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New Zealand $NZ 1.50
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Singaprte M $3.25
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The Most Advanced Spectrum Analyser

You‘\{e neverseena faster, more accurate way
of measuring frequency response from 30Hz to 110MHz

The TF 2370 Spectrum Analyser employs advanced
technology to provide a complete system for measuring
response, level, frequency, signal purity, modulation and
much more, with a speed and degree of accuracy previously
unobtainable. A digital memory permits the use of a standard
monitor tube and internal logic selects gain ratics and sweep
speeds for optimum performance. The specification speaks
foritself:

#% Flicker-free 100 dB display of frequency response from
30Hz to I |0 MHz on a high brightness c.r.t.

% Electronic graticule, with a & 159 variation of horizontal
divisions for pin-point positioning against waveform display.
% Three amplitude scales: one finear and two logarithmic
with expansion to | dB/div. with an accuracy of £0.1 dB/dB.
% 9-digit electronic counter automatically gives centre
frequency, reads any other frequency corresponding to
manually-adjusted ‘bright line’ position on display, or the
difference frequency between the two, at the pressof a

button. All to an accuracy of £2Hz % reference frequency
accuracy on high resolution and manual. Internal reference
frequency provided with setting accuracy of | in 107,

* Internal generator supplies synchronous signal source for
measuring such items as networks and filters.

s For®comparative measurements, unique memory storage
system will retain one display indefinitely as required, for
simultaneous display with response produced by items under
test.

# Automatic adjustment of amplifier gains to give optimum
lowest-noise performance with full protection against input
overloading.

% Automatic selection of optimum sweep speed.

%k With the 5 Hz filter, signals 100 Hz from a response at

0 dB can be measured to =70 dB.

Please send for full information or ask for a demonstration
seeing is believing!

Mi MARCONI INSTRUMENTS

MarconiinstrumentsLimited - Longacres - St. Albans - Hertfordshire - England AL4 OJN - Tel: (0727) 59292 - Telex: 23350
Marconi Electronics Inc - 100 Stonehurst Court - Northvale - New |ersey 07647 USA - Tel: (201) 767-7250 - Twx: 710-991-9752
Marconi Instruments - 32 avenue des Ecoles - 91600 Savigny-Sur-Orge - France - Tél: 996.03.86. - Télex: 600541.F
Marconi Messtechnik GmbH - 8000 Miinchen 21 |6rgstrasse 74 - West Germany - Tel: (089) 58 20 41 - Telex: 5 212642

A GEC-Marconi Electronics Company

HER DETAILS

WW—001 FOR F :
1Storv. com

R
WWW.amerlcanraﬁlo
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Scanning electron microscope
photo of amorphous selenium as
used for charge carrier layer in pho-
tocopying machines. Photo by
Manfred P. Kage, made available by
SEL, Stuttgart.

IN OUR NEXT ISSUE

Digital storage for
oscilloscopes, allows
waveforms to be stored
for later examination.
Pre-trigger and step
elimination are provided
in an add-on unit.

Capacitance meter gives
direct reading of capacit-
ance in the range 1pF-
100k F, using the diode-
pump technique.

Electronic organ uses
sine wave synthesis to
simulate a pipe organ,
and can accept two key-
boards of 5 octaves each
and a 22 octave poly-
phonic pedal board.

—
Current issue price 40p, back issue

(if available) 50p. at Retail and
Trade Counter, Paris Garden, Lon-
don SE1. Available on microfilm:’
please contact editor.

By post, current issue 55p, back
issues (if available) 50p. order and
payments to Room 11, Dorset
House, London SE1 SLU.

Editorial & Advertising offices:
Dorset House, Stamford Street,
London SE1 9LU.

Telephones: Editorial 01-261
8620. Advertising 01-261'8339.
Telegrams/Telex: Wiworld Bis-
hespres 25137 BISPRS G.
Cables: Ethaworld, London SE1.
Subscription rates: 1 year: £7.00
UK and $23.40 overseas ($24 USA
.and Canada).

Student rate: 1 year, £3.50 UK
and £4.50 overseas {$11.70 USA
and Canada).

Distribution: 40 Bowling Green
Lane, London EC1R ONE..
Telephone 01-837 3636.
Subscriptions: Qakfield House,
Perrymount Road. Haywards,
Heath, Sussex. RH16 3DH.
Telephone 0444 59188, Plaase
notify a change of address.

° USA mailing agents: Expediters of
the Printed Word Ltd, 527 Madison
Avenue, Suite 1217, New York, NY
10022, 2nd-class postage paid at
New York.
tPC Business Press Ltd, 1978
ISSN 0043 6062
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33 Ideas for sale

34 Stereo f.m. tuner, Mkl
by L. Nelson-Jones

40 Instant tuning
by Cathode Ray

41 Logic design — 15
by B. Holdsworth and D. Zissos

44 Sixty years ago

45 The f.e.t. as detector
by Roger Amos

49 Literature received

50 Frequency synthesizers — 1
by R. Thompson

54 Versatile microwave source
by G. D. Lean

58 Tunable audio equalizer
by Martin Thomas

64 World of amateur radio

67 Trends in microprocessors
by David Russell

71 News of the month

Government conclusion onc.b.  Slow-scan tv by telephone

Mini-Nyquist speech prototypes

75 Mains interference and filtering

by 1. Catt, M. F. Davidson and D. S. Walton

79 Letters to the Editor
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Poor prospects in electronic engineering
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‘Nights of
Delight......

sentinaplain 5
brown envelope

The new Doram Electronic
Hobbies Catalogue is
packed full of new exciting

' 1 1 1 1 1 I | | ‘
merchandise including

' DOrAM:
B L]
MICRO PROCESSOR

saseokrs. M ELECTRONIC
ececronc ks ron Ml HOBBIES
ALL THE FAMILY . CATALOGUE

ELECTRONIC T0OLS AND [l wame
e T TS S A
AUDIO & CAR Address. .. ... :

ACCESSORIES ETC.

For your Nights of Delight. . .
Send for your copy now. . Please send my FREE Hobbies

Catalogue. 1 enclose 25p

Overseas customers . contributionto p. & p.
{except for N Ireland)—

h---;---

60p including despatch by Air Doram Electronics Ltd., \
(or all-up post). PO Box TR8.
. . Wellington Road Estate.
Doram Electronics Ltd., Wellington Bridge, ’
PO Box TRE.
welington Roarl Estate. Leeds LS12 2UF {
Wellington Bridge.
Leede 312208 I N N

www americanradiohistorv com
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LEVELL)

PORTABLE INSTRUMENTS

i “ 2 > SR DECADE DLRIATON YYPE Gren
0 ¥ Go st X (o

g “.

16 OMMATH T 020

€

FREQUENCY

ACCURACY
SINE OUTPUT

DISTORTION

SQUARE OUTPUT

SYNC. OUTPUT
SYNC. INPUT
METER SCALES

SIZE & WEIGHT

1Hz to 1MHz in 12 ranges.
0 to 1% fine control on TG200DMP.
*+1.5%*0.01Hz up to 100kHz
*+2% up to 1TMHz.
7V rrm.s. down to <200nV with
Rs=600%. |
0.05% from 50Hz to 15kHz
<0.1% from 10Hz to 50kHz, <0.2%
from S5Hz to 150kHz, <1% at 1Hz
and 1MHz.
TG200D, DM & DMP only. 7V peak
down to <200pV. Rise time < 150nS.
1V r.m.s. sine in phase with output.
+ 1% freq. lock range per voltr.m.s
TG200M, DM & DPM only. 0/2V,
0/7v & —14/ +6dBm.
260 x 130 x 180mm. 4.3kg with
batteries.

LOW COST

TG200 TG200D TG200M TG200DM TG200DMP

£75£79 £91 £95 £99

FREQUENCY

ACCURACY

SINE OUTPUT
DISTORTION

METER SCALES
SIZE & WEIGHT
TG66B

Battery
model

£195

0.2Hz to 1. 22MHz on four decade
controls

+0.02Hz below 6Hz.

+0.3% from 6Hz to 100kHz.
+1% from 100kHz to 300 kHz.

+ 3% above 300 kHz.

5V r.m.s. down to 30uV with Rs=600%.

<<0.15% from 15Hz to 15kHz.
<0.5% at 1.5Hz and 150kHz

2 Expanded voitage & —2/ +4dBm.
260mm x 190mm x 180mm. 5.6kg.

TG66A

£210

Mains &
battery model

FREQUENCY
ACCURACY

SINE QUTPUT
DISTORTION

SQUARE OUTPUT
SYNC. OUTPUT
METER SCALES
SIZE & WEIGHT
TG152D

Without
meter

£59

3Hz to 300kHz in 5 decade ranges.
+2% *0.1 Hz up to 100kHz,
increasing to * 3% at 300kHz.

2.5V r.m.s. down to <200pV.
<0.2% from 50 Hz to 50kHz.

2.5V peak down to <200uV.

2.5V r.m.s. sine.

0/25V &-10/+10dB on TG152DM.
260mm x 130mm x 180mm. 3.4kg.

TG152DM

w, €75

meter

LEVELL ELECTRONICS LTD.

Moxon Street, High Barnet, Herts. EN5 5SD
Tel. 01-449 50287440 8686

Prices are ex-works with batteries. Carriage and packing extra. VAT
extra in U.K. Optional extras are leather cases and mains power
units. Send for data covering our range of portable instruments

WW—079 FOR FURTHER DETAILS
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INTERNATIONAL
DANAVOX (GT. BRITAIN)} LTD.
“BROADLANDS” BAGSHOT ROAD

SUNNINGHILL, ASCOT, BERKS.
TEL: 0990 23732/6: TELEX: 84584

Of researCh--- ”on components and accessories for dictating

machines, tele-communications, hearing aids
and electroacoustic equipment etc.”

/o

STETOR(IP eTQef SENIOR
JUNIOR 60 STENCLP
HEADSET HEADSET

STETEN STANDARD & PLASTIC

v SUB-MINOR
IE{ESSSSTNE S NS EARHANGERS

25mmand3,5mm
JACK PLUGS &
SOCKETS

Y

\ sSHBMINIATURE
HEADSET RECEIVER SWITCHES

D I o N' CNASON LO
INDUCTION AUDI
DANASOUND TION,

WW—027 FOR FURTHER DETAILS
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Understanding Digital Electronics
New teach-yourself courses

Design of Digital Systems s written for the engineer seeking to learn
more about digital electronics Its six volumes — each A4 size — are
packed with information, diagrams and questions designed to lead you
step-by-step through number 'systems and Boolean algebra to
memories, counters and simple arithmetic circuits, and finally to a
complete understanding of the design and operation of calculators and
computers

The contents of Design of Digital Systems include:

Book 1 Octal. hexadecimaland binary number systems, conversion
between number systems, representation ot negative numbers,
complementary systems; binary multiplication and division

Book 2 OR and AND functions, logic gates. NOT, exlusive OR.
NAND, NOR and exclusive-NOR functions, multiple input gates, truth
tables. De Morgans Laws, canonical forms, log:c conventions,
Karnaugh mapping. three-state and wi-ed iogic

Book 3 Halt adders and tuli adders. subtractors, serial and parallel
adders. processors and arithmetic logic units (ALUs), multiplication
and division systems

Book 4 Flip flops, shift registers. asynchronous and synchronous
counters. ring, Johnson and exclusive-OR feedback counters, random
access memones (RAMs) and read only memories (ROMs)

Book 5 Structure of calculators, keyboard encoding, decoding display
data. register systems. control unit, program ROM, address decoding.
instruction sets, instruction decoding, control program structure
Book 6 Central processing unit (CPU), memory organisation.
character representation. program storage, address modes. input’
output systems, program interrupts, interrupt priornities, programming.
assemblers computers. executive programs operating systems and
time sharing

Digital Computer Logic and Electronics s designed for the

beginner No mathematical knowledge other than simple arithmetic 1s
assumed. though the student should have an aptitude for logical
thought Itconsists of four volumes — each A4 size — and serves as an
introduction to the subject of digital electronics Everyone can learn
fromit — designer executive scientist student. engineer

Contents include Binary octal and decimal number systems
conversion between number systems AND. OR NOR and NAND
gates and inverters, Boolean algebra and truth iables, De Morgans
Laws design of logic circurts using NOR gates R-S and J-K tiip flops
binary counters shift registers and half adders

CAMBRIDGE LEARNING ENTERPRISES. UNIT 30, RIVERMILL SITE
FREEPOST, ST. IVES. HUNTINGDON, CAMBS. PE17 4BR. ENGLAND
TELEPHONE: ST. IVES {0480) 67446
PROPRIETORS: DAYRIOGE LTD. REG. OFFICE: RIVERMILL LODGE. ST. IVES
Giro Ac. No. 278 9158 REGD. IN ENGLAND No. 1328762

In the years ahead the products of digital electronics technology will play
an.mportant partin your life. Calculators and digital watches are already
commonplace Tomorrow a digital display could show your vehicle
speed and petrol consumption. you could be calling people by entering
their name nto a telephone which would automatically look up their
number and dial 1t for you

These courses were written by experts in electronics and learning
systems so that you could teach yourself the theory and application of
digital logic Learning by self-instruction has the advantages of being
faster and more thorough than classroom learning You work at your
own pace and must respond by answering questions on each new piece
of information betore proceeding

After completing these courses you will have broadened your career
prospects and increased your fundamental understanding of the rapidly
changing technological world around you.

£8.10

The six volumes of Design of

[:g:a:‘ Sfystemslcost on:y: + 90p post
nd the four volumes o ;
Digital Computer Logic and £4.60 & packing
Eiectronics cost only: B

But if you buy both courses, £I 2 00 + £1 p_OSt
the total cost is only: . & packing

Price includes surface mail anywhere in the world — Airmail extra.

Flow Charts & Algorithms

HELP YOU PRESENT

safety procedures, government legislation, office
procedures, teaching maternials and computer
programs by means of YES and NO answers to
questions

THE ALGORiTHMV WRITER'S GUIDE explains how
to define the questions, put them in the best order
and draw the flow chart, with numerous examples
shown. All that students require is an aptitude for
logical thought Size A5, 130 pages This book i1s a
MUST for those with things to say

+ 45p post & packing by surface
mail anywhere in the world Airmail
extra

£2.95

GUARANTEE Giro Ac. No. 278 9159
If you are not entirely satisified your money will be refunded

N .
rCambridge Learning Enterprises, Unit 30. Rivermill Site
Freepost, St. Ives, Huntingdon, Cambs. PE17 4BR

England
Please send me the following books
I ...... sets Digital Computer Logic & Electronics @ £5.50. p&p
I included
...... sets Design of Digital Systems @ £9.00, p&p included
l ...... Combined sets @ £13.00, p&p included
I ...... The Algorithm Writer's Guide @ £3.40, p&p included
Name
Address

I enclose a ‘chegue PO payable to Cambndge Learning Enter-
prises for &

Piease charge my "Access Barclaycard
Mastercharge / Interbank account number

Visa Eurocard

Signature deleted as appropriate
Telephone orders from credit card hotders accepted on 0480-
67446 (ansafone) Overseas customers should send a bank draftin
sterhing drawn on a London Bank WW30

e e e e —— —
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INSULATE THAT CHASSIS, OR COMPONENT,
THE EASY WAY BY MOUNTING WITH
TRANSIPILLARS
FOR
STRENGTH

. Wil il s
AR i .
W iy, A o

INJECTION MOULDED NYLON PILLARS WITH
INSERTS MOULDED IN FOR SUPER STRENGTH

TRANSIPILLARS

ARE
STRONGER THAN ANY SIMILAR DEVICES
HAVING MECHANICALLY ASSEMBLED INSERTS

SIZES FROM 6BA %2’ LONG TO OBA 2%’ LONG

METRIC EQUIVALENTS ALSO AVAILABLE

MIXED TERMINATIONS
(E.G. 2BA ONE END, 4BA AT OTHER END)
AND LENGTHS MADE TO USERS’ REQUIREMENTS

DETAILS, PRICES AND SAMPLES FROM

"" WK ELECTRONICS umrtep

Scientific Instruments & Electronic Components
40a NAPIER ROAD, BROMLEY KENT BR2 9JA
Telephone: 01-460 9861 Telex 896071

‘WW—018 FOR FURTHER DETAILS
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The Ultimate
Multi-mate

What other DMM offers all this for £127?

It's easy to see why Philips new PM 2517 digital combination of laboratory performance and handy
multimeter is called The Ultimate Multi-mate. form - for such a handy price. Take a look at some
No other DMM comes anywhere near its of the features it packs in.

Full 4-digit display giving higher resolution than 3", digits ~ Small and sturdy construction makes this DMM ideal
for 80% of measurements. Parameter readout, too. for bench or field work.

Choice of LED or LCD display - choose the one that suits you, Ergonomic design allows it to

the price is the same. Mains unit supplied free with LED version. work in any position
without fuss or fumble.

Autoranging with manual
override. Average auto
response time less than
two seconds.

True RMS rather than
‘‘average’’ detection. The
Ultimate Multi-mate
measures non-

sinewave AC signals Low-cost

more accurately. / ter.nperat,_urep
gt ‘ option makes

High accuracy - / possible i

necessary to make
full use of those
four digits. An’

! presswe 0.2%
of ng +0.05%

ond.c. g

measurement
/7 from —60 to

+200°C. 5
Data hold optio"n o

means that in ;'
tricky sntua Es
you can fre$
measummlm
mcrea { .“.
saigty d r
Builf to

-

7

WW-093 FOR FURTHER DETAILS
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NTRPLIr

everything for the modern DY electronics enthusiast and more.

10 CHANNEL STEREO
GRAPHIC EQUALISER

A new design with no difficult coils to

wind, but a specification that puts it in —
100W RMS STEREO DISCO the top-flight hi- i class. All this for around PE’' STRING ENSEMBLE
A gent 10( S per channel (t han- £70 including fully punched and printed Unbeatable prices and finest quality
ne e ste! wit 1 metalwork and woodwork. Send for our components only when you buy
A \ eter -omponent schedule now. Full construc- from Maplin. All parts available to
o o tion details price 25p. (All build this fascinating project. Com

tres and a very
hig 8 ( .

prices include V.AT. and ponent schedule available shortly
(s.a.e. appreciated). Demonstration
mode! in our shop soon. Phone now

VERY and compare our prices
LOW.
\ DISTOR-
\ TION
AUDIO
OSCILLATOR
M t oo)
put t t
! i e ol v TOUCH-SENSITIVE PIANO
tc on- The revolutionary new IC AY-1-1320 first n on
4 = . ! ‘Tomorrow's World’ is now available. (
« 1N = Complete kit of IC's to build a 60-pote
= truct e piano (18 X IC's) order as HQ53H price

£36-86. Preliminary circuit detarls in our
Jctober newsletter. Complete design,
pcb's attractive veneered wooden cabi-
net available soon. It's the most realistic-
sounding electronic planoc we've ever
heard and includes simulated damping,

loud and soft pedals. Full SWITCHES
PEDAL UNIT details in our newsletter We - o tch
A — raseliomnt 2 (All prices include V.A.T. jEasys 7K~ wr:le ?r CROTASIEENES
ol T including a really low ed h
[3-note. 2-Oct: ge. 4 quality interlocking push-button
't t switch system which 15 extremely
unusual extr: 1 t t versatile.” We've got toggle
w f t switches,  shide switches. push
M B3 switches, rotary switches—there
for t tarist. “t are dozens to choose from, but
t t ot

1t's only a tiny part of our fantastic

(
SYNTHESISER

ternational 460 r ser. A very

C ! unit S old. We

te the @ t > than £500

jing f ne rinted metal-

work and a sm t t, Fe S5

t half what ready mads

tt of e alit secification

INTEGRATED e t. Full construction det ir

J CIRCUITS '
Our bi-monthly newsletter keeps you up to date with latest
¢

nteed prices — our latest special offers -
t new projects and new lines. Send 30p
1

POST THIS COUPON NOW FOR YOUR COPY OF OUR
CATALOGUE PRICE 60p

IT'S AFANTASTIC BESTSELLER!
216 big (11" x 8"} pages! Over a thousand
ilustrations! Over 30 pages of complete
projects to build! Thousands and thousands of
useful components described and illustrated!

No wonder it's a bestseller!
DON'T MISS OUT! SEND 60p NOW!

Please rush me a copy of your 216 page catalogue
I enciose B50p, but understand that if | am not completely
satisfied | may return the catatogue to you within
14 days and have my 80p refunded immediately

MAPLIN ELECTRONIC SUPPLIES |
P.O. BOX 3 RAYLEIGH ESSEX SS6 8LR
Telephone: Southend (0702} 715155 [ -<BDREESS
Shop: 284, London Road, Westcliff-on-Sea, Essex WW—007 | (WW9)

{Ciosed on Monday) Telephone Southend (0702 715157 FOR FURTHER DETAILS! .
Lty vaW.amerlclasnradmhlstorv.com
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When you're the No. 1 distributor for RCA
you've got to be good-big on stocks, big on service,
big on technical know-how. And when you're handling
Industrial Tubes as well as solid state devices
you really need to be on your toes. The range is
tremendous—everything from CMOS to Vidicons, linear IC's
to Lasers, Power transistors to LED's, Op Amps to
Image Intensifiers, Microprocessors to Photomultipliers.
Crellon are at the top because they put it
all together under one roof. With some essential help
from very knowledgeable in-house engineers and highly
qualified sales engineers. Plus a large computer to
keep control of the stock and deliveries—and provide
you with fast information whenever you need it.
Call Crellon when you need RCA Solid State or
Industriat Tubes-you'll find it pays to go to the top.

Crelion Electronics Ltd., 380 Bath Road. Slough Perks. Tel. Burnham (06286) 4434

glease send me data on RCA. (i Linear devices = CMOS
I Microprocessors and memories — Industrial Tubes - Power transistors.

Name
<ompany.
Address.

WW 9/78

Tel:
WW—008 FOR FURTER DETAILS



www.americanradiohistory.com

e 177

o

'%.

How..Why...When?

Distress calls are made every
day—hundreds each year, and in
every case questions are asked.
Questions which require
accurate, up-to-the-minute
answers. Answers that can only
come from reliable and
immediately accessible
communications recordings.

When police, ambulance,
fire, local ATC and other services
are called upon, either by radio
or telephone, they often receive
hasty, garbled messages -
sometimes several at a time.

In such instances a positive
need for communications

recording arises—a need for a
system with instant message
trace and replay —at the touch of
a button-and at any speed to
assist intelligibility.

All these facilities, and more,
are available in the Racal-
Thermionic ‘Callstore’ cassette
recorder/reproducer. Actuated
either by incoming audio
signals or by local or remote
control, Callstore uses four
cassette transports, each giving
up to four separate channels,
including a search control 0
track which is cued at the
beginning of each message.

For details write to:

Racal-Thermionic Limited
Hardley Industrial Estate
Hythe, Southampton,

S04 6ZH England.
Telephone: 0703 843265.
Telex: 47600.

RAC/AIL|

@

Callstore, from Racal Thermionic, answers dll the questions.

WW—013 FOR FURTHER DETAILS
www americanradiohistorv com
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JVC’
» New %ortable
" 3-tube

CY-8800E
camera

Featuring a choice of 2/3"" Plumbicon or Saticon =
tubes, the new JVC portable 3-tube camera is
one of the latest products of the company’s
21 years’ involvement in video systems. Pictures
through the 10:1 /1.9 C mount zoom lens, fitted as standard,
look crisp and clean with better than 500 lines horizontal
centre resolution.

Designed for Europe, the new PAL CY8800E has a wide range
of facilities to enable operators to record virtually any scene —
indoors or on location. With a 49dB S/N ratio at /4 and only

3000 lux illumination, the camera can be used in light levels
as low as 300 lux.
Standard features include built-in colour bar generator,1'/2" viewfinder
with a 3" magnifier, 3 way sensitivity switch (normal, +6dB, +12dB),
auto white balance and bias lighting when the camera is fitted with
Saticon tubes. Weight is only 9.6kg including lens, and viewfinder.

Applications for this superb camera
Its inherent flexibility and sensitivity make this JVC portable camera
ideal for almost any situation, including training, news-gathering, event
recording, pilot commercial preparations and sport.

More new JVC units

To complement the CY-8800E camera, JVC is also introducing a gen-lock

unit (GN-8800E), 3" high-resolution viewfinder (VF-8300E). a more
sophisticated electronic editing suite (CR-8500E), an automatic editing control
unit (RM-85E), and a remote and sync unit (RS-8800E) for CY8800E studio
applications.

Together, this equipment adds up to the world's finest /4" U-format
video system.

For more information about all this new JVC video equipment. use the
iNquiry service to obtain literature and a list of Bell & Howell video dealers.

BELLe HOWELL vl b ron

Wembley, Middlesex HAO 1EG.

WW—090 FOR FURTHER DETAILS

www americanradiohistorv. com


www.americanradiohistory.com

WIRELESS WORLD, SEPTEMBER 1978

Telegraph testing simplified

Lightweight, portable, Telegdata TCT10 makes
light work of on-site circuits and machines.

This new Plessey instrument combines signal generator Full specification is available in a colour-illustrated
and analyser in a single briefcase-size unit enabling brochure. See how your telegraph test operations can
onsite testing of telegraph circuits and machines to be be improved — telex or write to: Telegdata
carried out speedily and with a high degree of Department, Plessey Controls Limited, Sopers Lane,
accuracy. Poole, Dorset, United Kingdom BH17 7ER

Powered from the a.c. mains supply, the TCT10 gives Telex: 41272

a choice of output levels and test signals in CCITT
No 2 and No 5 alphabets including the full 96 character
‘fox’ message, Q9S and any single character on
demand.

Accurate readout (to 1%) is given unambiguously on
an LED scale registering up to 40% distortion
early/mark bias and late/space bias

PLESSEY
CONTROLS

WW—057 FOR FURTHER DETAILS ) 600-2-224
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The S@@[ﬁ]@x PPM @ ROBUST, FREE-STANDING

COMPLIES WITH B.S. 4297 AND IEC 468 UNIT

@® 24V DC POWER SUPPLY
AVAILABLE

@ ILLUMINATED PPM OR dB
SCALE

@ EACH UNIT SUPPLIED WITH
INDIVIDUAL CALIBRATION
CERTIFICATE

@ FREQUENCY RESPONSE
FROM 15Hz TO 35KHz

Bulgin Electronics

One of the Bulgin Group of Companies

Park Lane, Broxbourne, Hertfordshire. Tel: Hoddesdon 64455

WW.-119 FOR FURTHER DETAILS 4

Infroducing the ORY X PSU 24

anew compact self-contained 24 volt power supply unit
for ORYX temperature controlled soldering irons.

Styled in tough plastic, the ORYX PSU 24 is a smart new supply unit thatis self-contained and small
enough for the smallest of benches. Designed to meet BSS 3456the ORYXhasallthe features you
need - and more:- ON/OFF illuminated rocker switch; 3 pin non-reversible socket supplying
24 volts; a BSS 3535 transformer; an outside primary fuse; 1.5 metre white cable to BSS 6500 and

fuse protection for transformer secondary wiring. .
A unique feature is the facility to modify a 3 wire power system to a 2 wire fully isolated unit and vice versa.

A new product from Greenwood Electronics

For full technical data write for information to Greenwood Electronics, Portman Road, Reading, RG3 1NE Telephone. Reading (0734) 595844 Telex 848659

WW—075 FOR FURTHER DETAILS
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THE JAMVIES

MLCEQULLIMES
RANGE OF
EQUIPNMENT

The James Scott range of Microwave equipment offers
industnal users a greater choice of alternative systems in
robust, industrial, cast aluminium housings, for a wide
variety of applications.

The range is made up of standard sub-assemblies which
can be permutated to suit individual application
requirements. Here
are some suggested
applications for .
these units.

TRAIN
CONTROL
SYSTEMS

SAFETY BARRIERS

INTRUDER
ALARMS

LEVEL SENSING
CONTROLLERS SYSTEMS

DOOR
OPENING  Aom
SYSTEMS «2'""' Q

Please write or teiephone
for further information and
technical literature to

WIRELESS WORLD. SEPTEMBER 1978

SCOTT
IWSTRIAL

PROCESS
CONTROL
SYSTEMS

INDUSTRIAL
ALARM
SYSTEMS

VEHICLE
SENSING
SYSTEMS

PROXIMITY

/

SMALL
OBJECT
COUNTERS

POSITIONING
PRESENCE; SYSTEMS

DETECTORS

VIBRATION

(Electronic Engineering) Ltd
CARNTYNE INDUSTRIAL ESTATE -
GLASGOW G32 6AB Tel:041-778 4206 Telex 778286

WW —025 FOR FURTHER DETAILS

www americanradiohistorv. com

s Easiest and quickest way of punching holes in sheet
metal (up to 1.625mm mild steel)
s Q-MAX stands for quality and reliability
m Holes are punched cleanly and no filing is necessary
» Continuous even load during punching
No jagged edges. Burr freehole
» Specially heat treated to maintain keen cutting edge
® Used for years all over the world
s Simple operation, saving time and energy

57 METRIC & LINEAR SIZES

Q-Max (Electronics) Ltd

<

SHEET METAL PUNCHES

(R)

40-41 Furnival Street
London EC4A 1JQ
Telephone: 01-242 7400

WW—077 FOR FURTHER DETAILS
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FOR CLARITY
YOUD HAVE TO GO
ALONG WAY
TOBEATUS

Hewlett-Packard’'s HDSP-3400 series display.

The readability of the HDSP-3400 series is For full details of why you'd have to go a long way
excellent—designed for viewing distances of up to 33 feet.  to beat the HDSP-3400 series return the coupon.
Even in bright ambients the clarity is remarkable. s 8 .

They replace existing 0.6" and 0.8 displays and are fully _, *e®®¢

Crellon Electronics Ltd., 380 Bath Road, Slough, Berks. SL1 6JE. |
Tel: Burnham (06286) 4434. Telex: 847 571.

Please send me full data
| on the Hewlett-Packard HDSP-3400 Series

Significant features are: %
* Nearly twice as bright as . |
competitive devices. \ Name
* Low power requirements.
Single Ga AsP chip per segment.
* Categorised for luminous intensity, | Address _
assuring uniformity of light output.
* Grey packaging for optimum contrast.
* Overflow digit device available.
* Low cost. 100 + £1.36.

Company
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ELECTRON

FREE
INFORMATION SERVIGE
FOR MANAGERS AND

ENGINEERS
INELEGTRONIGS

In the electronics industry keeping abreast of new
technologies, product development and market trends
can be a problem. However, it need not be if you, the
managers and engineers who are actively involved in
the application of electronics, are regularly reading
ELECTRON.

ELECTRON is committed to keeping its readers up-to-
date with information provided in the form of exclusive
and authoritative feature articles, special reports and
short, concise application notes.

Special supplements are published, each offering an
in-depth appraisal of developments and innovations in
specific product categories.

An informative news section provides a round-up of
current events and general developments in the
electronics industry.

To receive ELECTRON you will have to complete a
registration card, so send the coupon below to us, at
the address shown, and we will send you a registration
card for completion.

It's such an easy way
to keep yourself informed —
and it doesn’t cost a penny!

Pye Electro-Devices' Series 951 coaxial
relay is designed for high speed switching of
signals up to 450 MHz. It can be used to advantage
in applications requiring exceptionally low
inter-contact capacitance.
Multi-position clamps enable UR43 type
coaxial cables to be connected directly to the
relay body. Connection is simple and effictent.
And there's no need for coaxial plugs and
sockets. Consequently the relay is extremely
compact, and weighs less than 100g.
The contacts are rated

Send to: ELECTRON
IPC Electrical-Electronic Press Ltd,
Room 221, Dorset House,
Stamford Street, London SE19LU.

! would like to receive ELECTRON
Please send me a registration card.

N ;
ame at 1 A or 50W maximum,
Address and coils are available for
operationatupto100Vd.c
I ®., PyeElectro-Devices Ltd.
“ (, Controls Division, Exning Road, Newmarket. Suffoik C88 0AX
a 5 Tel Newmarket (0638) 5161 Telex: 81245 ) o
L-——m—u—“——J =

’ WW — 021 FOR FURTHER DETAILS
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Artistic licence?

We at QUAD go to avery great deal of
trouble to ensure that with a QUAD 33 in the
Cancel position, the voltage delivered to your
loudspeakers is a virtually exact RIAA transfer
of the voltage the pickup will produce into a
stated passive load. Nothing added - nothing
taken away.

A visiting journalist recently suggested that
we should not do this. Final adjustment should
be done by ear, he said.

What an opportunity!

After all we know that if we add a little
warmth with a subtle boost in the lower middle
and balance this with an ever so gentle hump
in the quack region (2-3kHz), we can make
most programmes sound superficially more
impressive. Come to that, why not change the
3180uS to 5000uS adding a little more *heft’ that
most people will fall for. We could even make
a special model for the boom and tizz brigade.

Been to any live concerts recently ?

For further details on the full range of
QUAD products write to :
The Acoustical Manufacturing Co. Ltd.,
Huntingdon, Cambs. PE18 7TDB
Telephone : (0480) 52561

QUAD &

for the closest approach to the original sound
QUAD is a Registered Trade Mark

WW — 135 FOR FURTHER DETAILS
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The world over_ For high quality electronic valves,
. Q semiconductors and integrated
circuits ~ and the speediest service -
You get the specify Haltron. It's the first choice of
Governments and many other users
throughout the world. Haltron product

-
best serVIce quality and reliability are clearly
confirmed. The product range is very,
very wide. And Haltron export
from Haltron expertise will surely meet your
requirements. Wherever you are, get
the best service. From Haltron.

Hall Electric Limited,
Electron House,

Cray Avenue, St. Mary Cray,

Haltron Orpington, Kent BR5 30J.

Telephone : Qrpington 27099
Telex: 896141

WW—029 FOR FUR i HER DETAILS
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LOW COST - MULTI-CHANNEL - HIGHLY VERSATILE

Eddystone’s Model 964 is already in worldwide use for
high-performance single channel working. The new
multi-channel Model 1964 fulfils a whote new range of
communication requirements.

® Pre-determined fixed frequencies

® Standardrange 1.6MHz — 27 .5MHz

@ Versions available 100kHz - 50MHz

® Broadband ortuned RF amplifiers

® Dual diversity operation

® Remotable

® USB:LSB DSB:F1telegraphy

Pleasé ask for illustrated brochures giving details of
completerange.

483mm panel to suit standard racking

»{ IREY 'V/M SA00F MODEL 9t i GaaN a¥ GAlK
N [e. 33 CL ARG IESR

Mg OI

CRYSTAL CHANNELS (kHz) (s = s | HANNEL RECETER ON W v
il 5 =t
S —

, T P

~im

2 L]

Eddystone Radio Limited

Member of Marconi Communication Systems Limited

Alvechurch Road Birmingham B31 3PP England
Telephone:021-4752231 Telex: 337081
A GEC-Marconi Electronics Company

WW — 067 FOR FURTHER DETAILS

A. D. BAYLISS & SON LTD.
Behind this name 27 2
there’s a lot of
real POWER!

lllustrated right is a TITAN DRILL

Mounted in a multi-purpose stand. This drill is a powerful toot runnmg on 12v DC at approx
9000 rpm with a torque of 350 grm. ¢cm. Chuck capacity 300m/m

The multi-parpose stand is robustly constructed of steel and aluminium The base and bracket are
finished in hammer blue

Also available for use in the stand is the RELIANT DRILL which is a smailer version of the Titan
Approx. speed 9000 rpm. 12v DC. torque 35 grm. cm. Capacity 24 m/m

TITAN DRILL & STAND £21.45

+ 8% VAT = £23.17 + €1 P&P
JITAN DRILL ONLY £9.79 + 8% VAT = £10.57 + 35p P&P

RELIANT DRILL & STAND £18.44

+ B% VAT = £19.92 + €1 P&P
£6.34 + 8% VAT = £6.85 + 35p P&P

RELIANT DRILL ONLY

TITAN MINI DRILL KIT £16.25
Drill Plus 20 Tools + 8% VAT = £17 55 + 50p P&P
‘RELIANT MINI DRILL KIT £13.20
Drill Plus 20 Tools + 8% VAT = £14.26 + 50p P&P
TRANSFORMER UNIT £9.40

+ 8% VAT = £10.15 + 75p P&P

These are examples of the extensive range of power tools designed to meet the needs of
development engineers, laboratory workers. model makers and others requiring small precision
production aids

To back up the power tools. Expo offer a comprehensive selection of Drills. Grinding Points and
other tools.

SEND STAMP for full details to main distributors

A. D. BAYLISS & SON LTD., Pfera Works Redmarley, Glos. GL19 3JU

Stockists Richards Elecuic, Lloucester; Hoopers of Ledbury Hobbs of Ledbury: D&D Models, Hereford; Bertella. Gloucester: J. Power Services & Co. Ltd. worcester

WW—-037 FOR FURTHER DETAILS
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All round performance
youcantrust

This is the R.F. generator for you

It really is a pleasure to use our
R.F. generator PM 5326. Frequency
setting must be the easiest yet,
press the range button and tune-in
over 0.1-125 MHz to one part in
10.000 with the 5-digit LED display.
You have to see this to realise how
it beats all those dials and multi-
pliers that have been around for
some time. Output level is stabili-
zed over all ranges at 50 mV into
75Q and can be attenuated right
down to more than 100 dB!

PHILIPS

Test & Measuring
Instruments

[ AUDIO AND VIDED SERVICE EQUIPMENT
7 LOW FREQUENCY FQUIPMENT

AUTOMATIC TEST AND MEASURING EQUIPMENT
MICROWAVE EQUIPMENT

That means output levels of 0.5 4V
are easily available and then only
via the RF OUT connector.

A “double-box" construction keeps
RF radiation very low, enabling
you to make accurate sensitivity
measurements with full confidence.
To these fundamental qualities of
precise and stable frequéency
setting, wide range attenuation and
excellent RFI, this generator also
has:

MULTIMETERS " OSCILLOSCOPES
WW-094 FOR FURTHER DETAILS

www.americanradiohistorv.com

COUNTERS AND COUNTER/TIMERS
PROFESSIONAL Tv EQUIPMEN]

- Frequency range 0.1 to 125 MHz

— Internal and external AM/FM
modulation facilities

- Four RF sweep ranges for AM/FM
IF's, Band Il and Video IF's
- Variable and fixed markers

— COUNTER IN connector for
checking external oscillators

&, Pye Unicam Ltd

[ Philips Eléctronic Instruments Dept
York Street. Cambrndge. England CBY 2PX
Tel Cambndge (0223) 58866 Telex 817331

PHILIPS

OC POWER SUPPLIES AND AC STABILIZERS
PULSE GENERATORS ' RECORDERS

21
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BIMCONSOLES
BIMBOXES
BIVIBOARDS
BIMDRILLS
BIMDICATORS

ABS & DIECAST BIMBOXES

5 sizes, in either ABS or Diecast Aluminium

ABS moulded in Orange, Blue, Grey or Black
Diecast Aluminium available in Grey Hammertone
or Natural

holes (Diecast).

(215x130x75mm)
£2.94° ]

All boxes incorporate guides on all sides for holding 1.5mm thick pcb’s and
stand-off bosses in base for supporting small sub-assemnblies etc. Close fitting
flanged lids held by screws running into integral brass bushes (ABS) or tapped

MINI DESK BIMCONSOLES
Moulded in Orange, Blue, Black or Grey
ABS and incorporating guides on all sides
for holding 1.5mm thick pcb’'s. 1mm Grey
Aluminium panel sits recessed into front of
console and held by screws running into
integral brass bushes. Stand-off bosses in
base for supporting small sub-assemblies
etc. 4 self adhesive
rubber feet also in-
cluded.

B8IM 1005
(161x96x58mm)
£2.12*

BIM 1006

ABS Diecast Hammertone
(100x50x25mm)  BIM2002/12 £0.95" B1M5002/12 £120*
(112x62x31mm)  BIM2003/13 £1.05° BIM5003/13 £1.50*
{(120x65x40mm)  BIM2004/14 £1.15* BIM5004/14 £186*
{150x80x50mm}  BIM2005/15 £1.30* BIM5005/15 £2.38*
(190x110x60mm) BIM2006/16 £2.04* BIM5006/16 £3.41*

@6006 (143x170x55.5(31.5] mm) £3.08

Natural
£0.97*
£1.20*
£1.49*
£1.91*
£285*

Also available in Grey Polystyrene (112x61x31mm) with no slots and self tapping
screws BIM2007/17 £088"

LOW PROFILE BIMCONSOLE

1mm Grey Alumi-

\ nium  panel  sits
recessed into front
\v of console base,

which is moulded in

3 Orange, Blue, Black

i or Grey ABS and

5 sits on 4 self adhe-

sive rubber feet. lIncorporating guides

for holding 1.5mm thick pcb, the base also

has stand-off bosses for supporting small

sub-assemblies etc. and ventilation slots.

Front panel is held by 4 screws which run
into integral brass bushes.

BIM6005 (143x105x55.5(31.5) mm) £2.32

£4.124

BIMB007 (214x170x82{31.5] mm}

ALL METAL

MULTI-PURPOSE BIMBOXES

Moulded in Orange, Blue, Black or Grey
ABS with 1mm thick Grey aluminium
recessed front cover which is retained by
4 screws running into integral brass bushes.
1.5mm pcb guides are incorporated on all
sides and as with all ABS boxes they are

85°C rated. 4 self adhesive rubber feet
also included.

BIM 4003 (85x56x28.5mm) £1.24*
BIM 4004 (111x71x41.5mm} £156*
BIM 4005 (161x96x52.5mm) £2.08*

BIMCONSOLES

4 seif-adhesive non slip rubber feet.
efficient cooling.

Colour Code Top Panel Base

A Off White Blue

B Sand Green

o Satin Black Gold
\

All aluminium, 2 piece desk consoles with either 15° or 30° sloping fronts, sit on
Ventilation slots in base and rear panels permit

15° Sloping Panel

BIM7151 (102x140x51(28] mm) £ 9.43*
BIM7152 (165x140x51(28] mm) £10.43"
BIM7153 (165x216x51(28) mm) £11.42"
BIM7154 (165x211x76[33] mm) £12.39*
BIM7155 {254x211x76(33) mm} £13.66*
BIM7156 (254x287x76(33] mm) £14.65"
BIM7157 {356x211x76(33] mm} £15.80*
BIM7158 (356x287x76(33) mm} £16.78*
30° Sloping Panel

BIM7301 (102x140x76(28] mm) £ 9.43"
BIM7302 (165x140x76[28) rm} £10.43"
BIM7303 (165x183x102(26) mm) £11.42*
BIM7304 (254x140x76(2%] mm} £12.39*
BIM7305 (254x183x102[28] mm) £13.66*
BIM7306 (254x259x102(28] mm) £14.65*
BIM7307 {356x183x102(28] mm) £1580*
BIM7308 (356x259x102(28] mm) £1g.7g8*

.MAiN,S_... —

DIN  plug. Will
drill brass, steel and
aluminium as weli as pcb’s etc. Has integral
biased-off switch and accepts tools with 1,2
and 3.2mm dia shanks £9.72°

Accessory Kit including Tmm, 2mm, .

12 VOLT BIMDRILLS

2 small but powerful 12V dc drills, easily
held in hand or used with lathe/stand
adaptor. Both drills have integral on/off
switches and 1 metre long cable.

Mini Bimdrill with 2 collets up to 2.4mm
capacity £7.56*

Major Bimdrill with 3
collets up to 3mm
capacity £12.96*
Mains 1o 12 Volts
adaptor, lathe, stand
and accessory kits also
available, details on
request.

125
twist drills, 5 burrs and 2.4mm collet £2.2y

AN
N\ BIMDRILL Bimboards accept all sizes of DIL packages
Operates directly as well as resistors, diodes, capacitors and
\ from 220-240Vac LED's etc. They have integral Bus Strips
and supplied with running up each side for carrying Vcc and
2 metres long cable ground as well as Component Support
fitted with 2 pin Brackets for holding lamps, fuses and

switches etc. Available as either single or
multiple units, the latter mounted on
1.5mm thick, matt black aluminium back
plates which stand on non slip rubber feet
and have 4 screw terminals for incoming
power.

Bimboard 1 contains 500 individual sockets
whereas the multiple units containing 2,
3 or 4 Bimboards incorporate 1,100, 1,650
or 2,200 individual sockets, all arranged
on a25mm(0.17) matrix.

Bimboard 1 £ 9.72° Bimboard 2 £22.68*
Bimboard 3 £32.40% Bimboard 4 £42.12*

. BOSE e~

BIMDICATORS

NN\
Remember we are \_
also one of Europe’s
largest manufacturers
of Filament, Neon
and LED indicators.
Send for our

Telephone: 01-737 2383

Telex: 919693 Answer Back ‘LITZEN G’
Cables & Telerams 'LITZEN LONDON SE24’

218 ]

BOSS
INDUSTRIAL MOULDINGS LIMITED

2 Herne Hill Road, London SE24 0AU

*All quoted prices are 1
and include Postage,

are strictly cash with
order unless you have

on all BOSS products
send stamped, self
addressed envelope

BIMDICATOR DATA »

Packing and VAT. Terr

authorised BOSS accoy
For individual data she
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- SEETHE
ELECTRONIC IGNITION MKII
IN THE NEW HOBBIES
CATALOGUE o

Doram Electronics Ltd
PO Box TR8, Leeds LS12 2UF

L
Please send my FREE Hobbies Catalogue

| enclose 25p contributiontop. 8 p

Name.

Address.

ww4

| Doram Electronics Ltd l
| PO Box TR8, Leeds LS12 2UF |

Overseas customers (except for N. ireland)-60p /
including despatch by Air (or all-up post).

_ N 3
Only Valves are good enough
for this customer.

As the demand for high quality sound increases,
so does the need for M-OV valves.

Valves,and only valves,can provide the level of
performance many listeners now demand.

M-OV Beam Tetrode KT77 and KT88 valves meet
all audio market requirements from 30-200 watts.

K177 is especially rugged and
ultra linecar.

KT88 is a proven long-life valve
that is at home in your quality
equipment.

Get in touch with us now for
technical data and details of
worldwide distribution.

EEVVM-OV

Nlembers of GEC - turnover L2034 milhon

S 666

THE M-O VALVE CO LTD, HAMMERSMITH, LONDON, ENGLAND W6 7PE.

TELEPHONE 01-603 34 31. TELEX 23435. GRAMS THERMIONIC LONDON
WW-~—056 FOR FURTHER DETAILS
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PER30

The general purpose
iron that's packed
with design features,
built to professional
standards and only
costs £350+VAT.

Atits price the ORYX Super 30 1s the
best general purpose soldering iron
now available in Bntain. These are
the features you get as standard: - ~
Neon safety ight, Long life element,
Screw-on tip, Stainless steel shaft,

Styled handle, Two minute element -
change and a stainless steel chp-on

hook

Industrial Distributors include.
Electroplan Ltd . Orchard Road,
Royston. Herts SG8 5HH
Toolrange Limited,

Upton Road, Reading RG3 4JA
ITT Electronic Services,
Edinburgh Way, Harlow,

Essex CM20 2DF

Greenwood Electronics
Greenw Ele ‘ NE

-

lele 4 844 Telex 818

\—

llustration actual size

y

WW—012 FOR FURTHER DETAILS
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Special features of the Medelec .
FOR-4-2 include:

010 times gain Xand Y
{1mV/cm on 4 Y channels)

eFully automatic triggering
{with higher sensitivity)

eImproved recording facilities
{for greater flexibility)

eLight control filter
{for excellent contrast)

o Wide speed range (from 0.1to
1000 mm/sec —in 3 models)

® Internal loudspeaker (for
audio monitoring)

The FOR-4 Mark 2

The new Medelec FOR-4-2
fibre optic

recording oscilloscope is
the result of a constant
research and development
policy. It incorporates
many refinements which
have been made to
customers’ special
requirements.

The FOR-4-2 provides
industrial and research
users with high quality
recording facilities at really
low cost. X-Y Plot,
Transient and Raster mode
are all available in a single
instrument.

For further information on the
new FOR-4-2 or
instruments in the range, contact:

MEDELEC LIMITED

Manor Way, Woking

Tel: Woking (048 62) 70331
Telegrams: Medelec, Woking

medelec
Leadersin

Hore OpticRecording

1972

WW—073 FOR FURTHER DETAILS

137 Standard Ranges in a variety of
sizes and stylings available for 10-14

days delivery. Other Ranges and
special scales can be made to order.

Full Information from:

HARRIS ELECTRONICS (London)

138 GRAYS INN ROAD, W.C.1 Phone: 01/837/7937

WW.—055 FOR FURTHER DETAILS

VIDEO or AUDIO

BULK ERASURE

MAX REEL SIZE 8%’
AUDIO ONLY

MAX REEL SIZE 1137

VIDEO AND AUDIO
LR70/71 bulk tape erasers are simple to operate and will erase
cassettes, cartrldges and reels of tape up to a maximum reel
size of 111" and tape width of 17, quickly and efficiently.
LR70/71 bulk erasers are currently used in Broadcast Companies.
Recording Studios, Government Departments, Educational Establish-
ments and the Computer Industry.

Quality equipment moderately priced

LEEVERS-RICH

LEEVERS-RICH EQUIPMENT LIMITED
319 Trinity Road, Wandsworth
London SW18 1YQ
01 874-9054 Telex 923455
WW-—016 FOR FURTHER DETAILS
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— Sorthe price gfa signal gernerator’

e

AT

THE BENEFITS OF A TEST SET

Mg or

nthésizd 10 to 520MHz ignal generator,

Farnell’s new ‘the 85G520. It outperforms oth

units in many respects, and, with its remarkable ease of setting, repeatability and SINAD

facility gives you most of the advantages of a receiver test set costing much more.

Typical rests the SSG520 does with speed and simplicity are:—
checking and zligning channel frequency and bandwidth

i.f. and filter alignment

sensitivity tests (so easy with SINAD)

mute/squelch performance

adjacent channel rejection (using two units) and

signal to noise and a.f. distortion tests are made easier using the SSG52o0.

R.F. leakage is remarkably low, permittting totally unambiguous sensitivity measurements
down to 0.2,V (0.05/V if you like,using a 20dB pad). There’s no leakage from counter dis-
play holes—there isn’t one; you don’t need a counter with our thumbwheel setting/readout.
The SSG520 can be tuned in 100Hz steps under locked conditions with maximum stability
over the entire frequency range.

Contrast this with competitive instruments which have either a mere 2% tuning range before
re-lock or will only fast synthesize in 10okHz steps! Stability and accuracy are excellent and
an optional ovened crystal version is available. Sideband phase noise is better than -100dB/
Hz and harmonics better than -25dB. Any combination of a.m. and f.m. modulation, in-
ternal or external is possible. OQutput is calibrated and automatically levelled over the whole
frequency range and the attenuator is set by adjacent 10 and 1dB click stop controls giving
direct reading of dBm and volts —quicker to operate and enabling accurate mute/squelch
setrings.

25

So if you want to improve service or production
throughput of mobile radio telephones, fixed receivers,

o Fu 'nell handportables, public correspondence radiophone and

paging systems without spending as much as you would have
thought, use this magazine’s reply system now to obtain full

details and price.

Yowsedl also receive, with our compliments, a frec copy of our

pocker card of uscful I'elecommunications Data.

FARNELL INSTRUMENTS LIMITFD. SANDBECK WAY, WETHERBY, Wt ST YURKSHIRE LS22 1DH. TEL 083763511 TELEX 557291 FARIST G LONDON OFFICE TEL: 81 Ry 7433

WW—107 FOR FURTHER DETAILS
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With Neal Ferrograph vou get the n'g\_{ht cquipment for
the job, and the best in its class, A good formula for

success, of which vou can be assured cvery time you
choose from the fully - integrated range of specialist
-recording and ancillary equipment in the NEAL
FERROGRAPIT rangc.

. The NEAL 302.

Incorporating a 3-motor mechanism, controlled by a
full solid state logic system actuated by ultra light
touch buttons, this is the machine used by top
recording studios and broadcasting stations, for
quality cassette copies and for in - cassctte
duplication masters.

Studio 8

A professional studio tape recorder logic controlled for
superb  tape handling characteristics,

offering a choice of sterco, twin track

e, and full or half track mono hecads,
PPM or VT meters, IEC(CCIR)
or NABequalisation,console
or transportable models.

You always performbetter
with the right equipment

The Ferrograph Logic 7.

A transportable tape recorder of unrivalled facilities;
taking all spool sizes up to 27 cm, and providing
three speeds, plus positive action push buttons in
association with logic circuits . . . for fast, safe tape
handling under all conditions.

¢ The RTS 2.
Combines in onc casy to use compact instrument the
measurcment of gain, noise, frequency response,
input sensitivity, output power, distortion and the
parameters relating to recording equipment, such as
wow and flutter, crosstalk, drift and crasure. Its
rangc of application can be extended even further by
the addition of the Auxiliary Test Unit ATU 1.

ME A0 FERROGRAPH

TOTAL TAPE TECHNOLOGY

SIMONSIDE WORKS - SOUTH SHIELDS - TYNE & WEAR NE34 9NX Telephone SOUTH SHIELDS (0632) 566321 Telex 537227

~ WW-—028 FOR FURTHER DETAILS
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DORAM HOBBIES
CATALOGUE. -

Doram Electronics Ltd
PO Box TRE Leeds LS12 2UF

EE THE
RANGE OF BOOKS IN THE NEW

m

Please send my FREE Hobbies Catalogue
I enclose 25p contributiontop &p

Name

Address

m Doram Electronics Ltd I
PO Box TR8, Leeds LS12 2UF I

Overseas customers (except for N. Ireland)-60p /
\ including despatch by Air (or all-up post)

WW-=011 FOR FURTHER DETAILS
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zéatromcs UHF FREQUENCY COUNTERS

NEW 500MHz, 7 digit, D.F.M. for direct §

readings up to the mobule radio UHF Band. Will §

operate on mains or 12v supply making it 1

ideal for use with mobile equipment.

Manufactured and guaranteed

by Catronics Ltd
Model DFM 500, £164.50 + €5carr + B%
VAT

Wirite for illustrated leaftet
HIGH STABILITY OVENED VERSION. DFM 500/5 also available at £204.50.
Our popular 200MHz C still ilable at only £137.50

REMO TE CONTROL
WW TELE TEX T DECODER

odification kit is now ilable to nwo Control of alf i sxcept
setting the tlm. select The R Controt Unit is housed in a cebinet
approx. size 6 x 3" x 2" end by epprox. 5 yds. screened cable.
PRICE ONLY £14.60 + 40p P& P
‘Board 313 aiso aveiieble e3 an additionsl unit to update the
give double height colour {1 /re
and January mwu ol ‘Wirele.
Our Kit includes plated-through hole P.C.B.,
£33.68 + VAT (£3.47) + P&P (30p) = 537.45 loul P.C.B.
Our main kits contain all the
printed circuit boards and com
ponents necessary to build the
complete decoder
A reprint of the series of articles
's available at €1 50 + large
15p SAE (included free in com

to the main

0rid” Teletext Decoder to
as describad in December

d i = iona. Pric
leble asparately at £19.30

-

Standard New versios

plete kit) ve.n:on iR TaEas Post &

PRICES INCLUDE VAT using 2513 X887 Packing
Setof 5 PCBs £23.40 £23.35 30p
Component Kit (incl. PCBs) £122.65 £135.40 €1.50
Add-on Unit for lower case: PCB £2.70 — -
Component Kit (incl. PCB) £13.75 —
Cabinet £18.00 £18.00 €1 00

PLATED THROUGH hole PCBs for TEXAS version only et additional coat of £26.00
FULL FAULT-FINDING AND REPAIR SERVICE AVAILABLE
COMPONENTS ALSO AVAILABLE SEPARATELY — SAE for price list
READY BUILT & TESTED DECODERS — £241.87 + £5 Carr
DE LUXE VERSION WITH NEW FACILITIES — £292.50 + £5 Corr.

CATRONICS LTD. (Dept. 829

Communications Houss,
20 WALLINGTON SOUARE.
WALLINGTON, SURREY.

.-...-...-.-...—..-..-..-..-.........___...-._........-.-..._-.-...-.-.....__.._...__.__.____._

Tel. 01-069 6700 i

WW—829 FOR FURTHER DETAILS

.

SEE

PORTLAND HOUSE, COPPICE SIDE, BROWNHILLS

MSI 6800

with 8K Ram.

KIT £375

NEW SWTPC 6800

Level 2

KIT £300

FD8 FLOPPY DISC £935. BFD68 MINI FLOPPY £522
SOROC 10120 TERMINAL £699 ASS.

CASSETTE INTERFACE KIT £18.95

Send S.A.E. for full brochure

STRUMECH ENG. ELECTRONICS DIV. BROWNHILLS 4321
SOLE U.K. DISTRIBUTOR FOR MSI & SMOKE SIGNAL BROADCASTING

WW — 032 FOR FURTHER DETAILS
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New from AMCRON

Real Time Analyser RTA2

The Amcron RTA2 Real Time Analyser is designed as much for use as a
production tool as it is for on-site audio analysis of theatres, and
recording studios. A flight case is available.

5" CRT Display

Internal Pink-Noise Source

Y3 or 1 octave Display
Frequency range 20 - 20kHz
Outputs for X-Y Recorders
Compatible with any microphone
Price £1,960 ex. VAT

* % % % % %

POWER AMPLIFIER D75

fo TWE e gy

The AMCRON D75 power amplifier replaces the previous model D60.
Employing completely new type circuitry it offers also many new
features but without any increase in the price.

* New Amcron IOC comparator.

* Balanced XLR input connectors.
* Signal Presence indicators.

* Separate Signal/chassis earth.

* 45 watts into 8 ohms per channel.
* Price £230 ex. VAT.

Other AMCRON products include:

DC300A amplifier 500 watts/chan. ... ... ... ... ... £550
D150A amplifier 200 watts/chan. .. .. .. ... .. ... ... £350
VFX2A Electronic Variable Filter ... ... .. ...... AU £270
EQ2 Equaliser ... .. ... ... £599
IC150A Pre-amplifier ... ... . ... ... ... .. ... ... .. £260
IMA Intermodulation Distortion Analyser unit . .. . . ... ... £610

MACINNES LABORATORIES LTD.
Cariton Park Industrial Estate
Saxmundham, Suffolk, IP17 2NL
Tel. Saxmundham (0728) 2262/2615

L Industrial Estate, Chandlers Ford, Hants. SO5 3ZR
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Our new 1978 catalogue hists circuit boards for all
your projects, from good old Veroboard through
to specialised boards for ICs. And we've got
accessories, module systems, cases and boxes —
everything you need to give your equipment the
quality you demand. Send 25p to cover post and
packing, and the catalogue’s yours.

VERO ELECTRONICS LTD. RETAIL DEPT.

Telephone Chandlers Ford (04215) 2956 /

WW—019 FOR FURTHER DETAILS

ELECTRONIC

THE MODERN WAY TO MEASURE TEMPERATURE

A Thermometer designed to operate as an Electronic Test Meter. Will

measure temperature of Air. Metals, Liquids, Machinery. etc.. etc.
.Just plug-in the Probe, and read the temperature on the large oper
scale meter. Supplied with carrying case, Probe and internal 1Y
volt standard size battery. . S
Model “Mini-Z 1" measures from—40° Cto + 70° C. Price £30.00
Model “Mini-Z 2" measures from—5° Cto + 105° C  Price £30.00
Model “Mini-Z Hi” measures from + 100° G to 500° C £33.00

[VAT 8% EXTRA}

Whnite for turther details to

HARRIS ELECTRONICS (LONDON)
138 GRAY'S INN ROAD, LONDON, WC1X 8AX:
(Phone 01-837 7937)

WW—054 FOR FURTHER DETAILS
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Made to Measure

Resistance, Capacitance. Inductance.

e

g D023y +GRL 48 )

B90O .
Automatic Digital Bridge kHz 01% |00 @ @ Ll ‘_”»

B224 |
Wide-range Audio Bridge 1592Hz l B em= OO eme OF
(200Hz-20kHz external)

B331
Self-balancing 0.01% Precision Bridge

B642
Autobalance Universal Bridge 0.1%

'DL Wayne Kerr

WW—116 FOR FURTHER DETAILS

www americanradiohistorv com

Whether you check components
at Goods Inwards, during pro-
duction or on Final Test, Wayne
Kerr has the bridge you need.
For fast measurements of com-
ponents, or for continuous
monitoring of changing values,
you can select the ideal instru-
ment from our comprehensive
range. Take, for instance, the
new B424 component meter;
a simple-to-operate, low-cost
meter which features a floating
decimal point and fully auto-
matic adjustment of test signal
level and frequency—thus
avoiding the need for resetting
with each type of measurement.

All models—AF, RF and VHF—
have a wide measurement
range and are easy to use. Many
have automatic readout and
automatic lead compensation;
most will measure components
in situ.

Only part of our range is
illustrated. Send in the coupon
for further information.

SEND FOR

WAYNE K%

CATALOG

Name . -

Position_______ _ __ o
Company .. _ _ __ _

Address o _

Telephone__ _ _
wwg/78

e TR e 7y wilmot Breeden
i 7/ Electronics Limited
1442 Bath Road,

- ;. v
; _w?/ Slough,

sy j Berkshire SL1 6BB
i England

Tel: Bumnham 62511
Telex: 847297
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M 2

-
electronicy
2111 WEST CAMELBACK SUITE B PHOENIX , ARLZONA USA (602) 242-3037
R F Transistors - ~
Type Price Type Price Type Price
2N1561 $15.00 2N5637 §20.70 HEPS 3006 519.90
2N1562 15.00 2N5641 4.60 HEPS3N07 24.95
2N1692 15.00 2N5643 20.70 HEPS30!0 i1.34
2N1693 15.00 2N5764 27.00 HEPS5026 2.5%
2N2B57JAN 2.45 2N5862 50.00 MMCM918 1.00
2N2876 12.35 285913 3.25 MMT72 .61
2N2880 25.00 285922 10.00 MMT 74 .94
2N2927 7.00 2N5942 49.50 MMT2857 1.63
2N2947 17.25 2N5943 1.75 MMT 39604 6.25
282948 15.50 285944 7.50 PT4186B 3.00
282949 3.90 285945 10.90 PT4571A 1.50
2N2950 5.00 2N5946 13.20 PT8659 10.72
2N3287 4.30 286080 5.45 PT9784 24.30
2N3300 1,05 2N6081 8.60 PT9790 41.70
283302 1.05 286082 9.90 PT9847 26.40
2N3307 10.50 2N6083 11.80 Jou030 15.60
2N3309 3.90 2N6084 13.20 40281 10.90
243375 7.00 2N6094 5.75 40282 11.90
2N3553 1.80 286095 10. 35 40290 2.48
2N3818 6.00 2N6096 19.35 TAT994 50.00
283824 3.20 26097 28.00  mmmmmmmmmeme———ee
2N3866 1.09 2N61 36 18.70 FET.s
2N3866JAN 4. 14 2NA166 36.80 40673 1.39 or 14/10.00
2ZN3B66JANTX 4.89 2N6439 43.45 3N128 1.35 or 10/10.00
2M3924 4.00 MMI500 32.20 2N5248 .60 or 10/ 4.50
2N3925 6.00 MM1550 10.00 MPF102 .45 or 10/ 3.50
23927 11.50 MM1552 50.00 MEM631 .63 or 10/ 5.30
2N3950 26.25 MM1553 56.50 mmmereeme— oo eee ———
2N3961 6.60 MM1601 5.50 TERMS :
2N4072 1.70 MM1602 7.50 All CHECKS and MONEY ORDERS ARE
2N4073 2.00 MM1607 - 8.65 IN US FUNDS !!!
2N4135 2.00 MM1620 17.50 ALL ORDERS SENT AIRMAIL DAY
2N4427 1.24 MM1661 15.00 Pleasa Include $2.50 Minimun for
284430 20.00 MM1669 17.50 postage.
2N4440 8.60 MM1943 3.00 ALL PRICES IN US DOLLARS.
2N4957 6.30 MM2605 3.00 ALL PARTS PRIME/GUARANTEED.
284958 4.35 MM2608 5.00
284959 2.12 MMB002 2.05 BANK AMERICARD/VISA/MASTERCHARGE
2N4976 19.00 MMB006 2.12 Your Number;
285070 13.80 MRF245 31.05 =
2N5090 6.90 MRF304 43.45 Exp. Date
2N5108 3.90 MRF501 49 -
285109 1.55 MRF504 6.95 Your Signature
2N5160 3.34 MRF509 4.90
2N5177 20.00 MRFS1L 8.60
2N5179 .68 MRF646 20.70 IC.5
2N5184 2.00 MRF5177 20.70 MC1550G 1.50
2N5216 47.50 MRFB004 1.90 MC1590¢ 6.50
2N5589 4.60 HEP76/53014 4.95 MC4024P 3.27
285590 6.30 HEPS3002 11.30 T™MS4024 10.00
285591 10.35 HEP53003 29.88
HEPS 3005 9.55

MHZ Electronics Kits :

Kie # 1

Motorola MC14410CP (MOS Tone Generator.

CMOS Tone Generator uses | MHZ crystal to produce standard dual frequency dialing signal.
Directly compatible with 12 key Chomeric Touch Tone Pads. Kit includes the following.:

1 Motorola MCL4410CP Chip

1 1 MHZ Crvstal

1 PC Board

And all other parts for assembly. NOW ONLY $15.70

Kit # 2

Fairchild 9SH90ODC Prescaler 3I50MHZ.

95H90DC Prescaler divides by 10 to 350 MHZ. This kit will take any 35MHZ Counter [0 350
MHZ. Kit includes the following.:

1 Fairchild 95H90DC Chip
1 285179 Transistor

2 UG-88/U BNC Connectors
1 PC Board

And all other parts for assembly. Now tnly $19.95

Kie # 3

Falrchild 11C900C Prescaler 650MHZ.
11c90DC Prescaler divides by 10/100 to 650 MHZ. This counter will take any 65 MHZ Counter
to 650MHZ. or with a B2S90 it will take a 6.5 MHZ Counter to 650MHZ. Kit includes the
following.:
1 Fairchild 11€C90DC Chip

I 2N5179 Transistor

2 UG-88/U BNC Connectors

1 LM/MC7805 Voltage Regulator
1 SOvolt lAmp Bridge

1 LED Indicator

1 PC Board

And all other parts for assembly.

Now Onlv $29.95

FAIRCHILD VHF and UHF Prescaler Chips

95HI0DC 350MHZ Prescaler Divide by 10/11 5 8.95
95H91DC 350MHZ Prescaler Divide By 5/6 8.95 .
11¢90DC 650MHZ Prescaler Divide By 10/11 15.95
11¢91DC 650MHZ Prescaler Divide By 5/6 15.95
11€83pC IGHZ Divide by 248/256 Prescaler 29.90
11¢700C 600MHZ Flip/Flop with reset 12.3¢
11C580C ECL veM 4.53
11C44DC Phase Frequency Detector (MC4044P/L) 3.82
11€24DC Dual TTL VCM (MC4024P/L) 3.82
11€06DC UHE Prescaler 750MHZ D Type Flip/Flop 12.30
11€05DC IGHZ Counter Divide by 4 74.35
11C01FC High Speed Dual 5-4 Input NO/NOR Gate 15.40

Crystal Filters. Tyco 001-19880 same as 2194F

10. 7MHZ Narrow Band Crystal Filter

3 db bandwidth [Skhz minimum 20 db bandwidth 60khz minimum 40 db bandwidch 150khz minimum

Ultimate 50 db : Insertion loss 1.0db Max. Ripple 1.0db Max. Ct. O+ - 5pf. Re. 3600 Ohms.
Now Only § 5.95

— T —
WW—059 FOR FURTHER DETAILS

TRANSVERTORS

TRANSISTORISED INVERTERS

VALRADIO TRANSVERTORS ARE BEING USED ALL OVER THE
WORLD FOR MANY APPLICATIONS. INCLUDING. VIDEO TAPE
RECORDERS, SOUND TAPE RECORDERS. ALARMS,
LABORATORY EQUIPMENT, TELEVISIONS AND MANY OTHER
TYPES OF EQUIPMENT.

SOME TYPICAL TYPES ARE:
D24/5008S 24v DCinput 500 watts sine wave output 230v AC

D24/60S 24v DC input 60 watts sine wave 230v outpu’

We also manufacture Frequency Changers, Power Supplies and
Standby Systems, and we are always happy to quote for your
special requirements.

Please send for full details to:
VALRADIO LIMITED, BROWELLS LANE, FELTHAM
MIDDLESEX TW13 7EN
Telephone: 01-890 4242/4837

N ——
WW—036 FOR FURTHER DETAILS

comprehensive
range of
TV DISTRIBUTION
EQUIPMENT

Tt

e

i ey
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We design and manufacture an extensive range of
amplifiers, active equipment, tap-off units, outlet plates
and other accessories for TV distribution systems. May we
send you a copy of our iatest catalogue which gives
detailed technical specifications ?

Labgear Limited Abbey Walk

Lab ear Cambridge CB1 2RQ England
Telephone: 0223 66521 (7 lines) Telex: 81105 LAB

Telecrams: Labgear, Cambnidge

WW—051 FOR FURTHER DETAILS
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iIQXO0 '745 COUNTER TIMER
DC-32 MHz

MINIATURE 'FREQUENCY, PERIOD, TIME & TOTALISE
QUARTZ
CRYSTAL

OSCILLATORS

INTERFAGE

QUARTZ DEVICES LTD.

World-wide exporters of crystals & filters
Manufacturers of DIP crystal oscillators

*5ppm STABILITY @ 25°C

COUNTER
? @ TIMER

from 240Hz to 20MHz > 7as5 B e
" sole agents for L
FILTRONETICS) LC & crystal filters from 10Hz to 100MHz 745 COUNTER TIMER £94 + 2.50 p&p

STATEK| Ultra miniature low frequency crystals ; Other product inciude.
i s S ] | 746 Autoranging F Meter £68 Ww 103
ELECTRODYNAMICS High volume timing crystals 643 Function Generator £98 WW 103
643A Function Generator £89 WW 105
29 Market Street, Crewkerne, Somerset England TA18 7)U | 631 Filter Oscillator £108 VY (‘)gg
Telephone (0460) 74433 Telex 46283 inface g 35 %Sfla’?'éasn‘2|"&lﬂ‘ir§?r‘om £26 ww 087

Delivery 1s normally ex-stock — telephone for confirmation
Prices correct at ume of going to press. subject to change without notice

WW—071 FOR FURTHER DETAILS

OMB ciectronics, Riverside, Eynsford, Kent. Tel: 0322 863567

[ FAST RESPONSE STRIP CHART RECORDERS |

Made in USSR

Series H3020 Series H327

Basic error 2 5%
Sensitivity 8mA F. S D
Response 0.2 sec

Width of each channel
Single and three-pen
recorders 80mm
Five-pen recorders: 50mm

Polarized moving iron movements

with syphon pens directly attached .~
Built-in solid state amplifier (one

per channel) provides 8 calibrated

sensitivity steps. Two marker pens

are provided

Basic error 4%. Frequency

response from DC to 100Hz 2dB

Chart speeds, selected by push buttons: 0 1-0 20 5.7 0-
2 5-5.0-12.5-25 mm /sec
Chart drive: 200-250V 50Hz

Recording Syphon pen directly attached to moving coil frames Sensitivity: 0.02-005-0.1-0.2-05-1-2-5 voits/cm

Curvilinear co-ordinates Width of each recording channel" 40mm

Equipment: Marker pen. timer pen, paper footage indicator, 10 Chart drive 220-250V 50Hz

rolls of paper, connectors, etc Chart speeds 1-2-5-10-50-125-250mm /sec

H3020-1 (Single pen): 285mm wide x 384mm deep x 165mm Type H3271-1. Single pen: Dimensions 259 x 384 x 165mm:
high . PRICE £108.00 Weight 15 kilos PRICE £265.00

H3020-3 (Three pen): 475mm wide x 384mm deep x 165mm Type H327-3. Three pen: Dimensions 335 x 384 x 165mm
high . . PRICE £160.00 Weight 20 kilos PRICE £520.00

H3020-5 (Five pen): 475mm wide x 384mm deep x 185mm Type H327-5. Five pen. Dimensions 425 x 385 x 165mm
high PRICE £295.00 Weight 25 kilos PRICE £770.00.

Note Prices are exclusive of VAT
Available for immediate delivery

Z & | AERO SERVICES LTD.

44A WESTBOURNE GROVE, LONDON W2 5SF
Tel. 01-727 5641 Telex: 261306

E o e . SR
WW—69 FOR FURTHER DET,.:” <
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Onlyournamehas changed.

products arethe same.

Low pass filters, filter connectors

and multi-section filters, Crystal oscillators.

/

= @ _~ Button mica capacitors

Mumniature carbon film
resistors (00120 sertes).

Metal oxide power resistors
(00132 sewes).

'/ 3 Carbon film
’/y' & | potentiometers
/ L g 89PN ¢
/\ / 87PNF.
Fixed composition resifors H. V. rectifiers and Transcap’® disc, feed thru,
0025 & 00026, multiplier assemblies. stand-off and ‘Monobloc’® capacitors.

For Erie professional and military at the same address and ~ what’s more
capacitors and filters; and for carbon film  important - you get the same high standard
and metal oxide resistors and pots of service.
contact ITT Mercator.

We have changed only the name and ITT Mercator, South Denes,
telephone number in order to avoid Great Yarmouth, Norfolk NR30 3PX.

confusion. You deal with the same people Tel: (0493) 4911. Telex: 97421.

worldwide component sources I
SR I I ‘

WW—061 FOR FURTHER DETAILS
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world

Ideas for sale

IT IS UNLIKELY that many engineers
have hitherto seen themselves as
technological Renoirs or
Gainsboroughs, or even prophets. But
painters and practitioners in
engineering suffer from the same
barriers to full expression — they are
often dependent on patronage and, in

common with prophets, though most of

them are not without honour, it is
often not recognized in their own
country.

We have recently seen examples of
engineers who have originated quite
remarkable inventions, but who, not
having enough capital to put their
ideas into practice, have hawked their
wares round all the more obvious
sources of finance — government
establishments, manufacturers,
financiers — with no success at all. No
one, it appears, is in the risk business
— at least, in the UK. As a result of this
frustration, people are beginning to
look overseas for their backing, which
is fine for the inventor and his backer
— not so good for this country.

Several British organizations exist
for this very purpose, although if our
correspondence pages are anything to
g0 by, many bright ideas go
unrecognized. A common complaint
among engineers who do manage to
sell their ideas afid are assisted by, for
example, the NRDC, is that the amount
of money advanced is insufficient for
an efficient operation. It may be said
that half the amount needed is better
than nothing, but if a cramped
financial position leads to excessive
caution and inhibits the broad view, it
could well be worse than nothing.

Reasons for the directors of
companies not wishing to risk venture
capital on inventions with which they

are unfamiliar hinge to a large extent
on the very fact of their unfamiliarity .
Company directors, as a class, are not
noted for their engineering knowledge,
being recruited in the main from
accountants, economists and arts
graduates. Their field of interest is in
marketing, finance and sales; the
products of the companies over which
they preside need not have much
influence on their work at all, except
insofar as they determine the people
they rub shoulders with in business.

While they are reasonably adept in
their own sphere of activity it seems
unlikely that a financier is best able to
judge the worth of even a simple piece
of engineering, and if the project put
forward for evaluation is even

‘moderately recondite, then a degree of
relevant knowledge is essential. And
yet only around 30% of UK directors

have any such knowledge. In contrast
with this, Germany has about 70% of
knowledgeable directors and the US
85%. Taken in conjunction with our
fairly dismal performance in recent
years, these figures are significant,
although it is impossible to say that
this is the real reason.

It does appear, though, that there is a
need for more university and college
students to be given a chance to read
their chosen engineering subjects, with
a background support of ‘business’

" training. Admittedly, this does fly
directly in the face of the university
tradition which insists that universities
are not there to train people, but to
educate them. Times are hard,
however, and it should be recognized
that some students, at least, are going
to have to soil their hands and engage
in vulgar commerce.
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Stereo f.m. tuner — Mk Il

Improved design uses new i.cs — 1

by L. Nelson-Jones, F.1.E.R.E.

A ke Hinrng

— «
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This tuner is based on the author's highly
successful design first published in the
April, 1971 issue. The circuit has been
modified to use two recently introduced
and improved i.cs, together with a
pre-aligned f.e.t. front-end module
designed by the author. The circuit
features an improved a.f.c. system which
operates directly on the varicap tuning
and allows simultaneous tuning of all the
r.f. stages. Circuit options include the use
of either a six-pole LC filter or ceramic
resonator i.f. units.

WITH THE LARGE SIGNAL LEVELS that can
occur from high-gain aerial arrays it is
possible for an f.e.t. front-end to mal-
function. This is due to oscillator-
pulling by the signal at g, of the mixer
which has capacitive coupling to g, and
therefore the oscillator. In extreme
cases the oscillator may be pulled com-
pletely into lock with the signal, which
results in a zero-frequency i.f. To over-
come this a diode limiter has been used
to damp the second tuned circuit so that
the oscillator cannot be pulled-in. The
diode limiter does, however, lower the
image-frequency rejection performance
but this only occurs at very high signal
levels. With this modification, and by
applying around 20dB of a.g.c. to the r.f.
stage at high signal levels, the front end
can handle signals of around 600mV.
This front-end circuit, shown in Fig. 1,
also differs from the Mk I design be-
cause it does not have a separate a.1.c.

system. The tuning supply voltage is
now modulated by the a.f.c. voltage,
and controls all three tuned circuits
together. Even with a high level of a.f.c.,
there will be no loss or gain within the
holding range.

Choke coupling is used in the r.f.
stage so that all tuned circuits are atd.c.
ground potential. Because Mk II
design is for varicap tuning only, a more
compact layout has been possible. De-
coupling has been improved by shorter
lead lengths and a reduction in value of
the decoupling capacitors to 470pF. This
ensures that the capacitors do not come
near to resonance. The complete front-
end is now housed in a screened case to
reduce oscillator radiation and pick-up
from sources such as the i.f. strip, stereo
decoder, and the demodulator.

An isolated coupling loop on the
oscillator coil is brought out via two
terminals on the main i.f. board. The
loop provides a level of around 50mV
and is designed to feed a digital counter
at 50Q impedance. This level will not
cause excessive oscillator radiation, and
can be interfaced to a counter via a
buffer stage. The second gate of the r.f.
stage is brought out through a decoup-
ling RC network for a.g.c. A suitable
biasing network is provided if a.g.c. is
not required (a.g.c. ref).

Lf. amplifier

The first i.f. amplifier stage is in the
front-end already described, and pro-
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vides a broadly tuned output at 3309
impedance. Fig. 2 shows the main i.f.
ciricuit. The block filter can be the Toko
six-pole LC filter, as shown in Fig. 3(a).
In this case the additional series resistor
R, has to be used to raise the source
impedance to 1kQ,.and C, is placed at
the filter input to provide the design
source capacitance. Correct loading is
provided by the input biasing resistor
R,

A second option, shown in Fig. 3(b), is
to use a pair of Toko-i.f. ceramic
resonators, type CFSE-10.7, which have
a design source impedance of 330Q. In
this case R, and C, are not needed. As
there is no d.c. path through these
filters, C, is also redundant and is
replaced with a link. Because the gain
with these resonators is too high, a 10dB
attenuator is placed between the two
filter sections (this does not impair the
noise performance of the tuner).

A third choice is to use two Vernitron
FM4 i.f. ceramic resonators as in the Mk
I design. These filters cannot normally
be directly cascaded, but the 10dB atte-
nuator section between them provides a
satisfactory performance. Whichever
type of ceramic resonator is used, it is
essential that both have the same colour
coding.

The main i.f. gain is supplied by the
multi-stage limiting amplifier contained
within IC,. The circuit has been de-
signed around the recently introduced
CA3189E, which is an improved and
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Fig.2. Main if. circuit can use either the CA3089E or the newer CA3189E.
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Cy I 135BBR3132A

Fig.3. (a) Six-pole LC filter. (b) Two
ceramic resonators. (c) Muting circuit
for CA3089 and (d) CA3189.

Fig.4. Stereo decoder. Emitter follower
on pin 11 of the i.c. improves the
signal-to-noise ratio at low signal levels
by reducing the separation.

12 5

CA3189
somewhat altered version of the
CA3089E. The printed circuit board can
be used with either of these i.cs by
making suitable -component changes.
However, in my experience the perfor-
mance of the CA3089E is rather inferior
to the CA3189E. The audio output of the
CA3189E is adjustable and the values
used give a level of 490mV for each of
the options.

A further option is available for the
CA3089E and CA3189E because both
can be used with single or double-tuned
quadrature coils, L, and L,. The double-

tuned arrangement can give very low
demodulation distortion if correctly

T
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adjusted, but this requires a low distor-
tion f.m. signal generator, and distor-
tion measuring equipment. With a
single-tuned circuit both i.cs will stilP
give low distortion compared to earlier
integrated circuits such as the
TAAB661B. Both devices provide an a.g.c.
feed for the front-end module, but be-
cause the level is not the same for the
two devices the a.g.c. voltage is fed
through potentiometer Rg, R;. The a.g.c.
threshold is adjustable with the
CA3189E. I have found this particularly
useful in setting up the signal strength
output, from pin 13 of IC,, to give a
steady and progressive increase of level
with signal input voltage. The poten-
tiometer concerned is usually set
around midway.

The external muting circuit com-
ponents for the two i.c.s differ and are
shown in Fig. 3(c) and 3(d). The newer
CA3I189E operates on deviation as well
as signal level, and the value of R 4 sets
the deviation at which muting begins.
This may be varied if required from
about 2.7k for a large deviation before
muting, to 22k{ for a very small.devia-
tion before muting. In both circuits the
setting of RV, determines the signal
level at which muting takes place. With
RV, set to 0V, the muting action is
stopped.

Tuning voltage supply and a.f.c.

The a.f.c. output from IC, is not applied
directly to the front-end, but is used
together with the a.f.c. reference output
from IC| to derive a 12V tuning supply
which is modulated by the a.f.c. output

Ra7  +12v
AAM—O

Signal level
out

foXS

5

TCA 4500 A

Input
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of IC,. It should be noted that the tuning
range of the new front-end is 1.5 to
11.5V for 87.5 to 108MHz. The a.f.c.
reference of the CA3089E and CA3189E
is a 5.6V zener-stabilized supply which
can be used for the reference of a con-
ventional stabilized supply. If a suitable
amount of a.f.c. voltage from pin 7 of IC,
is added to the reference supply, then
the tuning voltage will change in a way
that will correct the error which caused
the a.f.c. output to differ from the a.f.c.
reference voltage level.

The a.f.c. reference is permanently
connected to the non-inverting input
and the op-amp IC, via an f.e.t. so that it
can be switched in and out. When the
f.e.t. is switched on, R,, and R,; control
the amount of a.f.c. voltage that is
added to the reference level. The tuning
voltage output is controlled by the
feedback chain Ry, R,y RV, The a.f.c.
switch operates with the source and
drain of the f.e.t. at the a.f.c. reference
level. If the gate is connected to 0V the
f.e.t. is biased off; if the gate is left free,
Ry turns the f.e.t. on; an fe.t. with a
cut-off bias of less than —4V has been
chosen to ensure clean switching.
Values chosen for Ry, and R,; allow the
af.c. switch to be formed by a pair of

touch-pad contacts between 0V and the

a.f.c. on/off input. Capacitor C,; en-.

sures that this input is not excessively
sensitive to interference. If touch-pad
operation is used it is essential that the
chassis is correctly earthed and con-
nected to the OV line.

With this system an almost constant
a.f.c. performance s achieved across the
whole f.m. band because, as the tuning
voltage is reduced, the amount of
change due to any a.f.c. control is also
reduced. The tuning characteristic of
the front-end is almost perfectly
logarithmic with tuning voltage. The
tuning-voltage supply must be free of
noise and hum to prevent spurious
modulation of the oscillator frequency.
This is achieved by the high common-
mode supply rejection of IC,, and by the
filter Ry, C,; in the supply to IC,.

Stereo decoder

The decoder circuit in Fig. 4 is essen-
tially the same as that published in the
April 1978 edition by M. J. Gay. The
capacitor between pins 2 and 12 has been
made 10nF rather than 6.2nF quoted,
and the input capacitor has been raised
from 2pF to 4.7uF. These changes were
made because my stock did not contain
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the original values, so they need not be
implemented.

The TCA4500A has a low impedance
output due to the feedback networks R,
C¢ and R,, C,. It is therefore necessary
to feed the multiplex filter through
resistors which have a value equal to
the design source impedance of 4.7kQ
for the filter. Because the design load
impedance of this filter is also 4.7k,
there will be at least a 6dB loss. To
restore the audio output level, and to
isolate the filter from the load, an
amplifier with a gain of two is con-
nected to each of the stereo outputs.
High negative feedback in each of these
amplifiers makes the input impedance
very high, so the matching network R,,,
C,; and R}, C;; is connected to ensure
that the filter sees a resistive termina-
tion of 4.7k{. The bias for these two
stages is derived from the d.c. output
level of the i.c. at pins 4 and 5. The filter
has a low d.c. resistance from input to
output and the values of R; and R are
insufficient to cause any appreciable
loss of voltage to the bases of Tr; and
Trs.

Gain of the stages is defined by the
equal values of load resistors Ryg, Ry;
and R,,, Ry, so only half of the output is

Receiver performance

Frequency range 87.5 to 108MHz

(tuning voitage
+1.5t0 +11.5V)
1.1. 10.7MHz
I.f. bandwidth 220kHz (CFSE-10.7
(—3dB) filters-FM4)
250kHz (6-pole LC
filter Toko
135BBR3132A)
Input impedance nominally 75 ohms
unbalanced
Limiting input signal  1pV typical
threshold
—30dB quieting 1.5pV typical
level (mono)
Capture ratio 1dB
Image response —48dB

|.f. response at input
Oscillator voltage at
aerial input
Oscillator output to
counter

Muting threshold
range

Audio output level

Spurious decoder
outputs

Audio frequency
response
De-emphasis time
constant

Af.c. pull-in range

about —-100dB
less than 1TmV

about 50mV into
500

adjustable from O to
about 8uV

490mV for + 75kHz
peak deviation
better than —60dB
at 19kHz and all har-
monics
10Hz to
+ 1dB
50us (75us with
capacitors raised by

50%)
+ 500kHz (1TmV

input level)

15kHz

Mark II tuneris better than the Mk |

design on noise performance, especially

at low signal levels, and this is very
noticeable in listening tests. A.m.
rejection of the new tuner is again
better especially in listening tests.

AM Rejection

-30 |

-40

daB

-50

30 Modulation

v 10pv 100V

1myv 10mv

Audio output OdB=490mV * 75kHz modulation

© -40
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fed back to the emitter of the input
transistor. The output d.c. level is
blocked by C,, and C,s, while Rjgand Ry,
prevent clicks if the output is connected
to an amplifier or switched after the
receiver has been turned on. Resistors
R, and Ry in the output leads prevent
oscillation in these two amplifier stages
if very long and capacitive leads are
used.

Stereo/mono switching is achieved
by transistor Tr,. This is normally
biased on, and the decoder is in the
mono state. If the m/s input is
grounded, the biasing is removed and
Tr, is turned off, which restores the
.decoder to stereo operation.

Capacitor C,,, together with the
biasing resistor Ry, form a h.f. filter to
prevent this input from causing inter-
ference. A switching transistor was
used because the manufacturers’ data
specifies a maximum capacitance, from
pin 9 to ground, of 100pF and I felt that
this was too easily exceeded. Also, a
long lead into the 228kHz oscillator
circuit is undesirable.

The signal-level voitage from the
CA3189 can be used, as detailed in the
TCA4500A article, to reduce the
separation at low signal levels and pro-
vide a better signal-to-noise ratio. This
has been added to the decoder circuit by
placing an emitter follower between the
signal level input from the CA3189, and
pin 11 of the TCA4500A. Use of a p-n-p
emitter follower ensures that the cur-
rent can be drawn out of pin 11, and also
provides a low impedance drive for the
signal strength meter. The recom-
mended resistor value for R; is 39k,
which gives close to 100pA for full signal
strength. This resistor may be reduced
in value for movements up to 1maA.
Diode D, is included to remove the V,,
of Tr, from the feed to the meter.
Resistor R, and capacitor C,, are in-
cluded to prevent interference from
passing through Tr,. The supply to the
decoder is filtered to prevent switching
surges from reaching the rest of the
tuner. '

A stereo indication l.ed. is driven
from pin 7 through Ry and a further
270Q on the tuning indicator board. If
this board is not used, and only the
external le.d. to the +12V supply is
required, then Ry should be raised to
68012.

Tuning indicator

.The circuit in Fig. 5 is exactly as used
with the Mk I toner. It consists of a
long-tailed pair feeding two l.e.d.s,
whose brilliance will be equal for equal
input voltage levels to the bases of the
two transistors. A degree of degenera-
tion is applied to lower the gain from the
unbypassed resistors in the emitters.
The output terminal is connected to the
afc. pin of the if. board. The stereo
indicator l.e.d. in the original circuit had
to be compatible with a filament lamp to
match the Portus and Haywood de-
coder, but this requirement is not now
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Parts List

Frontend and i.f.
Resistors — 5% “E carbon film unless
otherwise stated

100kQ

1K (3089)

39K (3189)

omit (3089)

39k (3189)

560Q) (6-pole)

3300 (CFSE/FM4)

10 47Q

12 2.7KQ {double-tuned)
omit (single-tuned)

13 18KQ (double-tuned)
3.9K) (single-tuned)

18 4.7k (3089)
8.2k (3189)

19  omit (3089)
4.7K} (3189 double-tuned)
6.8k§2 (3189 single-tuned)

20 link (stereo)

W N =

4.7k§2 {mono)
21 100k§
22 5.6k}
23 33k

24  2.2M(Q 10%

25 10MQ 10%

26 10K} 2%

27 6.2KQ) 2%

28 6800

29 47Q

30 1K) (stereo, or to suit meter on mono)

Capacitors — 20% tolerance unless otherwise
stated

c 0.1uF 250V polyester
3 10nF 100V min. ceramic
4 10nF 100V (6-pole) min. ceramic
link (CSFE or FM4)
5,6 10nF 100v min. ceramic
8 47nF 250V polyester
9 10nF 100V min. ceramic
12 10uF 25v tantalum bead
13 33pF 100V (stereo) min. ceramic

10% ceramic
tantalum bead
min. ceramic
min. vertical
electrolytic

4.7n 100V (mono)
14,15 10uF 25V B
16 10nF 100V
17 100uF 16V

Other components
Tr, Siliconix 2N4339 metal can n-channel

fe.t. .
or E113 plastic n-channel f.e.t.

RV, 47K min. horizontal skeleton
potentionmeter {3189 only)

RV, 4.7K) min. cermet horizontal
potentiometer

L, 22uH min. choke Sigma Products type
SC10-22uH

L, TKACS 34342BM | (double tuned for

3089 or 3189)
Ly TKACS 34343AU0 ) Toko UK Lud
L, KACSK586HM (single tuned for 3089

or 3189) — Toko UK Ltd
Front-end module Key Electronics FMT2-0 —
Integrex Ltd

1.£. filters

Fig.3(a)

R, 6800

C 10pF 100V min. ceramic
Fter  Toko 135BBR3132A

Fig. 3(b)

R, Link

C, omit

R, 2200

R, 1500

R 2200

Fi?ters Toko CFSE or Vernitron FM4

(identical colour coding)

Muting circuits

3089 Fig. 3(c)

Rys 4700

Ryg 120k0

Ris link

RV, 470k min. horizontal skeleton
Cio 0.47uF 35V tantalum bead
Cyy omit

3189 Fig 3 (d)

R4 4700

Rys link

Ryg 47kQ

RV, 10k min. horizontal skeleton
Cio 47uF 6.3V tantalum bead
Ch 2.2uF 35V tantalum bead

Stereo decoder
Resistors — 5% W carbon film unless
otherwise stated.

R 1 10k 2% Y2W metal oxide
2 100Q
3 1k}
4,7 51K 2% Y2W metal oxide
56 4.7k) 2% YaW metal oxide
8 2700
9 4.7kQ
10 33K —
11,124.7KQ 2% Y2aW metal oxide
13 39K (for 100p A meter)
14 4.7kQ
15  6.8KQ
16,17 2.2k 2% %2W. metal oxide
18 2200 ’
19 100KkY
20 4.7k (3089)
omit (3189)
-21 6.8k R
22,2322k 2% Y2W metal oxide
24 100k2
25 33k
26 2200
27 22Q
RV, 4.7kQ min. horizontal cermet

skeleton potentiometer

Capacitors — 20% tolerance unless otherwise

stated
C 1 4.7uF 35V tantalum bead
2 10nF 250V polyester
3  220pF 160V 5% polystyrene
4 0.47uF 250V 10% polyester
5 0.22uF 250V polyester
6.7 10nF 250V 5% Siemens polyester
__or polycarbonate
8 0.22uF 250V polyester
9 10nF 250V polyester
10.11 10nF 100V min. ceramic
12-15 22uF 16V .____tantalum bead
16 220p F 16V min. verticai electrolytic

Other components

IC TCA4500A, Motorola

Tr1.3.5 BC109. BC149, ZTX109. BC184, etc.
Try 4.6 BC179, BC159, BC214 etc.

D, 1N4148

Filter Toko BLR3107N

Tuning indicator
4.7

R!
2 1000
3 3300
A 1000
s 1K
6 omit
; 2700
Tr,, BC109, BC149, ZTX109. BC184 etc.
D,; 0O.2inredl.e.d.
Dj 0.2in green l.e.d.

Power supply

Transformer RS Components 6VA type 196-
296 secondaries in series. or type
196-303 secondaries in parallel

Rectifiers 1N4003 (four)

Capacitors 0.1uF 250V poiyester (three)
470uF and 1000uF 25V min.
vertical electrolytic

Resistor 22 ohm

Regulator type 7812 plastic i.c.

Fuse 20mm 250 or 300mA anti-surge
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+12 &

AFC Ref O

Output

ov

needed, therefore Rg is omitted and R is
27082

Power supply
The power supply shown in Fig. 6 uses a
full-wave rectifier which feeds two
smoothing capacitors. This arrange-
ment produces very little ripple on the
+20V supply to the a.f.c./tuning vol-
tage circuit. The +12V supply to the
tuner and decoder is stabilized by a 7812
i.c. which has two 0.1xF capacitors
across its terminals for h.f. stability.
The capacitor wired across the bridge
rectifier input prevents hole-storage
noise in the diodes and forms a useful
h.f. filter in conjunction with the leak-
age reactance of the mains transformer.

Interconnection of the tuner

The method of interconnection is
shown in Fig. 7. 1t is important to
ground the aerial input socket to the
chassis only through its connection to
the i.f. board. The 0V terminal and
wiring must be grounded to chassis at

indicator.

See text

4 x1IN4O0O3

s Fig.5. L.e.d. tuning indicator and stereo

Fig.6. Power supply.

C+ 20

——+12

100n

ov

only one point near to the output. The
mains earth must be connected only to
the mains transformer frame and the
interwinding screen. The transformer
frame is insulated from the chassis be-
cause the tuner will normally be part of
an audio system, and it is usual to
connect only the pre-amplifier to the
mains earth.

To make such an earthing system safe
it is essential to use a transformer of

good construction which has a copper.
foil interwinding screen, and a good
earth bond to the frame. 0

To be continued. The concluding article
describes the alignment procedure and
shows the printed circuit board layouts.

Fig.7. Interconnection diagram.

Fuse

[N
A

AN
o0 2

=

DECODER

POWER
SUPPLY

12v [

N2
]

-Slgncl level

g

Power Stereo

min

Station selector
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Instant tuning

By Cathode Ray

SEVERAL TIMES LATELY I have
overheard on the radio hints of a great
new idea: instead of changing from one
radio* channel to another by turning a
knob, meanwhile scrutinizing the
movement of a pointer along a scale
crowded with figures and names of
places (quite likely obsolete) to find the
position that will give the wanted pro-
gramme, and then when at last it has
been found, via a cacophony of inter-
vening hisses and shrieks, finding it is
too late to hear the start; instead, as I
say, of this gruelling process several
times every day, some inspired scientist
(never any mention of an engineer, of
course) is on the verge of making pos-
sible an instant switchover from one
programme to another!

Well, of course, I thought this was
just another example of how ill-
informed so many people are, so that it
can be commonly supposed that televi-
sion was invented about 1950 and that
Lindbergh was the first person to fly
across the Atlantic (instead of, wasn’t
he, about the 55th?). But a few days ago
I was pulled up short by reading in the
IEE’s journal Electronics & Power, July
1977 issue, p.547, an article by Mr James
Redmond, Director of Engineering of
the BBC (and therefore presumably
knowing something about these mat-
ters) in which he said as follows:

‘At one time there was a large
audience of television viewers who
remained tuned to one programme be-
cause they dared not retune the set in

the hope of finding something more to

their taste. Pushbutton television
receivers quickly freed them from this

*About 25 years ago I poured scorn on the il-
logicality and sheer ignorance of persons on the
entertainment side of broadcasting who started a
custom of distinguishing between programmes and
receivers confined to sound and those that provided
both sound and sight by calling the former radio
and the latter television (or more usually TV). How
did the poor mutts imagine that TV programmes
were broadcast if not by radio? Were it not that
they, and the non-technical British public who
swiftly copied them, would have been unaware that
this absurd nomenclature neédded any excusing,
they might have excused themselves by the plea
that there was no word ready for use for referring
to sound broadcasting. All except purists might
have accepted ‘telesound’ had not ‘tele’ (pro-
nounced ‘telly’) come to convey to the said public
the idea, not, as it should, of distance, but of ‘the
box’ and especially its pictures. Anyway, at last I
have given up the unequal struggle, and can only
gaze in awe at the respect for principle exhibited by
the BBC in retaining the name Radio Times for their
weekly list of all radio programmes, with or
without pictures. Come to think of it, the same
inflexible devotion to a cause is displayed by
Wireless World. And by the author of Foundations
of Wireless and Electronics. Or could it be just
resistance to change? Let’s give them the benefit of
the doubt!

tyranny, and now we impatiently await
the pushbutton portable v.h.f. radio.’
‘Impatiently await!

I fully appreciate the point about
being afraid to depart from a channel,
once it has been tuned in, because of the
difficulty experienced by the lay public
in retuning any radio (in its correct

inclusive sense) receiver. My sym-.

pathies are entirely with them. What
sort of a radio engineer is he/she who
designs a set that obliges them to do
anything so crude?

In the 9th February 1939 issue of
W.W. (i.e., getting on for 40 years ago) I
am on record as stating ‘A certain trade
list of receivers now on the British
market describes 665 models. Of these,
231 are to be found with pushbutton
tuning.’ I went on to say ‘As regards the
date of invention, leaving out the in-
evitable Chinese and Egyptian claims to
priority . . . it can definitely be said that
it [pushbutton tuning ] was on the mar-
ket at least as early as 1928’ (fifty years
ago now) and went on to describe an
American Zenith model so fitted, which
enjoyed a ready sale, including one to
me.

By 1940 (December issue of W.W.,,
p499) I made fun of the ‘ever-patient
British public grinding away at their
tuning controls’ to change from one
programme to another. Evidently the
231 pushbutton models less than two
years earlier had not prevailed against
the 434 others.

But Mr Redmond was writing about
v.h.f. radios, which these early p-b
models were not. So v.h.f. p-b models
may still be in the future?

My wife being one of the lay public
and therefore, I consider, fully justified
in demanding instant programme
changing, I provided her with it almost
from the start; i.e., when I married her,
which was not yesterday, since our
grandchildren are by now doing a bit of
demanding of their own in the elec-
tronic field. When the three BBC chan-
nels became available on v.h.f. (I ex-
clude Radio 1 from consideration, while
realizing that for many members of the
population this is the preferred channel,
but would I be hopelessly wrong in
supposing that even they sometimes
want a change?) I fully accepted the
justice of the BBC claim that from then
on all right-thinking citizens should
turn exclusively to v.h.f. So, nearly 20
years ago, I scrapped all else and pro-
vided my wife with an all-v.h.f. set
having a three-position switch covering
her ‘radio’ needs.

All went happily until the BBC
(obliged, I am sure, by hidden political

www americanradiohistorv com

forces) began introducing intensely un-
wanted Open University lessons into
v.h.f. channels. In distress at this un-
predicted and frustrating development,
my ever-loving wife turned to me; and
with unfailing resourcefulness I devised
a m.w. unit for Radio 4 making use of
the existing switchgear.

This worked reasonably well until the
next crisis, when for a time all Radio 4
channels, v.h.f. and m.w., were belting
out studies on the life-style of the

‘arachnidae or some such esoteric mat-

ter about which my wife did not at that
time wish to know. Eventually it trans-
pired that this was not more than a
technical hitch lasting for a mere couple
of hours, but it undermined my reputa-
tion for foreseeing and providing
against every eventuality.

For the last year and more, the BBC,
mo doubt at the receiving end of bitter
complaints from those listeners who
had done as they had been bid and had
changed over to v.h.f., has used every

_available gap between programmes to

plug the necessity for a three-waveband
receiver, long-wave, medium-wave and
v.h.f, in order to be able to hear every-
thing they provided. (I hope no un-
principled radio dealers take advantage
of customers who remember only the
‘three-waveband’ bit, by unloading
stock that technically conforms to this
description but lacks v.h.f. and includes
instead the not widely demanded short
waves.) Among the ordinary undis-
criminating British pyblic these exhor-
tations are unlikely to have been he-
eded, because the OUB public are able
to get everything from the BBC on their
cheap imported ‘transistors,” many of
which are one-waveband sets. Any
whose interest may have been kindled
to the extent of inquiring would quickly
be deterred by the price of the a.m. plus
f.m. models.

Some of the OUBP—housewives
chiefly — got their first jolt when they
suddenly found that their Tuesday and
Thursday afternoon plays had turned
into Questions in Parliament (cleverly
disguished as live broadcasts from the
Zoo) and ‘Disgusted, Tunbridge Wells’
became thick with complaints. The BBC
could always say, in polite euphemistic
terms, of course, ‘We told you so.” The
same thing will happen again in
November, only much more so, among
the one-waveband brigade when, not
having taken in the oft-repeated war-
nings, they find themselves unable to
get any Radio 4 programmes at all,
unless they acquire new sets at least
with long waves. Moreover, those of

continued on page 57
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Logic design — 15

by B. Holdsworth® and D. Zissost

Action /status interface design

*Chelsea College, University of London

+Dept of Computing Science, University of Calgary, Canada

The operation of action /status interfaces,
which was the subject of part 14,
continues, and design of interfaces is
discussed, both in general and in two
specific examples. This is the final

article in the series on logic design.

With the exception of the go/no-go
interface shown in Fig. 6, handshake
system configurations which use two
states to define the read/write cycle are
easier to design and implement. Unless
otherwise specified, the ‘go’ mode will
start with a write operation. The dia-
gram shown in Fig. 12(a) is used to
define the read and write operations.
For ease of reference the flip-flop used
to generate the go/no-go signal G is
shown in Fig. 12(b). The starting point
in the design process is the basic system
developed next.

Basic system

Read/write cycle. The implementation
of a read/write cycle is straightforward.
A block diagram of the two-device sys-
tem is shown in Fig. 13(a), and its step-
by-step operation is flow charted in Fig.
13(b). The state diagram of the inter-
face logic is shown in Fig. 13(c).

By direct reference to the state dia-
gram the following equations are
obtained:

Turn-on set of A=r,,
turn-off set of A=r, +R.
A=T,=ArR
a,=5r,=Ar,
a, = SyGr,=AGr,

The NAND implementation of these
questions is shown in Fig. 13(d).

The timing diagram for the read/
write cycle is shown in Fig. 13(e). In-
itially, it is assumed that r; =0 and that
the system is in state Sy, which implies
that the system is writing and that
device 1 is active. When device 1 has
fully responded, r, goes from 0 to 1,
a,=Gr, and device 2 is activated. On
activation its status signal r, goes from 1
to 0 and thus initiates the transition
from S, to S; and also turns off the
action signal a,.

In state S, the system is reading nnd it
continues to do so until device 2 has
completed its response, when r,
changes from 0 to 1 and device 1 is
activated. The cycle is completed when

-

(c)

Fig. 13. Read/write cycle schematic (a)
and flow diagram (b). State diagram is
at (c) and NAND implementation and
its timing are at (d) and (e).
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the status signal of device 1, r, goes
from 1 to 0, thus initiating a transition
back from S, to S, and simultaneously
turning off the action signal a,.
Write-inhibit cycle (i, =1). To inhibit
the write operation in the basic read/
write cycle, the write operation is
replaced by a read operation as shown
in the flow chart of Fig. 14(a). The
modification to the state diagram in Fig.
13(c) as a consequence of introducing
the write-inhibit process is implemented
by interchanging the values of a; and a,
in state S|, when i, = 1. Expressed
algebraically, the entries for write/
inhibit are a; = r,i; and a, = Gr,i,, as
shown in Fig. 14(b).

Read-inhibit (i, =1). Similarly, to in-
hibit the read operation in the basic
read/write cycle, a read operation is
replaced by a write operation as illust-
rated in the flow chart of Fig. 15(a) and
the corresponding modification to the
state diagram is shown in Fig. 15(b).

The block diagram of the basic sys-
tem with reset, go/no-go, read-inhibit
and write-inhibit facilities is shown in
Fig. 16(a). Its step-by-step operation is
described by the flow chart of Fig. 16(b).
The following equations are obtained
directly from the state diagram shown
in Fig. 16(c).

A =T,+AR,R
a, = AGriyi, + Ar,i,
a,=AGr 1, + AGr,i,T,

Design steps

The design of interfaces can be accom-
plished in the five steps listed below,
andillustrated in Fig. 17. These steps are
general and can be used in all interface
design problems.

Aims of the design. The system
specification is first expressed in the
logic interface designer’s terms. This
step is introduced to ensure that the
system requirements are interpreted
correctly by the designer.

This stage is critical and requires
cooperation between the interface de-
signer and the system designer.

Device characteristics. In this step
the designer specifies the terminal cha-
racteristics of the devices to be inter-
faced. Consideraion of the purely inter-
nal characteristics of the devices should
be avoided if possible.

System design. The interface designer
specifies the system characteristics in
general terms by means of a block dia-
gram and a system flow chart and con-
sults the designer for approval.
Hardware design. This step is pro-
visional, and hardware design may well
be modified as a consequence of the
experience obtained in software design.
It is accomplished conventionally using
well-established methods described in
this series. ]

Software design. On the basis of the
hardware design and assuming the
necessary instructions, the basic soft-
ware for the operation of the device is
designed. This process may well indi-
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Start
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Write  j———_| Read
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Fig. 14. Flow-chart for write-inhibit (a)
and state diagram at (b).
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Fig. 16. (a) shows block diagram of
basic system, with flow chart (b) and
state diagram (c).
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cate modifications to the hardware de-
sign which may lead to improvements.
In fact, software and hardware design
should be regarded as complementary
and should be repeated until a satisfac-
tory design of both hardware and soft-
ware has been achieved.

Problems and solutions

The design steps described are illust-
rated by means of two typical problems
and their solution. For further design
problems the interested reader is refer-
red to the second edition of Digital
Interface Design, by Zissos and Dun-
can, published by Oxford University
Press, and to “System Design with
Microprocessors,” by Zissos, published
by Academic Press.

Rub-out characters. Given a paper
tape reader and a tape punch, design
and implement a small system that
allows a new tape to be produced in
which the rub-out characters (all 1’s)
are deleted.

—The aim is to reproduce data after
deleting specified characters, in this
case the rub-out characters.

—Both reader and tape punch are
action/status devices.

—The block diagram of the solution is
shown in Fig. 18(a). The AND gate
detects the rub-out characters on the
data-bus. Its output d is logical ‘1’ when
all the digits on the data-bus are 1's.
When d=1 the data is inhibited from
being punched and the input tape is
advanced. This is equivalent to i; =0,
and i;=d in the basic read/write cycle
notation.

The flow chart describing the step-
by-step operation of the system is
shown in Fig. 18(b).

The state diagram of the interface car.
be derived either directly from the sys-
tem flow chart in Fig. 18(b) or by sub-
stituting i, =0 and i, =d in Fig. 16(c).

From the state diagram, which is
shown in Fig. 18(c), the following equa-
tions are obtained:

A =1, +ArR
ay = éGrld + Arz
a,=AGr,d

The implementation of these equations
is shown in Fig. 18(d).
Reader-to-plotter interface. The first
four tracks of an eight-track tape
specify eight actions a digital plotter
can take, namely move 0.1cm N, NE, E,
SE, S, SW, W and NW with the stylus up
or down. The other four tracks indicate
the number of times each command is
to be executed. For example 10010110 is
interpreted as: “Draw a line 0.6cm long
from NW to SE.” Design a suitable
interface between the reader and the
plotter. The coding of the various
directions specified in the problem is
shown.

—The aim is as specified above.

—Both the reader and the plotter are
action/status devices.

—The block diagram of the solution is
shown in Fig. 19(b). In addition to the

two action signals a, and a,, the inter-
face must reset the counter with signal
R, and increment it with signal ¢ at the
appropriate times.

Initially the counter is cleared with
the systemn reset signal R prior to the
interface being activated by the signal
G.

Activating the interface causes the
pen to move one space (in this case
0.1cm.) in the direction specified, with
the stylus up or down, as specified by
the first four tracks of the tape. When
the pen begins to move, r, becomes 0,
and the counter is incremented. When
the pen stops,'indicated by r, becoming
1, the output of the comparator circuit
shown in Fig. 19(b) is tested. If the
output k=0, the pen is moved again and
the counter is incremented. This con-
tinues until k=1, indicating that the
stylus has moved through the number
of distance units specified by the second
set of four tracks on the tape. At this
point the input tape is advanced and the
counter is cleared. The process con-
tinues until the system is turned off,
that is until G=0.

—As in the previous problem the state
diagram can be derived directly from
the flowchart of Fig. 19(¢c) and

1= E:Eb..

the basic system. Note 1,=1 when the
last four digits on the tape are zeros.

The modified state diagram is shown
in Fig. 19(d) and by direct reference to
this figure the following equations are
obtained:

in the state diagram of

A =T1,+ARr,

a = AGrkL, + Akrz
a, = AGr,L,+AGrki,
R, =T

c =T

The implementations of these equations
is shown in Fig. 19(e).
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SIXTY YEARS AGO

In late 1918, the triode (a name not yet used)
was beginning to gain ground, and several
valve receivers were in use. But its accept-
ance was not as rapid as it might have been,
particularly under the stimulus of war-time
development. A note appeared in this issue
on the Marconi Double Note Magnifier
which evidently exhibited a gain of three
times per stage.

“Briefly, the instruments consist of two,
three-electrode valves connected in series
with one another in such a way that the
telephone currents from the magnetic detec-
tor or crystal receiver are magnified in two
successive stages before being led to the
telephones themselves. The valves thus act
not as detectors but as amplifiers. All circuits
have been simplified to the highest degree so
as to remove the need for adjustments.
Electrically there is no difference between
the model for the magnetic and that for the
crystal except in the design of the first
transformer, the primary for which has, of
course, to be of lower resistance for the
magnetic detector than for the crystal. In one
model a switch takes the place of three sets of
terminals, and is connected in such a way
that, when working direct without mag-
nification, the valve filament circuits are
broken. When using first magnification, one
valve only is in circuit, whilst for second
magnification both valves are in circuit.
Otherwise the arrangements are the same.

The total magnification obtained with this
new instrument is such that signals from the
magnetic detector are at least three times as
strong as those obtainable with a crystal
receiver. It will be noticed that a 200-volt
battery is used for the plate circuit. -

By the addition of the note-magnifier to
the magnetic, we have available a receiver
which possesses the notable reliability of the
magnetic, and far greater sensitiveness than
the crystal, which. — with the exception of
the more complicated forms of valve,
receivers — has hitherto formed the most
sensitive commercial type.”

EDITORIAL WRITER
FOR
WIRELESS WORLD

Wireless World needs a new per-
son on its editorial staff. Technical
experience in electronics and/or
communications and an ability to
write are essential. The work is
varied and includes writing techni-
cal news reports and other material,
attending conferences, exhibitions,
press conferences and other
events, some abroad, and editing
contributed technical articles. A
good deal of freedom will be given
to a person who shows ability and
responsibility. Preferred age range
25 to 35. Write to: The Editor,
Wireless World, Dorset House,
Stamford Street, London SE1 9LU.
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The f.e.t. as detector.

. Improvements in performance over the diode detector

by Roger S. Amos, B.Sc.

The author sets out his views on the
advantages of field-effect transistors over
semiconductor diodes as demodulators
for a.m. receivers. Reduced distortion
and improved signal-to-noise ratio are
claimed and a design for a receiver using
the technique is presented.

mosT MoperN radio and television
receivers use silicon or germanium
diodes to demodulate the output of the
i.f. amplifier. Such detectors are purely
passive, giving no power gain, but in
superhet receivers this is generally of no
account, since the r.f. and i.f. stages
provide all the sensitivity that is needed
and deliver the power to drive the de-
tector. Before the advent of the super-
het, however, the detector in a t.r.f.
receiver was often a triode valve which
gave a.f. amplification besides detec-
tion, contributing to the sensitivity of
the receiver.

Today, with the ready availability of
f.e.ts, which in many respects behave
like triode valves, it is possible to apply
the advantages of semiconductor tech-
nology to the triode detector circuits of
yesteryear. And this is no purely
academic matter, for some popular a.m.
superhet i.cs, such as the NE546A,
LMI820N, pA720 and CA3123E (which
are all pin-for-pin equivalents) and the
rather different TBA651, have an un-
committed i.f. output, leaving the
manufacturer or constructor to add the
detector of his choice. )

The application of f.e.ts as a.m. de-
tectors, however, demands an under-
standing of both f.e.t. parameters and
triode detector operation. The latter
may not be familiar to those who have
learned radio theory in the age of
the superhet and especially the
semiconductor superhet. The three
most popular triode detectors were the
leaky-grid detector, the infinite-
impedance detector and anode-bend
detector. But when these are simulated
using f.e.ts, unexpected results are often

"obtained. This article seeks to explain
those results and to show how the f.e.t.
may provide an attractive alternative
to the diode as an a.m. detector.

Leaky-grid (or-gate) detector

The leaky-grid detector, a typical circuit
of which is shown in Fig. 1, is essentially
an extension of one form of thermionic

303

+200v
100k
>_||——-o af.
C
11 J—
"
100p

R % 100k

= 100p

Fig. 1 A basic leaky-grid detector. The component values shown are typical.
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Fig. 2 Practical circuit for the f.e.t. equivalent of the leaky-grid detector shown
in Fig. 1. Component values are typical.

O

diode detector, the grid of the triode
acting as the anode of a diode. Hence
the RC network betweeen tuned circuit
and valve are similar to those used in
diode circuits, and for high-quality a.m.
detection would be chosen to give a
time-constant of say 50us. Positive half
cycles of input cause grid current to
flow (hence the circuit’s name) rapidly
charging the reservoir capacitor C. This
charge leaks away slowly through res-
istor R, because this is high compared
with the forward resistance of the
“diode” when charging. Thus, before
the charge has leaked away it is res-
tored by the next positivie half cycle.
The voltage across the capacitor there-
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fore follows the modulation of the in-
coming carrier and because this voltage
is applied to the valve between grid and
(through the tuning inductor) cathode,
the circuit gives both detection and
audio amplification.

An f.e.t. equivalent of this circuit
would probably employ a junction-gate
f.e.t. since, in these, sufficient positive
bias on the gate (an n-channel device is
assumed) drives current across the
gate-channel junction. Insulated-gate
f.e.ts in normal use would be unsuitable
since gate current is precluded, but a
device having a separate substrate or
base terminal could possibly be used
with that terminal as the “grid”; if the
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device is an enchancement-type, the
gate would need to be biased forward to
establish drain current.

Direct substitution of the valve in Fig.
1 by a suitable j.u.g.f.e.t. with appro-
priate amendment of component and
supply values generally yields disap-
pointing results, the output being feeble
and distorted. The principal reason for
this is that the gate-channel junction,
like a silicon diode, does not conduct
appreciably if the forward voltage is
below about 0.6V. When silicon diodes
are used as a.m. detectors, it is regular
practice to apply forward bias to them
to bring them into conduction, while
maintaining the working point on a
sufficiently non-linear part of the cha-
racteristic to achieve the required de-
tection; often this bias is provided
through the a.g.c. loop in the receiver.
The addition of positive bias to the gate
of the f.e.t., as shown in Fig. 2, greatly
improves the audio quality and
efficiency of detection. In the valve
circuit of Fig. 1 no positive grid bias was
needed because some electrons are
emitted from the cathode with suf-
ficient energy to land on the grid even
when it is slightly negative relative to
the cathode.

There are two main advantages in
this form of detector. Firstly, like the
diode detector on which it is based, it
imposes a load on the tuned circuit
through which power is delivered to
drive the grid-cathode or gate-channel
“diode”. This loading can cause distor-
tion since the “diode” resistance is non-
linear, falling with increasing positive
half-cycle amplitude. In addition there
is some steady damping of the tuned
circuit through R in Fig. 1 and the
effectively parallel R, and R, in Fig. 2.
These reduce the Q of the tuned circuit,
limiting the gain available from the
previous stage. In superhet receivers, of
course, the slight power loss is no great
problem since sensitivity and power are
available from the preceding i.f.
amplifier; in early t.r.f. receivers the loss
of power, sensitivity and also selectivity
was less tolerable. In high-quality
applfcations, however, the distortion
may be less acceptable. Damping of the
tuned circuit can be counteracted in
some measure by driving the detector
from a tapping or a secondary winding,
although this further reduces the power
available.

Secondly, because the “diode” must
be capable of giving appreciable con-
duction on positive half cycles of input,
no reverse bias may be applied to it,
hence the absence of cathode and
source resistors in the circuits of Figs. 1
and 2. Consequently current consump-
tion is heavy, the f.e.t. giving best
results as its saturation drain current is
approached; this can be as high as 20mA
for a 2N3819, 15mA for a BF244B and
13mA for a BF256LB. While this is of
little consequence in mains-driven
equipment, it is clearly wasteful in
battery equipment. The detector
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Fig. 3 Theoretical circuits of (a) one form of thermionic diode detector and (b)
an infinite-impedance detector, drawn to show the similarities.

(b)

circuits to be described avoid both these
disadvantages.

Infinite-impedance detector

As Fig. 3 shows, the infinite-impedance
detector closely resembles one form of
thermionic diode dectector. The dif-
ference is that in the former the power
to drive the detector comes from the
supply rather than the input tuned
circuit. This gives it two advantages
over the leaky-grid detector. Firstly,
anode current in the cathode load resis-
tor provides grid bias, ensuring that an
effectively infinite impedance is pre-
sented to the input tuned circuit. This
minimizes damping and enables the
detector to make full use of the avail-
able input voltage. Consequently,
distortion is low and at one time this
detector was favoured in high-quality
applications. Secondly, the cathode res-
istor limits anode current, which may be
very low. Indeed, if the valve is near
cut-off the non-linearity of its grid
bias/anode current characteristic en-

‘hances the efficiency of detection; this

non-linearity is not, however, essential
to the operation of the infinite-
impedance detector.

Positive half cycles of input voltage
cause peaks of anode current which
rapidly charge the reservoir capacitor.
Since the only discharge path presents a
comparatively high resistance, the
charge leaks away slowly. Conse-
quently, negative half cycles of input
voltage oppose the charge on the
reservoir capacitor, causing the valve to
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be biased back. Providing the cathode
resistor and capacitor are chosen to give
a suitable time constant, the cathode
voltage will accurately track the peaks
of the positive exclursions of input volt-
age. Since the detector is a cathode
follower, it resembles a diode circuit in
that it gives no voltage gain; it does,
however, give appreciable power gain
in that it transfers voltage from its
practically infinite input impedance to
the comparatively low output imped-
ance at the cathode.

The valve in Fig. 3(b) may be directly
substituted by an f.e.t. Since the gate.
will not be required to conduct,
insulated-gate and junction-gate types
are equally suitable, but enhancement-
mode devices would require more com-
plex biasing arrangements. Since
junction-gate types are inexpensive and
easier to handle, they will probably be
preferred.

Figure 4 shows an infinite-impedance
detector using an n-channel j.u.g.f.e.
The circuit generally gives an excellent
signal-to-noise ratio, low distortion and
a higher level of audio output than
might be expected; the reason for this
will be discussed below. Mean drain
current rises as signals are received and
if amplified can be used to derive a.g.c.
or “S” meter drive. In many respects
this is the most promising f.e.t. detector.

The circuit, has, however, a disad-
vantage. In an f.e.t. there is some
capacitance between gate and source;
this is given as typically 8pF for the
2N3819 and 4pF for the BF244 and
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BF256. Fig. 5 shows the circuit of Fig. 4
including this capacitance and a decou-
pling capacitor redrawn to show its
similarity to a shunt-fed Colpitts
oscillator. If the f.e.t. is a high-gain type
or if it has a high gate-source capacit-
ance, instability may occur. This can
generally be eliminated by making the
source resistor large (and the reservoir
capacitor correspondingly small to
maintain the required time constant)
thereby reducing the gain of the f.e.t. In
practice it is often helpful to make the
source resistor a pre-set pot. (50k{ is a
useful value) which can be adjusted for
stability and the reservoir capacitor
(470pF is a typical value) can be
replaced by a more suitable value if
necessary. If the detector is fed from a
damped tuned circuit or from a voltage
step-down transformer (as in Fig. 8)
instability is unlikely to cause any
problems.

There are circumstances in which the
potential instability of this detector can
be an advantage. In receiving c.w. and
s.s.b. transmissions it is often helpful if
the detector can be made regenerative,
and this can often be achieved very
simply by the addition of a suitable
external capacitor between gate and
source. A variable source resistor will
usually give smooth control of regen-
eration. If the f.e.t. is a low-noise type
such as the BF256, the detector alone at
the threshold of regeneration exhibits
remarkable sensitivity; one constructed
by the author having only a ferrite
aerial and followed by a low-noise audio
stage feeding a power amplifier equalled
several domestic superhet receivers in
sensitivity, but gave better signal-to-
noise ratio and less distortion. Almost
certainly the inherent positive feedback
through the f.e.t’s internal gate-source
capacitance and associated external
circuitry accounts for the unexpectedly
high level of audio output.

Anode- (or drain-) vend detector

Like the infinite-impedance detector,
the anode-bend detector, of which a
typical circuit is shown in Fig. 6, pre-
sents an infinite impedance to the input
tuned circuit. Detection is, however, by
virtue of the non-linear characteristics
of the valve near cut off. Thus, this
detector shares with that previously
described the advantages of minimal
damping and low current consumption;

furthermore, it offers the extra advan-

tage of useful audio amplification.

The operation and design of this de-
tector are most easily understood if it is
regarded as a stage of audio amplifica-
tion in which the input is at r.f. If the
valve were perfectly linear and if the
input signal were too small to cause
overloading there would, of course, be
no audio output. But because the valve
is biased nearly to cut-off and is non-
linear the increase in anode current on
each positive half cycle of r.f. input is
greater than the diminution caused by
an equal negative half cycle and the
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Fig. 4 An infinite-impedance detector using an n-channel j.u.g.f.e.t. The
component values are typical, but there are complications — see Fig. 5 and

text.
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Fig. 5 Part of the circuit of Fig. 4 including the internal gate-source capacitance
of the f.e.t. (C,9) and a decoupling capacitor across the supply (Cgecoupting
redrawn to show the similarity of the infinite-impedance detector to a
shunt-fed Colpitts oscillator. This explains the instability sometimes

encountered in this form of detector.
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Fig. 6 Theoretical circuit of an anode-bend detector. The component values are

typical.

mean anode current follows the
modulation of the incoming carrier.
This is converted to a voltage output by
the insertion of an RC combination with
a suitable time constant in the anode
circuit of the valve. The author’s ex-
periments (with f.e.t. circuits) have
shown that the cathode (or source)
resistor needs. to be decoupled at audio

www.americanradiohistorv.com

frequencies, because it is common to
input circuits and, without decoupling,
introduces negative feedback, reducing
the audio gain. With a source resistor of
47k the optimum bypass capacitor is
about 10pF; higher values cause dis-
tortion and lower ones upset the audio
frequency response.

The transfer characteristics of f.e.ts
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resemble the grid voltage/anode cur-
rent characteristics of triode valves,
their non-linearity near cut-off suiting
them theoretically for use in “drain-
bend” detectors. As in the infinite-
impedance detector, the gate will not be
required to conduct, so that junction-
gate and insulated-gate types are
equally suitable. If an enhancement-
mode device were used, it would be
necessary to hold the gate bias just
above the threshold voltage, which
could cause complications.

If an f.e.t. were substituted for the
valve in Fig. 6 and the component and
supply values amended accordingly, the
performance of the resulting drain-bend
detector would probably be disap-
pointing compared with that of the
simpler infinite-impedance detector
shown in Fig. 4. In fact the drain-bend
detector poses a number of problems.

Firstly, there is a loss in sensitivity
caused by the Miller effect, which con-
sists of negative feedback at radio
frequencies through both internal and
stray drain-gate capacitance. Although
great losses might be expected because
of the high value of drain load resist-
ance and small drain bypass capacitor,

Fig. 7 Practical circuit diagram for a
hybrid drain-bend/infinite-impedance
detector with buffer emitter-follower
audio stage; the latter is necessary to
match the high output impedance of
the detector. Neutralization is applied
via the 25pF trimmer to counteract
Miller effect. But the performance may
in some respects be inferior to that of
the simpler infinite-impedance detector
in Fig. 4.

Fig. 8 Circuit of an a.m. superhet using
an i.c. for main functions and an f.e.t.
infinite-impedance detector. The circuit
combines performance, versatility and

‘this is largely counteracted by the low
8m (0or y¢) of the f.e.t. near cut-off. Miller
effect can be overcome by the use of
neutralization or a cascode circuit; a
dual-gate i.g.f.e.t. can be employed
since it behaves like a cascode.
Although the helpful regenerative ten-
dency seen in the infinite-impedance
detector is destroyed by the high drain
load resistance and extensive source
decoupling, it can be re-introduced by
partial decoupling at the source, as
shown in Fig. 7. At the sacrifice of some
audio voltage gain this permits the
introduction of an external capacitor
between source and gate to neutralise
Miller effect, improving the sensitivity.
It also facilitates regeneration if re-
quired. The resulting detector, however,
is no longer a pure drain-bend detector
— it is a hybrid between drain-bend and
infinite-impedance types.

Secondly, the output impedance at
the drain may be as high as 50k{2. If this
is coupled to a common-emitter audio
stage having a low input impedance
(2kQ is typical), the detector output
voltage will collapse, leading to
apparently poor results. For this reason
it is advisable to follow a drain-bend
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detector with either an emittfer-
follower, as in Fig. 7, or an f.e.t. audio
stage.

Thirdly, a high supply voltage may
be needed. With the f.e.t. operating
near cut-off, the voltage across the
source resistor approaches the pinch-off
voltage. If the f.e.t. were a 2N3819 this
may be as high as 5V, and if the drain
load resistor were, say, four times the
source resistor, clearly 20V would be
needed to drive the drain current
through it. Ideally, at least 3V should be
maintained between drain and source
so that the minimum supply voltage
under these conditions is 28V. This can
be overcome by deliberately selecting
an f.e.t. with a low V; some BF244s
have V, less than 1V and, using-these,
drain- bend detectors can be con-
structed which will operate satisfactor-
ily from 9V and even 6V supplies. The
BF256 can also be used with a 9V supply
if component values are chosen
carefully.

Fig. 7 shows a practical circuit for a
hybrid drain-bend/infinite-impedance
detector with emitter follower output
stage in which all the performance-
saving steps outlined above have been
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taken. While it will generally give a
greater audio output than its counter-
part in Fig. 4 from the same input signal,
the signal-to-noise ratio may well be
inferior, and the circuit may suffer from
treble-cut caused by the extra positive
feedback introduced to neutralize the
depredations of Miller effect. The
infinite-impedance detector shown in
Fig. 4 followed by a stage of low-noise
a.f. amplification would give results
superior in most respects using almost
the same components. For this reason
the latter circuit will probably be pre-
ferred.

Complete receiver
Figure 8 shows the circuit of a superhet
receiver in which a readily available
integrated circuit provides the func-
tions of r.f. amplifier, local oscillator,
mixer, i.f. amplifier and a.g.c. detector,
an infinite-impedance detector like that
in Fig. 4 providing a.f. output and a d.c.
feed for an “‘S” meter circuit. Although a
two-gang mechanical tuning capacitor
could be used, the author’s prototype
employed a Motorola MVAM2 dual
varicap diode, the tuning voltage being
selected from an array of seven pre-set
and one variable 100k pots by an
eight-way push-button switch; the 27V
bias was provided by three 9V dry
batteries in series, which proved
remarkably stable, the pre-set stations
remaining in tune over many weeks.
Source-follower Tr, matches the
aerial tuned circuit to the r.f. stage and,
helped by inherent regeneration as in an
infinite-impedance detector, con-
tributes to the sensitivity and signal-to-
noise ratio of the receiver. The com-
bination R,/Cj provides broadband
coupling between r.f. stage and mixer.
Coupling from mixer to i.f. amplifier is
via the selectivity block L;/F;/L, which
may consist either of two discrete i.f.
transformers and a ceramic filter or, as
in the author’s prototype, an integrated
block containing these elements; these
are available commercially with a
choice of bandwidths. The i.f. output
appears at pin 6, a portion being fed
through C,,/R; to a voltage doubling
diode pair in the i.c. which provides
a.g.c. for the r.f. stage. Signal is trans-
ferred from i.f. amplifier to detector
through a discrete i.f. transformer,
which in the author’s prototype gave a

voltage step-down, being intended for
coupling to a diode detector. Although
this transformer was far from ideal for
its present detector, the detector never-
theless gave more than adequate output
to feed a domestic high-quality
amplifier. The step-down transformer
also improved the stability of the detec-
tor. The combination Lg/C,; removes
any stray i.f. which might cause distor-
tion in the amplifier or “S” meter circuit.

The optional “S” meter drive consists
of the long-tailed pair Tr;,, and
associated circuitry. Mean drain cur-
rent in the infinite-impedance detector
rises when a signal is received; this
appears as an increased voltage across
the source resistor Rg, which biases Tr;
forward; in the absence of a signal Tr; is
biased off by Tr,. For meters up to 500pA
f.s.d. Ry and R,, can be adjusted for
meter sensitivity and zero respectively;
meters over 500pA f.s.d. may be satis-
factory if Rqis reduced. Additional a.g.c.
could be derived from Tr; collector by
the inclusion of a suitable resistor in
series with the meter; this could be fed
to the gate of Tr), the signal being fed in
through a suitable capacitor.

Sensitivity of the receiver compares
favourably with that of domestic
superhet receivers; signal-to-noise ratio
is superior and distortion very low. The
latter two features are due in some
measure to the nature of the detector.
With junction-gate f.e.ts costing little
more than silicon diodes, the infinite-
impedance detector surely offers scope
for an improvement in a.m. receiver
design.
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“Glossary of Microelectronic Terms, Defini
tions and Symbols” — JEDEC publicatio

No. 99 costs $7.50 and is obtainable from
Standards Sales Office, Electronic Industries
Association, 2001 Eye Street, N.W.,
Washington, D.C. 20006, U.S.A.

Publications of the International Telecom-
munications Union are listed in a catalogue
available from General Secretariat, I.T.U.,
Sales Service, Place des Nations, CH-1211
Geneva 20, Switzerland .......... WWwW401

Electrostatic printer/plotter S1004, in both
alphanumeric and graphic forms, described
in a brochure from EMI Technology (SE
Labs), Data Products Division, Spur Road,
Feltham, Middlesex TW14 0TD_ ... WW402

Personal computer for small business use
described by ITT in a leaflet from ITT Con-
sumer Products (UK) Ltd, Chester Hall Lane,
Basildon, Essex ................. WwW403
Transducer energising and conditioning is
the function of Industrial Unit 1G2104, de-
scribed in a leaflet obtainable from Carl
Schenck (UK) Ltd, Stonefield Way, Ruislip,
Middlesex HA4 0JT ............. WW404

Transient suppressor diodes, from 6.8 to
200V, are the subject of a data sheet from
Semtech, which can be obtained from Bourns
(Trimpot) Ltd, Hodford House, 17/27 High
Street, Hounslow, Middlesex ..... WW405

Miniature motors for 1978 from Portescap,
using ironless motors for low inertia, de-
scribed in a leaflet from Portescap (UK) Ltd,
204 Elgar Road, Reading RG2 0DD WW406

Antennas and masts are fully detailed in a
large catalogue from American Electronic
Laboratories, Inc., Dept. 1122, P.O. Box 552,
Lonsdale, Pennsylvania 19446, U.S.A.
WwW407

Timers working in the ‘delay on de-energize’ .
mode, are made by Tempatron and are cov-
ered by leaflet TDD9/77 from Tempatron
Ltd, 6 Portman Road, Reading .... WW408

Microphones, headphones, communications
and test instruments are listed and fully
detailed in the Sennheiser ‘Revue 9’ cata-
logue. Contains much useful information —
in English. Hayden Laboratories Ltd, Hayden
House, Churchfield Road, Chaifont St. Peter,
Bucks SL9SEW ................. WWwW409

Screwdriving equipment, including power
bits, screwdriver kits and adaptors are illust-
rated in Catalogue 3a from Harmsworth
Townley & Co. Ltd, Todmorden, Lancs OL14
5JY WWwW410

Audio accessories catalogue, which also
presents information on multimeters and
digital timepieces, obtainable from Ross
Electronics, 32 Rathbone Place, London W1P
1AD ... Ww4l1

Company analysis, considering the perfor-
mance of 50 largest firms in European elec-
tronics over the last few years, is obtainable
at £18 frora Mackintosh Publications Ltd,
Mackintosh House, Napier Road, Luton LUl
1RG.
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Frequency synthesizers — 1

The generation of wanted frequencies from other frequencies

by R. Thompson, M.I.E.E.

The term “'frequency synthesis'’ is
applied to processes involving the
generation of some wanted frequency
from one or more other-frequencies. The
most common forms of frequency
synthesizer use high-grade fixed
frequency references to generate fixed- or
variable-output frequencies with
stabilities similar to those of the
references. Like many definitions, this
one cannot be considered to be precise
and we shall see that frequency synthesis
represents a particular grouping of
techniques, most of which are widely used
in other applications of electronics.

THE NEED tO generate variable frequen-
‘cies with the stability of a fixed
reference has led to a concentration of
effort on frequency synthesis over the
past 15 years. A major application of
this type of synthesizer is in radio com-
munication equipment where narrow-
band modulation methods with precise
carriers are required. Another major
application has been in modestly priced
instruments capable of very accurate

measurement ¢_ time, frequency and
phase. a

A feature of great importance with
many modern synthesizers is the ease
with which the required frequency can
be selected. Communication equipment
design has had increasing emphasis on
ease of operation, aiming in many cases
to eliminate the need for specialist
operators, Nowhere has this pressure
been greater than with military appli-
cations. Here, the trend has been from
equipment requiring tediously
repetitive adjustment to switch select-
able operation, and now to radio equip-
‘ment having entirely automatic
frequency control.

The basic requirement for generating
one frequency from another can be
stated as: f,/f; = X/Y, where X and Y
are rational numbers. In principle,
therefore, synthesis only requires multi-
plication (X) and division (Y). However,
as we shall see, practical considerations
limit the attainable values of X and Y.
where such practical limitations occur

associated frequency spectrums.

Fig. 1. Simple rectangular waveforms and graphical representations of their

ra
[ _I L’ |
sodo-” mﬁmﬂ)t‘

Fig. 2. A squarewave f| being used to switch a sinusoidal signal f, to produce
frequency spectrums. In (a) each burst of f, starts in the same phase. In (b) the
squarewave forces each burst of f, to start in the sarie phase.
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X/Y can be factored as: X/Y = (x/y)
(X, £ X,3/Y,). The introduction of the =
allows the multiplication/division fac-
tors to be reduced. We shall be coming
back to this in moré detail later; the-
important point here is to see that we
are interested in the four basic arith-
metic functions.

Addition and multiplication

If we start with some very simple
waveforms and their spectra we can get
an appreciation of the possibilities and
difficulties of adding and multiplying
frequencies.

Figure 1 shows simple rectangular
waveforms and their associated
frequency spectrums. Frequencies are
only present at integral multiples of the
fundamental frequency f, and, from the
general expression for the Fourier series
shown below, it can be shown that their
amplitudes follow a sin x/x law.

m

Obviously a wide range of frequencies
can be generated, but if a reasonably
flat spectrum is required up to high
order harmonics, very narrow pulses
will be required. This will, however,
result in very little energy being avail-
able at any selected frequency.

If we are interested only in a particu-
lar range of harmonics, one method is
simply to filter the output of the square
wave, even though the level quickly
reduces as we increase the harmonic
number. An aiternative method is to use

‘the squarewave to switch a sinusoidal

signal frequency f,, as shown in Fig. 2.
In Fig. 2(a) there is an integral
relationship between f, and f,, and each
burst of f, starts in the same phase. The
resultant spectrum is a double-sided
version of that in Fig. 1 centred on f,.
In Fig. 2(b), where f, # mf,, the
squarewave not only switches f, on and
off but forces it to start each burst in the
same phase. This gives a spectrum
similar to that in Fig. 2(a) but now,:
although the spectral envelope is
centred on f,, there is no component
there. Since the waveform is periodic at
f, the components will be at harmonics
of f,. The forced synchronisation of an
oscillator, producing an output as in
Fig. 2, gives high level outputs with a
frequency stability dependant only on f)
and it can be seen that by controlling
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« Fig. 3. Diagram showing three
frequency spectrums resulting from a

the switching pulse width a form of
filtering is provided. ’

One of the recurrent problems in
frequency synthesis is the selection of
the wanted signal from a host of un-
wanted signals and any method capable
of providing this selection is of interest.
The most obvious methods are L,C,R
and crystal filtering. However, these are
often bulky, expensive and difficult to
tune. Their selectivity is governed by
the percentage frequency separation of
the wanted and unwanted signals,
selection becoming more difficult as
percentage separation decreases. Be-
cause of these difficulties, any techni-
ques providing selectivity, such as those
illustrated in Figs. 1 and 2, are of poten-
tial interest in frequency synthesis.

Figure 3 shows a situation similar to
that of Fig. 2(a) but with f, # mf|, and
no forced phase synchronism. The
spectral envelope in Fig. 3(a) is again
the sin x/x shape centred on f,. How-
ever, in this case, components do not in
general occur at harmonics of f|, but at
f, = mf,. This follows from the fact that
the waveform is no longer periodic at f,
but at some rational fraction of this and
the periodicity is no longer controlled
only by f; but by the combination of f;
and f,.

The process shown in Fig. 3(a) is of
course normally referred to simply as
“mixing” and it provides a means of
adding or subtracting frequencies. As
with multiplication, a major problem is
the rejection of unwanted frequencies.
The situation is normally worse than
that shown in Fig. 3(a) because har-
monics of f, are present at the input or
generated in the switching process.
Figure 3(b) and (c) illustrate the prob-
lem created. In (b) the ratio f,/f, is
high, making it difficult to separate f, +
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(a)

mixing process which eriables
frequencies to be added or subtracted.
(a) is probably a simplification because
it would normally also contain
harmonics of f,. In (b) the ratio of f,/f,
is highand f, + f, foand f, + 2f,are
difficult to separate. In (c) the problem
is that of removing 2f, — f,.

Fig. 4. The use of equal on and off
periods in Fig. 3 enables the f, + 2f,
frequency component to be suppressed.
This diagram shows how, by also
replacing the off period with a
phase-reversed f,, f, may be suppressed
too. In (a), where the periods are equal,
the nearest components are 2f; away.
(b) shows what can happen when the
periods are not equal.

fi from f, and f, + 2f,. Components
from the spectrum centred about the
second harmonic of f, will also come
close to f, + f,. However, in this case,
they will only be small amplitude
signals.

In Fig. 3(c), the ratio f,/f, is low,
easing the separation of f, + f, from f,.
The problem is now that of separating
out 2 f, — f,. Filtering problems there-
fore set upper and lower boundaries on
mixing ratios.

The problem in the case shown in Fig.
3(b) can be eased by using the selective
characteristics of the spectral envelope.
To start with, the use of equal on and off
periods will suppress the f, + 2f, com-
ponent. If, in addition, the off period is
replaced by a phase reversed f,, we can
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achieve cancellation of f, as well. This is
illustrated in Fig. 4(a), the nearest com-
ponents are now 2f; away. In practice
this cancellation will not be complete;
for instance, if the periods are not equal,
the result will be as shown in Fig. 4(b).
However, very useful attenuations of 20
to 40dB, can be obtained.

These simple considerations of multi-
plication and addition lead us to some of
the practical circuits used for these
operations.

Harmonic generation can be achieved
by a variety of standard pulse circuits,
and- modern integrated circuits can
generate pulses with harmonics up to
about 1GHz. Traditionally, of course,
class C amplifiers have been used in
transmitters as frequency multipliers
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and are normally a harmonic generator
with some frequency selectivity incor-
porated.

Multiplication to very high frequen-
cies, tens of GHz, is possible with step
recovery diodes (s.r.ds). The s.r.d. func-
tions as a switch with switching timesin

the region of 50 x 10-12 seconds. Figure

5 shows a particular arrangement using
a s.r.d. with a resonant transmission
line. The diode acts as a short circuit
while passing forward current, and
continues to maintain this condition
after the current reverses. When all the
current carriers have been swept out of
the diode it rapidly switches to an open
circuit, shunted by the reverse capacit-
ance of the diode. With a suitable drive
level and bias voltage V, it can be
arranged that there is a maximum cur-
rent in the inductor L at the instant of
switching due to L resonating with the
diode capacity and the line impedance
R,, through the harmonic by-pass
capacity C. The pulse generated across
the diode travels down the line, is
reflected at the open circuit, and returns
to the diode. At this time the diode
switches to forward conduction again.
The energy therefore continues to be
reflected up and down the line. It can be
seen that the output is characterised by
a forced phase synchronism of the
waveform on the line. The frequency is
therefore a harmonic of f; and indepen-
dent of the line tuning. The line tuning
of course, provides the selection of the
required harmonic.

The quenched oscillator shown in Fig.
6 gives a similar spectrum to that of the
step-recovery-diode multiplier, though
this is normally used at lower frequen-
cies. Transistor Tr, operates as a
grounded-collector Hartley oscillator
tuned by L and C to approximately the
required harmonic frequency. Transis-
tor Tr, is switched by f, causing the LC
circuit to be heavily damped, thus stop-
ping oscillation. The damping period
must be sufficient to dissipate the stored
energy in L and C. When Tr, switches
off the circuit transient causes oscilla-
tion to restart, in the same phase every
cycle of f|.

In our initial consideration of mixing,
Fig. 3, it was seen that simple switching
of one frequency by another produces
the f, = f, frequencies wanted for addi-
tion or subtraction. Mixer circuits nor-
mally apply such a switching action,
though f, and f, are usually in sinusoidal
form.

Figure 7(a) shows a transistor mixer
in simplified form. Source f, switches
the transistor into conduction on
positive half cycles and the lower
amplitude source f; modulates the
amplitude of the pulses producing the
output shown. This has components at
f» £ f1, but simple inspection shows that
there are also components at f) and f,.

The possibility of cancelling com-
ponents has already been mentioned
and Fig. 7(b) is a reasonably obvious
modification of Fig. 7(a) to provide
cancellation. In (b) the two transistors
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Fig. 5. Circuit diagram and waveforms
for a step-recovery-diode multiplier on
a resonant transmission line. When
conditions are right, the diode switches
to open circuit and the pulse generated
across it travels down the line, is
reflected, and returns to the diode. At
this time the diode switches to forward
conduction again and the process is
repeated — the pulse being reflected up
and down the line at a frequency equal
to a harmonic of f,, depending upon the
line tuning. See text.

Tr2

f1

m f.l

Fig. 6. Quenched oscillator circuit
which provides a similar spectrum to
the multiplier in Fig. 5. See text.

Fig. 7. Circuit (a) is a simple transistor.
mixer which produces frequency
componentsat f, = f,, fiand f,. In
circuit (b) the f,components in the two
transistors are in antiphase, resulting
in a waveform having no f, component.
Circuit (c) consists of two type (b)
circuits and produces a resultant
waveform having neither f,or f,
ctomponents.
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4 Fig. 8. Circuit and waveforms for a
diode ring modulator. This circuit
produces a waveform having only
nf,*f) components.

Fig. 9. Logic bistable used as a mixer.p 0-25 N O T

Waveforms shown are outputs
resulting from (m + x) cycles on D,
where m is an integer. Transfer
characteristic, also shown, has both a
positive slope and a negative slope
indicating that increasing f, may
increase or decrease f,,, depending
upon the frequency ratio of f;and f,.

os LI 1LILILILILI

Bz
1out

mf;  (M+5)iy (MmN 1,

operate similarly to that in (a) but the f,
components are in opposite phases in
the two transistors. The resulting out-
put waveform has no f, component and
is in fact the waveform of a conven-
tional amplitude modulated carrier.

The logical step from the method
used in Fig. 7(b) is to arrange the can-
cellation of f, as well, as shown in Fig.
7(c). This consists of two circuits of the
type shown in (b) with antiphase f,
signals. The phase of the zero crossings,
at the frequency f,, reverse every cycle
of f|, and there is in fact no frequency
component at f,. The waveform shown
is that of a suppressed carrier, double
sideband signal.

Mixers that suppress only one of the
input frequencies are called balanced

and those that suppress both of the

input frequencies are called double
balanced.

While the transistors in the mixers of
Fig. 7 are conducting, they can intro-
duce spurious mixing products due to

the nonlinearities of the transistor cha-
racteristics. Many mixers use diodes or
transistors as near ideal switches and
the most common circuit is the diode
ring modulator shown in Fig. 8. In this
modulator the amplitude of f, is much
larger than f, and switches on diodes 1
and 4, or 2 and 3. This chops the f; signal

as shown, producing an output having,
suppressed f, and f, components. High.

drive levels and fast-switching Schott-
key diodes are used to make the circuit
operate as an ideal switching mixer. The
only terms in the output are nf, + f,
giving good separation of higher order
products; that is, no nf, = mf terms.
Another type of mixer uses a logic
bistable. This ‘D’ flip flop, which is
readily available in integrated circuit
form, when clocked, simply transfers
the logic state on its D terminal to its
output. If two separate frequencies are
applied to the D and clock inputs, the
output waveform will contain a beat
frequency pattern varying as the two

The author
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Belfast but has spent most of his life
in England. He was educated at
Cheltenham and Birmingham
Technical Colleges, and in 1960
joined the Plessey Company at West
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high power convertors and inverters,
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waveforms move with respect to each
other. Figure 9 shows the types of out-
put waveform obtained with such a
mixer and the mixer transfer character-
istic. .

Any number of cycles may occur on
the D terminal between clocking pulses.
If there are an exact integral number of
cycles, the logic level on D at the clock-
ing instants will always be the same.
The output will be d.c. If there are m +
x cycles, where x is a fraction of a cycle,
the level at D will vary between some
successive clocking instants. Where 1/x
is an integer, the output will be a simple
waveform with a fundamental
frequency equal to xf, or (1 — x) f}, see
Fig. 9. :

When 1/x is not an integer, the fun-
damental frequency will be a sub-
harmonic of xf,, with xf, being present
as a harmonic of that.

An important point to note is that
there is a positive slope and a negative
slope on the mixer transfer characteris-
tic. This means that increasing f, may
increase or decrease f_, depending on

aut?

the frequency ratio of f; and f,.

Part 2 of this article will discuss
frequency division circuits which use
digital binary counters. It will also ex-
plain how prescalers can be used to
extend the frequency range of such
circuits.
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Versatile microwave source

Multiband unit comprises u.h.f. source and step recovery multiplier

by G. D. Lean, B.Sc., A.R.C.S., M.I.E.E.

Designed for simple communication links
using Gunn diodes in either professional
or amateur equipment, this unit improves
frequency stability and reduces
bandwidth. It can also be used as a
replacement for klystrons in radar
assemblies and communication systems.
Comparing favourably in noise output to
many earlier designs of solid-state
sources it offers simplicity and improved
reliability.

THIS SIMPLE MULTIPURPOSE microwave
source is capable of providing milliwatts
of r.f. power at frequencies between 4.5
and 8GHz. It can be used as a local
.oscillator or as a lower power transmit-
ter or driver with frequency modulation
of up to 80kHz peak-to-peak deviation.
By using scaled versions of the final

Modulation amplifier Trg of Fig. 1 can be situated in bottom left-hand
compartment of this u.h.f. driver.
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Fig. 1. Capacitor valves marked thus * in this driver circuit should be adjusted on test for best results. Variable types are
Mullard C80905/02. Decoupling capacitors are ceramic discs and others have a polystyrene dielectric. See p. 56 for
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multiplier, frequencies in the range 2.5,
4.5GHz and 8.0 to 12GHz can also be
obtained. Output powers in the range 1
to 10mW can be achieved depending on
the output frequency and the varactor
in use. The source comprises three
separate units which can be built and

tested separately: a u.h.f. driver, step-.

recovery multiplier, and harmonic
selection filter.

Driver circuit
The driver circuit develops about
500mW of power at around 384MHz,
with an optional output of 50mW so
that Mullard modules BGY22 can be
driven to operate high power multi-
pliers for transmitter or up-convertor
applications. The circuit shown in Fig. 1
is an adaptation of earlier designs! or-
iginally based on a compact transmitter
design by G3TDZ. It uses readily avail-
able cheap transistors and the complete
unit can be built for less than £10 in-
cluding the crystal.

The crystal oscillator stage uses a
fifth overtone crystal to give positive
feedback from collector to emitter with
L, tuned to the overtone frequency of
96MHz. Slight pulling of the oscillator
can be achieved by adjusting L, so that
the exact crystal frequency is obtained.
The variable-capacitance diode and
capacitor C, form part of the tuned
circuit together with L, Cg and C;, and
changes in varicap bias cause slight
frequency shifts in the oscillator. The
resultant narrow band f.m., with a peak
deviation of about 1kHz at the crystal
frequency, produces adequate deviation
for telephony communication when
multiplied up to the microwave bands.
Transistor Trg gives some gain for the
modulation voltage and provides d.c.
bias for the varicap diode via R;. Resis-
tor Ry damps coil L, and prevents any
tendency for self-oscillation of Tr; due
to its internal collector-emitter capacit-
ance. Oscillation should cease if the
crystal is removed and should not vary
by more than 10kHz as L, is tuned.
Capacitors Cg and C, form a capacitive
tap to match into the base of the first
doubler stage. Components L,, C4 and
C,o form a tuned circuit at 192MHz and
provide matching into the second
doubler Try. About 10mW can be mea-
sured at L, and C, (384MHz) by using a
one-turn coupling loop feeding a power
meter. Resistor R,5is a base “stopper” to
prevent parasitic oscillations which are
common in BFY90 amplifiers.

Matching into the first amplifier is
achieved by tapping the coil L; and
selecting C,. About 70mW can be mea-
sured at the output of Tr,, which is
driven into conduction by the self bias
created across R;. Components Lg, C,5,
Lg, C, form a two-stage matching net-
work going through 50 ohms at the link
point. For low power requirements the
final output can be connected to C5
instead of the wire link. For higher
power Tr; gives the extra gain to pro-
vide 0.5-watt output at C; This final

(Bxvaip)  Outpdt
BXY39D match
TTTT s
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Fig. 2. Step recovery multiplier gives a comb of frequencies spaced at 384MHz,
one of which is filtered out, to give a few milliwatts at 5.76GHz. (Use BXY41D
for X-band). Variable types are Mullard C80905/03.
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Fig. 3. Step recovery multiplier unit and matching for 5.6 to 6GHz. Dimensions
in brackets apply for 10.4GHz in waveguide 16.

stage draws 60mA and is self-biased
through RFC, and Ry,.

Driver construction

The unit is constructed on double-sided
glass-fibre board, etched on one side as
shown in the diagram. For “one-off”
production the easiest way is to photo-
copy the pattern and stick the copy onto
a suitably-sized piece of board. Then
drill through the paper into the board
and clean up the holes carefully. Mark
out the circuit using an etch-resist pen
or resistant transfers and completely
paint over the earth plane side.
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This view of the step-recovery
multiplying circuit omits screening
cover and matching screws.
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Fig. 4. Multiplier output at 5.76GHz has
300 kHz bandwidth (top), improved to
30kHz by Fig. 5 filter (bottom).
Horizontal scale 100MHz/div.

Then etch the board and remove the
resist. Countersink the holes on the
earth plane side and fit pins to provide
the external connectors. Copper or
tinplate screens can then be soldered to
the top side and coils L,; and L, fitted. Fit
the components, starting with the
oscillator stage and test each stage
before starting the next. Finally when
the board is finished and tested mount it
in a small die-cast box on 6BA nut
spacers beneath the underside of the
board. Modulation input, power supply
and r.f. output connections can then be
taken through convenient sockets in
the box sides.

Multiplier design and construction
The multiplier shown in Figs. 2 & 3 is a
C-band version of an X-band design? by
P. Tunbridge (G8DEK) which uses a
Mullard varactor diode to generate a
comb of frequencies, one of which is
selected by the output filter. The input
matching components are L, and C4
while C,, provides some capacitance
trimming to the input capacitor formed
inside the waveguide by the shaped
diode-support pillar. Resistors R,, and
R,, provide a d.c. bias return for the
varactor; these are low impedance to
give improved high-order multiplica-
tion. Matching into the waveguide is
provided by four tuning screws in the
broad face of the waveguide together
with a sliding short circuit which pro-
vides a resonant cavity at the output
frequency.

First fabricate two cover mounting
blocks, a diode holder nut and a
matching screw block from brass, and
solder these to the waveguide, together
with a suitable flange. The matching
screw holes can be drilled and tapped
into the block and guide and only three
holes spaced at \/8 are all that are
strictly necessary. However, if four or
five holes are drilled at about 7mm
spacing, a wider range of output
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Fig. 5. Two-section filter has 25MHz bandwidth at 5.76GHz. Dimensions in
brackets refer to 10.4GHz in waveguide 16.

frequencies can be accommodated. Two

slots for the short circuit can be cut in.

the narrow face of the waveguide and a
3/16-in hole in the broad face for the
connection to the diode support pillar.
Underneath the guide the diode-holder
nut should be cleared with a 2BA tap
which should also continue the thread
through the waveguide wall. Screwing a
pointed tap right the way through until
it touches the top wall will mark the
position for the connection hole which
can then be pilot drilled through the
nut. A diode support pillar can either be
turned down from a brass bar or made
up of a disc of 16 s.w.g. brass or copper
soldered to some Y%-in brass rod. The
broad end is tapped 8BA for the con-
nection screw. A disc of insulation
material such as Micalex or just Sello-
tape is placed on the top of the pillar
which can then be slid ipto the
waveguide under the 3/16in connection
hole. A thin 3/16-in dia insulating
washer is then dropped in the hole to
centralize the pillar. A further %-in
insulating washer is used with an 8BA
bolt and tag to clamp the pillar and
provide electrical connection to the
diode.

The diode holder is made of 2BA cop-
per studding with a tapped hole in one
and for the diode. Some diodes have
untapped ends and a 1/16-in hole is all
that is required to mount them in the
holder. Two side cheeks of 16 s.w.g.
aluminium are bolted to the cover-
mounting blocks with one supporting
the BNC input socker. The rest of the
input components can then be soldered
into circuit.

Testing
Select a Mullard BXY 39D for 5.7GHz (a
BXY40D may give more output around

Inductor details for Fig. 1

L, five turns 22 s.w.g. wire tapped one
turn from ‘“‘cold’” on 3/16-in dia
former and slug.

L,  threeturns 22 s.w.g. wire on 3/16-in
dia former and slug.

Ly half turn 18 s.w.g. wire loop tapped
halfway.

Ly Ls oneturn 18 s.w.g. wire.

Lg Y2-in of track.

L,. Lg oneturn 18 s.w.g. wire.

RFC, 10u H.

RFC, two turns 26 s.w.g. on ferrite bead.
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6GHz). This should be screwed into the
diode holder using a dab of thermal
grease on the threads. The holder is
then screwed into the multiplier unit so
that the diode flat contacts the bottom
of the support pillar firmly, but not too
tightly. A lock-nut should then be tigh-
tened on the diode holder.

With the diode in place the v.h.f.
source can be connected and powered.
A 96MHz crystal will result in an output
of the driver source at 384MHz,
which when fed into the multiplier pro-
duces a comb of frequencies from about
4 to 10GHs with a spacing of 384MHz.
Some products of 96MHz and 188MHz
are also present, depending on the
purity of the driver output.

Alignment of the multiplier is best
carried out with a spectrum analyser,
but if the filter described below is made
it is possible to align the multiplier with
only a diode detector or power meter.
Using the analyser the required final
frequency is displayed together with the
two adjacent 384MHz spaced frequen-
cies. Frequencies every 96MHz will also
be present about 30dB below the
384MHz harmonics. First slide the short
circuit in or out until maximum power
is obtained at the output frequency.
Then adjust C,y, C, and R,, again for
maximum power of the output. There is
some interaction between R, and the
capacitors; R,; should be set in several
positions whilst C,g and C,, are adjusted
for optimum each time. When no more
improvement in output can be obtained
from the input tuning, a 6BA tuning
screw can be tried in each hole in turn
until the best output is obtained. It is
then left in the hole. More screws should
be tried in the holes until the required
output frequency is peaked about 6dB
more than other harmonics with the
*96MHz products well down, as shown
in Fig. 4 (top). Output purity can be
much improved with the filter, see Fig. 4
(bottom).

Filter

The filter is a two cavity design, adjust-
able from about 6.1 to 5.2GHz with the
dimensions given. The design was
achieved by accident as a gross
mathematical error resulted in incor-
rect theoretical dimensions which work
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well in practice. Basically if a post is put
in the centre of waveguide it creates a
large susceptance which reflects the
incident wave. If another post is a
quarter wavelength away from the first
it will create an equal and opposite
susceptance which will cancel the effect
of the first at one frequency. Two such
pairs of posts spaced at a quarter
wavelength will cancel any residual
susceptance giving unhindered
matched transmission to the design
frequency. This simple theory doesn’t
work exactly in practice and the
modified dimensions should be adhered
to. The dimensions can be scaled for
other frequencies, remembering to scale
waveguide dimensions to N\, rather than
the free-space wavelengths. Scaled ver-
sions have been made up to 11GHz and
perform just as the 5.7GHz version
shown in Fig. 5.

Construction is fairly obvious and for
quick prototypes the posts need not be
soldered into the guide but just pushed
into tight fitting holes drilled through
the guide. As the 4BA tuning screws are
screwed in, the pass-band frequency is.
reduced and the response at mid-
adjustment is shown in Fig. 6. Without a
spectrum analyser the filter can be ad-
justed first on a fundamental signal
source such as a Gunn diode® or klyst-
ron whose frequency has been adjusted
using a wavemeter. Once the filter is
aligned on the correct frequency the
multiplier can be adjusted for maximum
output through the filter. The filter can
the be slightly readjusted for maximum

ATTENUATION (dB)

|

!
556 566 5.-7G6 5 86 5-9G 6.0G
FREQUENCY (Hz)

Fig. 6. Response of two-cavity filter as
measured at mid-adjustment of the
tuning screws

output on the exact frequency multiple;
it is unlikely that the wrong harmonic
has been chosen unless the original
frequency measurement using the
wavemeter was more than 188MHz out
of true. Provided an output of 3 to 5SmW
is obtained through the filter it is un-
likely that any spurious products are
present.

A single cavity version of the filter
can be made for simple equipment when
total suppression of other products is
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unnecessary. The suppression of out of
band products is about half that of the
larger two-cavity design.

The multiplier input will accept
frequencies in the range 350 to 450MHz
and so 432 MHz Iow-power f.m. trans-
mitters can feed into the multiplier via
an attenuator, although for amateur
band use not all the bands can be cov-
ered as would be possible with a single
384MHz generator. It is also possible to
change crystals in the generator to
produce -local oscillator frequencies
suitable for use with low intermediate
frequencies. But to obtain the best
results high intermediate frequencies
(140MHz) should be used to reduce local
oscillator noise getting into the
receiver. This does mean that a separate
local oscillator is required for each
band, but for a low-power transmitter a
single modulated u.h.f. source can be
used with several multipliers for all the
bands.

A printed board pattern and com-
ponent layout appear on page 63.
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continued from page 40

them situated peripherally and at pre-
sent served with Radio 4 by local m.w.
booster stations will get a much weaker
signal and one more vulnerable to elec-
trical machine noises:

But what about the discriminating
public; i.e., the people who appreciate
the merits of the f.m. service and are
prepared to pay for it? They have
already found that many BBC pro-
grammes are not available on v.h.f. Itis
all very well to be repeatedly reminded
that with three-waveband receivers
they can get all that the BBC offers, but
these reminders studiously refrain from
mentioning that owing to the increasing
practice of subdivision many of the
programmes are, and will continue to
be, available only on a second-class
service, i.e.,

(1) No stereo
(2) Lo-fi (restricted audio frequencies)
(3) Greater liability to noise

As regards those programmes that
are on v.h.f, in fairness to Mr Redmond
again I must recall that his impatient
awaiting was for portable v.h.f. radios.
Ever since v.h.f. receivers became
available in quantity, some of the
better-class non-portable models have

included instant tuning. The wonder to
me is that anyone has the nerve te
market any such model without inis
facility. And I cannot see any major
problem in extending it to portables. In
fact, being no longer in touch with the
trade I was really astonished by the
authoritative statement that such sets
were still being awaited — hence my
present eruption into these now usually
erudite and well-behaved pages.
Having, as [ said, every sympathy
with the general public in rejecting as
totally outmoded and unacceptable a
technology that requires from them a
skilled and time-wasting procedure
every time they want to change pro-
grammes, I suspect that there are many
households that have several sets, each
permanently tuned to one of the

limited number of channels they use.

Perhaps this wasteful solution is so
good for the radio trade as to account
for the tardiness of that trade in fulfil-
ling Mr Redmond’s earnest hopes.
Finally I will seize this opportunity to
protest about what I regard as that
design monstrosity advocated — I am
sure very reluctantly and unwillingly —
by the BBC; the combined f.m. and a.m.
receiver. The design requirements are
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so different that a receiver which works
on both is almost two different sets in
one. A few years ago an even worse
monstrosity was put before the British
public: the combined 405 and 625 line
TV set, which consisted virtually of two
quite different — opposite, really —
receivers with a very complicated
multi-contact (and therefore doubtfully
reliable) hard-to-turn switch. I refused
utterly to admit such a thing to my
home, and did without colour until
all-625-line sets were available. The
solution to that problem was to provide
all the programmes on one system.

The same solution is the only right
one for radio. So my impatient waiting
is for a broadcasting system in which all
the programmes are obtainable on v.h.f.
If they, or some of them, are also avail-
able on a.m,, so much the better. But we
ought to be able to go back, if we wish,
tothe v.h.f.-only receiver. It can be done
by making available here more of the 88
to 108 MHz v.h.f. broadcasting band for
the purpose of broadcasting, thus
aliowing the industrious student, the
hard-working housewife, the parlia-
mentary enthusiasts (if any), the pop
addict and the music lover each to enjoy
the benefits of f.m. stereo undisturbed.
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Tunable audio equalizer

Flexible parametric equalizer with variable Q

by Martin Thomas

MOST AUDIO EQUALIZER circuits represent
a compromise between cost, facilities
and ease of use, and the Baxandall tone
control has been by far the most suc-
cessful design. For domestic audio
equipment its simplicity and ease of use
outweigh its disadvantage of providing
only a limited degree of equalization,
although the circuit can be modified to
increase its flexibility!. Clearly, how-
ever, the “bass’ and ‘“‘treble” sub-
division of the audio band is insufficient
for many purposes, and the graphic
equalizer approach of having a larger
number of frequency bands becomes
necessary. The only problem with this
approach is that a large number of
controls must be used to cover the audio
band if the individual frequency bands
are narrow, so even with this circuit the
number of controls is a compromise.
Unquestionably the most versatile
equalizer is the parametric, or tunable,
type. In its simplest form it can consist
of only a single boost/cut element, but
its centre frequency can be varied con-
tinuously over a wide range (possibly
over the whole audio band), and the Q
can also be varied so that either a broad
or a narrow frequency band can be
equalized. This approach allows almost
any equalization requirement to be met
with only a small number of such ele-
ments, and since the elements are iden-

Boost -w— — Cut
J\{/_\ S
"

Out

Bandpass o™,
filter with A
transfer >
function

<]

2

System transfer function
at full boost -(1+G)
at full cut

=1

1+G

Fig. 1. Basic equalizer design shows
how to achieve either boost or cut with
a single active element.

tical, no more than are actually needed
can be connected together for any par-
ticular application. A parametric
equalizer may not be so straightforward
to use as a graphic equalizer, but once
you become accustomed to the rather

different controls it’s much easier than’

you might expect.
Circuits of this type have been around

Three years ago, Martin Thomas left
Cambridge University, having collected the
B.A. and M.A. degrees in Natural Sciences
and a Ph.D. in neurophysiology. to become
first a research fellow and later an assist-
professor at Boston University. Now, he's
returning to the UK to join the Physiology
Department at Oxford University.

His audio interests developed while he
was at Cambridge, and he designed the

research activities aren’t directly related to
his audio and electronics interests, although
.in practice there's a lot of overlap between
them. Using ion-specific dyes to follow
changes in ion concentrations inside nerve

a technical problem. ’I had to build a
sensitive microspectrophotometer to be able
to resolve the very small changes in dye
absorbance, and it involved a fair amount of
electronics.”’

Would he ever consider moving out of
research and into industry? "'That depends.
Most companies really aren’t very interested

prototype for the equalizer there. He says his

and muscle cells during excitation is basically

in my type of background, and I'd probably
have to set up a business of my own. But |
certainly wouldn’t rule out doing that at
some time in the future.”’

ey
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for a number of years, but relatively
little has been published about them. In
this article I shall take the opportunity
to discuss some aspects of the design
theory, in addition to describing my
own design. The circuit has con-
tinuously and independently variable
centre frequency, boost/cut amplitude
and Q, and also allows a choice of two
different sets of boost/cut amplitude-
frequency response curves as the con-
trol setting is varied; more about that
later. )

The circuit for a tunable equalizer can
be broken into two sections, by which
point the basic design is almost com-
plete! The first problem is how to use a
single active element either to boost or
to cut a given frequency range, and this
can be achieved by the circuit shown in
Fig. 1. The filter used in the present
design is phase-inverting, so its output
is connected to the non-inverting input
of the amplifier to give overall negative
feedback. With this connection there is
a gain of two from the filter output to
the amplifier output, so the filter
transfer function is specified as —G/2to
express the system transfer function in
its simplest form. When the boost/cut
potentiometer is at either end of its
travel, the filter is entirely in either the
forward or feedback signal path, giving
transfer functions of —(1 + G) and
—1/(1 +G) respectively. An exact ex-
pression for the transfer function at
other control settings will be developed
later, but for now notice that when the
control is at its midpoint, the forward
and feedback contributions will be
equal, giving a transfer function of —1
(“flat”). An extension of this circuit to
include several filters and poten-
tiometers yields the basic design for a
graphic equalizer, of course, and a
typical circuit is described in ref. 2.

The second problem is the design of
the tunable filter. In theory this is very
simple, but there are several practical
difficulties. Although capacitors can be
switched to change the frequency
range, the variable control clearly has to
be resistive, which rules out some
otherwise very promising circuits such
as the multi-feedback filter?, since the Q
will then also vary. The Wien-bridge
configuration does meet this require-
ment if the resistors in the forward and
feedback arms of the bridge are varied
together3, but the Q is sensitive to mis-
match between these resistors. As the
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sensitivity increases with Q, the circuit
is suitable for use only at low Q, and the
long-term reliability is questionable,
once the resistor tracks start getting
dirty!

The state-variable filter, which is
synthesized from integrators, meets the

requirements very well, and has the
additional advantage that it is in-
herently stable even at high Q. Its only
drawback is that it uses three operation-
al amplifiers rather than one, but the
number of passive components is
almost the same as for other circuits,

Out

(a)

R1 = Rzll Ry

NN - -
v ————" NN .

Ry

L]
1
1
1
[ W —

(b} In O=—

independent control of Q.

Fig. 2. “State-variable” bandpass filter is inherently stable even at high Q, (a).
Modification for constant centre-frequency amplitude, (b). Varying Ry gives

Fig. 3. giréuit diagram for a single-section tunable equalizer. Ganged resistors
R;,,, ,, determine centre frequency, together with range switch S;. Boost/cut
control is R,y while Q is varied with Ry Fig. 5 illustrates function'of S,.

59

and it has been chosen for the present
design. Fig. 2 shows the circuit diagram.
Further information on state-variable
filtersis given in the appendix and in ref.
4, but the basic equations are repro-
duced below. Referring to the com-
ponent values in Fig. 2, the transfer
function is

Vo(s)_ _ Ry(R3+ Ry
Vi(s) (R1+R))R,

RgC)ys
R;C R¢C,s* +[R(R3 + R,)/
(R +R)R4IR(Cys +R3/R,

and the bandpass centre frequency is
__ R
" RyC,R¢C,R,

wO
For R3=R,, and w, = 1/RsC; = 1/R¢C,,
the transfer function becomes

Vo(s)_ 2R2
Vi(s) R, +R,

s/ w,
s2wo? +[R/(R/(R1+Rp)]s/w, +1

2R,
X
R, +R,

W,S
sE+ 2R/ (R, + R;)]w,s + w,?

Comparison of this last equation with
the generalized second-order bandpass
transfer function

Vo(s) _ (.OOAOS/Q
Vi(s) S+ wes/Q+w,?

QOut

1C,

(Close for
“flat")

IC1-IC6 are LM 318
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Fig. 4. Effect of varying Q with boost/cut control at maximum boost:
/

10k 30k

shows that Q is (R, +R,) /2R, and the
centre-frequency gain A, is —R,/R,. By
varying R;C, and R¢C, together, it is
thus possible to vary w, independently
of Qand A,. The Q will change if there is
any mismatch between these two time
constants (although A, will remain
constant), but you can see from the
transfer function that the sensitivity
does not increase with Q, and hence
accurate component matching is not
necessary.

The Q can be varied independently of
wo by varying R, or R,. but this will also
alter A,, and the relation between A,
and Q is non-linear. Fortunately, a
simple modification to the basic circuit,
as shown in Fig. 2(b), overcomes these
problems. Resistance R, is replaced by
- two resistors, R, and Ry, s0 A, is now —
RyR,+ R,) / RyR,. Resistors R, and R,
also form an attenuator for the input
signal, the gain being R,/(R,+R,). The
overall filter gain is the product of these
two terms, i.e. —R,/R,, hence by
varying R, the Q can be varied inde-
pendently of the centre-frequency gain.
The only disadvantage of this modifica-
tion is that the overall centre-frequency
gain of the filter with the component
values used in the final design is only
0.5, so additional amplification in the
filter path is necessary. The extra
amplifier is placed before the filter,
where it also provides the necessary
low-impedance source.

The complete circuit is shown in Fig.
3. A low-impedance source is provided
by IC, for the boost/cut control and its
associated amplifier IC,. The input
amplifier for the filter is IC;, and IC4-ICq
comprise the filter itself. Although the
circuit may appear elaborate, the
number of passive components is
relatively small, and the size and com-
ponent count can be reduced further if
dual or quad ICs are used. It should be
borne in mind, however, that the circuit
was designed around the LM318, which
is a high bandwidth device. Use of other
ICs will result in inferior performance at
high frequencies, although it may still
be satisfactory for many applications,

and possible substitutions will be dis-
cussed later on.

The present design is a general-
purpose one, but the range of centre
frequencies, boost/cut and Q can easily
be modified if required. The centre
frequency is determined by the ganged

variable resistors R,;, R,;, and by.

capacitors C, to C,4 (see Fig. 3). The
variable frequency range is just over
tenfold, and capacitor switching gives a
total range of three decades, the
nominal frequency ranges being 30 to
300, 300 to 3,000 and 3,000 to 30,000Hz.
The range switch S; should be a make-
before-break (shorting) type, so that the
capacitative feedback paths around IC;
and ICg are not interrupted during the
instant of switching, otherwise the
circuit could oscillate. The sliders of Ry,
& R,, should be connected to the clock-
wise end of their track, so that thereis a
d.c. path through the control even if the
slider loses contact with the track, as
the control has to provide a path for the
input bias currents of ICs; and ICq A
logarithmic control has been specified,
although it will have to be turned anti-
clockwise to increase the frequency,
whereas a clockwise law would be pref-
erable. A clockwise law can be obtained
by using a dual antilog control (in
which case the sliders should be con-
nected to the anticlockwise ends of the
tracks), but this component may not be
readily available from most suppliers.
The boost/cut range is determined by
the gain of IC;and the attenuator at the
input of IC,. There is a gain of two from
the output of the fiiter network (at ICg)
to the output of the circuit (at IC,), and
a two-fold attenuation at the centre
frequency through the filter itself, so
the overall gain through the filter path
at the centre frequency is given by the
gain of IC; which is 10 with the com-
ponent values shown in Fig. 3.
Reference to Fig. 1 shows that the
maximum boost and cut are —(1+10)
and —1/(1+10), i.e. = just over 20dB,
but these values could easily be
modified by changing the gain of IC,,
which is of course (Rg+ Rg3)/R,. Input
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bias current for IC; is provided by the
boost/cut control Ry, and by R,, which
provides an independent path in case of
poor slider contact in R .

The method of Q variation is as
already described with reference to Fig.
2(b), and R, is represented by R,, and its
series resistor R,, in Fig. 3. The Q range
of the circuit is 1 to 30 with the com-

.ponent values shown, and although the

upper limit is unnecessarily high for
many applications, the value of 30 was
chosen simply because it can be
achieved over the entire audio range
when LM318s are used. It can be
reduced by increasing R,,. Once again
we have a law problem with the control;
if Ry, is a logarithmic control, the Q will
increase as the control is turned anti-
clockwise. An antilog control can again
be used to obtain a clockwise law (slider
now connected to the anticlockwise end
of the track), or a range of fixed,
switch-selected Q values can be
obtained by replacing R,, and R, by a
series of fixed resistors, Q being

R12
Ryo//(Ryg+Ryy)

Obviously it is useful to be able to
switch out the filtering, and this is
achieved by S,, which simply shorts the
non-inverting input of IC,. If the d.c.
output of the IC; is not exactly zero, the
d.c. output of IC, will shift when S, is
closed, but the shift on the prototypes
'was only a few millivolts and did not
cause any audible effects. In fact, the.
«circuit is d.c. coupled throughout (apart
from the input to IC,), and it may be
advisable to add a coupling capacitor at
the output of IC, if the possibility of
output offset cannot be tolerated.

The output resistor R is not for pro-
tection, but rather to isolate any
capacitative load from IC, to ensure
stability. Capacitors-C, and C; also help
to ensure stability by rolling off the
amplitude response above 100 kHz. The
only other stability precaution — but
which is perhaps the most important —
is to decouple the * 15V supplies with
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Fig. 5. Two sets of amplitude-frequency response curves can be generated by the
circuit with S, open circuit (a) and with S, closed (b). Corresponding cut curves are

symmetrical about log. frequency axis.

To iIC3p and fiter b e

and S1b
Filter a
5 Rig Rig»  Ra122%-Co
[+
1IC, —1Cg, S3

£

Fig. 6. Modified circuit suitable for use with any number of filter sections.
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0.1uF capacitors. Such decoupling is
very important with high bandwidth
devices like the LM318, and if any in-
stability problems are experienced, they
can almost certainly be traced to this
cause. On the prototypes it was found
helpful to connect a capacitor directly
between the supply lines in addition to
the normal practice of decoupling be-
tween each supply line and ground, and
the capacitors should of course be sited
as close as possible to the ICs. In spite of
the impression which may have been
gained from these remarks, I was plea-
santly surprised by the high stability of
the prototypes, and there is no reason to
suppose that such results cannot be
obtained consistently if standard layout
practices are followed.

Performance details of the circuit are
given in Figs 4 and 5. These graphs have
all been obtained for a centre frequency
9/2n of 1kHz, but the performance for
any other frequency in the audio band
can be obtained by appropriately shift-
ing the log. frequency axis. Only the
boost curves are shown; the correspon-
ding cut curves are symmetrical about
the log. frequency axis. Fig. 4 shows the
effect of varying the Q control when the
boost/cut control is at maximum boost,
and gives an idea of the very wide range
of equalization curves which can be
generated by the circuit. The centre-
frequency gain remains independent of
the Q control setting as the boost/cut
control is varied, but the effect of the
boost/cut control on the frequency res-
ponse is not as straightforward as might
be imagined. Fig. 5(a) shows the effect
of the boost/cut control when Ry is set
for a Q of 3, from which it can be seen
that the Q is reduced as the controli is
rotated toward its centre (“flat”) posi-
tion. By a simple modification to the
circuit, however, it is possible to
generate the curves shown in Fig. 5(b),
where the shape of the response
remains relatively constant as the
boost/cut control is varied. The reason
why these two families of curves can be.
obtained may not be intuitively
obvious, but it can be explained by the
following analysis.

It has already been shown that the
system transfer functions at full boost
and full cut are given by —(1+G) and
—1/(1 +G). At intermediate positions of
the boost/cut control R,,, both forward
(boost) and feedback (cut) signals will
pass through ‘the filter. Let the fraction-
al rotation of R,y be represented by x,
such that at full boost x=0 and at full
cut x=1 (see Fig. 1). Resistor R,y will
act as a potential divider for the two
signals, so the forward signal contribu-
tion to the transfer function will be
—(14(1—x)G), and the feedback con-
tribution will be —1/(1+xG), which
yields the system transfer function —
(1+(1=x)G)/(1 + xG). This reduces to
the forms previously given for x =0 and
x=1, and to —1 (flat) when x = 0.5. Gain
G can be written as AN/D, where N and
D are the numerator and denominator
terms of G, and A is the centre-
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frequency gain through the entire filter
pathway (including the A term, defined
previously), which is equal to 10 in the
present circuit. The system transfer
function now becomes

—(D +(1-x)AN)/(D + xAN).

Setting w to 1 for convenience, we have
N =s/QandD = s? + s/Q + 1.

We are now in a position to explain
the curves in Fig. 5(a). When R 4is close
to the full boost setting, x is close to 0.
As x increases (R |y rotated away from
full boost), the numerator of the
transfer function is reduced, but since A
is large this reduction will be small
compared to the increase in the de-
nominator. Thus when x is close to 0 the
transfer function can be approximated
by —AN/(D +xAN), which is to say
that as R4 is rotated away from the full
boost position, the change in frequency
response can be accounted for primarily
by a change in the pole positions. The
denominator of the transfer function is
s2 + (1+xA)s/Q + 1, so the effect of
increasing x is to reduce the Q to a new
value Q’, equal to Q/(1+xA), which
explains the curves in Fig. 5(a). An
analogous argument can of course be
developed to explain the symmetrical
form of the corresponding cut curves
when x is close to 1. ’

Whether or not the behaviour in Fig.
5(a) is desirable is a debatable point, but
fortunately one can have it both ways!
Suppose the feedback end of Ry is
grounded instead of being connected to
the output of IC,. The circuit will now
only boost, and the transfer function
will be —(D+(1—x)AN)/D. Since A is
large, the transfer function can be
approximated by —(1—x)AN/D except
when x is close to 1, so the major effect
of changing x is now to change the
centre-frequency gain without affecting
the Q. The response curves obtained
under these conditions are shown in
Fig. 5(b).

There are several ways of modifying
the circuit to obtain these curves, and
the method used is to some extent a
matter of personal choice, but here are
three! First, changeover switches could
be used to ground one or other end of
R, to obtain either the boost or cut
curves. Second, the gain of IC; could be
made variable, when the curves in Fig.
5(b) would be obtained with R, at
maximum boost. The third possibility is
my personal favourite, and I have indi-
cated it on the circuit diagram (Fig. 3).
This is to use a centre-tapped control for
R, (I really must apologise for continu-
ally recommending obscure poten-
tiometers!) and to ground the tap via S,
to obtain the Fig. 1(b) curves. The ad-
vantage of this method is that the
boost/cut setting is determined only by
the control setting, just as before,
although the control law will be
changed. As will be appreciated from
the change in the form of the transfer
function, the centre-frequency gain will
approach 0dB less rapidly as the control
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State-variable filters
Although the present circuit uses
the state-variable approach to pro-
vide only a bandpass filter, high-
pass (HP) bandpass (BP) and low-
pass (LP) outputs are available
simultaneously, as indicated in the
accompanying derivation. Note
that the basic form of the transfer
function is quite simple, and the
final expression is relatively cum-
bersome only because of the form
of the a;, and a, coefficients. The
derivation ‘also shows more clearly
how it is possible to change the Q
independently of the centre-
frequency gain. Since a, = 1/Q, we
merely have to vary a, and a,
together, which is achieved in the
present circuit by a variable resis-
tor (Ry) to ground from the a, and
a, summing point. This obviously
requires that the two signals go to
the same amplifier input, and since
the a, coefficient must be positive,
a; has to be as well. If this facility is
not required, a; could of course be
either positive or negative.

A further advantage of the state-
variable approach is that it can
provide any second-order funetion,
although this has not been ex-
ploited in the present circuit. The
HP, LP and BP outputs are summed
by a further amplifier (see ref. 4 for
the system transfer function),
which allows the corresponding
reject functions to be synthesised.
By making the appropriate coef-
ficients variable, it would be pos-
sible to generate a continuous
range of bandpass and band reject
functions within the filter itself,
rather than by changing the posi-
tion of the filter within an amplifier
feedback loop as in the present
circuit. There may not be much to
choose between the two methods,
but I preferred the feedback loop
method because it can be used with

any kind of filter, and any number
of filters can be placed within a
single feedback loop as shown in
Fig. 6. It also allows the choice of
two sets of frequency response
curves (see Fig. 5), which may not
be so easy to arrange by the other
method.

BP=HPX —1/R,C,S, where S =jw
LP=BP X ~1/R,C,S = HP X 1/R,C,R,C,S"
"HP=aq, X input +a, X BP—a, X LP

a, Xinput =HP—-a, XBP+a; XLP=

a, a,
HP {1+ + -
R;C;S R;C,R,C,S?
, Q,
HP input =
a a;
1+

+
RiC,S R;C,R¢C,S?

_ a,R;C,R¢C,S?
- RyC,ReC,S? + a,ReC,S +ay

Referring to Fig. 2, the a coefficients are

_Ra(Ry+Ry)
(R, +RR,’

=R,(R3 +R,) =R_3
(R1+R2)R4' : R,

a; 2

Thus the complete highpass transfer
function is

HP _ R, (R;+R,)
(R, +R,)R,

input

R,C,RC,S?

C R®R+R) Ry
RCRG:S” + Ry RyR, ReCiS * R,

The bandpass and lowpass transfer
functions are obtained by multiplying
the high-pass transfer function by
-1/RsC,S and 1/R;C,R¢C,S2

When R;C, =RC,, a,=1/Q.

(See F1g.2)

-a3

is rotated towards its midpoint when
the centre tap is grounded. Well, you
can’t have everything!

This effect can be reduced, however,
by connecting a 1k{ resistor between
the slider of R;g and ground when the
centre tap is grounded, which will mean
using a double-pole switch for S,. The
compensation is not exact, but it
reduces the worsi-case centre-
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frequency mismatch to below 3dB. The
ultimate solution would be to replace
R g by two parallel chains of resistors,
one of which is grounded at the centre,
and to select a point along one or other
chain by a multiway switch. The resis-

. tor values would be chosen to obtain

equal dB steps between the switch
points, and it would probably be much
quicker to determine the correct values
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by measurement than by calculation!

We can rnow consider the remaining
aspects of circuit performance. When
LM318 devices are used, the distortion is
extremely low, and it was difficult to
make any reliable measurement at
midfrequencies. For a +20dBm (22V
peak-to-peak) output signal at 20kHz,
however, I managed to obtain a value of
0.015%, but this fell rapidly as the signal
level was reduced. In general, the con-
trol settings affected the distortion only
insofar as they changed the output
signal level. This excellent performance
is a result of the very high bandwidth
(I5MHz) and slew rate (70V/ps) of the
LM318, but there is sufficient latitude to
allow the use of other devices for many
applications.

The best alternative devices are the
various families of f.e.t. input high
bandwidth operational amplifiers, and
the circuit performance was also evalu-
ated with one of these, namely the
Fairchild pAF356, which has a 5MHz
bandwidth and 15V /ps slew rate. Using
this device throughout, the distortion
for a +20dBm output at 20kHz rose to
0.05%, and when the Q was increased at
high centre frequencies, the centre-
frequency gain also increased slightly —
an effect not observed with the LM318.
Device substitution showed that the
effect, which occurred only at high Q,
originated at IC,, and most of the extra
distortion was generated by IC;. Both
the LM318 and the pAF356 have an
input voltage noise of around 15nV /Hz
at midfrequencies, but the gAF356 may
be slightly quieter since its input cur-
rent noise is lower. I have not given any
noise specification for the circuit, since
the amplitude and frequency content of
the noise will be greatly affected by the.
control settings, and to quote one or
two blanket values could be misleading.
However, | have tried to keep circuit
impedances below 10k{ wherever pos-
sible in order to keep the noise down to
a level where it should be dominated by
that of the ICs.

As mentioned previously, the circuit
could be made more compact by the use
of dual or quad i.cs. A possible i.c. is the
Texas TL074 series, but the bandwidth
is only 3MHz, which will limit the per-
formance at high frequencies. By the
time this article appears, however, a
wider range of quad devices may have
become available.

Many applications will call for the use
of more than one equaliser section, and
the sections can be combined in two
ways. The easier method is to connect
them in series, and if the connection is.
permanent the buffer stage IC, can be’
omitted from the subsequent sections.
This approach is best suited for a
modular design, as it allows each sec-
tion to be used independently. The other
method is for the filter sections to be
connected in parallel (as for a graphic
equalizer), where 1C;-1C4 and all the
controls are duplicated, but share the
same IC, and IC,. The circuit configu-
ration must be changed, however, to

allow the filter outputs to be combined,
and the modified circuit is shown in Fig.
6. Circuit IC, is now a virtual-earth
mixer, which can sum any number of
filter outputs without interaction, but to
achieve this the outputs have to be sent
to the inverting instead of the nonin-
verting input of IC,, so we need to make
a compensating phase reversal in the
filter path. In theory, this could be done
by moving the filter input connection
from the noninverting to the inverting
input of IC,, but we would then lose the
interaction which allows the Q to be
varied independently of the centre-
frequency gain (see appendix). The
solution adopted is to rewire IC, as an
inverting amplifier, which has the mi-
nor disadvantage that the gain of this
stage will interact slightly with the
setting of R, but the effect will make
no difference in practice. Each filter
section can be switched out indepen-
dently as shown in Fig. 6, or they can be
switched out together by a single switch
between the common ends of the Rj
resistors and the inverting input of IC,.

How does the circuit sound? My ad-
vice is to build it and find out! At low Q,
the response can be corrected over a
large frequency range by as few as two
stagger-tuned sections, and in this
mode the circuit is a very useful “shelf”
filter. As the Q is increased, the circuit
becomes more like a graphic equalizer,
and ultimately resembles a musical in-
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strument! A wide variety of special
effects can be created by tuning one or
two high-Q sections up and down the
audio band, and at high Q the circuit
also becomes a useful notch filter.
Obviously this design is too complex for
it to pose a significant threat to the
popularity of the Baxandall tone con-
trol, even though it is a lot more ver-
satile. But if you really prefer the mode
of action of the Baxandall circuit, don’t
worry — this design will give quite a
reasonable approximation to it if you
tune one section to each end of the
audio band and set them both to mini-
mum Q. Now all you have to do is to
label one control bass and the other one
treble. Well, I told you it was versatile!
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50 years of ‘"Empire’’ (averaging almost one day in three), it

a may well appear that we are already
broadcasting approaching peak conditions. Chris

Each year the callsign of the late Gerald

'Marcuse, G2NM, is re-activated by the
Chichester club to commemorate the
many facets of his remarkable
pioneering activities that extended over
the period from about 1912 until his
death in 1961. This year the event
emphasised that it was Marcuse who
during the period 1927 to 1929 provi