isolating the foundation from the surrounding
soil. .

Fig. 15 shows the basic method of isolating a foundation. After ex-
cavating the soil, a concrete raft is laid, and the sides of the excavation
are concreted to prevent water seeping through from the sub-soil. On
this raft a 3-in. layer of resilient material, such as ‘ Coresil” or
“ Mascolite " is laid. The main foundation block is then formed in



5-18 RADIO AND TELEVISION REFERENCE BOOK
FOUNDATION BOLTS

BED PLATE o
\Nﬂ_@ﬁ( REMOVABLE WOOD

3"AIR SPACE COVERS OR PLATING

3"RESILIENT SLAB ISOLATED FOUNDATION

Fi1c. 15.—MEeTHOD OF ISOLATING FouxpaTION BLOCK.

shuttering on the isolating material, leaving a 3-in. air gap all round,
between the block and the sides of the excavation. At floor level the
air gap is closed by laying loose wood covers or steel plating.

An alternative method, which is suitable for loads up to about
12 tons and eliminates the necessity of preparing a special foundation,
is to erect the machine on anti-vibration mountings. These mountings
are made of steel and a special grade of rubber, welded by a rubber-to-
metal process. They are bolted to the bedplate and the concrete
foundation and spaced at suitable intervals, so as to share the load
evenly and deflect equally.

Yet another form of mounting depends for its resiliency on a stiff
helical spring, damped for compression and elongation by pads of
resilient material. The spring and pads are housed in a circular mount
equipped with fixing bolts and a tension-adjusting nut.

Stabilization of Engine Alternators

The voltage constancy of an engine alternator is governed by :

(1) The voltage regulation of the alternator.
(2) The speed/load variation of the engine.
(3) The cyeclic irregularity of the engine.

Good voltage regulation demands special attention when the source
of supply is an engine alternator. The percentage load variation on a
small gencrator is likely to be heavier than is normally encountered on
a public supply system. Voltage drop due to regulation of the
alternator and the fall of voltage with speed both increase with the load,
and their effects are additive.

Voltage and frequency vary directly as the speed of the alternator.
The extent to which the engine speed varies with changes of load depends
on the response time of the engine governor. The governor will correct
the speed with sustained load changes, but its response is too slow to
follow rapid changes due to signalling. Inertia of the machine, re-
inforced by the mass of the flywheel, tends to curb sudden changes, but
cannot correct for a sustained change. Slow-acting automatic voltage
regulators only partially compensate the voltage for rapid variations of
load. Both the regulator and the governor take up some intermediate
position corresponding to the average value of a swinging load.
Thermionic voltage regulators exert effective control with both rapid
and sustained changes, but since they have no control over the speed,
transitory changes of frequency will always occur.
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Automatic voltage regulators for stabilizing the voltage of alternators
are designed to control the field excitation of the alternator or its
exciter. They are classified according to the principles of operation as :

(a) Rhcostatic.
(b) Vibrating contact.
(c) Thermionic.

Rheostatic Voltage Regulators

One form of this type is shown in Fig. 16. The excitation control
rheostat is wound with resistance wire, from which tappings are brought
out at intervals along the winding to a group of contacts assembled
closely together. The control circuit consists of a transformer T, and a
bridge-connected rectifier B, fed from one phase of the alternator output,
which energizes an electromagnet E. When the alternator voltage
riscs cr falls, the armature of the elcctromagnet causes a contact arm A
to move in either direction from its normal position across the contact
studs and vary the amount of resistance in the exciter field circuit.
Regulation of the excitation of the alternator restores the output voltage
to its nominal value, and the regulating arm then moves back auto-
matically to its normal position. The relatively short travel of the arm
ensures rapid correction of the voltage varviation.

Transformer T, is introduced to damp the system and prevent
hunting when the excitation voltage changes too rapidly. Its primary
is connected across the output from the exciter. Under steady condi-
tions no e.m.f. appears in the secondary, but when a sharp vaviation
occurs, a damping pulse of e.m.f. is induced in the secondary in
opposition to the original surge.

A variation of the rheostat type is the carbon pile regulator, which
has a quicker response than the moving-contact type. A bank of thin
carbon discs, assembled on an insulated frame, takes the place of a
wire-wound element, but the control circuit is very similar. The disc
assembly has the property of varying its resistance when subjected to
pressure by the movement of a lever attach>d to the electromagnet.

—— 1> TO
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I T1

Fi1c. 16,—AtvToMATIC RHEOSTATIC VOLTAGE REGULATOR FOR CONTROL
OF ALTERNATOR.
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Fi16. 17.—THERMIONIC VOLTAGE REGULATOR FOR CONTROL' OF
ALTERNATOR.

In this type the total resistance is determined mainly by the number of
contact surfaces and the pressure exerted between them rather than
by the resistivity of the material.

Vibrating Contact Regulators

This type has largely given place to rheostatic and thermionic control.
It depends for its action on the rapid opening and closing of a short-
circuit path across a fixed regulating resistance in series with the exciter
field by a vibrating relay. The rate at which the short-circuit is made
and broken and the duration of the short-circuit is controlled by the
deviation of the alternator voltage, and determines the average excita-
tion current of the alternator.

Thermionic Regulators

These regulators are highly sensitive and quick-acting, as they have no
moving parts. Fig. 17 illustrates the principle of the circuit. The
exciter field current is derived from two gas-filled rectifying valves G
connected in a full-wave rectifying circuit and a transformer T fed from
one phase of the line. A second rectifier R and transformer T2, also
fed from the line, supply the D.C. control voltage. The rectified voltage
is applied across diagonally opposite points A and B of a resistance
bridge. Elements 1 and 3 in opposite arms are fixed resistors with a
low-temperature coefficient of resistance. The complementary ele-
ments 2 and 4 are special metal-filament lamps having a high positive
temperature coefficient; that is, their resistance increases with increase
of current. All four elements are adjusted to have equal resistance
values when the supply voltage is normal. In this condition the bridge
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is balanced and the voltage across C and D is zero. When the line
voltage riscs or falls, the change of current in the bridge circuit upscts
the balance, and a voltage exists across C and D, the polarity depending
on whether the voltage rises or falls. The out-of-balance voltage is
amplified and applied as a negative bias to the grids of the gas-filled
rectifiers when the line voltage is high, and as a positive bias when the
line voltage is low. The corresponding reduction or increase in the
ex(lzitation current restores the line voltage approximately to its correct
value.

Cyclic Irregularity

The cyclic rise and fall in speed associated with the non-uniform
torque of a reciprocating engine is reflected in the electrical performance
of the alternator. The extent to which the speed deviates from the
nominal uniform value is defined by the coefficient of cyclic irregularity.
This is the ratio of the maximum change in angular speed (wmax, — ®min.)
during one engine cycle to the mean speed w. Its effect on the alternator
is defined by the angular deviation. This is the displacement in electrical
degrees of the rotor in either direction from the position it would occupy
if the rotation were uniform. Although the use of a heavy flywheel
largely curbs the disturbance, there is always some residual fluctuation
of voltage and frequency. Since both voltage and frequency vary
directly as the speed, and the speed fluctuates alternately above and
below the mean value. it follows that, if k is the coefficient of cyclic
irregularity, the percentage voltage or frequency change from the mean
value is equal to 100k/2.  In terms of the angular deviation, it can be
shown that

v = f" =175 84 fe/fo per cent

where k = coefficient of eyclic irregularity :
§; = angular deviation in electrical degrees;
f. = frequency of cyclic impulsing
(= no. of expansion strokes per rev. X revs.'sec.);
fo = mean frequency of alternator.

It is noteworthy that, for a given supply frequency, the cyclic
irregularity is reduced as the speed is increased. Since the number of
pairs of alternator poles are reduced at high speeds, there is also a
corresponding reduction in the angular deviation.

Motors and motor-generators are little affected by cyclic irregularities
of the supply. The inertia of the machine tends to maintain uniform
rotation and smoothes out the impulses. Transformers will pass on the
disturbance, but its effect on filament-heating transformers can be
neglected, because of the thermal lag of the filaments. Rectifiers will
also pass the disturbance, but the smoothing filters will suppress fluctua-
tions at all frequencies except those lower than the ripple frequency of
the rectifier. This can sometimes cause undesirable modulation of
signals via the grid-bias rectifiers, but the modulation frequency is
usually sub-sonic and passes unnoticed.

Voltage fluctuations may be reduced by the use of quick-acting
thermionic voltage regulators. and if these are fitted, a maximum
angular deviation of 2}° may be permitted. With slow-acting
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regulators, a tolerance of 2}° is satisfactory for a power supply to a
C.W. telegraph transmitter, but a tolerance of }° is to be recommended
for a high-quality broadcast or television transmitter.

AUTOMATIC GENERATING PLANT FOR UNATTENDED
STATIONS

V.H.F. repeater and other unattended stations must be safeguarded
against service interruptions by failure of the power supply. To ensure
continuity of supply, an automatic stand-by Diesel-alternator or petrol-
driven alternator is installed when power is normally obtained from the
mains. At sites where supply mains are not available, duplicate
generating plants are installed, one set acting as a reserve to the other.
Since the site is usually isolated, the plant must be capable of operating
unattended for periods of four weeks or more.

Small automatic plants are designed to start automatically from a
6-volt or 12-volt battery, which is kept charged by a rectifier while the
engine is running. A remote starting switch at the terminal station
closes a contactor, which connects the battery to a starting motor.
Provided the engine is stationary, the motor engages with the engine
and disengages as soon as the engine fires. Under normal conditions,
the engine, once started, continues to run until the starting switch is
opened.

Automatic voltage regulation is essential. Self-regulating alternators,
designed to operate without the use of an automatic voltage regulator,
are particularly suitable for unattended working. In these machines an
automatic excitation winding built into the generator ensures a constant
output voltage within -2} per cent on all loads. Once the hand-
operated regulator is set for a given output voltage, no further adjust-
ment is needed.

The controls and safeguards necessary for fully automatic and
reliable working are :

(I} Switching on and off the mains supply or starting and
stopping the generating plant from the terminal station.

(2) Local control of generating plant for testing, either on or off
load.

(3) Automatic disconnection of the load, starting of the reserve
engine and delayed switching of the load to the reserve generator
under any of the following faulty conditions :

(a) Failure of mains supply or first engine.

(b) Excessive deviation of voltage or frequency.

(¢) Abnormal rise of temperature of cooling water.
(d) Abnormal fall of pressure of lubricating oil.

(4) Automatic switching of load back to the mains supply and
stopping the engine about 1 minute after the mains supply has been
restored to normal.

(5) Automatic voltage regulation.

(6) Automatic replenishing of fuel oil in the service tank when
oil falls to a pre-determined level.

(7) Automatic control of ventilation in the engine room while the
engine is running.

(8) Automatic fire-extinguishing equipment.
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Local and remote indication must be provided by red and green
indicating lamps and/or audible warning of the following :

(1) Mains or generator supply normal or defective.
(2) Diesel-alternator on or off load.

(3) Failure of engine to start.

(4) Failure of oil or water.

(8) Correct setting of switches for remote control.

As a continuous check on efficient running, recording meters are
fitted on the station switchboard to register the number of hours on load
and the kilowatt-hours generated.

SWITCHGEAR
Types of Switchboard

The great variety of purposes for which A.C. power is required at
transmitting stations makes a low-voltage A.C. distribution switchboard
a virtual necessity. Suitable types of switchboard for power supply
and distribution are :

(a) ironclad unit type;
(b) flat front, unit assembly type;
(c) flat front panel type.

Ironclad boards are build up of standard ironclad switches or switch-
fuse boxes, busbar chambers and distribution fuse units mounted on an
angle or channel steel frame, designed for floor or wall mounting.
Additional units are easily fitted for future extension of the services.
These boards are relatively low in cost. Although they lack the
appearance and finish usually associated with radio equipment, this
need not be regarded as a drawback if they are installed separately. In
the unit assembly type the

units are manufactured to )

standard dimensions, the r—y M y_.i
larger sizes being multiples of (_-_-, I B ¥
the smaller ones, and standard X
busbar boxes the same size as d: — _@_ B Y
the largest switch unit. This *
allows any combination to be L= |
arranged in a symmetrical (] (] 2X
assembly by the addition of — _i u |
blanking panels, if necessary, Ul —|

as shown in Fig. 18. TUnits | *
are withdrawable from the =

front for servicing and quick | ,-] 2%
replacement of fuses. This — i

tyll))e of board is compact, neat ! Y

in appearance and is easily i i
extended by adding standard WITHDRAWABLE o2y — >
units. PLUGS '

Panel-type boards are suit- Fig. 18.—ARRANGEMENT OF Units 1¥ UNIT
able for distribution, generator ASSEMBLY SWITCHBOARD.
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supply and control, and a variety of other purposes where miscellaneous
equipment has to be mounted. They consist of sheet steel or Sindanys
panels bolted to a framework and fitted with expanded steel or sheet
steel end screens. Provision is made for rear access by doors at either
end, which are normally kept locked.

Switchboard Equipment

The equipment for low-voltage, three-phase distribution in a multiple
transmitting station is relatively simple. Individual circuit-breakers
are unnecessary for currents which do not exceed 600 amperes. Modern
high-rupturing-capacity fuses have many of the merits of circuit-
breakers, and are much less costly. They have close discrimination,
are capable of clearing the heaviest fault currents likely to be en-
countered, do not deteriorate, and can be relied on for consistent per-
formance. The inverse time/current characteristic of fuses is a valuable
feature in preventing unnecessary interruptions due to occasional
flash-over.

Circuit-breakers have the advantage that they can be re-set instantly
and adjusted for closer overload setting than H.R.C. fuses. Overload
and no-volt coils are fitted as standard practice. Overload coils are
usually shunted by time-lag fuses to prevent the breaker tripping on
momentary overloads, such as flash-backs in the main rectifier. On a
three-phase system with unearthed neutral two overload coils give
sufficient protection, but three are necessary for protection against earth
faults if the neutral is earthed. If the distribution system is an ex-
tensive one, earth-leakage protection may also be included to provide
closer discrimination on earth faults and ensure that the breaker will
open before the leakage current attains a dangerously high value.

4-in.- or 6-in.-scale meters are normally fitted, but 2}-in. scales are
often more suitable for small wall panels, such as battery charging
boards. Long-scale instruments can be read more accurately than
ordinary sector scales, but the instrumental error is the same for both
types. The movements of ammeters which indicate a fluctuating load
should be well damped. Ammeters and wattmeters should have full-
scale readings 30 per cent higher than the normal full load reading to
allow for overload indication. Full-scale readings of voltmeters should
be such that the normal reading appears at the centre of the scale.

The following is the minimum equipment recommended for various
purposes :

(1) Three-phase Low-voltage Distribution (Exclusive of Supply
Authorities Metering).

(a) 3 ammeters or 1 ammeter with ammeter switch.

(b) 1 voltmeter with switch.

(¢) 1 frequency meter.

(d) 1 power-factor meter (optional).

(e} Switch-fuse ways for each transmitter or main distributor.

If the load on each phase is balanced, one ammeter is sufficient :

if unbalanced, three are necessary. A frequency meter is not required
when the frequency is time-controlled. Fig. 19 illustrates a typical
simple distribution system.
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(2) Single Engine Alternator-exciter.
As (1), but with the following additions :

(f) 1 excitation ammeter.

() 1 integrating kWH meter.

(h) 1 oil circuit-breaker with O/L and N/V releases.

(7) 1 set isolating links, if breaker is not the isolating type.
(k) 1 alternator or exciter field regulator.

(I) 1 automatic voltage regulator.

If the load is balanced, a single-phase kWH meter is fitted, and the
readings are multiplied by three; if unbalanced, a polyphase meter is
necessary. This instrument enables the units generated to be logged
against the fuel consumption. From these records the average fuel
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consumption per unit generated, the efficiency and the generating costs
can be computed.

(3) Two or More Engine Alternator-exciters Run in Parallel

(a) 1 or 3 ammeters.

(b) 1 voltmeter with switch.
(¢) 1 frequency méter.

(d) 1 synchroscope.

(e) 1 excitation ammeter.

(f) 1 integrating kWH meter.
(g9) 1 power factor meter.
(
(
(
(

1 set isolating links.
1 alternator or exciter field regulator.
1) 1 automatic voltage regulator.

A
g
h) 1 oil circuit-breaker with O/L and N/V releases.
)
k)

Items (e) to (I) are for each machinc.

The synchroscope is essential for paralleling, to indicate when the
incoming machine has been run up to the same speed as the machines
on load, and its e.m.f. is exactly in phase with the busbar voltage.
When these conditions are fulfilled, the incoming machine can be
switched on to the busbars without disturbance to the busbar voltage
or risk of damage to plant. The power-factor meters and kWH meters
are necessary to avoid disturbance to the busbar voltage when de-
paralleling. To carry out this operation smoothly the outgoing machine
should neither : (a) be supplying wattless current to the circuit, or
take a leading wattless current from the other machines; nor (b) be
delivering energy to the load or be motored by the other machines.
The first condition is satisfied by adjusting the excitation of the out-
going machine to bring the power factor to unity : the second by
reducing the motive power of the machine until it is just rotating at the
speed of thc other machines without generating, and observing when the
disc of the kWH meter just ceases to rotate. The outgoing machine
can then be taken off the bars without disturbing the busbar voltage.

VALVE COOLING EQUIPMENT

Power Losses in Transmitters

The electrical losses dissipated as heat in a transmitter, which have
to bhe taken into account in determining the most suitable type of
cooling system, are made up predominantly of the valve anode losses.
Filament heating may amount to as much as 70 per cent of the anode
losses. Grid bias is derived from the driving power supplied by the
stage preceding the stage considered, and is relatively very small. A
certain amount of heat is also generated by R.F. resistance in the coils
and dielectric materials of the tuned circuits. For the purpose of
estimating the cooling requirements, the total heat losses are equal to
the difference between the average total power input and the average
R.F. power output.

It 18 convenient to consider the methods of cooling in common use
under four headings :
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(a) Natural air cooling.

(b) Assisted natural air cooling.
(¢) Forced air cooling.

(d) Water cooling.

Natural and Assisted Air Cooling

Natural cooling by air convection is satisfactory for low-power
transmitters where the total losses do not exceed 500 watts. To assist
convection, the back, sides and top of the cubicle or container are
liberally louvred or perforated. When the heat dissipation exceeds
this value, but does not exceed about 3 kW, it is desirable to augment
the natural circulation by fitting an extractor fan in the top of the
cubicle. Tropeller-type fans can be used where the head losses do not
exceed 2 in. of water column. The total amount of heat liberated in a
small room housing several low-power transmitters may exceed the
limit for comfort. If the ambient air temperature is high, external
wall or roof-mounted ventilating fans should also he fitted.

1t requires an air displacement of approximately 3,100 cu. ft./min.
per kW dissipated for a temperature rise of 1° F. Hence, if P is the
total power loss in kW and the temperature rise of the air is not to
exceed T F., the air displacement in cu. ft./min. of an extractor or
ventilating fan is given by

Q = 3,100 P/T

Forced Air Cooling

Aiir cooling is less efficient than water cooling where large amounts of
heat are involved, but it has the following important advantages :

(@) There are no R.F. and D.C. losses, as therc are in water
insulating columns.

(b) The cost is lower and the circulatory system simpler.

(¢) Leakage and obstruction are less likely to occur.

(d) Tailure due to freezing is eliminated.

The rate of flow is directly proportional to the losses, but varies widely
with the type of valve, depending on the surface area of the cooling fins
and the emissivity of the anode. For a given power P’ in kW released
as heat, the theoretical flow in cu. ft/min. can be calculated from

.Q = 592 PT,/T,

where 7', is the absolute temperature of the incoming air (= °C. 4 273)
and T, is the temperature rise of air in °C. Normally, the temperature
of the outgoing air is not allowed to exceed 180° C. Tho actual flow
recommended by the valve manufacturer may be anything from 50 to
150 cu. ft./min. per kW dissipated.

Intake and exhaust ducting usually have a large cross-sectional
area to reduce air velocity and noise and keep the head losses as low
as possible. This permits low-pressure, single-stage centrifugal fans
to be employed. Single-stage fans are made for a wide range of duty,
varying from 10 to 15,000 cu. ft/min. at total pressures up to 15 in. w.g.
The brake horse-power absorbed by a fan can be calculated from the
formula

B.H.P. = Qh/6350m,
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Fic. 20.—FORCED-AIR COOLING SYSTEMS.

where @ is the volume of flow in cu. ft/min., % the fan total pressure in
in. w.g. and 7, the fan total efficiency. The total efficiency of a fan
varies from about 20 per cent for volumes of 100 cu. ft./min. to 75 per
cent for 7,000 cu. ft/min.

Fig. 20 (a) to (d) show schematically four common variations of the
air-circulating system. In (@) cool air is drawn from the transmitter
room through glass wool or fabric filters built into the back panel of the
transmitter by a centrifugal fan mounted inside the cabinet. Air is
discharged from the fan and ducted into funnels which accommodate
the valves, and finally released through the top of the transmitter. In
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(b) an external extractor fan replaces the blowing fan and exhausts the
heated air outside. Both methods are practicable with small volumes
of air, when the intake velocity is less than, say 6 ft./sec., and does not
create excessive draught in the room.

High-power transmitters are cooled by the methods outlined in
Fig. 20 {c) and (d). With either method the cabinets or cubicles must
be of airtight construction. In Fig. 20 (c) cool air is drawn from outside
the building, filtered and conducted’ through a floor duct into valve
funnels at the bases of the cubicles, and finally discharged through an
upper duct to atmosphere. In (d) the air is filtered, drawn through an
overhead duct and extracted through a floor duct, being finally ex-
hausted outside the building at low level. This method has the ad-
vantage that the pressure inside the cubicle is below atmospheric
pressure, so that any inward leakage tends to assist cooling, whereas in
(c) the pressure is above atmospheric pressure, and outward leakage
tends to degrade the cooling efficiency and overheat the room. In
practice, the overhead duct may be a vertical shaft terminated by a
cowled roof intake or a louvred cupola.

Air Ducts

Galvanized sheet steel air ducts are often installed where noise is not
important. Straight lengths of circular or rectangular cross-section
with the necessary bends and transformation sections are fabricated to
suit the particular requirements of the installation. Circular ducting
of a given gauge will withstand a greater collapsing stress than
rectangular ducts of equivalent cross-section. Rectangular ducts, on
the other hand. are better adapted for connection to cubicles and in-
stalling in confined spaces. Ducts constructed of plywood, masonry
or reinforced building board are better noise attenuators than metal
ducts.

Head losses in ducts are produced by air friction with the surfaces,
eddying at bends and at sudden changes of cross-section. Fig. 21 shows
graphically the head loss in straight, smooth galvanized steel ducts of
circular cross-section against volume of flow. The head loss in ducts of
rectangular section can be estimated by considering the duct to have an
equivalent diameter. For ducts of the sizo used with transmitters the
equivalent diameter is approximately equal to the smaller side multiplied
by a factor determined by the ratio of the sides, and given in Table 6.

TABLE 6,—EQUIVALENT DIAMETER OF DUcCTsS OF RECTANGULAR

SEcCTION
Ratio of sides . .| 1/1 | 131 [ 2/1 ‘ 31 | 41
Diametrical factor . | 1-1 | 1:33 l 1-52 | 183 | 20

Bends are treated as cquivalent lengths of straight duct. TFig. 22
shows the equivalent length in terms of the ratio of inner radius of
bend to diameter of duct. To reduce turbulence, the inside radius
shonld be at least equal to the diameter of the duct.
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Noise in Air-cooling Systems

The problem of noise abatement has a special interest for radio
installations, where the noise level must be of a very low order. A rough
criterion for a transmitting installation is that noise generated by an
air-cooling system should not exceed the average level of background
noise in the transmitting room, but in some cases monitoring facilities
may nhecessitate an even lower level.

Noise in an air-cooling system originates in several ways. The chief
components of system noise are mechanical and air noise produced in
the fan and motor, noise inherent to the movement and pulsations of the
air stream, vibration and drumming of ductwork caused by the presence
of sharp obstructions, resonances, eddies and vibration transmitted
from the fan or its mounting.

Low-speed fans are less noisy than high-speed fans, but for the same
duty the fan and motor are larger and more costly. To install a low-
speed fan is, however, not necessarily the best way of coping with the
problem. High-speed fans produce most of their noise at high fre-
quencies, and it 1s well known that absorbent treatments are more
efficient in attenuating noise of high frequency. Small fans are often
built into the transmitter framework, but large fans are invariably
installed in an adjoining room. Transmission of noise via the fan casing
and foundation is eliminated by fitting a flexible joint between the dis-
charge opening and the delivery duct, and mounting the fan and motor
on rubber feet or a rvesilient pad.  *

Silent-running fans of similar construction to those designed for
organ blowing are eminently suitable for mounting in transmitter
cubicles. The casings of these fans are lined with sound-absorbent
material, and special attention is given to the balance of the motors
and impellers and the design of the bearings to ensure smooth torque
and freedom from vibration.

Much improvement can be made by fabricating ducts of rigid sound
absorbent material, such as Celotex, wood or hardboards sandwiched
with slag wool, or by lining metal ducts with thin rubber sheet or other
damping material. It is important that the inside surfaces should be
smooth, since rough surfaces increase the pressure drop.
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XNoise attenuation varies directly as

the length of duct and as the ratio of

T\‘ perimeter to cross-sectional area. A
a
v

useful device for increasing the ratio
without reducing the cross-sectional
area is to sectionalize the duct by in-
serting thin partitions or * splitters,”
as shown in Fig. 23. The attenuation

A in decibels achieved in this way can be
expressed by
- | N
|3 — Ilp!
N\\ ' a l\lp /:].
g T where £ is a constant depending on the

F16. 23.—METHOD OF REDUCING a?fﬁrp%im; ?9eﬁfieint g}fl t?ﬁ rr;a,text'i};al
o SCs =2 - of the duct, I is the length of duct, e
SO 25 IDBICTIRY G & 75 D6, length of the perimeterg and A the c’;'oss-

sectional area. For example, a square
duct of sides e will lilave a perimeter/area ratio of 4a/4. The intro-
duetion of two splitters extending the length of the duct will increase
the ratio to 8a/4 and double the attenuation.

Water-cooling Systems

The basic elements of a valve water-cooling system are a motor-driven
centrifugal pump, an air blast or exchange water cooler, valve jackets
with helical or spiral water-insulating columns to insulate the anode
from earth, and electrical cut-outs, either thermally or flow operated, to
safeguard the valves against failure of the circulation. A typical
cooling system is shown in Fig. 24.

The pump draws cold water from a closed storage tank through a
foot valve and strainer, and distributes it through a pipe system and
the inlet insulating columns to the valve jackets. Tangential entries in
the jackets give the water a swirling motion round the anodes. After
traversing the jackets, the heated water is discharged tangentially
through the outlet insulating columns. It is then cooled by passage
through the cooler and returned to the tank, in readiness for
recirculation. .

In some systems the cooler is inserted in the circuit on the delivery
side of the pump. The pressure drop round the circuit is analogous to
the voltage drop in an electric circuit. Pressure is highest at the pump
delivery, and falls progressively round the circuit, being finally reduced
to zero as the water is returned to the tank. This system therefore
relieves the pressure on the valve jackets, gaskets and insulating
columns, but it suffers from the disadvantage that the storage tank and
the pump run hot.

The capacity of the tank should be sufficient for at least 10 minutes
circulation at the normal rate of low, with reserve capacity for draining
the system. It isadvantageous to place the tank at a low level to permit
the system to be completely drained into it, and the pump at the same
level to avoid the necessity of priming.

Valve-cooling water must be free from solids in solution or suspension.
Mains water and water that has been softened precipitate hard lime and
other deposits on the hot anodes, which is difficult to remove. These
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WATER COOLED MODULATED
TEST LOAD AMPLIFIER
o 7"'_'\‘ l—_—'_'—'_\

S
M \
‘l:_!// !

AIR BLAST DRAIN ‘
COOLER _/

60 KW.
DISSIPATION

® REGULATING VALVE Cx DIAL THERMOMETER WITH CONTACTS
® STOP VALVE & FLOW INDICATOR WITH CONTACTS
© PLUG - COCK | STRAIGHT STEM THERMOMETER
@ NON-RETURN VALVE < STRAINER

V FLOW METER
F16. 24.—SCHEMATIC ARRANGEMENT OF VALVE WATER-COOLING SYSTEM.

deposits have low thermal conductivity, which causes the anodes to
overheat and favours the formation of local hot spots. An overheated
anode expels occluded gas and impairs the vacuum of the valve. For
these reasons distilled water or filtered rain-water are used.

If a large surface area of water is exposed to the atmosphere or
excessive turbulence or spraying is allowed to occur, air is dissolved.
When the water is heated in a cooling system, air in solution is liberated
and exerts a corrosive action on ferrous components, causing the red
and black oxides of iron to be deposited on the anodes and connecting
pipes. Metallic oxides in suspension increase the leakage current, and
the black oxide is particularly difficult to remove. To prevent aeration,
a closed circulating system is used, and the water, after circulating, is
returned to the storage tank with a minimum of turbulence.

Electrolytic action with water which is usually slightly acid is another
trouble to be avoided. The presence of zine, zinc alloys or galvanized
parts in contact with the water in the system cause insoluble zinc to be
electrolytically deposited on the anodes. Pumps are fitted with gun-
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metal impellers, and only the outside surfaces of tanks are galvanized.
Pipes are usually of copper and pipe fittings of brass.

The rate of flow of water is proportional to the total power dissipated
in the valve. If P is the total dissipation of kW and 7' the permissible
temperature rise in °C., the rate of flow in gal./min. is given by

Q = 32P|T

The tempoerature of the water in the jacket must not approach boiling
point, as the formation of steam bubbles causes unequal heating of the
anodes. Normally the temperature of the outlet water is not allowed
to exceed 65° C., with a maximum temperature rise across the jackets
of 15° C. Heat is transferred more efficiently if the velocity is not too
low, and in practice the mean velocity is never less than 2 ft./sec.

The pressure or equivalent head in feet to be provided by the pump
is the sum of the velocity head and the static head. Velocity head is
tho dynamic head due to movement of the water column, which is
absorbed in overcoming frictional losses and eddies in the pipes, bends,
valves, strainers and sudden enlargements and contractions in the
- system. Static head is the lift above some datum level, for example the
pump level, and includes the suction lift.

Frictional-head losses vary directly as the length of pipe and as the
(volume of flow)?. Fig. 25 shows the head loss in feet in circular smooth
metal pipes when run full bore. It should be noted that in course of
time the bore becomes encrusted with deposits which increase the head
lossos. To allow for this a suitable percentage should be added to the
figures obtained from the graphs. Pipe fittings are considered as
equivalent straight lengths of pipe, which are obtained by multiplying
the head loss per foot run for straight pipes by the factors given in
Table 7. Head losses in tho cooler and valve jackets are usually
specified by the maker.

TaBLE 7.—FrictioNaL HEAD Lossks 1IN COPPER WATER-PIPE

FrrriNes
Radiused bend o . . 10
Right angle elbow . : : 30
Gate valve, full open o . 15 Head loss per foot
Non-return valve . . . 25 of straight pipes
Suction entry o 5 5 30
Strainer. 5 l 35

For a given flow, the diameters of pipes must be sufficient to ensure
that the head losses in pipes and fittings do not exceed, say, 10 per cent
of the total system losses. Excessive head losses entail the provision
of pumps of increased delivery head and horse-power.

ANODE POWER SUPPLY

Anode Power Conversion

The chief means of converting low-voltage A.C. to high-voltage
D.C. for the supply of anode power are the high-voltage rectifier and
the motor-generator. The development of high-voltage hot-cathode
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and cold-cathode mercury-arc bulbs has led to a general preference for
static rectifiers. They are silent in operation, highly efficient, low in
cost compared with rotary machines and the absence of moving parts
simplifies maintenance.

Anode power demands vary from less than 1 ampere at a few hundred
volts for low-power transmitters to as much as 20 amperes at 15 kV for
high-power work. These diverse requirements are met by the use of
three main types of rectifier :

(1) Metal rectifiers for low-power transmitters.

(2) Hot-cathode mercury-vapour rectifiers for low and medium
power.

(3) Cold-cathode mercury-arc rectifiers for high power.

A detailed treatment of the principles and circuits of rectifiers may be
found in Section 25.

In radio technique the ripple voltage present in the rectified output
must be reduced to a negligibly low value by the addition of smoothing
filters, in order to prevent modulation of signals. Polyphase ractifica-
tion greatly reduces the residual ripple voltage and makes it possible to
economize, in filter components. In practice three-phase, full-wave
rectifiers are employed as far as possible. The degree of ripple voltage
permissible in the D.C. output from & filter depends on the class of
transmission. Maximum peak values of ripple voltage, expressed as a
percentage of the D.C. voltage, which are commonly used as & basis of
design are :

Telegraphy . . . . 0-5 percent
Commercial telephon . . 0-1 per cent
Broadcasting and television . 0:05 per cent

It is usual with low- and medium-power transmitters for all the R.F.
and A.F. amplifier stages to be fed from a common rectifier. The full
voltage is applied to the final stage, and voltage-reducing resistances,
incorporated in the transmitter, are connected in series with the in-
dividual anode supply leads to drop the voltage to the working values.

There are, however, certain

+10kV limitations to the use of series

I 12.54 resistance. Unless the current

taken by the earlier stages is

small compared with the total

current, the power loss and

heat dissipated in the resist-
ance may be excessive.

Consider, for example, a
final amplifier taking 2
amperes at 10 kV and a pen-
ultimate stage taking 0-5
ampere at 5 kV, as shown in
Fig. 26. The loss in a series
BT e —— resistance in the penultimate

stage willbe 5 X 0-5 = 2-5 kW

CIREIAEE CRARIPIAR or 10 p=r cent of the total D.C.
Fic. 26.—PowER AMPLIFIERS FED BY 4 power. If this stage operates
. CoMMON RECTIFIER. agaClass Cor Class B amplifier,
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Fi16. 27.—HicH-rowER BROADCAST TRANSMITTER FED BY SEPARATE
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the anode voltage regulation may be seriously degraded. Assuming
the current to vary from 0-5 ampere to zero, the anode voltage will
swing from 5 to 10’ kV. In telegraph transmitters keyed by the on/off
method, this usually has no objectionable effects, but in low-level
modulated transmitters it will produce amplitude distortion. The
remedy in such cases is to feed the modulated amplifiers from a
separate rectifier. In many high-power transmitters the main rectifier
serves only the final power amplifier and the low-power stages are fed
by one or more auxiliary rectifiers, as in Fig. 27.

Regulation of Anode Power

The facility of being able to regulate the anode voltage is useful for
testing at low voltage, making initial adjustments and reducing the
R.F. output of a transmitter. Induction regulators and moving-coil
regulators provide the smoothest method of regulating the primary
voltage. These appliances may be either hand-opcrated or motor-
operated by push buttons from a control desk.

The principle of operation of these regulators is the same as for
voltage regulators, but the range of control and the internal kVA is
greater. Voltage regulators usually have a range of +-10 per cent.
A power regulator capable of controlling from full to quarter power
would have a range of full to half voltage or 50 per cent. Induction and
moving-coil regulators are rated by their internal kVA, which -is
calculated as follows :

Single-phase regulators (secondary current » max. boost
voltage)/1,000.

Three-phase regulators 3(secondary current > max. boost
voltage) /1,000.

M
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A regulator designed to buck and boost about the mean voltage is
rated for only half the internal kVA of one that bucks over the whole
range. A fixed ratio auto-transformer preceding or combined with the
regulator can be employed to step down the supply voltage by half the
overall voltage range to reduce the size of the regulator. Alternatively,
the regulator may be designed to buck and boost equally about the
input voltage. This method eliminates the auto-transformer, but
requires that the primary winding of the rectifier transformer must be
wound or tapped for the maximum boost voltage.

Step-by-step methods of control include auto-transformers with
tapping switches and tapping switches on the primary winding of the
rectifier transformer. Either off-load or on-load selection may be used,
but for testing and occasional reduction of power, on-load adjustments
are unnecessary.

GRID-BIAS SUPPLIES
Methods of Biasing

There are three possible ways of providing biasing voltages for the
control grids :

(a) Cumulative grid biasing.
(b) Self-biasing.
(c) Bias rectifier.

The cumulative grid method of biasing (Fig. 28) is confined to un-
modulated amplifiers, as it introduces distortion. Its action is too
- complex to admit of mathematical treatment here. In simple terms,
if the charging and discharging effect of the capacitor C and the inter-
action of the anode circuit is neglected, the grid-cathode circuit behaves
as a diode in the absence of & fixed biasing voltage. The D.C. com-
ponent of grid current is confined by the capacitor C to the path
through the leak resistance R, and produces a voltage drop across it.
Adopting the electronic convention that current flows from negative to
positive. the direction of flow is such as to bias the grid negatively with
respect to the cathode, by an amount determined by the product of
current and resistance at any instant.

The self-biasing method (Fig. 29) is restricted to very low-power
transmitters. This method makes use of the well-known principle

n
AAAAAAAA

I

Fi16. 28.—Leaky GRID METHOD F16. 29.—CATHODE RESISTANCE
oF Biasing. Biasixg,
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RECTIFIER

(a) GRID NEGATIVE BIAS (b) GRID POSITIVE BIAS

Fi16. 30.—GRID-B1AS RECTIFIER WITH VOLTAGE DIVIDER.

adopted in receiver design, in which the biasing potential is obtained
from the voltage drop produced by the D.C. component of anode current
in a resistance connected in series with the cathode lead.

Voltage Dividers

The objection to applying the self-biasing principle to medium- and
high-power transmitters is the power loss and heat generated by the
use of resistors. It is more usual to bias the power-amplifier stages by
means of a common rectifier and tap the required voltages from a
voltage divider. ‘This method is satisfactory provided the grid current
in the final stage does not fluctuate excessively, as for example in Class C
amplifiers. Heavy fluctuations in current drawn from one tapping
can be a source of interstage coupling, and in such cases it is sometimes
necessary to obtain the bias voltage for the final stage from a separate
rectifier.

A voltage divider serves the dual purpose of a distributor and, to a
limited extent, of a voltage regulator. The greater the ratio of the
bleeder current in the divider to the total current tapped, the better is
the regulation. Fig. 30 («) and (b) show the directions of current flow
for grid negative bias and grid positive bias respectively. It should be
noted, however, that in Class A amplifiers the grid is never driven
positive, and consequently no grid current flows. The resistance of
each section is determined from the sectional voltage drops as follows :

Let E, = full-load output voltage from rectifier;
I, = full-load output current from rectifier;
I, T, I, = indicated grid currents tapped from divider;
E, E, E; — tapped voltages on load ;
R; R, R; = sectional resistances.

Then
Resistor For Negative Bias For ; %ftg:pg;;s or
R, = E,/I, = E, /I,
R, = (B, — E,\)/(Iy, — 1)) (1'22—1’21){(Io+11)
Rz (Ez - Ez)v’(Io—Ix —12) (l"a"bz) (Io "11‘*‘12)
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Glow-gap Dividers

When voltage stability of an exceptionally high order is necessary,
wire-wound voltage dividers are replaced by special gas discharge tubes
or glow-gap dividers, as shown in Fig. 31. These tubes have the
additional merit that they compensate for both variations of load
current and mains supply voltage, and remove to a great extent any
residual ripple voltage. A constancy closer than 0-1 per cent is readily
obtainable with variations of supply voltage up to 10 per cent.

The tubes are filled with a mixture of neon and other gases at low
pressure and contain a number of cup-shaped electrodes. When a
voltage exceeding a certain critical value is applied, a discharge takes
place. A gaseous discharge, unlike a metallic conductor, does not
obey Ohm’s law. The voltage drop across the discharge varies im.
perceptibly with change of current. Thus, a substantially constant
voltage is maintained at the electrodes, regardless of the current tapped
off. A resistance Rs is connected in series with one supply lead to
limit the current and reduce the tube voltage when the tube strikes, to a
value just sufficient to maintain the discharge and absorb the voltage

variations. The total resist-
+ Ry Rz Rjy ance in series, including the

—— Rs
VY ' BE; T internal resistance of the rec-
RECTIFIER -1 tifier and the resistance of
.y o-~2 the smoothing choke, must
o3 be such that the series volt-
age drop at the working cur-
- < ©=4 rent is at least half the tube
F16. 31.—GRID-B1AS RECTIFIER WITH drop. To maintain the igni-
GLOW-GAP DIVIDER. tion, additional resistances
R;, Ry, R; are joined between
each inner electrode and one of the outer leads to maintain the
ignition.

The overall efficiency of rectifiers fitted with gas discharge dividers is
obviously low, because of the high resistance losses, but this is usually
unimportant, since the losses are small compared with other transmitter
losses.

FILAMENT HEATING
Filament Heating Requirements

Large transmitter valves have thick tungsten filaments, which are
heated by low-voltage A.C. or D.C. The thickness, which determines
the heating current and voltage, is & compromise between some minimum
value which will give an adequate expectation of life and some
maximum, above which the amount of heating power becomes un-
economical. Current and voltage requirements vary from about
1 ampere at 6 volts for the smallest values to 430 amperes at 35 volts
for the largest water-cooled types.

A.C. heating by means of step-down transformers is more efficient
than D.C.. which involves conversion losses, but it introduces a certain
amount of modulation of the emission current. This is due partly to
deflection of the electron stream by the alternating magnetic field set up
round the filament; partly to thermal variation at twice the A.C.



TRANSMITTER POWER PLANT 5-41

frequency; and partly to voltage variation between grid and filament
and between anode and filament at the A.C. frequency. The last of
these causes is easily eliminated by connecting the earthy end of the
grid and anode circuits to a centre tap on the transformer heater winding
or the centre point of a feed-equalizing resistor, as in Fig. 32. With
indirectly heated valves the connection is made to the cathode, which
has no direct connection with the heater. Modulation of the emission,
in general, can be appreciably reduced by the use of negative feed-bhack
circuits.

The resistance of cold tungsten filaments is about 7 per cent of the
resistance when heated. Consequently, they must be switched on
gradually, in order to limit the heavy initial current and prevent
damage or distortion of the filaments. Usually, the transitory starting
current is not allowed to exceed 1} times the normal heating current.
The time allowed for a filament to reach its full working temperature is
directly proportional to its diameter, and for a filament 1 mm. diameter
is about 30 seconds.

The life expectation of a valve is
adversely affected by excessive filament
voltage, and valve-life guarantees are
given subject to close tolerances of
the voltage. A continuous overvoltage
of 5 per cent may halve the life of a
valve. Transmitters under constant
supervision require close manual ad-
justment and regular attention to
avoid any sustained rise of voltage.
In cases where the supply voltage is
unstable or the transmitter is remotely
controlled, an automatic voltage regu-
lator should be installed to stabilize ¥ig. 32.—CexTRE Tar FEED
the main supply voltage within &1 per  RETURN FOR ELIMINATING GRID-
cent. CATHODE MopULaTION BY A.C.

Filament Switching
The principle methods of switching A.C. heated filaments are :

(a) Stepped or variable resistance in series with the transformer
primary circuit (Fig. 33 (a)).

(b) Star-delta switching (Fig. 33 (b)).

(¢) Tapping switch on the transformer primary winding (Fig.
33 (c)).

(d) Transformer with high leakage reactance.

Resistance in series is switched either manually or automatically by
means of delayed-action contactors. Star-delta switching is a two-step
method confined to three-phase heating or two-phase heating with a
Scott-connected transformer. Step 1 connects the windings in star
formation and reduces the starting voltage to 1/4/3 of the working
value, but this can be further reduced to any desired value by adding
resistance in series with the windings. The transformer tapping switch
is essentially a manual method. On-load switching is quite practicable
if close tappings giving very small voltage increments are used to pre-
vent overheating of the winding while the switch arm bridges the studs.
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High leakage reactance transformers, designed to have poor voltage
regulation, are automatic in action. On first switching on, the heavy
current rush due to the low load resistance of the cold filaments produces
a large voltage drop in the windings and limits the applied voltage to a
safe value. As the filament resistance increases with temperature, the
transformer voltage rises to a steady working value. It is important
to note that if a single transformer were used for two or more valves,
the sudden reduction of the load following the failure of one valve would
cause the filament voltage to rise excessively on the others. For this
reason, a separate transformer is necessary for each valve.

D.C. Filament Heating

D.C. heating insures complete immunity from undesirable modulation
of the emission. Conversion from A.C. to low-voltage D.C. is most
efficiently carried out by means of metal rectifiers with step-down
transformers or with D.C. motor-generators. For heating purposes the
residual ripple after rectification is sufficiently small to make it possible
to dispense with smoothing filters.

Similar starting methods are employed with rectifiers as with A.C.
heating, namely, stepped series resistance in the primary circuit, star-
delta switching of the transformer primary windings or a primary
tapping switch. With motor-generators the voltage is raised slowly by
means of the field regulator of the generator.

The emission from a D.C.-heated filament is greatest at the negative
end. In order to equalize the emission over & period of time and im-
prove the life of the filament, provision is made for reversing the
polarity of the supply at regular intervals. When the filaments are
heated by a rectifier, this is accomplished by fitting a commutating
switch or change-over links in the low-voltage output. When a motor-
generator is employed it is usually more convenient to reverse the field
excitation.
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ROTARY CONVERSION MACHINES

The distinction between rotary transformers, rotary converters and
motor-generators is not always clearly understood. A rotary trans-
former or dynamotor is primarily a machine which changes the voltage
of a D.C. supply, and is most commonly designed to convert a 6- or
12-volt battery supply to H.T. for receivers or low-power transmitters.
It has a single armature, wound with two separate windings, each
connected to a commutator at either end, and excited by a common
field system. Any D.C. ratio can bo obtained with a suitable ratio of
turns in the windings. Machines delivering 50-500 watts have overall
efficiencies ranging from 50 to 60 per ccent.

It is customary to mount the machine together with a ripple filter
and interference suppressors, on a common base. As a safeguard to the
associated radio apparatus, the baso is fitted with anti-vibration pads
and the whole equipment is enclosed in a screening box lined with sound-
absorbent material.

Typical conncetions for a rotary transformer and its auxiliary
equipment are shown in Fig. 34. A starting switch S connects the
battery to the motor armature M and excites the field winding F. A
field rhcostat R regulates the generator voltage. Commutator ripple
voltage in the output is smoothed out by a ripple filter L,C,. Sparking
at the commutators can cause severe interferenee at radio frequencies
unless suitable precautions are taken. R.F. interference is suppressed
by chokes L, in series with the lines and centre tap earthed condensers
C, connected across the input and output terminals of the machine.
As a further protection the frame of the machine and the screening box
are earthed.

A rotary converter converts A.C. to D.C. and vice versa. It has a
single armature winding, from which tappings are connected to slip-
rings at the A.C. end of the machine and to a commutator at the D.C.
end. The A.C./D.C. transformation ratio is fixed by the number of
phases, and is equal to 4/2 for a single-phase machine. For polyphase
machines the ratio is given by

Eae/Edc = {Sin ("/7n)} /'\/2

where m is the number of slip rings.
D.C. voltages differing from the fixed value can be obtained by feeding
the A.C. input through a transformer of appropriate turns ratio, and

+ -

6V
BATTERY

-]

Fi¢. 34.—RoTary TRANSFORMER FOR CONVERTING Low.-vorTaGE D.C.
o Hicu-voLTaGE D.C.
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furnished with tappings if a range of voltage is required. Conversely,
different A.C. voltages are obtainable from a transformer connected to
the A.C. output. Alternative methods of providing a range of voltage
are the use of an A.C. voltage regulator or a variable iron-core choke.
It is also possible to control the voltage to a limited extent by field
regulation with series reactance.

The motor-gencrator is the most versatile of the rotary converting
machines. Consisting, asit does, of a motor driving a separate generator
on a common shaft, it is possible to design machines for any voltage
ratio, to convert D.C. to A.C. or A.C. to D.C., or to transform A.C.
from one frequency and voltage to another. Two generators may also
be flexibly coupled to a single motor on a common shaft to generate two
separate supplies, such as L.T. and H.T. supplies for a small transmitter.
In such combinations ripple filters must be fitted to H.T. and grid-bias
generators, but are not required for an L.T. generator used for filament
heating. In common with all rotary commutating machines installed
adjacent to radio equipment, it is usually necessary to fit interference
suppressors as close as possible to the machine terminals, and in the
%a,se of small machines to enclose all equipment in an earthed screening

0X.

VIBRATOR CONVERTERS

Vibrator converters were developed primarily for the conversion of a
low-voltage supply furnished by a vehicle battery to H.T., D.C. for
mobile radio apparatus. They
are designed to operate from a
6-, 12- or 24-volt battery and
deliver a power output of 30-60
watts. The L.T. requirements
for the radio apparatus are
normally supplied direct by the
battery.

The basis of a vibrator is a
tuned spring steel reed carrying

L1 a pair of contacts, which is
(a) SERIES DRIVE maintained in vibration by an
~YLLY ¢+ electro-magnet energized by

the battery. The reed and
contacts play the part of a
L2, reversing switch, which changes
H
C

c3
" + the polarity of the battery
[ Y (o 1 Voltage at regular intervals—
“ e " usually 100 times a second—

T

27T to produce a rough alternating
t-—] | em.f. This emm.f. is applied
to the primary winding of a
Sl transformer, and induces in
H the secondary winding an
ciH L1 e.m.f., which is then rectified to
(b) SHUNT pRIVE deliver a D.C. output at the

-TLrn Y+ required voltage.
F1¢. 35.—VIBRATOR CONVERTER CIRCUITS There are two fundamental
USING SEPARATE RECTIFIERS. types of circuit: the series

dHH
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driven and the shunt driven,
shown in Fig. 35 (a) and (b) . ’ c3
respectively.g In the first, the ,/ 48 %5 6\ h
driving coil and contacts are { \ c2 c2
connected in series across the !

supply, and are independent 3t7 1

of the commutating l')circuit. \ e 1 T }_ > -
Vibration is maintained by ~

‘“ make-and-break ”’ in the

same way as in a simple electric iele L1
bell. In the second type the i
driving coil is connected in

shunt across one of the com-
mutating contacts and one J
input terminal. Fi16. 36.—CIrcUIT OF SELF-RECTIFYING

Since the waveform of the VIBRATOR.
primary e.m.f. is roughly rect-
angular and no current. flows during the transition periods of make-and-
break, the cross-sectional area of the transformer core is only about
half that required for a pure A.C. supply. Also, because of the lower
R.M.S. value of the current, the area of copper in the windings is only
1/4/2 of that for a normal transformer.

The output from the transformer may be rectified by a valve or metal
rectifier. Alternatively, a self-rectifying or synchronous vibrator can
be employed to eliminate the need for a separate rectifier. In the
synchronous vibrator (Fig. 36) an additional pair of contacts carried on
the reed commutates the output from the secondary winding of the
transformer in synchronism with the primary contacts, to produce a
D.C. output at a voltage determined by the transformation ratio.

The driving coil and reed are fitted to a multi-pin insulating base
and housed in a sealed aluminium can. Complete power units com-
prising the vibrator, a screened transformer and interference sup-
pressors are assembled on a metal chassis fitted with resilient mountings,
to protect the associated radio equipment from electrical interference
and vibration. Protection against R.F. interference is provided by a
chokes L, in the lead between the battery and centre tap of the
transformer and by condensers C,. All the components of the power
pack are completely screened, and earth connections are taken to a
common point on the chassis. As an additional precaution, it is some-
times necessary to screen the battery leads and earth the screening at
some critical point found most effective b} experiment. .

L1

SECONDARY BATTERIES

Uses

The most important application of batteries to transmitting equip-
ment is as a primary source of supply for mobile and portable trans-
mitters. They are also used :

(«) Where a pure D.C. supply immune from the risk of failure
of supply mains is essential. .
(b) For intermittent use where there is no mains supply, and it



5-46 RADIO AND TELEVISION REFERENCE BOOK

would be uneconomical to run a small engine generator for short
periods of time.

(¢} For portable auxiliary equipment, such as field-strength
measuring apparatus.

(d) For starting automatic generating plant.

() For D.C. supply to circuit-breakers with shunt trips.

For use with mobile equipment, blocks of three or six cells in sealed
containers, having capacities up to 200 ampere-hours are commonly
made up in multiples of 6, 12 or 24 volts to drive rotary transformers.
Small Planté-type cells for fixed station work have glass containers and
are installed on single- or double-tiered wood stands, liberally treated
with acid-resisting paint. Cells of more than 300 ampere-hours capacity
are contained in lead-lined wood boxes, erected on low stands for
accessibility.

Nickel-Iron Batteries

These batteries are a suitable alternative to the lead-acid type for
fixed and mobile installations, where they are likely to be subjected to
rough treatment, where accommodation space is limited and the fumes
from a lead-acid battery would harm nearby apparatus, or where they
are required for occasional intermittent working.

They are higher in cost than lead-acid batteries and have a higher
internal resistance and therefore & lower efficiency. The high internal
resistance is, however, often a useful feature in limiting the discharge
current and safeguarding the battery against too heavy a discharge.
Against this, their advantages over lead—acid cells are :

(1) They can be charged and discharged at higher rates.

(2) They remain charged or discharged for indefinite periods
without injury.

(3) Little sediment is formed.

(4) They do not give off corrosive gases.

(5) They are lighter and more robust.

(6) They have a long life.

The ampere-hour capacity is usually specified at the 7-hour charge
rate and the 5-hour discharge rate. Higher charging rates than this
ghould- not be used, otherwise the iron element will be permanently
damaged. The electrolyte must be renewed when the specific gravity
falls below 1-16. The battery must then be discharged completely
and left short-circuited for 2 hours or more, and refilled with fresh
electrolyte. When it is required to take the battery out of service, it
must be completely discharged and stored with its terminals short-
circuited.

Battery Charging and Discharging

The ampere-hour capacity of a battery diminishes as the discharge
current is increased (or the discharge time is reduced), and it is therefore
usually specified at the 10-hour rate of discharge for lead-acid cells.
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If this is taken as 100 per cent, the capacity for higher rates is approxi-
mately as follows :

TaBLE 8.—BaTTERY CaraciTY FOR VARIOUS DisCHARGE RaTES

Duration of dis-
charge (hrs.) . 10/ 9 8 7 6 5 4 3 2 1

Capacity, of 10-hr. .
rate (%) . . 1100/ 98 95 92 88 83 78 72 63, 50

Battery efficiency is defined either on a current or energy basis.

Ah (or current) _ Ah output _ 909, average for lead-acid cells
efficiency Ah input 829, . ,, nickel-iron cells

WH (or energy) __

average discharge volts
efficiency

average charge volts

Ah efficiency x

_ {75 9% average for lead—acid cells
689, ,, ,» hickel-iron cells

Fig. 37 shows the way in which the voltage of lead-acid and nickel-
iron cells rises during charge and falls during discharge. The character-
istics for both types are similar, but the voltage of the nickel-iron cells
is lower than the lead—acid cells. The voltage at any instant is given by

E = E; + IR while charging
E = E; — IR while discharging
where E; = e.m.f. of battery off load ;
I = charging or discharging current;
R = internal resistance of battery (= no. of cells X internal
resistance per cell).
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Thus, if the battery is switched from charge at a given rate to dis-
charge at the same rate, the terminal voltage will fall by an amount
2IR volts.

The normal charge and discharge voltages for lead-acid and nickel-
iron cells, for which charging facilities must be provided, are shown in
Table 9.

TABLE 9.—CHARGE AND DISCHARGE VOLTAGES FOR LEAD-ACID
AND NICKEL-IRON CELLS

Lead-Acid | Nickel-Iron

Cells ‘ Cells
Initial discharge voltage per cell 2-5 1-5
Lowest discharge voltage per cell . 1-8 11
Charging voltage range 5 5 3 2:0-2-75 1-4-1-7

For example, suitable charging data for a lead-acid battery of
55 cells, 120 ampere-hour capacity, at the 10-hour rate would be :

Normal charging current 120/10 = 12A
Minimum charging voltage 55 x 2-0 =110V
Maximum 0 o0 85 x 2-75 =151V

Charging voltage range
Series regulating resistance

110to 151 V.
(Emnx. - Emin.)./I
= (151 — 110)/12 = 342 Q
The rapid fall of voltage towards the end of discharge is a usefal
> indication of the safe limit to

T f which discharging can be car-
ried, but the final criterion
must always be the specific

j gravity of the electrolyte and

10 v E | the voltage of the individual
RECEIVERS o#Z ] 'j‘ q_gk‘;@[ cells while on load. Tt is usual

with a large battery to sup-

FORMER plement the switchboard volt-

= meter by charge and discharge

./I e |o ampere-hour meters, the dis-

s = 7 IZ locHarge  charge meter being adjusted to

r/"l [ 4 f{ read about 10 per cent high to

—a—— compensate for inefficiency of
CHANGEOVER

the battery. By logging read-
RELAY ingsof both meters, it is possible
F1c. 38.—METHOD OF PROVIDING AN EMER- to estimate at any time the
GeENcy A.C. SU]I;I'LY WITH A FroariNe balance of charge remaining.
ATTERY.

Floating Batteries

The floating battery is a convenient way of providing a ripple-free
supply from an A.C. rectifier, which automatically delivers current to
the load if the mains supply should fail. Fig. 38 shows a typical full-
wave rectifier and floating hattery. with facilities for floating, charging
or discharging.

W.E.P.
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6. BROADCASTING TRANSMITTERS

This first section describes the chief features of amplitude-modulated
broadcasting transmitters for the medium-frequency band (300-3,000
ke/s) and the high-frequency band (3-30 Me/s); this account also
applies to transmitters operating in the frequency range 150-300 ke/s.

Information on frequency-modulated broadcasting transmitters for
the very-high-frequency band is given in the second part of this section.

Before discussing the design of the transmitters, we shall briefly review
the principal features of amplitude modulation.

Amplitude Modulation

In thissystem of modulation the amplitude of a radio-frequency carrier
is varied by the modulation signal, and is at all times directly propor-
tional to the instantaneous value of the modulating signal. Thus the
carrier amplitude swings above and below its unmodulated value, as
shown in Fig. 1. In this diagram the amplitude of the unmodulated
carrier is represented by 4 and the peak variation in carrier amplitude
due to modulation by «. The ratio of a/4 is known as the modulation
depth, and it is usually expressed as a percentage. The maximum
value of the modulation depth is 100 per cent, which occurs whena = 4;
in these conditions the carrier amplitude swings between zero and 2.
Any attempt to increase the modulation depth beyond this value results
in distortion of the modulation envelope, the carrier being cut, i.e.,
reduced to zero amplitude for a period coinciding with the negative
half-cycles of the modulating waveform signal.

The expression for an amplitude-modulated wave is :

(1 + K sin pt) sin wt

where w is 2m X carrier frequency, p is 2r x modulating frequency,
and K is the modulation depth.
On expansion this expression gives

sin wt 4+ g [cos (w — p)t — cos (w + p)t]

The first of these terms represents the carrier wave, which is of constant
amplitude even during modulation. The second and third terms repre-
sent signals known respectively as the upper and lower sidebands, and
are present only during modulation. The sideband amplitudes are
equal and directly proportional to K, the modulation depth. These
sidebands are symmetrically disposed in frequency about the carrier
value, and their displacement from it is equal to the modulating fre-
quency. For 100 per cent modulation (K = 1), the amplitude of the
sidebands is equal to one-half that of the carrier. Each sideband thus
has one-quarter the power of the carrier, and both sidebands together
have one-half the power of the carrier. Thus to modulate a carrier
100 per cent with a sinusoidal signal, the power which must be supplied
by the modulating device must equal one-half that of the carrier.

6-2
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TF1G. 1.—A CarriErR WAVE AMPLITUDE-MODULATED BY A
SINUSOIDAL SIGNAL.

Performance of Broadcasting Transmitters

One of the principal requirements of a broadcasting transmitter is that
the modulation waveform should be a faithful copy of the audio-
frequency signal supplied to the transmitter; accordingly, the design
must be such that attenuation and harmonic distortion are kept at a low
level. Efforts are made to keep the frequency response level within
41 db over the modulation frequency range of 50 ¢/s to 10 ke/s and the
total harmonic distortion to below 1 per cent for modulation depths up
to 80 per cent. By careful design it is possible to keep within these
tolerances even for a transmitter radiating 100 kW. It is very difficult,
however, to keep harmonic distortion low for modulation depths ex-
ceeding approximately 80 per cent, and the harmonic content generally
increases sharply as the modulation depth approaches 100 per cent.

The attainment of such a performance is made considerably more
difficult by the necessity for high efficiency. Modern transmitters
radiate such large powers and operate for such a large proportion of each
day that the utmost economy in operation is essential. The overall
efficiencies obtained are surprisingly high, being of the order of 35 per
cent; this should be compared with the efficiency of a receiver which
rarely exceeds 10 per cent.

Very great carrier-frequency stability is also required ; transmitters
are allocated a particular frequency (known as a channel) in the wave-
band on which they operate, and deviations from this frequency must
not exceed certain values. For medium-frequency transmitters, the
deviations must not exceed 20 c¢/s, and for high-frequency transmitters
must not exceed 0-003 per cent of the carrier frequency.

These are possibly the most noteworthy features of modern amplitude-
modulated transmitters, and the next few pages show how such a per-
formance is obtained.

CLASSIFICATION OF AMPLIFIER TYPES

The economy so essential in high-power transmitters is largely
obtained by very careful choice of operating conditions for the high-power
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stages. Thus, wherever possible, radio-frequency stages are operated
in Class C, giving up to 80 per cent efficiency, and high-power audio-
frequency amplifiers and modulated radio-frequency amplifiers are
operated in Class B, giving an average efficiency of approximately
35 per cent. Class A operation is not used to any great extent because
of its very low efficiency, although in some circuits such as series
modulation it is essential. Before the transmitter circuits are con-
sidered in detail the chief properties of these three classes of valve
operation will be briefly summarized.

Class A Operation

This is the type of amplification employed in most stages of audio-
frequency amplifiers, and it is also used in'some stages of transmitters.
The valve is biased to near the mid-point of the linear portion of the

QUTPUT
CURRENT

Is WAVEFORM

OYNAMIZ Ja~lY
CHARACTERISTIC

-rr TIME — F16. 2.—ILLUSTRATING CLASs A
OPERATION.

__INPUT  VvOLTAGE
WAVEFORM

I1,-V, characteristic as shown in Fig. 2. Such amplifiérs are used in
transmitter circuits for two reasons :

(1), They introduce less distortion than Class B and Class C
amplifiers, and are used in early radio-frequency and audio-fre-
quency stages where harmonic distortion must be kept low, and
where efficiency is of no great importance.

(2) The mean anode current of a Class A amplifier does not vary
with amplitude variations of the input signal. There are certain
stages of a transmitter, such as the modulator of a series-modulation
circuit, where constant-current operation is essential and Class A
amplifiers are used.

The objection to the use of Class A amplifiers elsewhere in trans-
mitters lies in their poor efficiency, which seldom exceeds 25 per cent
for a single valve. This means that the power delivered to the external
load is only 25 per cent of that drawn from the H.T. source, the remain-
ing 75 per cent being dissipated as heat in the valve. The power wasted
as heat is thus three times that delivered to the load. Such an in-
efficient form of amplification would be very uneconomic and very in-
convenient to use in high-power stages, uneconomic because the H.T.
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source must supply four times the power required in the output load,
and inconvenient because of the large physical size the valve must have
to dissipate safely the power generated inside it. Artificial cooling is
essential for high-power valves, and some of the methods adopted are
described later. The more efficient an amplifier is made, the less is the
power wasted as heat, and the smaller the valve can be. It is an
Interesting point that the power taken from the H.T. source does not
change when the input signal is applied to a Class A stage, but the power
lost as heat in the valve decreases by the amount supplied to the external
load. In brief, the valve runs cooler when it is supplying a load; a
(Class B stage, on the other hand, runs hotter when it is working.

The theorctical effieienicy of a perfect valve as a Class A amplifier
can be calculated in the following way. If the H.T. supply is V" volts
and the anode current I amperes, the power taken from the H.T.
source is '] watts. If the valve is perfect, the anode current can be

ANODE — CURRENT
WavE FORM

I

—
EXTENT OF ANODE/ HT. VOLTAGE
— POTENTIAL SWING

Vo —>
F16. 3.—LIMITATION OF ANODE-POTENTIAL SWING BY GRID-
CURRENT FLow IN A ('LAss A AMPLIFIER,

swung, without causing distortion, between 0 and 2 X I amperes, and
if the load value is correctly chosen the anode potential will swing at the
same time from 2 X ¥ to 0 volts. Thus the peak value of the output
current is I amperes. and that of the output voltage is ¥ volts, giving
the output power as 3 X IV watts, 30 per cent of the power taken from
the H.T. supply.

In practice, such high values of efficiency are never attained and, as
suggested above, 25 per cent is a good efficiency for a single Class A
amplifier; it is, however, possible to obtain higher efficiencies from
push—pull Class A stages.

The reason for the great disagreement between practical and
theoretical efficiencies can be seen from Fig. 3. which shows a set of
1,-V, characteristics for a triode and a load line 4-B for a trans-
former-coupled load. The quiescent point is at O, the ordinate through
which intersects the 17, axis at C. corresponding to the H.T. voltage.
As shown, there is no very great difficulty in swinging the anode current
between zero and twice the quiescent value K, but the lowest instan-
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taneous anode potential reached is D, which represents an appreciable
positive value. The anode potential cannot be swung to zero without
making the grid appreciably positive with respect to the filament, and
such operation introduces considerable distortion. If the grid is kept
negative with respect to the filament throughout the cycle of the input
signal, the peak value of the anode-potential swing is limited to approxi-
mately one-half of the H.T. supply, and the efficiency is only one-half
of the theoretical maximum.

Class B Operation

The grid bias in a Class B amplifier is approximately equal to the
cut-off bias (Fig. 4), and the input signal is great enough to cause con-
siderable grid current. Thus the valve takes zero or very little anode
current in the absence of an input signal, and the mean current rises
when the signal is applied. The power taken from the H.T. supply—
and the power dissipated as heat in the valve—both increase when the
input signal is applied, this behaviour contrasting with that of a Class A
amplifier.

The dynamic I,~V, characteristic of a single valve has, however, two
regions of curvature which in practice cause distortion. The ** bottom
bend *’ near the point of anode-current cut-off is one such region, and
the distortion caused by it is so serious that Class B amplifiers seldom, if
ever, use a single valve. The effects of this curvature are to a large
extent eliminated by using two valves in push-pull. The push-pull
connection cancels even harmonics and results in a less-distorted out-
put waveform. This is illustrated in Fig. 5, which shows two IV,
curves for the individual valves of a push-pull pair. The effective
characteristic for the stage can be obtained by adding the ordinates of
the two curves, and isillustrated by the dotted line. This ** composite
characteristic " is clearly a better approximation to the ideal than either
of the individual curves.

The second region of characteristic curvature, the top bend ",
occurs for positive grid voltages and is caused by grid current. This,
in flowing through the resistance of the input-signal source, generates a
voltage which opposes the input signal in polarity and reduces the
effective input to the valve. Thus, as the grid is driven increasingly
positive, the anode current falls more and more short of the expected
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value and the non-linearity becomes more acute. In order to obtain
high efficiency the anode potential must fall instantaneously almost to
zero on positive peaks of the input signal. As shown in Fig. 3, this can
only be achieved by driving the grid considerably positive with respect
to the filament. Thus considerable grid current and the consequent
“top bend ' characteristic curvature are inevitable. This source of
distortion is minimized in practice by arranging for the grid-signal
source to be of low resistance so that the potential difference developed
by grid current, in flowing through the source, is small compared with
the signal amplitude. In general, the signal source resistance is made
approximately } the instantaneous input resistance of the Class B
amplifier for a peak-amplitude input signal.

The fact that a Class B amplifier takes grid current implies, of cour=e,
that the previous amplifying stage, usually known as a driver stage, must
supply appreciable power.

Push-pull Class B stages of this type with low external grid-circuit
resistance can be used successfully for amplification of audio-frequency
or modulated radio-frequency signals. When used as a modulator stage
in a high-power transmitter the small harmonic distortion introduced is
further reduced by negative feedback.

The theoretical maximum efficiency of a Class B amplifier can be
calculated in the following way. Suppose the two push-—pull valves
have linear I,~V, characteristics and are biased precisely to cut-off,
the H.T. supply being V volts. If the anode currents swing from zero to
a peak value of I amperes and the anode potentials swing from V volts
to zero, the output power is 3 X IV watts. This is the total power
obtained from the two valves, each valve contributing one-half of each
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output sine wave. The mean anode current of each valve is Ijr
amperes, for the whole stage is 2 x I/m amperes, and the power delivered
by the H.T. supply is 2 X IV /= watts. Thus the efficiency is given by
I‘—,V X 2><7T_IV = m[4or78-54per cent. Inderiving thisfigure it is assumed
that the anode potential of each valve swings to zero volts. If this
occurred in practice, the anode potential would momentarily be less
than the grid potential, which is at its positive peak when the anode
potential is at its negative peak. The input voltage is generally
adjusted to give an anode potential swing equal to, say, 80 per cent of
the H.T. voltage, this percentage being known as the © voltage utiliza-
tion factor ”’. This reduction in anode swing causes an equal reduction
in efficiency, which, for a ¢ voltage utilization factor ” of 80 per cent is
thus 0:8 X 78:54 = 63 per cent. This is the efficiency for sinusoidal
input signals of constant amplitude. For such signals, however, Class C
amplification can be used to give higher efficiencies, and Class B opera-
tion is generally used for audio-frequency and modulated radio-fre-
quency signals for which the amplitude is constantly varying, depending
on the nature of the programme.

If the valve characteristics were straight, the efficiency would be
independent of the input signal, the mean anode current being always a
constant fraction of the peak value. Because of the “bottom bend”’,
however. it is difficult to assess the precise value of grid potential at
which the anode current is zero, and it is usual to operate the valves
with a small standing anode current. For small inputs, therefore, the
operating conditions approximate to those of a Class A amplifier and the
efficiency is low. For larger inputs, the efficiency rises to a maximum
of, say, 63 per cent as calculated above. In practice, the signal ampli-
tude varies, and the efficiency varies with it. The average efficiency
achieved over any %iven period depends on the fraction of the period
which-is occupied by large amplitude signals, and is thus again de-
pendent on the nature of the programme. A typical value for the
average efficiency of a Class B amplifier is 35 per cent.

The mean anode current varies with the magnitude of the input signal,
but if the mean snode voltage falls appreciably as the anode current
riges distortion will result. To keep the H.T. voltage constant, in spite
of variations in anode current, the internal impedance of the H.T.
source must be very low. One way of achieving this is by use of a
mercury-arc rectifier with smoothing chokes and H.T. transformer
secondaries of low resistance.

\

Class C Operation

The grid bias in a Class C stage is two or three times the cut-off bias
(Fig. 6), and the input signal is large enough to give considerable grid
current. The anode voltage utilization factor is approximately 80
per cent. Anode current flows only during a fraction of each cycle
of radio-frequency input, and the anode current waveform is not
similar to that of the input signal, but consists of a series of pulses
occurring at the rate of one per cycle of input signal. The anode load
consists of a parallel L-C circuit resonant at the frequency of the input
signal. The impedance of such an anode load is high at the resonance
frequency but low at other frequencies. Thus the valve gives good
amplification at the frequency of the input signal but little amplifica-
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tion at harmonic frequencies. and the waveform gencrated across the
L-C circuit is a good approximation to a sine wave, in spite of the
pulsating form of the anode current. An amplifier of this type can have
a very high efficiency, approaching 85 per cent for a constant-amplitude,
sinusoidal input signal, and such amplifiers are used in all high-power
stages of a transmitter, such as modulated amplifiers and previous
amplifiers, where the input is of constant amplitude. Class C stages
may be single-sided or push—pull. but high-power modulatéd amplifiers
are usually push—-pull. The use of push—pull increases efficiency slightly,,
and has the useful property of giving very little output at even har-
monics of the carrier frequency. DMoreover, it is easier to cool two
mediume-sized valves than one large one.

Class C amplifiers cannot be used for amplification of modulated
radio-frequency signals. If such signals are applied to such a stage, the
modulation envelope of the radio-frequency output generated across the
anode L-C circuit is distorted; in fact, there are gaps in the output
(i.e., periods of zero signal) corresponding to periods of deep modulation
of the input signal. The reason is that a Class C stage cannot respond
to signals whose amplitude is insufficient to overcome the static bias and,
when the input amplitude falls instantaneously to below this value (as
it does during deep modulation) the valve momentarily loses its input.

We shall now consider the applications of these types of amplifier in
the various stages of broadcasting transmitters, beginning with the
generation of the carrier.

CARRIER SOURCES

Medium-frequency transmitters are generally used to radiate pro-
grammes within an area immediately surrounding the transmitter, and
are usually required to operate on a particular carrier frequency for
very long periods, possibly of several years. High-frequency trans-
mitters, on the other hand. are usually employed to radiate programmes
to distant areas, possibly on the opposite side of the earth, and, in order
to give reliable reception throughout a period of many hours, it is
necessary to make changes in carrier frequency possibly as frequently
as several time per day. To meet these different requirements, two
types of carrier source are required. One type, used with medium-
frequency transmitters, gives exceedingly high stability but is not
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specifically designed to facilitate rapid changes in frequency. The
other type is designed for use with high-frequency transmitters, and
can quickly be reset to any frequency required; the frequency stability,
though high, need not be of the exactly standard necessary in medium-
frequency transmitters.

1. Carrier Sources for Medium-frequency Transmitters

Medium-frequency carrier sources contain a master oscillator, the
frequency of which is controlled by a crystal. Certain crystals, notably
those of quartz, tourmaline and Rochelle salt, exhibit piezo-electric
properties; this is to say they undergo mechanical deformation if an
electric potential is applied between opposite faces of a thin slab of
the material. Conversely, they develop e.m.f.s when mechanically
deformed, and, at the frequency of mechanical resonance, the electrical
impedance measured between electrodes in contact with opposite faces,
is similar to that of an L-C circuit with a @-value which may be 100
times that obtainable from conventional inductors and capacitors. A
high @-value is an essential requirement in the frequency-determining
element of an oscillator of high stability, and such crystals arve clearly
well suited to the needs of master oscillators.

The natural resonance of a crystal is inversely proportional to its
thickness, and thus crystals can be ground to give resonance at any
desired frequency within a certain range. The thickness of a crystal
varies in general with its temperature, and the resonance frequency is
thus frequency-dependent. To achieve the highest stability the crystal
is usually mounted within a thermostatically controlled oven. The
temperature of the oven is controlled within a narrow range, and the
oven is usually fitted with an alarm device giving audible or visible
indication if the temperature deviates by more than a predetermined
amount from the normal value.

A simplified schematie diagram of a carrier source is given in Fig. 7.
The master oscillator, which may contain more than one valve, is
followed by a buffer stage which is included to isolate the oscillator from
the following equipment to make the oscillator frequency independent of
any variations in the value of the load connected to the carrier source.
The carrier souree also includes an A.G.C. system which is included for a
number of reasons. In addition to stabilizing the output level of the
carrier source, it keeps the oscillation amplitude at a value low enough
to compel the oscillator valve(s) to operate in Class A conditions.
This gives better frequency stability than if the valve is allowed to
develop a large amplitude which would necessitate grid-current flow.
It also ensures that the waveform generated has a very small harmonic
content and is a good approximation to a sine wave.

Crystals can be ground to give resonance at any frequency in the
medium-frequency range, and in most medium-frequency transmitters

CRYSTAL — CONTROLLED

BUFFER R.F.
MASTER | ] l—> TRANSMITTER
OSCILLATOR AMPLIFIER AMPLIFIER RF. CIRCUITS

AG.C. VOLTAGE

F16. 7.—BLock ScHEMATIC DIAGRAM OF A TyricAL CARRIER
SOURCE FOR A MEDIUM-FREQUENCY TRANSMITTER.
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the master oscillator can be connected directly to the radio-frequency
circuits of the transmitter. There is no need, and indeed it would be
practically impossible, to grind crystals to resonate precisely at a desired
frequency. The frequency of the ecrystal-controlled oscillator can be
adjusted within a very small range about the resonance value of the
crystal by ineans of a small variable capacitor connected in series with
the crystal in the master-oscillator circuit.

More detailed information on quartz oscillators will be found in
Section 44.

Although transmitters operating at frequencies within the range
150-300 ke/s could also be controlled by a erystal-controlled master
oscillator operating at cairier frequency. it is sometimes preferred to use
a master oscillator at a higher frequenecy, in the region of 1 Mec/s, the
carrier frequency being derived from this by means of a frequency
divider.

Frequency Dividers

There are many types of frequency divider, and the block schematic
diagram of one type of frequency divider used in transmitter equipment
ig shown in Fig. 8. The input to this divider is obtained from a master
oscillator and has a frequency of nf, the divider output, which is used
to feed the transmitter radio-frequency circuits, having a frequency of f.
The factor by which the frequency is divided is thus n. The divider
includes a modulator, one input to which is the frequency nf. The
second input has a frequency of (n — 1)f and is obtained from a fre-
quency multiplier (giving a multiplication factor of » — 1), which is
fed from the divider output. (Details of frequency multipliers are given
later.) The modulator produces two outputs; one at a frequency equal
to the difference between the frequencies of the two inputs. The other
has a frequency equal to the sum of those of the two inputs. The
difference frequency is given by nf — (n — 1)f = f. The sum fre-
quency is given by (n — 1)f 4+ nf = (Zn — 1)f, which is far removed
from f and can be rejected by use of an output filter tuned to f.

Ding
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Fi1c. 9.—Ri1NG¢ MODULATOR WHNICH CAN BE USED IN THE
Diviper Crircuitr oF Fic. 8.
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The modulator may be a ring type comprising four rectifiers as shown
in Fig. 9. This is a balanced modulator, and e.m.f.s. applied between
points A and B, the centre taps of the windings, do not appear in the
output of the modulator. Nevertheless, when such an e.m.f. makes
point A positive with respect to point B, rectifiers D1 and D2 conduct,
allowing the input signals to reach the output. When point A is made
negative with respect to B, rectifiers D3 and D4 eonduct, again allowing
the input signal to reach the output, but this time in reversed phase.
When, as in a divider, the e.m.f. applied to A and B is itself sinusoidal,
the input signal is reversed at the frequency of the multiplier output.
This is an example of * commutator * modulation, and two of the
products are signals at sum and difference frequencies as mentioned
above.

The short-term stability of carrier sources employing a thermo-
statically controlled crystal is of the order of 1 part in 107, implying that
the variations of a carrier at 1 Me/s is 4-0-1 ¢/s, very much smaller than
the 20 c/s mentioned above.

2. Carrier Sources for High-frequency Transmitters

If a high-frequency transmitter is required to operate on a single-
carrier frequency only, the master oscillator can be controlled by a
crystal as already described. However, for broadcasting purposes, it
is not generally considered practical to use a crystal with a resonance
frequency much higher than approximately 3 Mc/s, mainly because of
the mechanical fragility of the crystal, which would need to be very thin
to operate at higher frequencies. This difficulty is avoided by use of a
master oscillator which operates at a frequency much lower than that of
the transmitter. The crystal is ground to a submultiple of the carrier
frequency, and the master oscillator is used to drive frequency multi-
pliers, the output of which is fed to the transmitter radio-frequency
circuits. For example, a transmitter to operate on 15:26 Mc/s could
employ a crystal-controlled master oscillator at 954 ke/s, these fre-
quencies having a ratio of 16 : 1. .

If, however, a high-frequency transmitter is used to maintain a 24-
hour service to a distant point, the carrier frequeney must be changed at
intervals. 1In general, each change in frequency necessitates a change of
crystal and a change of multiplier ratio. At a site containing a number
of high-frequeney transmitters, each maintaining a service to a different
part of the world, the total number of erystals required is very large.
The need for crystals can be avoided, however, by use of high-Q L-C
circuits and, provided precautions are taken, the stability of a carrier
source employing an L-C circuit is adequate. L—C eireuits are more
flexible than crystals in that their resonance frequency can readily be
changed over a wide range.

For satisfactory results using an L-C circuit as the frequency-
stabilizing element, great attention must be paid to the construction of
the inductor and eapacitor, and both must be situated within a thermo-
statically controlled oven. To enable the variable capacitor to be
adjusted to a given frequency a slow-motion drive is essential, and it
must be free of backlash to permit a given frequency to be reset with
accuracy. In general, the carrier frequency is derived from the output
of the oscillator L-C by means of frequency multipliers.
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Frequency Multipliers

The simplest type of frequency multiplier consists of a Class C ampli-
fying stage such as that shown in Fig. 10. The input has a frequency f,
and the output nf, where n is an integer which in practice may have any
value up to 5. The input-signal amplitude is considerably larger than
the grid base of the amplifier, and the I,—V, characteristic of the
amplifier is non-linear. The anode current of the valve consists of a
succession of pulses which contain in addition to a component at the
frequency of the input signal other components (harmonics) at fre-
quencies which are multiples of that of the input signal. The required
component is selected by tuning the ontput circuit L,C, to the frequency
of that component. The grid base of the amplifier can be made very
small (to give efficicnt generation of harmonies) by using a pentode valve
with a very low value of screen—grid potential.

In general. the amplitude of the harmonics decreases as the order
increases, and there may be insufficient amplitude at, say, the tenth
harmonie, to give adequate output. Moreover, the selectivity necessary
to select the tenth harmonic but reject the.ninth and eleventh may
necessitate an impractically-high @-value in L,C,. Thus the multiplica-
tion factor is generally limited to 5 or less, and higher factors are
achieved by use of two or more multiplying stages in cascade. Thus a
multiplication by 12 is obtained by use of multipliers with factors of 3
and 4.

TRANSMITTER RADIO-FREQUENCY STAGES

"Tho power output of the carrier source is usually of the order of a few
watts, and this is raised by subsequent radio frequency amplifiers in the
transmitter proper to the value required in the aerial. The valves used
in the carrier source, multipliers and dividers are generally small
receiving types and, because of their low anode dissipation, no pre-
cautions are taken to secure economy in operation. In the succeeding
radio-frequency stages, however, the valves are progressively larger as
the power to be handled increases, and economy of operation becomes
essential. Wherever possible, therefore, the valves are operated in
Class C conditions, for which, under favourable conditions, 80 per cent
of the power supplied to the anode from the H.T. source can be con-
verted into useful power. The sequence of valves constituting the
radio-frequency amplifier are power amplifiers and not voltage amplifiers
as in the early stage'of audio amplifiers; each valve has to supply the
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power necessary to drive grid current through the following stage.
Early radio-frequency stages commonly employ tetrodes or pentodes,
but later stages, particularly where the anode power exceeds approxi-
mately 500 watts, usually consist of triodes. To avoid instability,
triode radio-frequency amplifiers are necutralized (as explained later),
but their efficicncy, under Class C conditions, is as high as that of
pentodes, and their use avoids the difficulty of cooling the screen grid
experienced with high-power pentodes.

Valve Cooling

The cooling of high-power valves raises a number of problems. Sinall
valves dissipating up to approximately 500 watts do not, in general,
require artificial cooling. If the construction of the transmitter is such
that the air heated by the valve can readily cscape by flowing upwards,
and if cold air can flow in underneath the valve, the natural vertical
flow of air over the valve envcelope is sufficient to cool it adequately.

Larger valves handling power up to approximately 5§ kW are artificially
cooled by blowing a blast of cold air over the envelopes and, to make the
cooling efficient, the air comes into direct contact with the anode which
is arranged to form part of the envelope, glass parts of the envelope being
joined to the metal anode by an air-tight seal. As a further aid to
cooling, the anode is fitted with fins to give it a large surface area.

Valves dissipating power in excess of approximately 10 kW, such as
those used in the final stages of high-power transmitters, usually require
water-cooling in addition to air-blast cooling : in such valves the anode
is constructed in the form of a water jacket through which cold water is
circulated, the inner wall of the jacket forming part of the valve
envelope. The cooling water comes into electrical contact with the
anode and, since the latter may have a potential of up to 10 kV, pre-
cautions are taken to minimize radio-frequency power loss and H.T.
leak through the resistance of the water path between anode and earth.
Both losses can be reduced to negligible proportions by purifying the
water (to increase its resistance) and by arranging that the length of the
water path between anode and earth is very long. The latter is achieved
by using long rubber or plastic hose-pipes to lead the water to and from
the water jacket, the hoses being coiled up to conserve space. Water-
cooled valves are also air-blast cooled, the air being directed against
the sides of the glass envelope and in particular at the points where the
filament leads pass through the glass walls.

The modern tendency in broadcasting transmitter design is to dispense
with water cooling and to use air-blast cooling only. This is feasible,
even for a high-power transmitter, if the high-power stages employ
several relatively small valves instead of a few large ones. By this
means the effective cooling surface is considerably enlarged and the
air-blast cooling made more efficient. For medium-frequency. trans-
mitters each large valve can be simulated by a number of small valves in
parallel. Such an arrangement leads to large input and output capaci-
tances, however, and in a high-frequency transmitter it is difficult
to secure high enough anode loads for satisfactory operation. In such
transmitters, therefore, the tendency is to use push—pull circuits or
inverted amplifiers, both of which lead to lower input and output
capacitances.

Two circuit diagrams of transmitter radio-frequency stages are given
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in Figs. 11 and 12. Fig. 11 shows a low-power stage employing a
tetrode and, oxcept for the directly-heated filament, is very similar to
the type of radio-frequency amplifier uscd in receivers. The two
resistors R, and R, are equal and have the offect of providing an
artificial centre-tap of the filament for the H.T. negative conncction.
The resistors commonly have a value equal to five times the filament
resistance (when hot).” This circuit technique is extensively used in
transmitters, and such resistors are indicated in most of the circuit
diagrams of this section.

Neutralizing

Fig. 12 shows the circuit of a high-power stage using a triode. The
anode-grid capacitance of triodes varies from approximately 2 pF in a
small receiving type valve to 50 pF for a large transmitting valve; any
value in this range is sufficient to cause instability at medium and high
frequencies when the anode and grid circuits are tuned to approximately
the same frequency. This tendency is eliminated in transmitter radio-
frequency amplifiers by arranging the circuit in a balanced form in
which the feedback from anode to grid via the anode—grid capacitance
is counterbalanced (neutralized) by feedback to the grid of a voltage in
anti-phase to the anode potential. The anti-phase voltage is obtained,
as shown in Fig. 12, from the L-C circuit, which is connected to the
anode and is effectively earthed at the point where the H.T. is intro-
duced. The amplitude of the anti-phase voltage fed back to the grid is
critical, and is adjustable by the capacitor (. The correct setting for
C, is found by experiment in the following manner. The H.T. is
removed from the stage to be neutralized, the radio-frequency input to
the valve from the previous stage being still present, and a lamp or some
other radio-frequency-indicating device is clipped across some of the
conductors of the coil L,, When neutralizing is not perfect, some
radio-frequency power is transferred to L,-C, from L,-C, via the
anode-—grid capacitance or the neutralizing capacitor, and the lamp or
meter registers the presence of power. The neutralizing capacitor is
adjusted to give minimum radio-frequency power in the anode circuit.
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The circuit of Fig. 12 can be redrawn as a bridge circuit as shown in
Fig. 13. When C, is properly adjusted, signals applied to the grid (V,)
do not appear across C,, 1.e., there is no transfer of power from grid to
anode circuits. If the coupling between L, and L, were perfect, the
value of C, for balance would be independent of frequency. In practice,
however, the coupling is not perfect, and the neutralizing capacitor must
be reset after any change in carrier frequency.

The value of neutralizing capacitance necessary to prevent instability
depends on the position of the H.T. tapping point on the anode tuning
inductor, increasing as the tapping point is moved away from the anode.
In a radio-frequency stage using a relatively small triode, the position
of the tapping point is usually so chosen that the neutralizing
capacitance is at least several times the anode—grid capacitance of the
valve. In this way a neutralizing capacitor of a reasonably large
capacitance isrequired. In larger valves, however, where the anode-grid
capacitance is of the order of 50 pF, the neutralizing capacitance can be
equal to it. This requires the H.T. tapping point to be at the centre of
the inductor, a requirement also necessitated by the use of push~pull
radio-frequency amplification.

The use of neutralizing has a subsidiary benefit in high-frequency
transmitters, namely that it reduces the effective input capacitance of
the triode.

Grid Bias

The grid bias for the radio-frequency amplifier in Fig. 12 is derived
from two sources. Part is obtained from a D.C. source, usually a
generator, and the remainder is obtained from grid-current flow. The
valve behaves to some extent as a grid-leak detector, and on the peaks
of large positive-going signals takes grid current which, in flowing
through C;, charges it, the resulting potential between the plates biasing
the grid negatively. During negative half-cycles the capacitor C,
discharges into the resistor Ry, but C; is charged again on subsequent
positive half-cycles. Provided the time constant R,C,* is large com-
pared with the period of the radio-frequency input, the voltage across C,
does not vary very greatly during the cycle, and the capacitor can be
regarded as a source of relatively constant negative bias for the valve.
The voltage of the bias so obtained is dependent on the amplitude of the

* The value of the time constant R,C, is more eritical in an amplifier of
modulated radio-frequency. Here it must be small compared with the period
of the highest audio-frequency in addition to being large compared with the
smallest radio-frequeney, the condition whieh is also required of the com-
ponents in a diode detector.
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radio-frequency input to the valve, and if the drive falls the negative
bias also falls. In this way the amplitude of the radio-frequency output
from the valve is rendered more independent of variations in input than
if fixed bias only were used.

Some fixed negative bias is, however, essential in addition to the
bias derived from the grid current. If all the bias were obtained from
grid current, and if the radio-frequency input to the valve failed, the
valve would be without bias and an abnormally high anode current
would flow. Such a large current is likely to impair the emission of the
valve, and this possibility is avoided in high-power stages by arranging
to have fixed bias approximately equal to the cut-off value for the valve
to be present all the time.

Push-Pull Radio-frequency Amplifiers

Transmitter radio-frequency amplifiers are frequently of push-—pull
type. and a typical circuit diagram of a high-power push—pull radio-
frequency amplifier is given in Fig. 14. Push-pull is used for a number
of reasons, some of which have already been mentioned. It gives a
slight increase in efficiency and cancels even harmonics of the carrier
frequency. The suppression of carrier harmonics generated in the
radio-frequency amplifiers of a transmitter is very important, and there
are international obligations to keep the harmonic content below a
certain value. Some suppression is achieved by filters at the output
stage, but the use of push-pull materially helps in this respect. It is
essential to operate Class B amplifiers of modulated radio-frequency in
push-pull to minimize envelope distortion. Push—pull is adopted in
high-frequency transmitters, in preference to parallel operation, to
reduce thd capacitance thrown across tuning inductors, a low capacitance
being essential to give high-anode-load values.

Inverted Radio-frequency Amplifiers

Because of the large physical size of high-power valves, the inter-
electrode capacitances are quite high. A typical valve has Cs = 65pF,
Cu = 25 pF and Cy = 453 pF. Thus the effective output capacitance,
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even of a push-pullstage, incorporating
two such valves is very considerable,
amounting to more than 200 pF. Such
a high capacitance introduces design
difficulties in high-frequency trans-
mitters, because it is almost impossible
to present the valve with an anode
load high enough to permit the stage
to operate at high efficiency. This
difficulty can be materially reduced by
the use of an inverted amplifier.

Fig. 15 gives the essential features
of a push-pull inverted amplifier. The
control grids of the valves are earthed,
and the input signal to each valve is
applied between its filament and earth.
The total capacitance due to inter-
Fie. 15.—8SmvrLiFiEp Crircurr  electrode and neutralizing capacitances
Diagram  OF  TRANSMITTER across the anode-tuned ecircuit is less
RADIO-FREQUENCY STAGE USING  than half that obtaincd with a con-
Two NEUTRALIZED INVERTED yentional push—pull circuit such as

AMPLIFIERS ¥ PUsE-PULL. that shown in Fig. 14. In addition,

the control grid acts to some extent as
an electrostatic screen between input and output circuits, and capacitive
coupling between the two is less than in conventional earthed-filament
amplifiers. Nevertheless, it is still necessary to employ some neutralizing
to give stability, and the capacitors C, are included in Fig. 15 for
this purpose. At high frequencies the lead used to connect the control
grids to earth often has appreciable inductive reactance, and a capacitor
is inserted in series with the lead in order to neutralize this reactance.
This capacitor breaks the D.C. continuity of the grid—earth path. and
a high-impedance choke is connected in parallel with the capacitor to
restore the continuity.

An interesting feature of the circuit is that some power is transferred
through the inverted amplifier from the driver stage to the output load
of the inverted amplifier, and in practice this can amount to one-fifth
of the power supplied by the inverted amplifier itself. This means, if an
inverted amplifier is used as modulated amplifier. that it is impossible
to achieve more than a certain depth of modulation, the (unmodulated)
output of the driver stage always being present in the transmitter out-
put. This is avoided by modulating the driver stage also.

G.B.~ G.B. +

LOW- AND HIGH-POWER MODULATION

So far in this section, methods of amplifying radio-frequency signals
up to powers of approximately 100 kW have been described, but, in a
transmitter, at some point in the radio-frequency chain the audio-
frequency modulating signal must be impressed upon the carrier wave.
The amplifying stage which finally introduced the inodulating signal into
the radio-frequency amplifier is described as the modulator, and the
radio-frequency stage which is modulated is known as the modulated
amplifier. Modulation can be carried out in the final radio-frequency
stage or at an earlier stage. If it is introduced at an early point in the
chain, the audio-frequency power needed for 100 per cent modulation
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is low. being in fact, equal to one-half of the radio-frequency power at
the anode of the modulated valve. Such a system is termed low-power
modulation, and a block schematic diagram of a complete transmitter
employing low-power modulation is given in Fig. 16. The radio-
frequency stages following the modulated amplifier are required to
amplify modulated radio-frequency signals with negligible distortion,
and cannot operate in Class C. Linear Class B amplifiers are necessary
and, as previously mentioned, their efficiency is only approximately
35 per cent.  This disadvantage largely offsots the advantage of the low
audio-frequency power requirements.

When modulation is carried out in the final stage, the audio-frequency
power required is considerable, being 50 kW to modulate a radio-
frequency amplifier delivering 100 kW. Such a system is described as
high-power modulation, and & block schematic diagram of a transmitter
using high-power modulation is given in Fig. 17. It is difficult to
generate such audio-frequency power economically, at the same time
keeping harmonic distortion low. On the other hand, all the radio-
frequency stages in a high-power modulated transmitter, including the
modulated amplifier, can operate in Class C, and hence at high efficiency.
Thus the disadvantages of the high-power modulator tend to be offset
by the economy of the radio-frequency stages. There is therefore very
little to choose between low-power and high-power modulation, and both
systems have been used in high-power transmitters. The modern
tendency seems, however, to be swinging in favour of high-power
modulation.

Modulation Systems

Amplitude modulation is usually achieved by arranging for the gain
of a radio-frequency amplifier to be proportional to the instantaneous
value of the audio-frequency modulating signal. In most of the circuits
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used for this purpose the radio-frequency signal is applied to ono
electrode of a valve and the audio-frequency signal to another; the
anode current, being dependent on the voltage on both electrodes,
contains modulated radio frequency. An obvious method is to apply
the radio-frequency signal to the control grid of a pentode and the audio-
frequency signal to the suppressor grid, a circuit with the advantage
of requiring negligible audio-frequency power. Although such modu-
lating circuits are used, the gain of the valve is not linearly related to the
suppressor-grid voltage, and the distortion introduced precludes the
use of such an arrangement in a broadcasting transmitter.

The most linear method of amplitude modulation is to apply the
audio-frequency signal to the anode of the modulated amplifier, the
radio-frequency signal being applied to the grid. This system, known
as anode modulation, is extensively used in broadcasting transmitters in
spite of the need for considerable audio-frequency power, the anode
circuit of the radio-frequency amplifier representing quite a low im-
pedance. The good linearity of such a system of modulation is at first
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sight somewhat surprising, because the static relationship between the
anode voltage and anode current of a triode is not, in general, a very
good approximation to a straight line. In a modulated amplifier,
however, the conditions are dynamic, the grid being biased considerably
beyond cut off, but having a large-amplitude radio-frequency signal
impressed upon it which gives pulses of anode current. Provided the
valve is thus operated under Class C conditions, the relationship
between mean anode current and anode potential is very nearly linear
and the radio-frequency output of the valve is directly proportional to
the anode potential. By swinging the anode potential at an audio
frequency, a linearly-modulated radio-frequency output can be obtained.

Heising or Constant-current Modulation

Fig. 18 gives the circuit of one method of obtaining anode modulation.
V', is a Class C modulated amplifier and V, a Class A modulator. the
two anodes being bonded and connected to the H.T. line by an audio-
frequency choke, which for the purpose of explanation will be assumed
of infinite impedance. The load impedance at V, anode is, in fact, the
dynamic anode A.C. resistance of V, and, since the ratio of anode
current to anode voltage for a Class C amplifier is linear, this is also
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equal to the D.C. resistance of V', (i.e,, the ratio of H.T. voltage to mean
anode current in the absence of an audio-frequency modulation signal).
Because of this load the anode potential of V, (and hence V) varies
when an audio-frequency signal is applied to V, grid and the radio-
frequency output from L, is amplitude modulated. For positive
voltages at V, grid, the anode current of V, increases, causing its anode
voltage to fall. This causes an equal fall in V, anode potential and a
consequent fall in V, anode current. Under ideal operating conditions
the fall in V, anode current just counterbalances the increase in V,
anode current, and the H.T. current for the two valves is steady during
modulation; hence the name constant-current modulation.

There are a number of disadvantages to the simple circuit of Fig. 18.
Firstly, it is impossible to achieve deep modulation without incurring
serious distortion. To obtain 100 per cent iodulation, the H.T.
voltage at the anode of V, must be swung between zero and twice the
H.T. supply voltage. It is quite impossible to obtain such a large
amplitude signal from V, whilst still operating it under Class A condi-
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F1c. 19.—ANODE-MODULATION CIRCUIT INCLUDING A
MopULATOR TRANSFORMER.

tions:; in general, for the maximum possible grid swing of a Class A
amplifier the peak anode swing is approximately equal to one-half the
H.T. supply voltage. In the circuit of Fig. 18 this also causes the H.T.
supply of V; to swing an equal extent, giving 50 per cent modulation.
Any attempt to obtain greater thau 50 per cent modulation by increasing
the audio-frequency input to the modulator results in grid current in
V, and severe distortion of the modulation envelope.

This difficulty can be overcome by including an RC combination in
series with the H.T. feed to V, anode, as shown in dotted lines in Fig. 18.
The voltage drop across R due to V, anode current ensures that the
quiescent anode voltage of V, is less than that of V,. By making the
quiescent voltage at V, anode equal to approximately one-half that at V,
anode, the modulator can achieve 100 per cent modulation, even though
the potential swing at its anode is only half that of its H.T. supply.
The resistor R is shunted by a capacitor C, the reactance of which at
audio frequencies is low compared with the anode D.C. resistance of V,.
This condition ensures that the audio-frequency swing developed at V,
anode is approximately equal to that at V, anode, and is not attenuated
by R.

)An alternative circuit permitting 100 per cent modulation with the
N
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same H.T. supply to both modulator and modulated amplifier is shown
in Fig. 19. In this the two valves are coupled by means of a modula-
tion transformer and, if L; is greater than L, the audio-frequency voltage
swing at the anode of V, is greater than that at the anode of V,, thus
making full modulation possible. For example, the transformer might
require a 2 : 1 turns ratio to achieve full modulation. In such a circuit
the effective load at V, anode is one-quarter the anode resistance of V,,
and the valves should be chosen so that thisis at or near the optimum value
for V,. The incremental inductances of L; and L, should be such that
their reactances at the lowest modulation frequency (say 30 c¢/s) is at
least several times the resistance to which the winding is connected.
This may necessitate a bulky component, particularly if the transformer
core is polarized by the steady components of the anode currents of the
two valves, This polarization can, however, be minimized by so
connecting the transformer that the effects of the two steady components
are in opposition. The components L,C, are included to prevent radio-
frequency currents generated in the modulated amplifier from entering
the modulator,

Class B Modulator

In high-power transmitters it is customary to use a Class B modulator,
and Fig. 20 gives a simplified circuit illustrating such a stage and also
a push-pull modulated amplifier. Neutralizing is omitted for the sake
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of simplicity. This circuit may be regarded as typical of those used in
the final stage of a high-power modulated transmitter. The use of
push—pull in the modulator avoids steady polarization of the modulation
transformer from the primary winding, because the steady components
of the modulator anode currents flow in it in opposite directions. By
using choke-capacitance coupling between the secondary winding and
the modulated amplifier, the D.C. components of the anode currents of
the modulated amplifier are removed from the secondary winding,
avoiding polarization from this cause. Thus the size of the modulation
transformer can be kept reasonably small.

An interesting point about this circuit is the voltage rating of the
capacitor C;. The potential across this capacitor is made up of the
steady component from the H.T. supply and the varying a.f. component
from the modulation transformer secondary. The latter is alternately
aiding and opposing the former and, under 100 per cent modulation
conditions, can equal twice the H.T. supply voltage, and the capacitor
rating must exceed this (possibly 20 kV) by an adequate safety margin.

As explained earlier, the source of audio-frequency signal feeding the
modulator grids must be of low resistance to minimize distortion on
large-amplitude signals, and one way of achieving a low-resistance source
is indicated in Fig. 20. The grids are fed from a transformer with a
centre-tapped secondary winding of low resistance. An alternative
circuit is shown in Fig. 21, in which each of the modulator valves is fed
from a cathode follower via a low-value cathode resistor, which is some-
times as small as 20 ohms. This circuit is probably preferable to the
use of a transformer if the Class B stage and the driver stage are included
within a negative feedback loop. Wherever possible it is desirable to
eliminate iron-cored components such as chokes and transformers from
those sections of an amplifier over which it is desired to apply negative
feedback. Such components introduce phase shift at the extremes
of the passband and, when feedback is applied, instability sometimes
occurs as a result of these phase-shifts. RC networks also introduce
phase shifts, of course, but in general the performance of an RC circuit
is more amenable to calculation than that of iron-cored components.
On the other hand, negative feedback is sometimes used in order to
reduce the harmonic distortion introduced by, say, a modulation trans-
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former; in such a circuit the constants of the feedback network must be
chosen to avoid any possible instability, and this may well be a very
difficult task.

Sometimes negative feedback is applied to a section of the modulator
by means of potential dividers connected between the anodes of the
output stage and the grids of an earlier stage, as shown in the simplified
circuit diagram of Fig. 22. In such a circuit the modulation transformer
is not wholly included within the feedback loop, and the feedback circuit
does nothing towards reducing any harmonic distortion introduced by
this component. Moreover, feedback does not correct any deficiencies
in frequency response (* top loss ”’) due to the leakage inductance of the
modulation transformer; it does, however, reduce any attenuation
distortion (“ bass loss ') caused by inadequate primary inductance.

A more ambitious feedback circuit sometimes employed is that
illustrated in Fig. 23. A detector is coupled to the output of the trans-
mitter and rectifies some of the modulated radio-frequency output. The
resulting audio-frequency signal from the detector is returned to an
early stage of the modulator as a negative feedback voltage. Such
feedback tends to correct harmonic and attenuation distortion occurring
in the modulator output stage or in the modulated amplifier; in other
words, it tends to linearize the modulation process. Such a feedback
system needs very careful design ; the detector circuit must be free from
distortion, and the constants of the feedback loop must be very carefully
planned to avoid instability.
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F16. 23.—METHOD OF APPLYING OVERALL FEEDBACK TO A TRANSMITTER.
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Series or Constant-voltage Modulation

The necessity for a modulation choke or transformer can be avoided
by the use of a circuit such as that shown in Fig. 24, in which the modu-
lator and modulated amplifier are connected in series across the H.T.
supply. The modulated amplifier is usually a Class C stage, and
modulation is achieved here, as in Heising modulation, by varying its
anode H.T. supply voltage. The anode potential is swung above and
below its quiescent (unmodulated) value, and the average current of the
modulated amplifier is steady during modulation. In a series modula-
tion circuit the anode current of the modulated amplifier is equal to
that of the modulator, which must therefore also have constant anode
current during modulation. The modulator must therefore operate
under Class A conditions. Because of the low efficiency of such ampli-
fiers, series modulation is not generally used in high-power modulated
transmitters. It is more generally used as the penultimate stage of
a low-power modulated transmitter.

HT +
’i, CLASS A
" MODULATOR
ALF. >
INPUT -
- R{ |R2
G.B.
[ S
2 MODULATED
4 ; R.F. OUTPUT
Cn;.
[ LASS C
MODULATED
o 1 AMPLIFIER
UNMODULATED .
RF. INPUT -.1
=
7 R [R2
HT.—
ca-d

Fic. 24.—Basic FEATURES OF SERIES MopurarioN CIRCUIT.

The modulator anode load is the anode A.C. resistance of the modu-
lated amplifier, and the two valves are so chosen that the load is near the
optimum value for the modulator. There are two possible forms for
this circuit; the modulated amplifier can be * below ’ the modulator
as in Fig. 24, or it can be ‘“above ’’ it. Both circuits operate in the
following manner. The relationship between anode potential and
anode current for a Class C stage, such as the modulated amplifier, is
approximately linear, and it behaves as a linear anode load for the
modulator. When an audio-frequency signal is applied to the grid of
the modulator, an amplified audio-frequency signal is generated across
vhe modulated amplifier, thereby modulating the radio-frequency output
of this stage. The sum of the voltages across the modulated amplifier
and the modulator is constant during modulation, being at all times
equal to the H.T. voltage. For this reason this circuit is sometimes
known as constant-voltage modulation, in contrast with the Heising
system, which is a constant-current device.

For reasons which have already been explained, the peak audio-
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frequency output developed at the anode of a Class A amplifier is
necessarily less than that of its H.T. supply. Moreover, to achieve
100 per cent modulation, the H.T. voltage for the modulator must be
swung between zero and twice its quiescent (unmodulated) value. Thus,
under steady carrier conditions, the H.T. voltage for the modulator
must exceed that for the modulated amplifier, and it is commonly
double that of the modulated amplifier.” For example, if the total
H.T. supply is 18 kV, the quiescent voltage across the modulator could
be 12 kV and that across the modulated amplifier 6 kV. On a peak
positive input to the modulator the voltage across this valve falls to
6 kV and that across the modulated amplifier rises to 12 kV; on a peak
negative input the voltage across the modulator rises to 18 kV and that
across the modulated amplifier falls to zero. On a negative input to
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F1G. 25.—SERIES MODULATION CIRcUIT INCLUDING TWO VALVES
IN PARALLEL AS A MODULATOR AND A Pusu—-PurL MODULATED
AMPLIFIER. NEUTRALIZING 1S OMITTED FOR SIMPLICITY.

the modulator, the anode current of both valves falls instantaneously
to zero. Some characteristic curvature is inevitable when the anode
current of the Class A modulator falls to zero, and thus some harmonic
distortion is inevitable on 100 per cent modulation. This distortion
can, however, be considerably reduced by a negative-feedback circuit
described later.

Another difficulty of this circuit is associated with the fact that the
filament of the modulator or modulated amplifier must be at high
potential with respect to earth. This necessitates insulation of the
filament generator and the associated leads and meters. It is generally
preferred to have the modulated amplifier at the lower potential,
because this avoids the insulation difficulties which arise when the
anode-tuned circuits are at the full H.T. potential (and this potential is.
generally very high, possibly 20 kV, for a series modulation circuit).
In practice, the modulator may consist of two or more valves in parallel
and the modulated amplifier of two valves in push-pull. Fig. 25 gives.
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a simplified circuit diagram of a series-modulator including a total of
four valves.

In Figs. 24 and 25 the secondary winding of the modulator input
transformer is returned, via the grid-bias supply, to the modulator
filament. This circuit has the merit that only a comparatively small
nmodulating voltage is required, the modulator behaving as an amplifier.
In an alternative version of the circuit, shown in Fig. 26. the modu-
lating signal is applied between modulator grid and H.T. negative.
This modification brings about an entirely different set of operating
conditions which lead to a much better performance, particularly in
respect of linearity of modulation. The modulator now kehaves as a
cathode follower, the modulated amplifier acting as a resistive cathode
load. Because of the negative feedback, the gain of the modulator is
now smaller and is slightly less than unity. The audio-frequency signal
required at the modulator grid for 100 per cent modulation is now very
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much greater than for the circuit of Figs. 24 and 25. One way of apply-
ing this signal is indicated in Fig. 26, in which the modulator grid is
connected directly to the anode of the sub-modulator. the D.C. condi-
tions in the circuit being so chosen that the modulator grid bias is
correct. To achieve 100 per cent modulation the mean anode potential
of the modulated amplifier must be reduced instantaneously to zero.
This requires the grid potential of the modulator, and hence the anode
potential of the sub-modulator, to be reduced instantaneously to less
than zero. This can only be achieved by returning the filament of the
sub-modulator to a point which is considerably negative with respect to
H.T. negative; as shown in Fig. 26, a subsidiary H.T. supply is used for
this purpose.

Floating-carrier Operation

A modulation circuit of the type shown in Fig. 26 can very simply be
modified to give floating-carrier operation. This is a mode of operation
sometimes used to effect some economy in high-power-transmitter
operation. During amplitude-modulation the power supplied by the
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modulator goes into sidebands and the modulated amplifier maintains
the carrier wave at constant amplitude. During periods of shallow
modulation the carrier amplitude is unnecessarily large, and economy in
operation can be secured if the carrier amplitude is varied so that at any
instant it is always just sufficient to accommodate the amplitude of the
modulating signal. In effect, this means that the transmitter is main-
tained at 100 per cent modulation, and the carrier amplitude is varied
in accordance with the average amplitude of the modulating signal. As
already pointed out, distortion is a maximum for deep modulation, and
for this reason and also for a reason connected with receiver operation.
this floating-carrier technique is not carried to its logical conclusion.
In practice, arrangements may be made for the carrier amplitude to
vary between a half and its full amplitude, and it can be achieved using
the circuit of Fig. 26 by rectifying the modulating signal and feeding
the resultant undirectional voltage to the grid of the submodulator in
addition to the modulating signal itself. The rectifier may be of the
biased-diode type, delivering a positive-going output to the sub-
modulator grid to increase the carrier amplitude for audio-frequency
input signals exceeding a certain value. The forward time-constant
must be short to enable the carrier amplitude to rise rapidly to cope
with steep transients, but the decay-time constant can be long, and may
be as much as 1 second.

A disadvantage of floating-carrier operation is that its use affects the
performance of receivers fitted with automatic gain control. In such
receivers the radio:frequency gain is dependent on the amplitude of the
received carrier and, if this is varied at the transmitter, the recciver gain
will fluctuate, giving rise to undesirable variations in volume of the
received programme. To minimize such effects the variations in
carrier amplitude are limited as described.

Adjustment of Depth of Modulation in Transmitters

When a carrier is 100 per cent modulated by a sinusoidal signal the
power radiated increases by 50 per cent. Thus the aerial current
increases to 4/(1-5) = 1-225 of its unmodulated value. This increase of
22-5 per cent is often used as a means of determining when full modula-
tion is reached, and by use of a gain control calibrated in decibels in the
modulating-amplifier chain, it is possible to set up any desired modula-
tion depth with reasonable accuracy. For example. suppose it is
desired to set up a broadcast transmitter so that, with a certain level of
audio-frequency input, the modulation depth is 40 per cent. This
input, whatever its value, is 8 db below that which gives 100 per cent
modulation. Thus the desired modulation depth is obtained by
increasing the gain of the audio-frequency amplifier feeding the modu-
lator until the aerial current meter indicates an increase of 22:5 per cent.
The audio-frequency gain is now reduced by precisely 8 db and the
required modulation depth is obtained. This method is more accurate
than attempting to read the increase in aerial current due to 40 per cent
modulation. This increase is very small, being only 4 per cent. and is
very difficult to read with accuracy.

Adjustment of Radiated Power of a Transmitter

It is sometimes necessary to reduce the radiated power of a trans-
mitter, perhaps because it is causing interference at some distant point
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or because it is operating with a temporary aerial which will not with-
stand the full power. The adjustment can be carried out in the follow-
ing way. Suppose it is desired to reduce the power to one-half. The
H.T. supply to the modulated amplifier is reduced to 1/4/2, i.e.. 0-71
of its normal value. Since the anode current is proportional to the
anode potential for a Class C stage, the anode current also falls to 1/,/2
of its normal value, and the total power taken by the stage from the
H.T. supply falls to one-half of normal. It is assumed that the efficiency-
of the modulated amplifier remains constant, and thus its power output
falls to one-half. The power output of the modulator must also be
reduced to one-half, otherwise distortion due to over-modulation
(carrier cutting) will result, and the necessary reduction can he obtained
by reducing the gain of the audio-frequency amplifier fceding the
modulator by 6 db. The adjustments necessary to reduce the radiated
power to other fractions of the normal output can be determined from
the above example.
S W, AL

FREQUENCY-MODULATED TRANSMITTERS

A frequency-modulated transmitter is one in which the amplitude of
the radiated signal remains constant and in which intelligence is trans-
mitted by modulating the frequency about its mean value. Degree
of modulation from 0 to 100 per cent modulation is determined by the
extent to which the frequency is moved from the mean value, and
i3 called the deviation.

Thus for a sinusoidal modulating signal the transmitted signal is

e = E, sin (wt + m sin pt)

where E, is the peak amplitude of the signal;
w = 2af,, where f, is carrier frequency ;
p = 2afm, where f,, is modulating frequency ;
m = modulation index
__Deviation of frequency from f, _ Af,

fm fm

The spread of side-bands is not exclusively related to the modulation
frequencies as in amplitude modulation, but is also dependent to a
great degree on the modulation index, and usually extends to many
times the extent of the modulating frequency.

Thus, in order to convey the same modulation information, the band-
width of a frequency-modulated transmitter must be many times
greater than that of the corresponding amplitude-modulated trans-
mitter.

With a modulation index of less than 0-5, the frequency deviation is
less than half the modulating frequency, and the band-width required to
accommodate the essential part of the side-band spectrum is the same as
that for amplitude modulation.

When the modulation index is greater than 0-5 there are significant
frequency components extending on. each side of the mean carrier
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FREQUENCY-MODULATED SYSTEM.

frequency between (m 4 1) times the modulation frequency and
1-5 (m + 1) times the modulation frequency.

For broadcast transmitters it is usual to employ a modulation index
of at least 5, which necessitates a radio-frequency band-width of
approximately twelve to sixteen times the modulation frequency.

A further difference exists; whereas, in amplitude modulation, the
amplitude of the individual side-bands can never exceed 0-5 of the carrier
amplitude, in frequency modulation the side-band amplitudes can
exceed that of the carrier, and depend again on the modulation index.
Conditions can be such that the carrier amplitude is zero. This occurs
when the modulation index is 2-4048, 5-5201, etc.

The distribution of side-band amplitude and carrier amplitude for
various modulation indices is illustrated in Fig. 27. -

By the nature of the frequency-modulated signals, in which the
modulation index varies inversely with the modulation frequency, the
relative amplitude of noise interference varies directly as the frequency.
This means that the maximum noise energy on frequency modulation
occurs at the highest frequency, where the modulation is normally small.

Profit can therefore be made by employing increasing amplitude of
signal at higher frequencies, or pre-emphasis at the transmitter and
corresponding de-emphasis at the receiver.

In order to effect frequency modulation, it is necessary to modulate
the source of frequency, i.e., at low power level. ‘A frequency-
modulated transmitter consists, therefore, of a modulated signal source
followed by a chain of wide-band radio-frequency amplifiers.

Before proceeding to a discussion of the problems involved and to
detailed circuit arrangements, it is necessary to have a specification of
overall performance of a system. Performance specifications vary in
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detail, depending upon the country of origin and the type of service
envisaged. As a guide, the performance specification of the British
frequency-modulated broadcast service is given below.

Performance Specification for Frequency-modulated Transmitters

Frequency Stability.—The stability of the centre frequency without
modulation shall be within 20 parts in 10%. When modulated with
a maximum deviation of 100 ke/s the mean frequency shall be constant.
within -+ 5 parts in 108,

Deviation.— 75 ke/s for normal operation. 100 ke/s optional.

Input Signal Level—1 mW + 12 db in 600 ohms.

Pre-Emphasis.—Selected time constants from 0 to 50 microseconds.
The normal working value to be 50 microseconds.

Audio-frequency Distortion.—Maximum distortion at deviations
specified :

1 per cent for 25 ke/s deviation
30-60 c/s 1-5 per cent for 75 ke/s deviation
3 per cent for 100 ke/s deviation

0-5 per cent for 25 ke/s deviation
60 c/s—10 ke/s< 1-0 per cent for 75 ke/s deviation
2-0 per cent for 100 ke/s deviation

Frequency Response without Pre-emphasis.—ILevel +0-5 db with
respect to 400 ¢/s from 30 ¢/s to 10 ke/s at 75 ke /s deviation.

Frequency Response with Pre-emphasis (and Corresponding De-
emphasis in Monitor).—

Level Max Tolerances
+ 05 db 60 c/s to 3 ke/s
+ 1db 30 ¢/sto 10 ke/s
— 3 db 12 ke/s
—10 db 15 ke/s

all at 75 ke/s deviation.

Noise.—Frequency modulation noise level shall be better than —60 db-
relative to output at 400 c/s at 75 ke/s deviation. Amplitude modula-
tion noise level for all frequencies between 30 ¢/s and 10 ke/s shall be-
better than —50 db relative to the unmodulated carrier.

Amplitude Modulation—Not to exceed 2 per cent for 75 ke/s.
deviation.

Amplitude Stability.—The amplitude of the frequency-modulated
signals shall be constant within 42 per cent with respect to the un-
modulated carrier for any frequencies between 30 ¢/s and 10 ke/s.

Radio-frequency Harmonics.—Power at harmonic and sub-lharmonic-
frequencies shall be less than 200 mW.

Methods of Modulation

A variety of methods of effecting frequency modulation have been
used, and date from the early work of the late E. A. Armstrong.! The-
two basic methods are * direct frequency modulation ™ and * pre-
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corrected phase modulation ”. In order to appreciate the two basic
systems, the relation between frequency and phase modulation must be
clearly understood.

Relation between Frequency and Phase Modulation

Suppose we have an L-C circuit oscillating at a frequency f, and we
vary the capacitance across the circuit : there will be a corresponding
variation of frequency. If we denote the change of frequency by the
symbol Af and assume a sinusoidal modulation frequency f, = %,
causing the corresponding variation of capacitance, we may express
this as an equation :

f=fo+Afsinpt . . . o (@

The modulating frequency f, may have any value, but as long as the
maximum variation of oscillatory circuit capacitance, caused by the
modulation, is the same, the maximum frequency deviation Af will
be constant. This is frequency modulation.

Now let us consider a stable frequency oscillating tuned circuit
followed by an isolating amplifier and a driven tuned circuit. If now
we vary the capacitance across the driven circuit, there will be no
change of frequency, as this is determined by the unchanged oscillatory
circuit. However, there will be a change of phase of the current in the
driven circuit.

As before, we may assume the change to take place sinusoidally and
express the condition as one of constant frequency f, with phase varying
as. say, A¢ sin pt. This is phase modulation.

It 1s convenient to show the equivalence of phase and frequency
modulation by means of vector diagrams.

Fig. 28 shows a vector 04 corresponding to, the carrier frequency f,.
Conventionally this vector is assumed to be rotating counter-clockwise
at a constant angular velocity w = 2xf, radians, and its instantaneous
amplitude 04’ is given by its projection on to the datum reference OB.

For a frequency f,, the vector 04 obviously makes f, revolutions a
second. For constant frequency applications, all vectors such as OA,
0OC, OD keep the same angular relation, and we may conceive the three
vectors as remaining fixed and the original datum OB rotating clockiise
at the constant frequency.

In Fig. 29 let the fixed reference vector 0.4 represent a carrier frequency
Jo, and let the vector OB represent a varying frequency. The vector OB
will thus rotate relative to the fixed vector OA at a rate determined by
the difference in frequency between f, (vector 0.4) and its own frequency,
and in & direction dependent upon whether its frequency is greater or
less than f,.

Thus, if the frequency of the vector OB is f, 4+ 1 ¢/s the vector OB
will rotate counter-clockwise at 1 revolution/second, while if it is
fo — 1 ¢/s, it will rotate clockwise at 1 revolution/second. It is also
true that the vector OB equally represents a carrier of frequency f,
with phase varying according to the speed of rotation of OB. Thus, for
the example used above, where OB makes 1 revolution /second, it may
represent a frequency f, with phase varying at the rate of 27 radians/
second.
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Thus, if the frequency difference between OB and Od is Af, the

equivalent phase change for constant frequency f, will be 27A f radians
[

second or —

radians/cycle.

0

Now let us consider the special case of square-wave frequency
modulation illustrated in Fig. 30 (a).

This corresponds in Fig. 20 to the vector OB rotating at constant
angular velocity from OC to OD in a counter-clockwise direction and
then reversing immediately and travelling clockwise back from OD to
OC at the same constant angular velocity corresponding to 1 revolu-

. ’ . . ks
tion /second. This corresponds to a maximum phase change of 43

relative to O4, which, for constant angular velocity of the vector, is
linear. Thus the phase change or phase modulation corresponding to
the square-wave frequency modulation of Fig. 30 (¢) isa triangular phase
modulation as at Fig. 30 (b).

If we now decrease the periodicity of the square wave to 3 but main-
tain the +—1 c¢/s deviation, it follows that the maximum phase shift is

o I I B
Afcfs
P B s i

' ()

F16. 30.—(a) SQUARE-WAVE FREQUENCY MODULATION; (b) TRIANGULAR
PHASE MODULATION.
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Af

halved, i.e., the maximum phase deviation is 4+ f—- . gradialls, where Af
B2
is the maximum frequency deviation.
If the frequency deviation of OB varies sinusoidally, the maximum
deviation being 1 ¢/s, the average angular velocity of OB will be 2/ of
the maximum velocity.

Hence the maximum phase shift will be_’2—r X 4+ 7—; = 1 radian/second.

. Asis clear from the vector relations established, if the change of OB

from OC to OD is sinusoidal the maximum frequency deviation will

occur when OB is passing the central position 04, i.e., when the phase

deviation is a minimum. Likewise, the maximum phase deviation

occurs at OC and OD when the frequency deviation is a minimum.
Thus, taking the vector OA4 as the time datum,

Frequency deviation = Afcos pt E/s = o o o o &
Equivalent phase deviation = ?—fsin pt radiansfsecond . . (3)
= :
(p = 2nfa)

Including the carrier, it is clear that the expressions for frequency
and phase modulation are :

[ = Asin 2nft 4 j?.—fsin pty . . . . . (#)
and f=Asin 2afy +Adsinpt) . . . . . (5)

Thisfactor Af (or A¢) is the modulation index. Whereas for frequency

Sm
modulation, the modulation index af is inversely proportional to modu-

m
lation frequency, in phase modulation, as defined, the modulation index
is constant. To make phase modulation equivalent to frequency
modulation, therefore, we must introduce a factor inversely proportional
to frequency, as implied in equations (3) and (4).
Summarizing, we find :

For Frequency Modulation (F.M.), Af is constant
Af

m is—=
Sm

For Equivalent Phase Modulation, we start with
A¢ is constant SO Af o fm

. . . 1

so we include a circuit to introduce a factor f_

m

1

f"l

as for F.M.

Hence Af o« fn X =~ = constant
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For Phase Modulation (P.M.),

A is constant S Af o fa
m = A—f — constant
f”l

To change phase modulation into equivalent phase modulation we must
make the modulsting signal inversely proportional to f,..

The pre-correction of the signal is usually accomplished in a network
in the path of the modulating signal.

Pre-corrected Phase Modulation

One method to obtain phase modulation is to employ a reactance
modulator valve system across an L-C circuit that is excited at constant
frequency. To preserve linearity of modulation, phase shift must be
limited to say +3} radian. For frequency deviation of +75 ke/s at
the radiated carrier frcquency for a modulating signal of say 30 c/s,
we require 75,000/30 = 2,500 radians of phase shift, i.e.. a multiplica-
tion of 5,000 times is required. Thisisnormally too great to be practic-
able in a single chain of multipliers, since, starting with a crystal
frequency of say 100 ke/s, we should finish with a carrier frequency of
500 Mc/s.

It is usual in such a case, therefore, to multiply in two stages, say from
100 ke/s to 6-4 Mc/s and from 2 Me/s to 96 Mc/s. A 4-4-Mc/s hetero-
dyne frequency change operates on the 6-4-Mc/s signal to produce the
required 2-Mec/s signal.

Another method of producing phase modulation is to add the side-
bands of an amplitude-modulated carrier to a carrier in quadrature.
This process is easily demonstrated vectorially using the same artifice as
previously.

Thus in Fig. 31 (a) we have first a carrier frequency vector 01, and
two side-band vectors OV, and OV,.

The vector OV, is, say, the upper-side-band signal, and therefore
rotates counter-clockwise relative to O V; with the modulation frequency.
Likewise, the lower-side-band vector OV, rotates clockwise relative to
OV,. Vector addition shows that thec counter rotation of the two
side-band vectors in conjunction with the carrier vector O 1", produces an
amplitude-modulated signal without phase shift.

AVt

AN \Y// @ ®

Fi1G. 31.—(a) VECTORIAL REPRESENTATION OF AMPLITUDE MODULATION ;
(b) VECTORIAL REPRESENTATION OF FREQUENCY MODULATION.
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Now suppose the two side-band vectors are added to the carrier vector
in quadrature, i.e., the side-bands become directly additive on the time
axis instead of as previously on the amplitude axis. This is shown in
Fig. 31 (b).

It is clear that the counter-rotating side-band vectors now produce
phase modulation of the carrier and no amplitude modulation. This.
then, provides a means of producing phase modulation. An amplitude-
modulated signal is separated into the carrier signal component and the
sideband signals component, and these components are then phase
shifted 90°, and the two are then added again, transforming the modula-
tion process thereby from that of Fig. 31 (a) to that of Fig. 31 (b).

This method was used in the original Armstrong arrangement. and is
still in current use.

More recently the Serrosoid method of modulation has gained some
popularity ; this is described fully later.

Direct Frequency Modulation

Two broad methods are in current use.

One uses the reactance control of an L—C oscillator and the other the
direct control of a crystal oscillator.

The former requires much the greater care in the stabilization of the
centre or mean frequency, but is nevertheless quite satisfactory in
practice, and is described in detail later. With direct frequency modula-
tion it is possible to complete the frequency multiplication in one set of
multipliers.

Circuit Arrangements : Pre-corrected Phase Modulation
The Armstrong System

This system was introduced by the late E. A. Armstrong, and paved
the way for the engineering of frequency-modulated broadcast services.

The schematic diagrams of Fig. 32 illustrate an arrangement for a
radiated frequency of 96 Mc/s based on the Armstrong system.

A crystal oscillator operating at a frequency of 100 ke/s drives a buffer
amplifier, which then provides outputs for two channels—one the
balanced modulator and the other to an oscillator frequency amplifier.
The output of the balanced modulator which contains the modulation
products only and the output from the carrier-frequency amplifier, one
output of which is shifted 90° with respect to the other. are combined

AVDIO. PRE- pRE- | CRYSTAL
PO cgnmecry EMPHASIS 0sCILLATOR

NETWORK LNEYWORKJ 66 M(I!__

-
BALANCED
CRYSTAL
|oSEiLiAToR|— BUFFER
760 i AMPLIFIER]

MODULATOR

——— [Frecuency | FREQUENCY |
BUFFER [— MULTIPLIERS || FREQUENCY ER
1

MULTIPLI -AERIAL
L xer |converte %
OSCILLATOR —— =
FREQUENCY
AMPLIFIER
100 %1 100 Keys d 81 Mc/st 15 Mes W Mefs
14-47c/s Hvchs 19719¢/s 75 h:/;

(1o a0 [ORFY)]
6

Fi1c. 32.—THE ARMSTRONG TYPE OF FREQUENCY MODULATION SYSTEM,
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3K Class A amplifier.

100K

T

and fed into a second buffer amplifier. Irequency mnultiplication by
81 brings the carrier frequency to 8:1 Mc/s. This is then heterodyned
with a crystal oscillator and the lower difference frequency, retaining the
- 81 deviation, is selected and multiplied further by a factor of 64 to
achieve a frequency deviation of 475 ke/s at 96 Mc/s for a modulation
phase shift of less than 414 radian at 30 ¢/s.
Pre-correcting Networks.—As already stated. for phase-modulation
svstems it is necessary to include in the audio-frequency input circuit a
network to convert the signal from the form E cos pt to the form

cos pt.

f"l

The form of pre-correction used in the original Armstrong system is
shown in Fig. 33.

Pre-emphasis Network.—This takes the form of a simple R-C network
giving a rising amplitude output for increasing frequency. One
cxample is given in Fig. 34. Equivalent R—L networks are sometimes
used.

The Balanced Modulator.—A basic form of balanced modulator is
shown in Fig. 35.

In this arrangement the audio-frequency signals, e cos pt, operate on
the valves in push—pull, while the carrier-frequency signals operate on
the valves in push-push or parallel mode. The outputsof the two valves
arc combined in the output transformer to produce signals of the form

A{sin (w + p)t + sin(w — p)t}
which may be written in the form

B cos. pt sin wt

which is the modulation product containing only the side-band informa-
rion, i.e., with no carrier components present.

The Frequency Multiplication Stages.—These are of conventional design,
and may be high-efficiency Class C stages of adequate band-width.
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CARRIER FREQUENCY
E SIN wt

]

MODULATING Lago)
FREQUENCY

e COS pt

OUTPUT
8 COS ptSINwt

Fi16. 35.—BALANCED MODULATOR.

The Serrosoid System *

This system overcomes many of the disadvantages of the Armstrong
phase-modulated system and provides, if necessary, an initial peak phase
shift of +150°. Normally, the system is based on +90° or 1} radians
for 100 per cent modulation at the lowest frequency. For 14 radians
and 50 c/s the peak deviation is +75 c/s, so, for a + 75-ke/s deviation
of the radiated signal, a frequency multiplication of 1,000 is required.

The nearest simple whole number with simple multiplication factors
is 972. Thus, for example, we may take a 100-ke/s crystal frequency
multiplied to a radiated frequency of 97-2 Me/s.

Fig. 36 shows the complete Serrosoid system.

In general terms a saw-tooth waveform is derived from a stable
crystal-controlled source. This is then limited at about 0-5 amplitude,
and a pulse is derived at the onset of limiting. Bias modulation of the
limiting action then causes the pulse to vary in time in sympathy with
the instantaneous value of the modulating signal. The derived fre-

CRYSTAL [ puLse LINEAR
OSCILLATOR I DIFFERENTLL e ippiNG 11 sAWTOOTH
160 ke/fs VALVE GENERATOR T

n @ @

TO
AERIAL
I_ BIASED MULT{ = POWER
MODULATION{ DIFFEREN- PULSE PLI
STAGE TIATION AMPLIFIER s'rAgésT ;?9';2 :'?A ‘3%'.'2'5»'}3.
]
1'g / RADIATED
! £.M.SIGNALS
LIMITS OF F.M. F.M.
LEADING EDGE PULSES SINE WAVES
WITH MODULATION

PRE- | | AUDIO o AUDIO
CORRECTOR AMPLIFIER INPUT

Fi1G. 36.—THE SERROSOID SYSTEM OF PRE-CORRECTED PHASE
DERIVED FREQUENCY MODULATION.
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quency-modulated pulses are then fed into a conventional chain of
frequency multipliers, and the frequency-modulated signals so obtained
at the radiated carrier mean frequency are power amplified and radiated.
Mean frequency stability is thus crystal controlled and, due to the large
initial phase deviation possible, a single chain of multipliers is sufficient.

Performance of this relatively modern form of frequency modulation,
first operated commercially in 1948, is good, the claims made being
summarized below :

Mean Frequency Stability.— --0-0002 per cent.

Frequency Modulation noise in modulator 50-15,000 c/s Measured
with 75 Microseconds De-emphasis. 80 db below 100 per cent
modulation.

Distortion from the Non-linearity of Phase Shift for 4-135° Peak
Phase Deviation.—0-25 per cent frequency modulation distortion.

Direct Frequency Modulation
Centre Frequency Stabilized Systems

With this form of frequency modulation the modulating signals are
made to control the frequency of an L-C oscillator, the mean frequency
of which is stabilized in relation to a quartz- CIVStal controlled oscillator
or by the difference between a quartz-crystal oscillator and an L-C
frequency discriminator.

The frequency control is usually achieved by a reactance tube acting
directly on the frequency-determining circuit and operated by the
modulating signals.

This method is capable of producing large deviation, but suffers
from the necessity to introduce complicated reactance control in order
to stabilize the mean frequency.

The frequency of the directly controlled oscillator is usually of the
order of a few Me/s, and operates at a sufficiently low power level to
enable the reactance tube modulation to be reasonably small and
economical. The frequency is then multiplied successively in a chain of
harmonic amplifiers, and finally in straight Class C amplifiers to the
required power level.

A typical system is illustrated in Fig. 37.

In this system a sample of the fully modulated frequency-modulated
signal is taken, and the mean frequency is compared with that of the
fixed frequency derived from a crystal oscillator. When the two
frequencies are identical the diseriminator is designed to give zero out-
put. As soon as a difference in frequency occurs the discriminator

TRECUENCY AERIAL
90 Mefs POWER S0 Mcfs
cscu.u;ron Wl—?g‘-‘)’('“ﬁ AMPLIFICATION I

REQUENCY azrzar.nc(
AUDIO, REACTANCE D.C. DISCRIMIN= FREQUENCY MULT|9L|En RYSTAL
MODULATOR AMPLIFIER ATOR CHANGER oscu.l. ATOR

INPUT
108 Mc/s 08.92 Mc/s

F1G. 37.—DirRecT FREQUENCY MODULATED TRANSMITTER WITH REACTANCE
VALVE CONTROL OF CENTRE FREQUENCY.
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Fi16. 38.—FREQUENCY MODULATED TRANSMITTER WITH MOTOR CONTROL
oF CENTRE FREQUENCY.

produces a D.C. bias of correct sense to reduce the difference to a
negligible amount.

There is, however, always a tolerance on the mean frequency deter-
mined by the stability of the quartz-crystal oscillator, which is easily
made high enough to be disregarded, and also by the stability of the
D.C. amplifier system.

More accurate stabilization of the L-C' oscillator is possible by the
method shown in Fig. 38, in which the frequencies of both the I-C
oscillator and the crystal reference are divided down to a few thousand
c/s.> One of these two low-frequency signals is then applied to a
balanced modulator direct, and the other to a second balanced
modulator through a 90°-phase-shift network.

The outputs of the two balanced modulators thus produce a frequency,
at the output, that is proportional to any difference between the two
input signals. The outputs are also in quadrature, with a combined

55 e
-
L_J_g :E’; o I
S Tl
| o =S .—“—<
A & T
<Y
v

F16. 39.—MODERN VERSION OF REACTANCE-CONTROLLED OSCILLATOR
CAPABLE OoF WIDE DEVIATION wITH Low DISTORTION.
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Fic. 40.—Basic Form oOF
“LiNE” TyrE FREQUENCY LINE
MopvrraTioN OSCILLATOR. RESONATOR

REACTANCE
MODULATION

%%OUTPUT

vector rotation depending on whether the L-C oscillator frequency is
above or below the reference frequency. .

This two-phase output, suitably amplified, is utilized to drive a two-
phase motor which controls the L—C oscillator tuning control directly.

Accuracy of frequency control with this system is claimed to be
limited only by the heat cycle of the crystal oven. Distortion is of the
order of } per cent and noise level in the output is 74 db below 100 per
cent modulation.

A particularly interesting version of the reactance-controlled oscillator
has recently been developed by W. L. Wright.

A simplified diagram is shown in Fig. 39.

In this arrangement the modulated oscillator consists of a pair of
pentodes operating in a balanced oscillating circuit, with feedback taken
from the anode-tuned circuit to the cathodes of the two valves through
phase-shifting networks, which in one case gives 45° lead and in the
other 45° lag when the mutual conductances of the two valves are equal.

Modulating signals are applied to the two grids in phase opposition
so that the slopes of the valves are changed differentially, one increasing
while the other is decreasing. This causes the net phase shift to change.
producing frequency modulation of the output. The application of
modulating signals thus produces direct frequency modulation. The
inductive phase-shifting network is made variable as a balancing
control, and balance is achieved by adjusting for minimuin amplitude
modulation. Application of A.F.C. voltage to the modulator grids is
employed.

Centre-frequency Stability—Less than 420 in 10° for ambient
temperature 15-70° C.

Change of Centre Frequency with Modulation.—45 in 108,

Maxivmum Deviation Possible over Band 88-108 Mc/s.— 4300 ke/s.

Frequency Response.—+0-5 db 30-15,000 c/s without pre-emphasis.

Amplitude Modulation.—Iess than 1 per cent.

Noise.—~—170 db relative to 75 ke/s deviation.

Harmonic Distortion.—Less than } per cent for 30-15,000 c/s at
100 ke/s deviation.

|

-
v

Inherently Stable Systems

Probably the most simple of the inherently stable systems is provided
by the simple line-type oscillator with reactance modulation.
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Fic. 41.—Brocxk ScHEMATIC Dragram ofF “F.M.Q.” DRIVE.

This is illustrated in Fig. 40, and will produce + 75 kc/s deviation
with low distortion directly at 88-108 Mc/s, with a stability dependent
on the @ and therefore the physical dimensions of the “line .  As far
as is known, this has not been developed to commercial standards.

A more recent disclosure known as F.M.Q. operates by modulating
a quartz-crystal oscillator directly.5

The elements of this system are illustrated in Fig. 41.

In one successful design a deviation of 41 part in 1,000 has been
achieved for a susceptance change of +0-008 mhos by using automatic
level control on the oscillator, which maintains the output at 1 volt
r.m.s.

Carrier-frequency stability is determined predominantly by the
modulator. The achievement of a centre-frequency stability, such that
it never deviates by more than 2 ke/s, calls for a high degree of stability
of the modulation valve characteristics over their life. This problem is
reduced considerably by the use of a balanced modulator with reason-
ably matched valves having a long linear range of g.,/E,. The arrange-
ment in Fig. 42 has been found quite satisfactory and gives linear
modulation.

+HT.

BALANCED
MODULATOR

+ HT.
AMPLIFIER
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F1c, 42.— THREE-VALVE ¢ SUSCEPTANCE MobpuLATOR’’ CIRCUIT

OSCILLATOR
(SUSCEPTANCE
TERMINALS)
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In practice, an ordinary quartz crystal does not behave as a simple
resonator but has spurious modes of resonance which may occur within
the large spectrum used for signals. The F.M.Q. system uses a special
type of quartz crystal in which significant spurious resonances have been
eliminated.

Overall, this system shows considcrable economy in valves, and results
in great operational reliability.

Performance is adequate for high-fidelity sound broadcast, and is
summarized below.

Distortion (Maximum) at 75 kc/s Deviation.—Less than 1 per cent for
60-15,000 c/s

Am plilude Modulation Noise.—

Zero deviation : —60 db.
100 ke/s deviation 400 ¢/s : —53 db.

Frequency Modulation Noise.—Relative to 75 kes deviation:
—60 db.

Stability of Carrier—Frequency change for deviation from 0 to
100 ke/s : 2 1n 108,

Change over 48 hours : 12 in 108,

Frequency response without pre-emphasis: 3 db at 15 ke s; 10 db
at 20 ke/s.
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FREQUENCY ALLOCATIONS FOR BROADCASTING

TasrLE 1.—-V.H.F. /U H.F. Broapcast AND TELEvVISION BANDS

BandI. . . . . 41-68 Me/s. T34 m.
BandII . . . . 87-5-100 Mec/s. 3-4-3 m.
Band III . . . . 174-216 Mc/s. 1-7-1-4 m.
Band IV ‘ 470-585 Me/s. 64-51 cm.

BandV . . . .| 610-960 Mc/s. 49-31 cm.




6-44

RADIO AND TELEVISION REFERENCE BOOK

TABLE 2.—ATLANTIC CiTY CONFERENCE ALLOCATIONS FOR

BROADCASTING
T 1
Band Frequency I Wavelength Area ®

Long Wave-band . 150-285 ke/s. 2000-1053 m. Region 1.

Medium Wave-band 525-1605 kc/s. 571-187 m. Region 1.

Medium Wave-band 535-1605 ke/s. ! 560-187 m. Regions 2 and 3.

120 m. band 2-300-2-498 Me/s. 130-3-120 m. Region 1. Regions 2 and 3,

| 2-300-2-495 Mc/s only.

90 m. band 3-200-3-400 Mc/s. 93-69-88-18 m. | All Regions.

75 m. band 3-900—1-00 Mc/s. 76-9-75-0 m. Region 3. Region1, 3:95-
4-0 Mc/s only. Region 2
excluded.

60 m. band 4-75-5-06 Mc/s. 63-10-59-25 m. | All Regions.

(except 4:995- (except 60-05~
5:005 Mc/s.) 59-95 m.)

49 m. band 5-950-6-200 Mc/s. 50-39—48-36 m. | All Regions.

41 m. band 7-100-7-300 Mec/s. 42:23-41-07 m. | Regions 1 and 3 only.

31 m. band 9-500-9-775 Mc/s. 31-66-30-70 m. | All Regions.

25 m. band 11-:700-11-975 Me/s. 25-63-25-0 m. All Regions.

19 m. band 15-10-15-45 Me/s. 19-86-19-40 m. | All Regions.

16 m. band 17-70-17-90 Mec/s. 16-94-16-75 m. | All Regions.

13 m. band 21-45-21-75 Me/s. 14-00-13-79 m. | All Regions.

11 m. band 25-60-26-10 Me/s. |11:71-11-49 m. | All Regions.

* Zee Section 44, pages 20-1.



7. COMMUNICATION TRANSMITTERS

PAGE

BASIC TRANSMITTER DESIGN . 5 o 3
OSCILLATOR STAGE . 5 5 - .3
BUFFER STAGES 5
POWER AMPLIFIER . 5 o . . 6
AERIAL COUPLING 6
MODULATION . 5 5 . . . 1o
KEYING . 5 5 5 o . .11
COMPONENTS AND FINISH o . 14
MARINE TRANSMITTERS 5 o 5 . 16
LAND-BASED TRANSMITTERS o o . 21
FIXED TELEPHONY TRANSMITTERS )]
MOBILE TRANSMITTERS . . o o 2
GROUND-TO-AIR TRANSMISSION . .24

INTERNATIONAL CALL SIGN ALLOCATIONS 25



7. COMMUNICATION TRANSMITTERS

Although basically the same in principle, modern radio transmitters
differ greatly in detail from those of a generation ago. Apart from
improvements in size factor and durability under extreme climatic
conditions, the changes are mostly related to the vastly increased
number of applications and the consequent congestion of all frequency
bands, with the resulting development of measures to avoid mutual
interference between services. The increasing complexity of equipment
has necessitated special attention towards convenience of operation and
maintenance.

The International Radio Regulations resulting from the Atlantic
City conference of 1947 set down limits of carrier-frequency tolerance
for all classes of user, and additional limits are set, for example, by the
British Post Office for equipment under their jurisdiction; these make
mandatory for some classes the standards for sideband spread, harmonic
radiation and the like, which are generally accepted as good practice in
modern equipment.

Communications transmitters, although varying in size from many
kilowatts down to units driven from dry batteries, have, nevertheless,
many common features which are at variance with the technique of
broadcast-transmitter design. Sound quality on telephony is, of course,
far less important, a frequency response covering the main speech range
of 250-3,000 c/s being adequate for most purposes. The frequency
response is often deliberately distorted, in fact, the higher speech
frequencies being accentuated in the interosts of maximum clarity.
Harmonic distortion of 10 per cent or even more at 90 per cent modula-
tion is relatively unimportant, and for equipment working off normal
mains-supply frequency a hum level of 30 db below maximum modula-
tion is adequate. = A satisfactory service may in fact be achieved with an
aerial power sufficient only to give 10 db signal-to-noise ratio for 30 per
cent modulation at the associated receiver.

Microphones are generally of types designed for close working to cater
for conditions of high background noise, and carbon microphones of the
telephone type are still in frequent use. Frequency modulation is
becoming popular, particularly for the smaller portable equipment
operating on the V.H.F. bands.

Aerials vary from a simple receiving-type wire or whip at one extreme
to complex directional arrays at the other, but are rarely such a
dominant feature of the installation as with broadcast equipment.

Telegraphy, whether by continuous-wave, modulated-continuous-
wave or frequency-shift methods, is in frequent use, and sets a series of
problems unmatched by any corresponding ones in the broadcast sphere.

BASIC TRANSMITTER DESIGN

The special requirements of various forms of communications service
are best considered in relation to the basic sections of a primitive trans-

T-2
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F1¢, 1,—S1MPLE OSCIvLLATOR. Fi1¢. 2.—DyYNATRON OSCILLATOR.

mitter. These consist fundamentally of a frequency generator, power
amplifier and modulator, together with arrangements for coupling the
oscillator to the power amplifier and the power amplifier to the aerial,
and means of interrupting the carrier wave for keying purposes.

Oscillator Stage

Single-valve oscillator circuits are shown in Figs. 1-4. Fig. 1 depicts
a tuned-grid cireuit, in which resistor R1 serves to bias back the valve
to the operating part of its characteristic at the onset of oscillation, by
virtue of the flow of grid current; this will result in a Class C condition
of operation, in common with other oscillators not limited by automatic-
gain-control. This circuit suffers from the defect that variations in
valve input capacitance, which are most marked during the valve
warming-up period. have a direct influence on the frequency of oscilla-
tion, particularly at the high-frequency end of the band.

Matters are improved by reversing the positions of tuned and tickler
windings, since valve-anode capacitance, in general, suffers far less
variation. Further improvement is obtained by stabilizing H.T.
voltage, e.g., with a gas discharge tube. The tuned circuit itself is
rendered less dependent upon temperature variations by the use of low-
expansion materials. The coil may be wound with stressed or fired-on
silver windings on a ceramic former, or with silver-plated invar wire,
whilst a variable capacitor of substantially zero temperature coefficient
(5-10 parts per million per ° C., compared with 60-80 parts per ° C
for normal types) can be achieved by the judicious use of nickel in the
construction.

Recently capacitors with compeunsating sections controlled by bimetal
elements have appeared on the market, enabling a zero or a slightly
negative temperature coefficient to be achieved, and facilitating com-
pensation for residual variations in other components. The alternative
form of compensation, by means of ceramic capacitors of high negative
temperature coefficient (approximately 800 parts per million per ° C.)
depends upon the selection of components free from scintillation, which
produces the effect of small, discontinuous jumps in frequency.

A further source of trouble in damp climates lies in variation of
capacitance with condensation of moisture on the capacitor vanes. It
is now possible to obtain shaft bushings which permit rotation of the

+spindle while preserving the hermetic seal.
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Figs. 2 and 3 show circuits utilizing single coil windings, with con-
sequent simplification of coil structure. The dynatron circuit of Fig. 2,
requiring a two-terminal inductance, functions by virtue of the negative
resistance present in the anode characteristic of a tetrode, which is
produced as a result of secondary emission from the anode caused by the
high screen /anode voltage ratio. This appears effectively in shunt with
the anode-tuned circuit of higher ‘‘ dynamic resistance ”’ QwL. The
circuit suffers frequently from short valve life and the need to select
individual valves; it has declined in popularity since the development of
alternative negative resistance circuits, such as the transitron, which
depends upon the effect of a negatively-biased suppressor upon the
screen impedance of a pentode valve (Fig. 3).

The so-called electron-coupled oscillator of Fig. 4 requires a tap on
the coil, but, with simple switching of one or more quartz crystals, it
«can be transformed easily into an effective crystal oscillator circuit.*
Frequency stability of the order of -+ 0-05 per cent may be obtained,
-with careful design, in an L-C oscillator using this circuit.

$till less drift is given by two-valve circuits, such as the Franklin
-oseillator (Fig. 5), or the keyed twin-valve oscillator of Fig. 6, but
‘madern statutory limits of frequency tolerance, coupled with arduous
.climatic requirements, have relegated the simple variable frequency
.osoillator to a subsidiary role, for stand-by and emergency use.

‘High-stability Circuits

Present-day -stability requirements can be met using variable fre-
‘quency sources of the additive type, which function by mixing the
output of a relatively low-frequency variable-frequency oscillator
(V.F.0.) with one or another of the harmonics of a quartz-crystal
-oscillator; using the heterodyne voltage to give an overall frequency
accuraoy, after the necessary filter circuits, of many times the accuracy
of a corresponding V.F.O. on the same frequency.

In a further elaboration of this circuit the resultant frequency is
.compared with the output of a separate oscillator, which is automatically

* Paten No. 555,750.
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corrected by means of a motor-driven compensating capacitor driven
from the difference frequency. This method has the advantage that no
spurious signals originating from inadequately rejected harmonics of the
crystal oscillator can reach the aerial ; but problems of ‘ hunting ”” in the
output frequency arise unless a virtually inertialess tuning motor is used.

Both these methods of frequency synthesis are, of necessity, far more
elaborate and costly than a single variable circuit, but can be made to
give a frequency stability of better than 4 0-001 per cent.

Oscillators employing quartz crystals may readily be made to give
stabilities of +0-005 per cent, using the modern low-temperature
coefficient A-T and BT cuts with no special precautions for stabilizing
of supplies. The more exacting requirements of higher-power trans-
mitters are met by the maintenance of constant crystal temperature in
a thermostatically controlled oven. The oven temperature must, of
course, be higher than the maximum reached inside the equipment
under the most extreme conditions, and a figure of 60° C. is commonly
chosen. The quartz crystals are specially cut for oven use, both as
regards frequency accuracy at the elevated temperature and to give
minimum rate of change of frequency for small temperature variations
about this point. Further information on ‘ Quartz Oscillators ™ is
given in Section 44.

Buffer Stages

Drive for the power amplifier is usually obtained from the oscillator
via one or more buffer amplifiers; these serve to isolate the frequency
standard from changes of impedance in the grid circuit of the power
amplifier consequent upon variations in its anode loading. Often the
buffer stages are required to function also as frequency multipliers.
Class C operation is usual, both in the interests of high efficiency and
for the production of a signal current in the anode circuit rich in har-
monics. Tetrode or pentode valves are most frequently used, for their
high power gain as well as for stable operation when required to amplify
at fundamental frequency. Occasionally, when gain and output
requirements are moderate, the anode circuit may be aperiodic, to
simplify tuning operations and give still better isolation of the oscillator.

For efficient frequency multiplication, when necessary, bias and
drive are both considerably increased, and push-—pull operation is
favoured as a means of amplifying odd harmonics.
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Power Amplifier

The power-amplifier stage may consist of triode, tetrode or pentode
valves operated singly, in parallel or in push—pull. For the higher
powers, directly heated tungsten or thoriated tungsten cathodes are in
use, and care must be taken to keep heater-voltage variations within the
closer limits required for these valves than for oxide-coated types.
The initial heater-current surge must, in many cases, be limited to
about 50 per cent in excess of the running current, by the use of current-
limiting devices, such as a supply transformer of high leakage reactance.

Class C operation is general, with the grid circuit biased back to
approximately twice the cut-off voltage, for maximum output with high
efficiency. An exception is the Class B radio-frequency amplifier, used
for distortionless amplification of a previously modulated signal, with
critical adjustment of standing current and amplitude of drive.

In all Class C circuits, but particularly the power amplifier, the tuned
circuit fulfils the function of storing energy during the conducting pulse
and releasing it during the rest of the cycle. For stable operation,
the energy 1/2 C. E? stored in the capacitor at peak voltage (EF) must
approximate to at least twice the energy dissipated per cycle. This
corresponds to an effective *“ @ ”’ in the loaded tuned circuit, expressed
as reactance/resistance or, approximately, volt amperes/watts ratio, of
47, There is no objection to exceeding this value, with corresponding
benefit to harmonic content, apart from the increase of coil losses with
increased circulating current. For most practical purposes, the peak
voltage E may be taken as four-fifths of the H.T. voltage.

In practice, with a continuously-tuned power-amplifier circuit, a
variation of at least two to one in effective  is permitted, to minimize
waveband switching. This corresponds to a reactance ratio of 4:1
in the variable inductance or capacitor for a frequency coverage of one
octave.

The valve capacitances alone exceed the above values in some circum-
stances, in which case efforts are best made to tune by variation of
inductance. With V.H.F. equipment the working ¢ may unavoidably
be as high as 60, and some loss of efficiency must be tolerated. For
example, a popular V.H.F. double tetrode of the 40-watt class, rated
at 50 watts output for an anode voltage of 500 volts, has an output
capacitance of 7 pF. Assuming an output of 680 volts r.m.s. for push-
pull operation, the load impedance is 9,200 ohms; at 150 Mc/s, the
approximate resistance/reactance ratio will be 64. Further allowance
should be made for residual capacitance in the tuning elements or anode
lead-offs. In a case such as this, the ‘ line ”’ resonant circuits some-
times favoured form little more than a convenient means of varying the
tuned-circuit inductance.

One of the directions of progress in this field lies in the development of
valves with ever lower capacitance values for a given impedance or
power rating.

Coupling to Aerial

With an effective tank-circuit @ of 12 or thereabouts, the impedance
ratio at resonance to that at overtone frequencies is not high enough to
give sufficiently low harmonic voltage across the circuit, for radiation
purposes. Modern regulations permit a maximum radiated level of
40 db below fundamental, or 200 mW (whichever is less), for individual
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harmonics. To comply with this, it is necessary to devise an aerial-
coupling circuit which discriminates against the higher frequencies.

A selection of output circuits is shown in Figs. 7-11. Figs. 7 and 8,
with closely-coupled inductive or direct coupling, give no harmonic
voltage reduction in the aerial circuit other than that afforded by the
aerial loading coil. In Fig. 8, however, loose coupling will afford a
degree of harmonic reduction by virtue of the series leakage reactance
thus introduced.

The once-popular circuit of Fig. 9 is worse, since lack of tight coupling
between turns of the coil can give rise to spurious series resonances in
the aerial circuit, which may actually accentuate some harmonics. To
a smaller extent, this trouble can be encountered with other circuits
when an excessive lead inductance separates the valve anodes and the
tank capacitor.

Pi-Coupling

The well-known ¢ pi ”* filter circuit of Fig. 10 gives adequate harmonic
reduction for small transmitters, and dispenses with the need of a

C2

-

—-—
v

Fig. 9.—“ ANODE TAP” OUTPUT. Fi1¢. 10— Pi "’ CIRrcuUIT.
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separate aerial tuning inductance over a comparatively wide tuning
range. This circuit can be further simplified for use with short aerials
by omission of the second capacitor C2, which is replaced by the aerial
capacitance.

A comparatively recent development for use with aerials of high @
factor, which in practice is inevitable on the lowest-frequency bands. is
the use of a wide-band radio-frequency transformer to match the valve
anode to the tuned-out impedance of the aerial (Fig. 11). The only
tuning control in this case is the loading coil, which, with the aerial
itself, forms the tank circuit. In one remotely controlled low-frequency
transmitter using this arrangement all the earlier stages are aperiodically
coupled by wide-band transformers. This extension of audio-frequency
technique, which very much simplifies remote frequency changing, is
claimed to work satisfactorily up to 500 ke/s with an output of several
kilowatts, using the best modern core materials.

Where two valves are to be used in the power amplifier stage, push-
pull connection is advantageous in reducing even harmonics, provided
that some form of electrostatic screening is introduced to minimize
capacitative coupling to the output circuit. Push-pull operation offers
a further advantage in easy ncutralizing of residual grid—anode capaci-
tance, which is necessary even with tetrodes in the larger sizes and
at very high frequencies; this offsets to some extent the difficulties
of providing balanced drive and a balanced output circuit. When
linear amplification of a modulated signal is required, with a Class B
(radio-frequency) mode of operation in the power amplifier, the use of
push-pull enables very low values of harmonic radiation to be achieved.

For the larger installations a separate aerial-coupling unit is usually
fitted under the aerial, and fed via a co-axial or open-wire transmission
line. Such a unit, shown basically in Fig. 12, can be made to feed the
aerial over a wide band of frequencies. Further discrimination against
harmonics beyond that afforded by the second (aerial) tuned circuit is
given in this case by the increased transmission-line losses for frequencies
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other than resonance; the high reflection coefficient and increased
power dissipation at harmonic frequencies is, however, generally
insufficient to embarrass the transmission line.

High-voltage Problems

The main problem presented by the aerial-loading ecircuit, whether
fitted inside the transmitter or in the form of a separate unit, lies in the
provision of high @ inductances and switches capable of withstanding
the very high voltages at the acrial terminal and at the same time
capable of dissipating a substantial part of the total output power.
Thus, with a typical short aerial at a low frequency, the resistive com-
ponent of the aerial jearth impedance might be 10 ohms and the capacita-
tive component 1,000 ohms. A power of 100 watts would correspond
to a current of 3-1 amperes, and the voltage at the aerial terminal would
be 3,100 volts r.m.s. without modulation. To radiate this power when
using a loading coil of @ factor 350, approximately 30 watts extra must
be allowed for loading-coil losses. Even then a relatively low proportion
is actually radiated, since the bulk of the 10 ohms represents earth
losses rather than radiation resistance.

At medium frequencies rotating solenoid coils with inductance
adjustment by a sliding roller contact (controlled by winding handle
and counter mechanism) or fixed solenoids with rotating rollers, have
become popular in radio-frequency output circuits; a wider range of
adjustment, combined with considerable spacs saving, 18 possible when
using these components with ceramic pot capacitors than was previously
possible with fixed inductance-variable capacitance circuits. To
ensure low contact losses under all conditions, heavy silver plating with
a rhodium flash coat is usually considered necessary.

For lower frequencies, coils wound in sections with multi-strand litz
wire (sometimes of 243 strands or more) are necessary, tapped between
sections and with some form of continuous adjustment such as an oil-
filled variable capacitor. Variometers, also popular for this purpose,
are of much more constant ““ @ > over their range of adjustment than
might be expected, owing to the influence of ¢ proximity effect ”* upon
the radio-frequency resistance of the windings. ~ *

For aerials longer than a quarter-wavelength, the tuning reactance
takes the form of a high-voltage series-connected variable capacitor, or
perhaps a bank of fixed ceramic capacitors in series with a variable
inductance for fine tuning.

Adjustment

Transfer of power from transmitter-tank circuit to aerial-coupling
unit is usually best effected by variable inductive coupling for balanced
transmission lines; in the case of co-axial lines, direct connection to an
adjustable tap on the tank coil is an alternative possibility. At the
aerial end the line winding may be tightly coupled to the low-voltage
end of the aerial coil, with efficient electrostatic screening in the case of
balanced lines. Some form of turn adjustment must be provided to
enable the correct matching impedance to be presented to the line under
all conditions, and to facilitate this, a line voltmeter and line ammeter
are sometimes fitted in the larger installations. Where a “ rotating
coil ” type of primary winding is fitted for this turn adjustment, this

O
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must usually be carried inside the aerial coil, and precautions such as
winding with copper strip taken to minimize eddy current losses.

For tuning the aerial circuit, & thermoammeter is usually provided
in series with the loading-coil earth connection, when a coupling unit is
in us3; if an ammeter is required at the high-voltage end of the coil,
thorough shielding will be necessary, including in most cases a wire
gauze cover, joined to one terminal.” In the smaller transmitters with
direct aerial connection, a radio-frequency meter is frequently omitted,
and the power-amplifier anode current loading taken as a guide to correct
setting-up; alternatively, a small wideband transformer and rectifier-
type meter can be made to give a sufficiently reliable indication of aerial
current up to a few Mc/s.

When a dipole aerial is in use, coupling may be made direct from the
power-amplifier tank circuit via a 70-ohm co-axial line, with little effect
on loading or on radiation pattern compared with a balanced feed. It
may also be convenient, when feeding a rhombic aerial from a small
transmitter, to use co-axial output and perform the transformation to a
balanced 600-ohm feeder by means of a tuned line transformer or an
aperiodic wideband transformer fitted at some convenient spot.

Modulation

On _telephony, amplitude modulation is predominant in all but the
V.H.F. bands.

Anode modulation is most commonly used, since it combines ease of
setting-up with relatively low audio distortion at high modulation levels.
Where the screens of tetrode valves are supplied via a voltage-dropping
resistance from the anode supply, the dropper may simply be fed from
the full modulating voltage ; a peak voltage of somewhat less than the
anode H.T. will give 100 per cent modulation in most cases. In the
case of some valves the screen dropper may be returned to the un.-
modulated supply without detriment. With larger valves, where a
fixed-voltage screen supply is in use, a separate winding furnishing the
appropriate proportion of the full audio voltage is usual; in many cases,
however, it is found possible to modulate fully, with low distortion, by
inserting a choke in the screen supply and modulating only the anode.

In all cases care must be taken to ensure that adequate reserves of
cathode emission and of radio-frequency grid drive are available. The
cathode bias resistance, if employed, must be de-coupled down to the
lowest modulation frequencies. The tank circnit blocking ecapacitor
appears in shunt across the modulator output winding and may give
rise to problems at the highest audio frequencies.

In transmitters of 500 watts and above, anode modulation may be
applied to the radio-frequency driver stage, and the power amplifier
stage'run as a Class B radio-frequency amplifier. In practice, to avoid
excessive audio distortion, the power-amplifier grid bias must be set to
give an appreciable standing current, in the absence of the carrier, and
the degree of radio-frequency drive carefully controlled. Complica-
tions arise with power-amplifier valves which are driven positive at
peaks of modulation, in which case the resultant grid current necessitates
a driver stage of the requisite good regulation. In the larger equipments
stability of operation becomes a major problem under Class B conditions.

Suppressor grid modulation is popular in the smallest equipments,
and specially designed valves, such as the Philips PEI/100, enable
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90 per cent modulation to be obtained with relatively low distortion
by application of an audio voltage to the biased-back suppressor grid.
Setting up is simplified, since the valve is run in the Class C mode,
without drive adjustments. Since the peak of modulation occurs at
zero suppressor volts, there is no appreciable suppressor-grid current,
and virtually no power is required for modulation.

Keying

For most communications purposes, hand-speed keying at speeds of
up to 40 words per minute is adequate, and is often used as a stand-by
to telephony service under adverse conditions. Examination of the
Morse characters for the typical word ** Paris * will reveal that the dot
length for 40 words per minute is approximately 30 milliseconds.
Difficulty is frequently encountered in persuading relays and crystals
to follow at this speed without serious clipping. Even for lower-speed
keying, the less-skilled operators themselves tend to clip dots to about
this value, and it is essential for reliable service that comparable clipping
should not occur in the transmitter.

A number of refinements are essential in the basically simple technique
of interrupting supplies to the oscillatory circuit before present-day
requirements are met. First, with a variable-frequency oscillator,
some change of frequency during the pulse is inevitable if the oscillator
stage itself is keyed. This manifests itself as a warble in the note
heard in the receiver, and is increasingly troublesome at higher radio
frequencies. Secondly, some rounding-off of the pulse is necessary in
order to avoid transients and excessive sideband spread as a result;
this is sometimes achieved by the use of inductive and capacitative
elements in the circuit of the keying relay contacts, and by the judicious
employment of the modulation transformer inductance in transmitters
with telephony facilities. Furthermore, direct interference with
adjacent receivers due to sparking at key or relay contacts must be
avoided by means of suitable radio-frequency suppression.

A further source of interference with local reception when buffer
keying is in use lies in direct pick-up from the oscillator under * key-
up ” conditions, due to incomplete shielding of this stage. Screening
of the necessary degree of perfection is difficult to achieve on a produc-
tion basis, and wherever possible oscillator keying is favoured in the
smaller equipments.

Quartz-crystal oscillators are relatively free from the ‘ chirrup ”’
mentioned above, but in some cases are reluctant to start with the
necessary promptness; while circuit conditions have some influence,
the position is somewhat obscure, since two crystals which otherwise
appear identical may differ greatly in keying aptitude. When specify-
ing crystals for this purpose, it is usual to stipulate the keying speed.
A further trouble, frequently encountered in low-frequency circuits, is a
tendency for oscillations to decay at too slow a rate when the key is
lifted, owing to the high @ of the crystal; this does not prevent the valve
from responding to keying, but may embarrass the local receiver if
¢ listening through » facilities are in use. The tendency to ‘“ ring”
may be overcome by heavy resistive damping of the crystal, preferably
applied only at “ key up .

With an H.T. supply that is inductively smoothed and only lightly
loaded at “ key up ', damped oscillations are likely in the smoothing

3
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system, with a resulting adverse effect on the shape of the radiated
characters.

To conserve the relay contacts, it is preferable to key at a point of
relatively high impedance and low voltage, usually in a grid circuit.
In addition, since the guaranteed relay life of perhaps a few million
operations may be reached after quite a short period of service on
telegraphy, the keying relay is, where possible, made a plug-in item.

In many small equipments, however, the permissible dissipation of the
power-amplifier valve or valves would be exceeded by the mere removal
of drive, on account of the use of grid-leak bias in this stage and/or
the employment of a series resistor in the H.T. line for screen foed. In
this case, both oscillator (or buffer) and power-amplifier stages may ke
keyved simultaneously, if necessary through the grids or screens of both
stages. Alternatively, a resistance in the negative H.T. line may be
keyed to provide a biasing-off voltage for the requisite valves. These
methods are preferable to the once-popular method of opening the valve-
cathode connection, where there is danger of breaking down the cathode-
heater insulation before the cut-off voltage is reached.

Relays of sufficiently high rating for these purposes and capable of
keying at 40 words per minute are readily available.

¢ Listening Through *’ (Break-in)

A more difficult application is the combining of *listening through ™
facilities with the use of a common aerial for transmission and reception.
** Listening through ”, or ‘‘ break-in *’ as it is sometimes known, enables
the operator to receive incoming signals between the characters of his
own message. and allows the distant operator to break in immediately
clarification is wanted, often avoiding repetition of the entire message.
Separate aerials are used for this purpose in the higher-power stations,
and the difficulties are chiefly confined to avoidance of back wave and
of excessive key clicks in the receiver. Where an aerial changeover
relay is needed, a type must be chosen with a contact assembly of low
inertia, combined with high-voltage insulation and large current-carrying
capacity. This necessitates a correspondingly large coil and an efficient
magnetic circuit. The relatively high inductance may then result in
delayed current build-up in the coil, sufficient to slow down closure of

the contacts, unless additional series resistance is included to reduce the
time constant.

Typical Keying Circuit

The circuit of Fig. 13 illustrates these various points. With this .
arrangement a high-frequency transmitter of the 50-watt class is
operated with an associated receiver, using a high-voltage, low-loss
 type 3,000 aerial changeover relay X1. The relay inductance and
resistance are approximately 35 henrys and 1,000 ohms respectively,
giving a time constant L/R of 35 milliseconds. Series resistor R1, fed
from the 500-volt H.T. supply, reduces the overall time constaut to
4 milliseconds; to this is added a further 4-5 milliseconds. before
contact closure, due to inertia in the moving parts. Use of a back
contact on the key enables the keying ¢ mark ” to be anticipated
slightly, thus reducing the delay.

The transmitter radio-frequency contacts are protected from sparking
by energizing the keying relay X2 via the second set of contacts on X1,
whilst, on lifting of the key, relay X2 (of the light-duty, high-speed type)
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interrupts the carrier before X1 drops out. The remaining contacts on
X1 enable the receiver to be suitably desensitized to give side tone at
“mark " by direct reception of the transmitted carrier. Change of
resistor R2 enables this é)rop-out time to be controlled up to 120 inilli-
seconds approximately, since the degree of damping of the coil influences
the rate of collapse of the magnetic flux. This gives choice of receiver
recovery time and permits * break in’ at 40 words per minute between
letters or between words, as desired.

Components R3, L1, Cl are fitted to smooth out the transients at
beginning and end of the keyed impulse, and C2, R4 serve to suppress
radio-frequency interference due to sparking at the key contacts.

Since common-frequency working is usual on Al telegraphy, the aerial
changeover contacts ave situated at the base of the loading coil, thus
minimizing the voltage stress, and the receiver is fed at low impedance
from the tuned-out aerial circuit.

Modulated C.W. (A2) is less commonly used, but is still popular in
marine applications. Design problems are eased if the audio-frequency
signal is interrupted at the same rate as the radio-frequency keying
impulses, enabling momentary overmodulation, during carrier build-up
and decay, to be avoided. A high-power audio oscillator directly
modulating the power-amplifier stage is in favour nowadays, except
for high-power transmitters, particularly where no telephony operation
is required ; where a telephony-type modulator stage is in usc, measures
may he needed to avoid excessive rounding off of the keyed pulse, duc
to the inductance of the modulation transformer.

For some A2 applications, notably V.H.F. telegraphy, the tone only
is keyed, with a continuous carrier. This avoids the difficulty of
fluctuations in carrier frequency, which become more severe the higher
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the frequency, and permits the use of full automatic-gain-control in
the receiver.

Components and Finish

The need for transmitters to operate under arduous climatic condi-
tions and to withstand rough handling without ill effect has led to radical
changes in component design. With these changes has come the
evolution of generally accepted performance standards, and the develop-
ment of suitable humidity chambers and vibration tables for accelerated
life tests, both of components and of complete equipments.

In this country the Radio Components Standardization Commilttee,
arising out of the earlier Inter-Services Component Committee, has issued
a comprehensive series of Guides, List and Specifications for various
types of component for Service use, all subject to continuous review.
A thorough system of type-approval testing to the specified climatic
and durability requirements enables the quality of various component
manufacturers’ products to be certified. Later specifications on some-
what parallel lines, issued by the Radio Industry Council and British
Standards Institution, recognize the need for classes of less-elaborate
components suitable for more temperate conditions.

Humidity Protection

For many purposes, the use of wax impregnation of small coils and
capacitors gives sufficient protection, withstanding two or three cycles of
heat and cold at 100 per cent relative humidity without ill effect,
provided that the impregnation is thorough and flawless. Other
varnishes giving similar protection are often preferred, on account
of the tendency of some waxes to encourage mould growth. In some
instances the impregnation is followed by treatment with an enveloping
medium for added protection. Many varnishes have the effect of
increasing coil losses at radio frequencies; the use of solutions of
polystyrene is without ill effect, but does not always give lasting protec-
tion on account of its tendency to craze. For some components, such
as transformers, not used at radio frequency, a bituminous compound
is often used as the enveloper to follow vacuum impregnation.

These relatively simple methods of protection are sufficient even for
tropical climates, where the apparatus is stored and worked on sites
with reasonable air conditioning. The subsequent development of
gilvered ceramic terminals, however, has facilitated the development of
fully sealed components, suitable for extreme conditions of heat and
humidity. Early transformers and chokes of this class were con-
siderably more bulky than their open counterparts, largely on account
of inferior ventilation. With the development of “ C'* cores, built up
from laminated, grain-oriented, silicon iron, however, the permissible
magnetic flux density has considerably increased ; as a result, a complete
range of fully sealed transformers no bigger than earlier open types is
now available. Such transformers are filled with oil or dry nitrogen, or
sometimes evacuated before sealing. Whilst the permeability of the
“C ™ core material is very high compared with normal silicon iron, the
residual air gap between core halves, despite grinding to close tolerances,
limits the effective permeability in the smaller sizes; consequently,
interleaved laminations of conventional types, using nickel-iron alloys,
are still employed for such items as audio input transformers, mounfed
and sealed in the standard  C ” core case.
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A substantial item in the price of a * C *’ core transformer is the very
high cost of the terminal bushes, and difficulties are sometimes en-
countered in production and in the field owing to leakage of air and oil
seals; conscquently, a type of open “ C ”* core construction has recently
been developed, with attempts to achieve full climatic protection by
processing with solventless varnishes. While such processes were
initially very costly and of somewhat uncertain effectiveness, it is now
possible to make a substantial saving compared with the enclosed type,
for virtually equal protection. A still more recent development in
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transformers is the use of the resin-cast technique to give a completely
potted assembly at relatively low cost.

Paper capacitors are now available in hermetically sealed cases
employing special dielectric impregnants suitable for use at 100° C.
For the smaller values, a complete range of metal-clad tubular capacitors
is made for the same temperature rating; these includs compact and
high-capacitance electrolytic types. Ceramic capacitors are available,
wax-dipped or enclosed in a protective outer ceramic tube, while the
larger transmitting-type ceramic capacitors rely for protection on their
non-tracking qualities and the expulsion of surface moisture through the
heat generated in normal use. The ceramic type of variable trimmer
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has, however, fallen largely into disuse, owing to the tendency to trap
moisture by capillary action. To replace these, there is available a
solid dielectric trimmer with an effective seal on the screw adjustment.

Wire-wound resistors nowadays are protected by vitreous-enamelled
or lacquered coatings, depending on rating and tolerance, and in the
larger sizes are fitted in clips for easy replacement. The vitreous
surface is not entirely moisture-proof, partly owing to a tendency to
craze, and trouble is sometimes experienced when running at very low
loading, owing to electrolytic corrosion of the wire by trapped moisture.
At normal rating such moisture would be driven off by heat before
damage occurred. Silicone-protected wire-wound resistors, now avail-
able. are claimed to be more impervious to moisture. Carbon-composi-
tion resistors are usually of the ceramic-enclosed type in the smaller
values, with carbon-film types used for high stability and higher wattage
ratings; the tendency is for a very slow but continuous increase in
resistivity with use.

In the main structure of equipments, corrosion, where encountered,
is found to be largely electrolytic in origin; it is good practice to keep
“* contact potential 7’ low by avoiding juxtaposition of unprotected
metals whose potential differences in sea-water, referred to a calomel
electrode, differ by more than 0-5 volts. This entails. for instance, the
use of tin or chromium, rather than nickel, as a protective coating for
brass in contact with cadmium plate or aluminium. Steel itself is
likely to be zine- or cadmium-plated, or else passivated before painting,
whilst special alloys of aluminium are available for use under tropical
conditions.

MARINE TRANSMITTERS

The special requirements of ship-borne transmitters are governed by
the Ministry of Transport for ships registered in this country, and are

Fia. 15.

A G67 TRANSMITTER AND Two R50M RECEIVERS
FIrTED 1N THE RaDIO CaBIN OF THE Abraham Larcen
WHALING FACTORY SHIP FOR LONG-RANGE COMMUNICATIONS
IN THE ANTARCTIC.

(Redifon Ltd.)
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Fi1¢. 14.—THE Rap1o CABIN OF A MODERN PASSENGER LINER.

The equipment in the P. & O. Arcadia includes (left to right) a ** World-
span ”’ main transmitter, a ‘Reliance '’ emergency transmitter, ** Eleetra '
and ** Mereury ' reecivers, a “Lodestone *’ direction finder and an ** Ocean-
span *’ transmitter for radiotelephony and telegraphy working.

(T'he Marconi International Marine Communication Co. Lt«.)

defined in the Merchant Shipping (Radio) Rules of 1952. These pay
special attention to the easing of congestion in the marine wavebands and
to factors influencing the safety of life at sea; dates are fixed after which
all seaborne equipment must comply with these requirements. The in-
specting and advisory authorities are the Post Office, whoalso issue specifi-
cations for voluntary radiotelephone and medium-frequency transmit ters.

Generally, marine gear must work from D.C. supplies of relatively
poor regulation, either 220, 110 or 24 volts, with H.T. usually derived
from a rotary transformer; modern ships of higher tonnage. however,
are nowadays frequently equipped with a 50-c/s A.C. supply. In all
classes, extensive measures are often necessary for suppression of inter-
ference caused by electrical machinery and appliances. The use of A.C.-
operated equipment with rotary converters is growing in popularity,
since this avoids difficulty in the choice of transmitting valves suitable
for series-heater operation and complications with bias circuits when one
pole or the other of the supply may be earthed. Robustness and small
size, combined with accessibility, are of prime importance, as with all
radio equipment for mobile use.

For specification purposes, the essential equipments are classified
according to bands and funetion.

Long-wave Radio-telegraph Sender

Aerial power in this band (100-160 ke/s) is limited to 3 kW, and
must be capable of progressive reduction in steps of 6 db or less, to
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200 watts in cases where maximum output exceeds this value. At
these frequencies efficient radiation is difficult to achieve, despite the
low earth resistance, on account of the relatively short aerials provided.
In order to reach the rated power without excessive loss into the smallest
specified aerial, a high Q-loading coil, capable of dissipating considerable
power and of withstanding exceptionally high voltages, is necessary.
Thus, at one extreme, the aerial constants are 3-6 ohms + 300 pkL';
to achieve even 200 watts into this load, a current of 7-5 amperes is
needed. with a resulting voltage of 37,500 volts r.m.s. at 100 ke/s, and
with some 500 watts or so dissipated in the aerial tuning inductance.

With an aerial circuit of such low decrement, high tone-modulation
levels and high-speed keying would be impossible, and type Al
(unmodulated) signals only with a keying speed of up to 30 bauds
(approximately 40 words per minute) are called for, Sideband spread
is limited to not more than 5 per cent of the radiated power appearing
outside 4100 ¢/s from the nominal carrier frequency when transmitting
dots at this keying speed. In practice, this limit will not be exceeded
by an almost square pulse. provided that spurious peaks are absent.

Listening-through facilities are demanded at keying speeds up to
30 words per minute, and a separate aerial is invariably fitted for the
associated receiver.

A frequency tolerance of 0-10 per cent is allowed by international
regulations, and at least three predetermined channels, including the
calling frequency of 143 ke/s, must be amenable to selection by adjust-
ments taking not more than 10 seconds. For checking purposes, a
dummy load with a radio-frequency indicator must be provided. as for
other types of marine transmitters.

Medium-wave Radio-telegraph Sender

Four channels are required in this band (405-525 ke/s), one channel
being the international distress frequency of 500 kej/s. Both Al and
A2 (M.C.W.) transmission must be possible at keying speeds of up to
30 bauds. A minimum aerial power of 50 watts is specified, with some
concession towards the low-frequency end of the band. To provide
this power into the specified aerial impedance under the damp-heat
tests which form part of the Post Office climatic and durability require-
ments, an output approaching 100 watts will be needed from the power-
amplifier stage. Ready reduction of power must be provided in steps
of 6 db or less, down to 5 watts. This reduction may be more con-
veniently szcured, in the smaller sizes of equipment, by some such device
as reduction of the power-amplifier screen voltage rather than by adjust-
ment of anode H.T. supply; compensation for the decreased loading on
the modulator is, of course, necessary. The modulator itself is likely
to be a self-excited oscillator, since no telephony service is called for.
With A2 waves the permitted sideband spread for 95 per cent of the total
power, at 30 bauds, is extended to + 2,500 ¢/s.

Sh