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QUERIES

While we will always try to assist readers
in difficulties with a Practical Wireless
project, we cannot offer advice on
modifications to our designs, nor on com-
mercial radio, TV or electronic equipment.
Please address your letters to the Editor,
Practical Wireless, at the above address,
giving a clear description of the problem
and enclosing a stamped self-addressed
envelope. Only one project per letter please.

Comppnents are usually available from
advertisers. A source will be suggested for
difficult items.

SUBSCRIPTIONS

Subscriptions are available to both home
and overseas addresses at £10-60 per
annum, from ‘‘Practical Wireless’’ Sub-
scription Department, Oakfield House,
Perrymount Road, Haywards Heath,
West Sussex RH16 3DH.

BACK NUMBERS AND BINDERS
Limited stocks of some recent issues of PW
are available at 75p each. including post
and packing to addresses at home and
overseas.

Binders are available (Price £2-85 to UK
-addresses or £3-45 overseas, including
post and packing) each accommodating
one volume of PW. Please state year and.
volume number for which the binder is
required.

Send your orders to Post Sales Depart-
ment, IPC Magazines Ltd., Lavington
House, 25 Lavington Street, London
SE1 OPF.

All prices include VAT where appropriate.
Please make cheques, postal orders, etc.,
payable to IPC Magazines Limited.

COPYRIGHT

© IPC Magazines Limited 1979. Copyright
in all drawings, photographs and articles
published in Practical Wireless is fully
protected and reproduction or imitation in
whole or in part is expressly forbidden.

All reasonable precautions are taken by
Practical Wireless to ensure that the advice
and data given to readers are reliable. We
cannot however guarantee it and we can-
not accept lega! responsibility for it. Prices
are those current as we go to press.

[1 NEWS & VIEWS

20 Editorial
Opinion
20 PW Personality
Charles Molloy
21,31 News ... News ... News.
27 Special Product Report
Logic Probe kit, Continental Specialties Corporation
30 RAE Reprint Announcement
32 Production Lines . e« « « « .« . Alan Martin
Information on the Iatest products
52 Kindly Note
PW “Imp” Beginners Receiver, May 1979
55 Radio Special Product Report
FRG-7 Communications Receiver, Yaesu Musen

61 Hotlines . . .« +« +« « « « Ginsberg
Recent deveIopments in electromcs

[J] FOR OUR CONSTRUCTORS

22 AM/FM Frequency Readout . . . . . William Poel
Do away with mechanical tuning-scale drlves

28 Ideas Department
Workbench Amplifier. Tachometer/Dwell Meter. TTL Snap Indicator

38 Selective Sound Operated Switch . . . . . . .C R Harrs
Control equipment with a hand-clap

44 VMOS Top Band Transmitter . . . . .J. R Green

A design for the 160m band, using power f et s

62 inexpensive AF Electronic Voltmeter . . . . . .M. Tooley
A high-impedance, wide-band instrument

[[J] GENERAL INTEREST

34 Numbers Without Tears . . . .DrG. Brown
An educational toy for children of 2-{ years and upwards

50 Changes in Broadcast-Band Listening on Short Waves

A look at the international broadcasting scene Jonathan Marks
66 On the Air

Amateur Bands . . . . . . . . . EricDowdeswell

MW Broadcast Bands . . . . . . . . . Charles Molloy

SW Broadcast Bands . . . . . . . . . Charles Molloy

VHF Bands . . . « . . . . . . Ron Ham

VHF Personality — John Tye . . . . . . . . .RonHam

We regret that Part 2 of the PW ““Trent’’ has had to be held over,
due to production difficulties

OUR COVER
The object looking rather like a ventilation grille is in
fact a much-enlarged view of the “works™ of a power
f.e.t. Photograph courtesy Siliconix Ltd.

Our August issue will be published on 6 July
(for details see page 43)
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the quickest fitting

CLIPON -
capacitive discharge
electronic ignition
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POSTAGE: £1-£2 20p; £2-£3 30p; £3-£5 40p:

£5-£10 60p; over £10 free, minimum order £1. coLo MOR 33;’1:;-234

Alotof lhesevnlve§ are VALVES AND ELECTRONICS) LTD.
o e senicrs _TRANSISTORS {170 Goldhawk Rd., London W.12

/ 80 we reserve the right ;';i"e:l?l:: "'::':':gl': Tel. 01-743 0899
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@ Smoother running // \ R e et =
@ Instant all-weather starting \ Sl I e ——

@ Continual peak performance

@ Longer coil/battery/plug life

@ Improved acceleration/top speeds
@ Optimum fuel consumption

Sparkrite X4 is a high performance, high quality capacitive discharge, electronic
ignition system in kit form. Tried, tested, proven, reliable and compiete. It can be
assembied in two or three hours and fitted in 1/3 mins
Because of the superb design of the Sparkrite circuit it completely eliminates
problems of the contact breaker. There is no mistire due to contact breaker
bounce which 1s eliminated electronically by a pulse suppression circuit which
prevents the unit firing if the points bounce open at high R.P.M. Contact breaker
burn is eliminated by reducing the current 1o about 1/50th of the norm. It will
perform equally well with new. old, or even badly pitied points and is not
dependent upon the dweli time of the contact breakers for recharging the system
Sparkrite incorporates a short circuit protected inverter which eliminates the
problems ot SCR lock on and, therefore, eliminates the possibility of blowing the
“transistors or the SCR. (Most capacitive discharge ignitions are not completely
toolproot in this respect). The circuit incorporates a voltage regulated output for
greatly improved cold starting. The circuit includes built in static timing light,
systems function light, and security changeover switch. Al kits fit vehicles with
coil/distributor ignition up 1o 8 cylinders.

THE KIT COMPRISES EVERYTHING NEEDED

Die pressed epoxy coated case. Ready drilied, aluminium extruded base and heat
sink, coil mounting clips, and accessories. Top quality 5 year guaranteed

L

Now, complete your sys'reml

Citronic MM313 Mixer

Ideal for the DIY enthusiast building up a8
complete disco system 4/6 ch mono. inc,
LED indicators, connactions vis phono
sockets 8t rear, Bargain price, including
PSU £84.24

The ultimate
range of speakers

j We carry 8 good selection of

high quality chassis for the DIY

speaker constructor: 12 or 1S

Bass seakers and Dual Concentrics.

Exponentlal horns from £13.7

L™l of our tabulous Prezo Horns which
handie 8 5K—20K frequency range

L in any PA system up to 100W iNo x

PrOJECYOTS  come and sec our sosciaty
selected projectors from £42.12 (Squire Multi-
fect 150) to £94.50 (Tutor 11E)
plus the widest array of projector
sttachment and etfects that you'll
ever see on continuous demanstra-
tlon N

Ropellghis Great effect at discos. 7

metres long. Multiway connectors. 4 channel.

'#‘ Turntables

Our unsurpassed Dixo
experience has enabled

£43.20 {inc.pack of spare bulbs) us to select the best turntables
transformer and components, cables, connectors, P.C.B., nuts, bolts and silicon for your requirements. For
grease. Full instructions to assemble kit neg, or pos. earth and fully illustrated Bulgln Octal plugs ond examle the aew BSR P200
installation instructions. sockets .. - " hairdrive. ONCY{EZRER
NOTE — Vehicles with current impulse tachometers (Smiths code on dial RV1) sreplstrovilupdeilo

8ulqm Octat multiway plugs and sackets in stock . .
B R o N i Many disco accessories

BA. Perfect for your Sound to

Light System. P552 SOCKET .£0.65. All Roger Squire’s shops have a service department

P551 PLUG €194, which carries large stocks of DISCO SPARES &

ACCESSORIES.

will require a tachometer pulse siave unit. Price £3.85 inc. VAT, post & packing.
Electronic Deslgn Associates, 82 Bath Street, Walsall, Ws1 30 U-K- onlv-

Electronics Design Associates, Dept. PW7
82 Bath Street, Walsall, WS13DE. Phone: (9) 614791

Multiway Cables ALL SHOPS OPEN TUE-SAT,
4 core (BA} 59p/metre LATE NIGHT WED.

5 core I6A} 73p/metre {UP TO 8 PM)

6 core {6A) B6p/metre

Name
-
Address "
Phone your order with Access or Qardaycard w32
it broch f . A
Inc. VAT, and PP. QuaNTITY Rggp, e SAE  brochure only requred
N . | enclose chequeiPQ's for P
xa k1T £16.65 £ w O
TACHOPULSE o
Stave uniT £3.85 AN
Chegue No. 03 2% 616 o RO
Please state polarity pos. or neg. earth A0 50 o oe}“%-s\‘l AN V&“"“s' 5
Access or Barclaycard No. ‘-'5°1e‘\ Loa 08 | 0w Lonel 0a63%®
I B
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Marshall’s Bristol move

Subsequent to the recent publishing of
Marshail’'s 1979 product range
catalogue their Bristol retail shop has
moved.

From 24 April 1979, the new shop
will be in larger premises at 108A
Stoke's Croft, Bristol. This new location
is approximately 5 minutes walk from
the main shopping centre of Bristol.

At the same time they announce
that they have been appointed sole
specialist distributors to the construc-
tor market for the new Mullard
‘Teletext’ chips—SAA 5000, 5010,
5012, 56020, 5030, 5040 and 5050.
These will be available shortly.

Further information from: Mardata,
Kingsgate House, Kingsgate Place,
London NW6 4TA. Tel: 01-624 0805.

Conferences

An IERE/RSGB colloquium is to be
held on Tuesday, 5 June 1979 starting
at 2 pm at The Royal Institution,
Albemarle Street, London W1.

The subject for discussion will be
amateur work on microwave propoga-
tion and techniques over the last five
years, which have made the
professionals look hard.

There has been some fascinating
work, particularly in the UK, e.g. “s.s.b.
at 10GHz” and the colloquium will
describe these great developments
which are currently going on.

Further details from: The Conference
Secretariat, IERE, 99 Gower Street,
London WCT1. Tel: 01-388 3071.

The programme for the Consumer
Electronics Symposium, announced by
the Society of Electronic and Radio
Technicians (SERT) last autumn, has
now been finalised, and is to be held at
the University of Essex between 8 and
10 July 1979.

Copies of the programme/registra-
tion form are being widely distributed
and applications from nearly 100
potential delegates have already been
received.

As can be seen from the programme,
there is a wide representation of
authors from industry, broadcasting
authorities and servicing organisations
who are providing an extremely varied
programme of lectures and discussion
covering all aspects of electronics in
the consumer field.

Further details from: SERT, Faraday
House, 8—10 Charing Cross Road, Lon-
don WC2H OHP. Tel: 01-240 1152,
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Club News

The North England Radio Club has a
national and European membership,
with the heart of the club on
Merseyside.

They publish a monthly magazine
called ‘Spectrum’ and meet monthly,
usually at The Sports Centre, Grange
Road West, Birkenhead.

New members from anywhere in the
world would be very welcome. A copy
of ‘Spectrum’ and club information
may be obtained for two 94p stamps,
in the UK, or two IRC's from abroad.

The man to contact is: Norman
Monti, 66 Chesnut Grove, Birkenhead,
Merseyside L42 OMZ.

T1 9900 data book

A self-teaching microprocessor design
manual—written for beginners and
experts alike—is now available from
Texas Instruments.

The soft-cover 9900 Family
Systems Design and Data Book”, will
offer in more than 1000 pages a com-
prehensive selection of educational
and applications information that can
help users develop a deeper under-
standing of the complex technology
and tremendous potential available in
microprocessors.

Combining hardware and software
information, the data book should
assist both the engineer doing ad-
vanced m.p.u. design work and “in-
terested” people who simply want to
know more about the subject. It is a
complete reference book containing
the basic knowledge and data a novice
might need to become better acquain-
ted with m.p.u.s—and it carries that
knowledge through into complete
technical and systems design data
needed to use TI's 9900 family of 16-
bit microprocessor and microcomputer
circuit boards.

The 9900 Family Systems Design
and Data Book” costs £8.00 plus P&P,
and is available from: The Modern
Book Co., 19-21 Praed Street, London.

SERT

The Society of Electronics and Radio
.Technicians is pleased to announce
that Mr T. Bryce McCrirrick has
become a Vice-President of the
Society.

Mr McCrirrick: has recently been
appointed Director of Engineering to
the British Broadcasting Corporation in

succession to Sir James Redmond.

The current President of SERT is Air
Vice Marshal Alec Morris and the
other Vice-Presidents are Mr Michael
Clark (Deputy Group Chairman of the

Plessey Company) and Sir Edward
Fennessey.

Rally Dates

The Royal Naval Amateur Radio

Society’s Mobile Rally, will take place
at HMS Mercury, Petersfield, Hamp-
shire, on Sunday, 17 June 1979. It
will be open to the general public
between 1000 and 1700 hours.

The rally is intended as an outing for
the whole family, with stands, arena
events and displays of interest to all
ages. There will also be the usual trade
stands.

Further details from: Wally Walker
G4DIU, 9 Woodstock Road,
Bedhampton, Havant, Hants PO9 3HX.

The “East Suffolk Wireless Revival”
Amateur Radio Mobile Rally will take
place on Sunday, 3 June, 1979, at the
ILA.C.S.S.A. Sports ground, Buckle-
sham, near Ipswich. Commencing at
1100hrs and admission will be 40p,
which includes a free raffle ticket.

In addition to talk-in stations on 2m,
70cm f.m. and 80m s.s.b., there will be
trade stands, technical displays (featur-
ing Prestel, RTTY and m.p.u.s), re-
freshments and a licensed bar.

Further details from: C. P. Ranson
G8LBS, 67 Tranmere Grove, Ipswich,
Suffolk IP1 6DU.

“Nunsfield House Community
Association Amateur Radio Group” of
Derby, hold their 10th Rally, at
Elvaston Castle Country Park, on Sun-
day, 10 June 1979.

It is expected to be their largest rally
yet, with over 50 trade stands, along
with many other attractions of interest
to all the famity.

Talk-in stations will be available on
callsign GB2ECR, on 2m f.m. Ch. 22,
and 70cm f.m. Ch.s SU8, SU20.

Further details from: Chris Wallace
G8PTW, QTHR. Tel: Derby 752358.

“Bangor. & District Amateur Radio
Society’’ hold their mobile rally on 24
June 1979, at the Castlewelian Forest
Park. There will be all the usual events
including trade stands and a “'bring and
buy” stall.

Further details from: W. H. Langtry
GI4AMM, QTHR. Tel: Bangor 65394.
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If you can think of an application for an arrangement of
c.m.o.s. logic with a potential sale of a million plus, then
the chances are that some enterprising manufacturer of
L.s.i. has got a dedicated chip either on the drawing board,
or in the market place. The application described here is
an ideal candidate, since it is yet another instance of age-
old analogue technology being swept aside with digital
technology. For a long time past, an accurate readout of a
radio receiver’s tuned frequency has only been available
with large amounts of logic, and large amounts of patience
to work out the various i.f. offset programming steps. Such
systems have also cost considerably more than the best
analogue arrangements, and have consequently been
restricted to the very expensive exotica in both consumer
and communications applications.

Just as Intersil have revolutionised the concept of the
instrument type counter with their ICM7216, OKI Elec-
tric of Japan have introduced a family of c.m.o.s. for con-
sumer and communications digital frequency readouts
which render all other approaches now quite simply
obsolete. For in a 40-pin ls.i. the counter gives both a.m.
and f.m. frequency readout, plus straight kHz frequency
count (no offset); drives an l.c.d. directly with no r.f.i. to
the radio in question and all this with a current consump-
tion of 4mA with the prescaler off, or 15mA with it on.
The unit described here is conceived and designed as a uni-
versal readout for long. wave through medium wave to a
maximum a.m. count of 2.999MHz, including the popular
marine DF band where digital readout is almost essential
for reasonable operation in congested waters. The f.m.
range operates from about 20MHz to 200MHz (with
SP8629 prescaler) with a resolution of 100kHz—e.g. a
typical readout is 88-1MHz. In the direct mode, the dis-
play shows kHz from the a.m. input, and 100s of kHz
from the prescaled input.

Purists will complain that 100kHz is insufficient for f.m.
resolution—but the display flicker brought about by
further resolution is very tedious, and the small number of
stations not on 100kHz channels makes the exercise rather
pointless for the nuisance involved. And not many f.m.
receivers would show up too well from the point of view of
oscillator drift.

The Circuit
The full circuit (Fig. 1) reveals a remarkably simple

overall approach compared to previous endeavours to
produce this type of unit. Nearly all functions are carried
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on within the MSM5526 i.c.—and the few remaining
peripheral components are included as an extra for max-
imum flexibility. On f.m. the divide-by-100 prescaler is an
obvious essential, but the input sensitivity of both the
SP8629 and the MSM5526 is such that, if the unit is wired
into many receivers directly, the pre-amps are not re-
quired. However, with these pre-amps using the high f
BF274 type of transistor, typical sensitivities of 800uV on
a.m. and 10-15mV on f.m. can be achieved—thus per-
mitting connection of the digital display with the barest
minimum of coupling. In the case of one portable radio
tried by the author, it is sufficient simply to couple in via a
single-ended wire loosely draped around the relevant
oscillator section for either a.m. or f.m. So, even if your set
doesn’t possess specific local oscillator drive, a small piece
of wire poked into the oscillator section will work in
almost all applications.

The SP8629 has a very useful 6-3V Zener on-chip, per-
mitting a simple but adequate 5-5V stabiliser stage to be
built with an external pass transistor. The National
Semiconductor equivalent DS8629 does not incorporate
this facility, and a separate external Zener must be used.
The stabiliser stage has an 82 resistor in the output—
and this is the result of a mistake when assembling the
prototype, since 8-2€ should have been used. However,
the whole circuit worked perfectly when switched on—and
it was only when a check was made on the current drain,
that this error was discovered, since the unit took a sur-
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Function/ IF offset

+9/18v R4 programming [see table1)
i 82 3
RS Tr2
1k2 BC108 q q
c? 3
Tin? b S2
e C14
5 S 4 t
- {p— S; —
47n
1 18 1/ ( 1
5 , ¢ E16 o8 5,12 —-
12— it
150p 10n -
6
1c1 AM/FM
SP8629 1C2
MSMS5526
6
’ ¥ FMO of Freq count
| o—_
b AM E(ventcount
| - . Alldigdes * not used}
T ™ $100k 1N4148, etc.
b B;.Jck 34
plane ]
7 <,
Segmen(s/ ﬂ H H ﬂc>0 ﬂ
L33 ﬁ HC,[] s
Vsg 3%, or4—digit LCO
35 {36 XL1 37
.y_il]}._{.
6-5536MHz
o TC1  odaCH
c9 1 3-50p 33p
Earth 100 T10n
O 4 o .
$
Fig. 1: Complete circuit diagram of the a.m./f.m.
frequency readout based on the OKI MSM5526 i.c.
LCD 33 Digit LCD 4 Digit
PIN PIN PIN PIN
1 Back Plane 40 Back Plane 1 Back Plane 40 Back Plane
2 - Bar 39 |Bar 2 nc 39 nc
3 b,. ¢, 38 Over Range <) nc 38 nc
4 nc 37 nc 4 nc 37 g,
) nc 36 nc 5 e, 36 f,
6 nc 35 nc 6 d, 35 a,
7 nc 34 nc 7 @y 34 b,
8 DP3 33 nc 8 DP3 33 nc
9 e, 32 g; 9 es 32 g3
10 d, 31 f, 10 d, 31 f,
11 Cy 30 a; 11 Cy 30 a,
12 DP2 29 b, 12 DP2 29 b,
13 e, 28  DP4 (colon) 73 e, 28  DP4(colon)
14 d, 27 g, 14 d, 27 g,
15 c, 26 f, 15 c, 26 f,
16 DP1 25 a, 16 DP1 25 a,
17 e, 24 b, 17 e, 24 b,
18 clt 23 g, 18 d, 23 g,
15 c, 22 f, 19 (o 22 f,
20 b, 21 a, 20 b, 21 a,
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Table 1
Display Select Input conditions | F offset value
| "1AM/FM S1S2S3S4

H HHHX —452.5kHz

H L HHX —454.5

AM H RN —456:5

H L L HX —465-5

H HHL X —467-5

H LR X —469-5

L HHHH +10-68

! L L HHH +10:-71
L HL HH +10-75

L (S L +10-79

L HHLH +10-82

L (L [ (L (R —10-58

L MR TRl —10-60

FM L L LLH —10.-61

L HHHLY}F —10.62

I L HH L —10-63

i HL HL —10-65

L L L HL —10-66

L HHL L —10-69

L Ly TRL L IE —10-70

L HL L L —10.72

L L L L L —10-73

direct H HLL X none

event counter H P impulses

“H" = open (or Vdd)
“L" = ground (Vss)
“X'" = either

prisingly low ISmA from a 9V source. The SP8629 is
rated at a typical 30mA—so investigation with a
voltmeter revealed that both prescaler and display i.c. were
happily clocking away with only a 3-8V rail—as a result
of the 822 mistake. A second unit was built with the same
values, and worked just as well—and so it is assumed that
most others will too—but if faulty counting is experienced,
this 820 should be gradually reduced until the circuit
settles.

The input to the counter i.c. is common for both a.m.
and f.m. count, and the drives from the f.m. prescaler and
a.m. pre-amp may be simply paralleled. The output of the
SP8629 settles either high or low, depending where the last
count cycle left it—and so whilst the outputs were
originally paralleled via 10nF capacitors, the f.m. coupling
capacitor has to be reduced to 150pF—otherwise the a.m.
signal can easily be shunted through the prescaler output
stage when it has settled to the low state. A value of 150pF

is still quite enough to pass the very fast edges of the logic
output of the prescaler, since counting of the l.s.i. occurs
on edges, the actual waveform (which looks quite
distorted) is immaterial. !

The input to the 8629 must be disabled when reading
a.m., and it is important to follow Plessey’s application
advice, and tie the unused differential input down via a
100k resistor to ground, to prevent spurious oscillation
occurring under no-input conditions.

The if. offsets are all pre-programmed via a diode
matrix, set according to Table 1. Just about every stan-
dard offset is available, although occasional 500Hz com-
promises are called for, e.g. 454-5kHz not 455kHz. With
an a.m. resolution of 1kHz, and an average if. filter
tolerance of 1kHz, this sort of error is unlikely to be at all
significant.

The functional setting is likewise matrix controlled,
enabling selection via the simplest of all devices, a ground-
to-operate switch. As well as the three modes available on
this board, a straightforward event counter is also
available for batch counting to a maximum of 2999 units,
but this feature is not used in this instance.

Had this been a description of a “discrete” approach
¢.m.o.s. unit, the circuit description would have just about
reached the oscillator stage, but instead, there is nothing
more to say!

Construction method

The printed circuit board layout, Figs. 2 and 3, employs
a useful technique when using direct drive to l.c.d.s from
l.s.i., namely placing the i.c. under the display. This tech-
nique saves space—and cuts the only marginal area of
possible interference (from the l.c.d. backplane strobe) to a
bare minimum. Construction on anything but the properly
made p.c.b. is not really feasible. Fixing holes for
mounting are provided so that the unit may be fitted direc-
tly behind the receiver front panel. The c.m.o.s. MSM5526
is not a particularly fragile device, but the usual care
should be taken when soldering, to avoid static damage,
caused by poorly earthed soldering implements, or earth
leakage currents. The p.c.b. is laid out for either HC13 or
HC18 style crystals, and since 6-5536MHz is a standard
binary frequency, the supply is not generally a problem.

Great care must be taken when mounting liquid crystal
displays, since these are not only costly, but very fragile if
pressure is applied unevenly. A socket must be used to
raise the l.c.d. above the rest of the components, and either
socket strip or a 40-pin d.i.l. socket cut in half is suitable
for the purpose. Molex i.c. pins are not a good idea since in
strips of 20, it is very difficult to accurately locate the pins
of the display. The electrical contact is also somewhat
more chancy at this sort of length, since a small displace-
ment of one pin can cause a lot of trouble.

The MSM5526 is mounted directly

on the board and the liquid crystal

display is mounted over it, using

i.c. sockets to space it from the
p.c.b. (see text)
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Fig. 2 (above): Full-size track layout of the
p-c.b.

Fig. 3 (above right}: Component layout and
details of external connections to the p.c.b.
The switch will normally be part of the
wave-change switch of the associated
receiver. When using a 33-digit l.c.d., two
“"U’"-links of insulated wire should be
soldered to the track side of the p.c.b., link-
ing pins 2 and 5/6, and pins 3 and 7 of the
display

Fig. 4: Pin-outs of the SP8629 (below)} and
the MSM5526 (right)

(T2t 8[Vec! (ECL)

Output I]Z 70Input (positive edge triggered)
(TTL) Vgg203 6{Jinput(negative edge triggered)
(ECL)Vgg1 [J4 S[]Zener diode

[WKM101}

fm.

a.m.

Fc.
=t nput

+Earth (0V)

= f. m. input

=i 49V {0 18V
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identification
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Voo @]
S 2]
S2[E]
S3E
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(7]
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t3 [T}
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e3[§

d3 (4]
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b [TE]
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3_5]‘32 Segment out
29]b,

28} Point

27
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24]9) >Segment out
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* components

Resistors
0-25W 5%
82Q 1 R4
‘ 100Q 2 R2,9
390Q 1 R3
1.2kQ2 2 RS, 8
100kQ2 1 R6
330k 2 R1,7
1MQ 1 R10
Capacitors
Ceramic disc or plate (lead spacing 5mm max.)
33pF 1 c11
150pF 1 C6
inF 4 C1,3,5,15
10nF 4 C2,8,9,10,16
22nF 1 C13
47nF 2 C4,14
Tantalum bead
4.7uF 1 Cc7
10uF 1 C12
-Sub-min trimmer
3-50pF 1 TC1

Semiconductors
Transistors
BF274 2 i)
BC108 1 Tr2
Diodes
1N4148 as required for programming (see

Table 1)

Integrated circuits

MSMb5526 1 IC2 (OKI Electric)*

SP8629 1 1C1
Inductors
1mH 2 L1, 2 (Toko 7BA

144LY-102)*

Miscellaneous
XL1 6-5536MHz Crystal, Style HC13 or HC18
wire-ended*
4-digit {or 33-digit) liquid crystal display
Socket for I.c.d. (see text)
Printed circuit board Ref. WR052
Terminal pins (8 off)

*Available from Ambit International and
Watford Electronics

Switch-on and test

Provided the components are located correctly, then
there is nothing to go wrong apart from your soldering.
Check the very fine tracks for splashes, and clean the
board with flux remover if available. Using a current-
limited power supply (for extra security), apply 5 volts at
first, gradually turning up to 12V if the current drain is not
excessive—indicating a short circuit somewhere. Switch to
the desired input, and place a finger on the relevant pre-
amp input, when some stray counting should occur from
the pickup thus provided. Remember, this is very sensitive.

With a suitable radio to hand, place a pickup coil near
the oscillator, and feed this to the counter input via r.f.
coaxial cable. Something is almost certain to happen, and
usually no more trouble than this is necessary. In fact, a
single-ended pickup is frequently enough, though not
suitable if more than 150mm long. If you don’t know the
exact i.f. offset, assume 10-7MHz high for f.m., and in the
f.m. mode, tune to a station of known frequency. If the dis-
play reads incorrectly—say 89-2 instead of 89-1 with the
tuning indicator zeroed—then the i.f. offset should be
adjusted to 10- 79MHZ (the closest to 10-8MHz available)
by diode programming. Many of the finer variations of
offset will not be apparent unless you have a very
accurately calibrated signal source handy.

To set the internal clock accurately, switch to Direct
Count and with a signal generator and reference counter,
tune to 999kHz so that the generator output reads
999-4999k Hz. Tuning to 999-501 should cause the coun-
ter to change over to 1000kHz, and the trimmer capacitor
on the crystal input to the MSM5526 may then be

adjusted to provide this threshold point. With the trimmer

approx 30 per cent enmeshed, the whole unit is sufficiently
accurate to be self calibrating anyway, so do not worry
too much about these very fine adjustments if you cannot
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get access to appropriate equipment. Another way is
simply to count the crystal oscillator frequency on a
separate counter so that it is trimmed for exactly
6-5536MHz (take care not to load the crystal—try to use
inductive coupling if possible).

To set the a.m. offset, tune to a known frequency with
the offset pre-programmed for 469-S§kHz (nearest
available to 470kHz) for most UK- and European-made
sets, and 455kHz for most Japanese sets, and check the
error. Simple maths will tell you what to do—e.g. if the
station is known to be on 910kHz, and the counter says
905 when the i.f. is set for 470kHz, then reprogramme the
offset for 465-5 and all will be well.

Applications

Apart from new equipment, there is obviously a large
retrofit application for improving existing equipment—
since the accuracy of frequency display has let down
many otherwise good designs. Varicap diode designs can
occasionally put strains on analogue scale design, since the
end-point capacitance can vary widely, although the
diodes themselves remain well matched. This display takes
away those problems, and does away with the last remain-
ing mechanical headaches of the set designer.

One point which is very important about the MSM5526
is the fact the display is totally static. This means that
there is no multiplexing interference—and the only poten-
tial source is in the shape of the backplane strobe, which is
very, very low power for an l.c.d. Thus without screening,
this device can readily be used without problems in any
radio environment, from supplies ranging from 8V to 20V
d.c. (thanks to the regulator on board). So next time the
drive cord snaps, forget about a replacement and fit a
digitally accurate alternative.
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If you are involved in digital electronics it is essential that
you have some means of detecting pulses and logic states.
Without this necessary equipment you will be totally in the
dark when trying to find out why your latest creation does
not work.

There are many logic probes on the market but for the
amateur they tend to come a touch on the pricey side. Con-
tinental Specialties Corporation, who also make a range of
logic probes, have recently introduced a kit for a probe which
will detect and display logic levels, pulses and voltage
transients.

The kit is complete down to the last piece of wire and
even includes a length of solder. All the components
appeared to be of good quality and fitted the holes drilled in
the glass fibre printed circuit board without any problems.

The instruction manual is very comprehensive and covers
not only the building of the probe but also notes on how to
use it.

* specifications

Input impedance: 300k
Threshold: Logic 1 {(Hi-l.e.d.) 70% Vcc
Logic O (Lo-l.e.d.) 30% Vcc

Detectable pulse width: 300 nanoseconds min.

Input signal frequency: 1-5MHz max.

Pulse detector: High-speed pulse train or single
events (positive or negative transi-
tions), active 0.1 second pulse
stretcher

Input voltage: + 50V continuous, 120V a.c. for less

than 15 seconds

Power requirements: 5 volt Vcc at 30mA

15 voit Vcc at 40mA
25 volts max., with power
lead reversal protection

Physical size: 147 x 25-4 x 17-8mm

Weight: 85 grams

Construction proved to be very simple and straight-
forward, the step-by-step assembly instructions proving
easy to follow. Unlike traditional British component place-
ment drawings however this one did not show the copper
track pattern of the p.c.b. and no holes are shown so that it
is very important to check twice that the components are
correctly placed.

No problems were encountered and the probe worked
first time, but if you are unfortunate a page is devoted
to trouble-shooting and two pages to testing the probe
following construction.

The plastics case, which is available separately and has
been used for the PW Car Test Probe, is very neat and the
two labels supplied with the kit are self-adhesive giving the
finished probe a professional look.

The probe is simple to use, requiring the power leads to be
clipped to suitable voltage rails on the circuit under test and
the probe tip to be held against the test point.

Indication of the status of the point is by a combination of
three l.e.d.s which light, or puise, depending upon the logic
state being investigated.

As a simple means of determining logic states this kit is
very good value for money.

Dick Ganderton

SEE NEXT MONTH'S ISSUE OF
PRACTICAL WIRELESS FOR DETAILS
OF A SPECIAL INTRODUCTORY OFFER

FEATURING THIS KIT

Practical Wireless, July 1979
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.Some original circuit ideas provided by our readers. These designs have
‘hot been proved by us,and wecannot therefore guaranteetheir effectiveness.
They should at least provide a basis for experimentation.

Why not send us your idea? If it is published, you will receive payment
according to its merits. Articles submitted should follow the usual style of
PW in circuit diagrams and the use of abbreviations. Diagrams should be
clearly drawn on separate sheets, not included in the text.

Each idea should be accompanied by a declaration that it is the original
work of the person submitting it, and that it has not been accepted for

publication elsewhere.

WORKBENCH AMPLIFIER

Although there are plenty of amplifier i.c.s and modules
available, there are many applications where discrete cir-
cuitry can hold its own on cost and simplicity. One of
these is a battery-powered audio amplifier for workbench
use.

The input signal goes via the volume control VRI1 to
Trl, which is a high-gain voltage amplifier. Its output is
applied to the bases of Tr2/Tr3, the complementary out-
put pair, with R1 providing the necessary standing bias.
For reasons of simplicity and cost, no form of temperature
compensation has been included.

Two negative feedback paths are included. Resistor RS,
which is basically the collector load for Trl, also provides
bootstrapping for the output stage. Resistor R2 provides
base bias for Trl and also overall negative 'feedback.
Audio quality may be improved at the expense of reduced
output by lowering the value of R2. Capacitor C3 de-
couples the supply, and helps to maintain audio quality
when the battery approaches the end of its life.

Transistors Tr2 and Tr3 should be purchased as a

b

BC109 ec
AC128
ACt76 ¢ €

Tr2
AC176

&

matched pair, and must be fitted with heat-sinks—the

push-on, finned type should suffice. With no signal ap-

plied, the total consumption of the amplifier should be less
than 35mA.

D. L. Jones,

Denbigh,

Clwyd.

TACHOMETER/DWELL METER

This circuit utilises a 555 timer chip in a dual function as a
tachometer or dwell meter. In the tachometer mode, the
input signal is taken from the car’s contact breaker as a
square-wave and fed via a capacitor to pin 2 of the timer,
realising a high mark/space ratio. The two switched
ranges, 0 to 1000 r.p.m. and O to 5000 r.p.m., are
calibrated by a 20kQ2 and a 1kQ) potentiometer.

In the “dwell” mode, the input capacitor is by-passed,
maintaining a square-wave at the input of the device,
which means that the output at pin 3 is an inverted version
of the input waveform. In the “dwell” mode, only the
lower of the two tacho ranges should be switched in.

The circuit requires a minimum supply of 12V for
consistent operation.

R. J. Jenkins & M. E. Taylor,
Knebworth,
Herts.
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Hey, Good Looking!

WIN T

Beautiful innit?, but a swish exterior can often be an eye
catching cover for some very ordinary “‘guts”, so what's
so different about the WINTON?

Well, for a start we have discarded Bi-Polar output
devices in favour of the far superior performance of the
Hitachi Power MOS-FETS, which until now have only
been available in some of the most expensive Hi-Fi
Amplifiers around, (and we consider £700 to be expen-
sive with a capital E!). Secondly, our extremely low dis-
tortion figures are obtained at FULL RATED OUTPUT
with both channels driven, across the entire audio spec-
trum.

Further, at these power levels 2nd and 3rd order inter-
modulation components are typically less than 0.005%
(See the March issue of P.W. for the full spec’ and a few
shots from the Spectrum Analyser.) Whilst we freely ad-
mit that ownership of a Winton will not prevent your hair
from falling out, nor warts from growing on your nose,
you will feel a nice sense of achievement when the job is
complete, and you will own an Amplifier that will make
your mates positively green with envy, until that is they
see the light and obtain one of their own.

The WINTON Kit is available in the following form:—

Price Inc.
VAT &
carriage.
Pack (A) Capacitors & Fixed Value Resistors £21.45
Pack {B) Switches, Potentiometers, Pre-Sets & Knobs £13.26
Pack (C) Printed Circuit Board, and Terminal Pins £8.10
Pack (D) Hardware Pack, consisting of Chassis, Heat Sinks,
Cabinet, Screws, Wire, Fuseholders etc., and a
Brushed Aluminium Fascia Front Panel. £32.99

Pack (E) Semiconductors (including HITACHI MOS Power

Fets) £30.53
Pack (F) Toroidal Mains Transformer £17.22
Complete Kit of all parts necessary to built the WINTON £120.00

ORDER WITH COMPLETE CONFIDENCE (Cash with order please)
FROM:—

T. & T. ELECTRONICS. GREEN HAYES, SURLINGHAM LANE,
ROCKLAND ST. MARY, NORWICH, NORFOLK. NR14 7HH.
PLEASE ALLOW 28 DAYS FOR DELIVERY.

Heathkit electronic test
equipment course.

Section 1. Analogue and digital meters.
Section 2. Oscilloscopes.

Section 3. Frequency generation and
measurement.

Section 4. Special measuring instruments.

“ Heathkit car electrical

systems course. .

Section 1. Electrical principles of the car.
Section 2. Starting system fundamentals.
Section 3. Car charging systems.

Section 4. Accessories and body electrical.

Two new self-instruction courses from Heathkit.
Based on step-by-step programmed instructions,
they let you learn at your own pace in your own
home.

Each course is complete and contains audio/
visual material, text, and parts for ‘hands on’
experiments with the optional Heathkit experi-
menter trainer. So all you need is a cassette player
and the will to learn.

Full details of Heathkit courses are available in
the Heathkit catalogue, together with hundreds of Name
kits you can build for yourself — computers,
oscilloscopes, transceivers etc. ... Send for your
Copy Now.

There are Heathkit Electronics Centres at
233 Tottenham Court Road, London (01-636 7349)
and at Bristo! Road, Gloucester (0452 29451).
Registered in England, No. 606177,

Address

Soldering
Iron offer

FREE

Practical Wireless,July 1979

Push-button digital readout. Displays engine speed/rpm.
Accurate to 1 mph or rpm variations of 18
=y 1 _ r rr ¥ ¥ T ¥ I [ ¥ I T |
To: Heath (Gloucester) Limited, Dept. PW779  Bristol Road,Gloucester, GL2 6EE.
Please send a copy of the Heathkit catalogue. | enclose 20p in stamps. (]
Please send a copy of the Computer Brochure. | enciose 20p in stamps. [

automatically receive a copy of the latest Heathkit catalogue

I N.B. If you are already on the Heathkit mailing list you will
without having to use this coupon.

"ew Heathkit CI 1265 Digital Tach/Speedometer.  mnm

EN

@
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So You Want to Pass the RAE?

A reprint of the complete series, including details of
the new examination format being introduced in 1979,
is now available. The reprint will cost 85p, including
‘postage and packing to addresses within the United
Kingdom.

Order your copy by completing and returning the
coupon, together with your remittance, to IPC
Magazines Ltd., Post Sales Department, Lavingten
House, 25 Lavington Street, London SE1 OPF. Please
ensure that your name and address are clearly
legible.

PRACTICAL WIRELESS—Radio Amateur
Examination Reprint

Please send your order and remittance to:—

Lavington House, 25 Lavington Street, London
SE1 OPF

Please send me . . .

copies at 85p each to include

[

|

|

|

l

|

IPC Magazines Ltd., Post Sales Department, |
|

I

|

|

postage and packing :
l

| enclose P.O.[Cheque No ............... Value ............ |

|
Remittance must be crossed postal order or cheque |
(name and address on back please) and made |
payable to IPC MAGAZINES LTD I

NAME...... ~ 8 3000000000008 Rk acanoanh Sonoa0000 B gemen0N0O0N0 G 0nG0DG
(BLOCK LETTERS) l

Remittances with overseas orders must be sufficient
to cover despatch by sea or air mail as required.

Company registered in England. Regd. No. 53626

|
Payable by International Money Order only |
A subsidiary of Reed International Limited |

IDEAS DEPARTMENT
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TTL “SNAP” INDICATOR

At switch-on R6 holds the input to gate 1 low, making
the output high. This is coupled to inverter gate 2, the
output of which is low and is coupled back to pin 4 by a
330 ohm resistor. These gates remain in this state as do
gates 3 and 4 and in this condition no l.e.d.s are lit.

Note that the high at pins 6 and 8 are cross-coupled to
the inputs of gates 1 and 3. Suppose S2 is pressed: pin 4 is
connected to a high via R2. As pin 5 is also high the
output of gate 1 goes low causing gate 2 to change state at
pin 3, which goes high causing l.e.d. 2 to be lit.

Pin 4 is kept high via R4 so that the l.e.d. is “latched”
on when S2 is released. Since pin 9 of gate 3 is held low by
the output of gate 1, closing of S1 cannot change the state
of gate 3 and l.e.d. 1 cannot be lit.

A complementary sequence occurs if §1 is pressed first.
The power supply must be broken by the reset button to
restore the circuit to its original state. C1 decouples the
supply lines and prevents random triggering of the l.e.d.s
at switch-on.

J. Bloxham,
Stratford-on-Avon,
Warwickshire.

PLEASE MENTION
PRACTICAL WIRELESS

WHEN REPLYING
TO ADVERTISEMENTS
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Learning to spell

The fatest learning aid from Texas
Instruments, known as “'Spelling B,
uses proven word/picture association
techniques to help children progress in
spelling regardless of their ‘basic
writing skills. Using an alphabetical
calculator-type keyboard and display,
combined with a picture book contain-
ing 264 carefully selected, colourful
pictures of familiar objects, “Spelling
B” is designed to provide an early in-
troduction to word recognition, and
also incorporates a series of simple and
entertaining word games to improve
basic reading skills.

In operation, the "Spelling B”
selects and displays a picture number,
the child finds the numbered picture in
the book, and then spells the name of
the picture by pressing the letter keys.
As the letters are keyed they appear in
the display, and at the end of each
word the display signals ‘“right or
wrong”. If the word is misspelled, the

child is given a second attempt, and if
this is wrong the correct answer is dis-
played. The number of correct answers
is displayed as a ‘‘score” at the end of
each set of five words.

“Spelling B” is programmed so that
one of three different levels of difficulty
can be selected. In addition, a variety
of pre-spelling activities for younger
children plus word games for all ages
are available.

Among the games which add fun
and variety to “‘Spelling B* are: “Starts
with”, a pre-spelling exercise in which
the child only has to enter the first let-
ter of the displayed word; "Missing let-
ter”, in which a word is selected at ran-
dom and displayed with letters miss-
ing; “Mystery word’”, a variation of
“Hangman” in which players have to
guess words one letter at a time; and
“Scramble”, in which up to five words
can be put into a memory in anagram
form and recalled for “unscrambling”
at a later stage.

The “Spelling B” costs £19-95 (r.r.p.
including VAT), and is available
through the usual distributors.

Texas Instruments Ltd, European
Consumer Division, Manton Lane, Bed-
ford MK41 7PA.

Portable ‘scope

The new Model SB15M lightweight
portable oscilloscope from Albol Elec-
tronic is claimed by the makers to
break all records for cost-effectiveness
for a professional/amateur instrument.

Albol say that the bandwidth goes
up to 15MHz within 3dB limits and
nine ranges cover, with an accuracy of
5% 10mV to 20V/cm on the 45 by
60mm measuring area of the cur.t.
Input impedance is 1MQ+3% in
paraliel with 30pF, and the maximum
input voltage is 400V.

The timebase can be freely running
or triggered, and is displayed on 19
calibrated ranges from 0-5s/cm to
0-5us/cm. Synchronisation can be
either internal or external, with the
a.c. mode giving 20Hz to 1MHz, and
the h.f. mode 1 to 15MHz. Trigger
sensitivity is said to be O-5cm of
the display on “internal”, -or 0O-5V
p—p on “external”.

sPer con3 CE¥S
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Bandwidth of the X amplifier, within
3dB, goes from d.c. to 3MHz, with an
input impedance of 1MQ in parallel
with 45pF. The X deflection co-
efficient varies from 0.3 to 1-5V/cm.
An attractive feature of this truly por-
table scope is that it can operate from
220 to 240V mains (using the optional
adaptor) at 50 to 400Hz, with a power
consumption of 40VA, or else from in-
ternal 1.5V cells giving 12V d.c. (rated
then at 27W).

The width of the SB15M is 150mm,
depth 340mm, and height 280mm,
and it weighs only 7-6kg. Price is £150
plus VAT.

Available from: Albol! Electronic &
Mechanical Products Ltd, 3 Crown
Buildings, Crown Street, London SE5
OJR. Tel: 01-703 2311.

New Sinclair DFM

Latest from Sinclair's new instrument
product range, is a high specification,
low cost, digital frequency meter,
called the PFM200.

Designed to provide the perfor-
mance of high quality bench-styte in-
struments with the portability of a 158
x 76 x 45mm unit in a light (60z) but
rugged case, the PFM200 is priced at
only £49.80 plus VAT, which should
permit most laboratory engineers, ser-
vice technicians, students and hob-
byists to possess their own personal
digital frequency meter.

Its bright, sharp 8-digit display with
variable accumulation period gives
high resolution coverage from low
audio frequencies right up to v.h.f.

without the need for complex range
changing and with exceptional sen-
sitivity of 10mV. Guaranteed range is
20Hz to 200MHz, typically higher,
with a frequency resolution down to
0-1Hz. Power is from a 9V battery or
approved a.c. adaptor.

Supplied complete with test leads
and probes, protective wallet and
operator's manual, optional extras are
a.c. adaptors for 117V, 220V or 240V;
de-luxe padded carrying case with lead
storage compartment; and a connector
pack comprising BNC, coaxial, DIN and
phono adaptors plus telescopic aerial
for direct signal pick-up from nearby
transmitter.

A technical information teaflet on
the PFM200 is also available from:
Instrument Sales, Sinclair Radionics
Ltd., London Road St Ives, Hun-
tingdon, Cambs PE17 4HJ. Tel: (0480)
64646.
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The aim of this design was to produce an educational toy
capable of teaching rapid number recognition to children
of 24 years and upwards. The absolute minimum of in-
struction should be necessary, the idea being that the child
learns as he plays, without external influence. The toy
should thus be interesting to play with.

To a young child this means: (a) visual stimulation—
things should be seen to happen; (b) tactile stimulation—
the instrument should respond to touch, to pressure—
there should be something to turn, something to switch.

This simple unit has all these facilities and can hold a
child’s attention for remarkably long periods. It can also
double as a single die for use with other games.

General Features

Fig. 1 shows the basic design blocks. A swept-
frequency clock generator feeds the first decade counter,
the digit outputs of which are used to drive ten light-
emitting diodes (l.e.d.s) arranged in a circle: A second
decade counter, fed from the same clock source, drives a
single 7-segment l.e.d. numeric display. As the clock fre-
quency rises from zero, the circular l.e.d. display assumes
a rotating motion with a visible acceleration. As the clock
frequency then falls to zero, the “flywheel” effects slows
and stops at a random position.

The l.e.d.s are labelled O to 9, as are the positions on
the manual number selector, which is a rotary switch.
Provided that both decade counters are reset to zero
initially, they will always remain synchronised, i.e., if the
flywheel stops at position “4”, then the 7-segment outputs
will correspond to the figure 4 also.

‘I'ne number selector is wired such that the 7-segment
display is only illuminated when this switch is turned to the
same number at which the flywheel has stopped. The
normal fixed-frequency clock is used when the device is
employed as a die.

Some simple logic is included to make the toy more
interactive with the child, and will be described in the
appropriate sections.

The Swept-frequency Clock Generator

For this particular application, a manually-initiated fre-
quency sweep was required from zero up to about 100Hz
and back again to zero. The circuit is shown in Fig. 2.

The clock is designed around the ubiquitous NES55V
integrated circuit connected in the astable mode.

If the circuit to the left of the dashed line is studied, the
timing components R1 and C1 are easily recognised. C1 is

34
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charged up through R1, and IC1 will discharge C1 when
the voltage at point A reaches 0-67Vdd. The negative-
going edge corresponding to the discharge of CI1 re-
triggers the cycle and the system becomes astable, the
frequency of oscillation being given by:
1-44
f=RrxCiiz

In the circuit to the right of the dashed line Tr1 and Tr2
are connected as a Darlington pair controlled by the touch
plate connected to the base of Tr2. The quiescent-state
voltage at point A is controlled by resistors R1, R2, and
R3, the two transistors being effectively open-circuit. A
simple Ohm’s Law calculation shows that point A is held
at 0-65Vdd and, because IC1 will not discharge C1 until
point A reaches 0-67Vdd, the clock oscillator is biased off,
its output being a logic “1” in this condition.

When a finger is applied to the touch plate, charge flows
into the electrolytic capacitor, C2. As this charges up, the
potential at point B rises. With C2 fully charged (after
about one second), both transistors are turned fully on and
point B is taken almost to Vdd. Thus the Darlington pair
may be regarded as a variable resistance, Rt, between
point B and Vdd, this resistance varying from infinity to
near zero. As soon as Rt becomes finite, point A is lifted

above the threshold value of 0.-67Vdd and oscillation
begins.

9 04
Clock #— Decade Counter >
6 5 &
ﬁ 10 Le d. Display
Manual
Number
Selector
[ ] 7 -Segment
l.ed.Display
Lo
—— Decade Counter o Uﬁcﬂl]
WAD369

Fig. 1: The basic block diagram of the numbers toy
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The frequency of oscillation is still given by the above
equation, except that R1 must be replaced by the effective
instantaneous value of R1, R2 and Rt. In the limit, with
Trl and Tr2 turned fully on, R1 arld R2 are virtually in
parallel between Vdd and point A, and have an effective
resistance of 24-8kQ. This gives a theoretical upper
frequency limit of:

« 1.44
f= g x 10" x 33 x 0 = |76Hz

This figure is not attained in practice because Rt never
falls completely to zero.

When the finger is removed from the touch plate, C2
discharges slowly through Trl and R3, and Rt increases
correspondingly. The frequency of oscillation falls and
finally reaches zero when point A falls again below its
threshold value. This decay time is of the order of 10to 15
seconds.

Switching R4 into the biasing network by closing S1
holds point A just above threshold and a constant-
frequency output of about 15Hz is produced. The use of
this clock frequency is described in a later section.

The touch plate is very sensitive in its action, and this
encourages the child to experiment as he watches the
effects of his finger’s pressure illustrated on the flywheel
display.

The Decade Counters

Apart from the NES55V oscillator, this instrument em-
ploys c.m.o.s. devices which are relatively cheap and are
ideal for this purpose. Fig. 3 shows the circuit diagram of

Vdd

Clock
output I
O]
3
C1
2p
NES55V .[
. —0
Vss
Fig. 2: Circuit diagram of the swept-frequency clock

generator

the first decade counter and the transistor drivers for the
10-l.e.d. flywheel display. The 4017 decade counter is fed
from the clock generator described above. In order to
drive the flywheel led.s at 20mA, ten transistors
operating as emitter followers are used. As only one l.e.d.
is illuminated at any instant, only one current limiting
resistor, R 10, is necessary. It will be noted from Fig. 3 and
Fig. 4 that the “reset” and “clock inhibit” functions are
made common to both decade counters. This is to ensure
complete synchronism of the two counters at all times.
The combination of C3 and RS resets both counters to
zero when power is first applied.

WAD371 Vdg
Tr3-Tr12 BC108 _
q-zczan L 1 D1- D10 See components list
Clock 4) 9
Topin3 15 6
IC1 5
Ic2 1‘0
L017
Reset ! 7
To pin 15 4
IC4 2
3 a . i . ¥ - -
TrS Tr6 Tr7 Tr8 Tr9 Tr10 ™ Tr2
bt
[1al !
O P
i Vd
ToI%TZ /” /’ /’/ /’ /’ |‘/’ )" ﬂ’ 'y
: D2 D3 D4 D5 D6 D7 08 D9 D10
R10
100
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—0 o
— i o~
1]
Delfs‘»glbqll : » To Vw
% |
Topin3 1
IC4 }
|
5
L)O o6
0°o0
3onsib 07
o E .
21% og& Fig. 3: The first
I °EC decade counter and
D! transistor drivers
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Switching Logic

The switching logic provided by S3, S4 and IC3 has
two important effects, which are now described.

Suppose the flywheel display has stopped at “4”. It
would be trivial to connect the pole of S4a to the “display
enable” pin of the second counter (see Fig. 4) to illuminate
the 7-segment display when S4a is turned to position “4”.

This operation would not require any numerical

knowledge on the part of the child: he would just turn S4
until the 7-segment display came on. To avoid this, IC3a,
b and c¢ are interposed between S4a and the “display
enable” pin of the second counter. IC3a and b form a
toggle whose normally-off output is taken to the “display
enable” input of the 4026 counter, thus keeping the
7-segment display off under normal conditions.

Taking pin 8 of IC3 to Vss will turn the toggle on and,
with it, the 7-segment display. Similarly, taking pin 12 of
IC3 to Vss will reset the toggle and extinguish the
7-segment display.

Signals to control the state of the toggle are taken from
the pole of S4a. The “on” state of toggle and display is
controlled by the position of S4a, by the inverter IC3c,
and by the push switch S3. If S4a is turned to position “4”
to match the flywheel display, then the pole is taken to
logic “17; logic “0” thus appears at pin 3 of IC3.

If S3 is momentarily pressed, the resulting logic “0”
applied to pin 8 of the toggle will switch both itself and the
7-segment display on. Thus the child must not only select

a number, but must press the CHECK button, S3, to see if

his selection was correct.

What happens if the selector switch is turned after the
7-segment display has been illuminated? If the display
were to remain illuminated with the electro-switch now
showing a different number, the child would be confused,
so provision is made to extmgu1sh the display (a) when the
selector switch is turned from the correct position, and (b)
when the flywheel is started again. These requirements are
simultaneously fulfilled by connecting the pole of S4a via
C4 to the “reset” input of the toggle, pin 12.

Suppose the previous procedure has resulted in a “4”
being indicated by both the displays. If S4a is turned away
from “4” the pole is taken from logic “1” to logic “0”, and
the negative-going edge so produced is passed by C4 to
reset the toggle and extinguish the display.

Similarly, if the flywheel is started, the negative-going
edge produced as l.e.d. “4” goes out resets the toggle via
C4 and the 7-segment display is extinguished.

Thus, in normal use, there can never be any ambiguity
between the numbers on the displays and the number set
on the selector switch.

The presence of R7 from the pole of S4a to Vss is worth

Vad
I Q
7-Segment
common-
cathode
m l.e.d display
MAN 74
To pin 3 otlock 1y 108 g 1%
IC1 Clock 12I 13 ="
inhibit B c 8
To pin13 O——=2 ce 2ld A >
1C2 Dlsptl)?)' 4026 ﬁ ° Drivers fle 5 G
Topin10 o2R82E14 5 f ¥ 1
1C2 7 . g 7| <
Topin1s o222 15 +[Enable Enable I
1c2 8
—0
WAD372 - Ves

Fig. 4: The second decade counter
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nothing. There is no reason why the digit positions on the
S4a wafer should not go direct to the digit outputs of the
4017 counter: in this case R7 would be unnecessary.
However, there is a very good practical reason why this is
not done. The ten l.e.d.s and the selector switch S4 are
mounted on the front panel. The integrated circuits and
transistors are on a single circuit board mounted on the
base of the metal box. Thus there are ten flexible leads
from the emitters of Tr3—Tr12 to the l.e.d.s on the front
panel. Ten more flexible leads would be needed from the
S4a wafer to the digit outputs of IC2, but these leads can
be eliminated by simple wiring to S4a from the anodes of
the l.e.d.s, which are on the same panel. When this is done,
a pull-down resistor, R7, to Vss is needed for the inputs of
IC3c to keep them at logic “0” except when a logic “1” is
fed to the pole of S4a from the flywheel display.

Vad
-0
< R19-R25
82
Segment driver
R12-R18
To segment Tr13-Tr19
output on IC4 5y BC108C
{6 More identical
circuits)
[
UDH MAN 74
C)U
e
1
Digit driver
To pin4 of IC4!
Tr21
BFYS2
WAD373 Vss

Fig. 5: Driver circuits for the second decade counter

The second decade counter and its associated circuitry
are shown in Figs. 4 and 5. The counter is a Type 4026
c.m.o.s. device which has outputs for a 7-segment display.
These figures require very. little explanation. The 4026
counter operates in parallel with the 4017 counter, and the
7-segment common-cathode display is fed by seven seg-
ment driver stages, Tr13—Tr19, and one digit driver stage,
Tr20-Tr21. The current-limiting resistors, R19—R25, give
segment currents of 19mA. To. “enable” the display, the
digit driver Darlington pair, Tr20-Tr21, is switched on by
a logic *“1” from pin 4 of the 4026 counter, thus providing
a low-resistance path from the display cathodes to Vss.
Tr21 must be capable of carrying 7 x 19 = 133mA, and
the Darlington configuration has been used so that Tr21
can be very conservatively rated, ensuring high reliability.

Provision has been made to illuminate the 7-segment
display while the flywheel is running. This adds to the
visual appeal of the instrument before the child is ready to

-tackle number recognition and matching. This is the func-

tion of position “C” (continuous display) on the selector
switch S4. When “C” is selected and S3 pressed, the
display will remain on throughout the flywheel cycle.

A final word now about the use of the instrument as a
die. On the “DIE” position of the selector switch, S4a
provides a constant logic “1” on its pole (as in the “C”
position), and when S3 is pressed the 7-segment display is
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constantly illuminated. S4b comes into operation at this
point and connects the “7” digit of the l.e.d. flywheel to the
“reset” pins of both counters. Thus both of the displays
count repetitively from “0” to “6” when the clock runs.
The swept-frequency clock can be used for this, but it has
been found that the use of a constant 15Hz clock (selected
by S1) is more satisfactory, in that the procedure is less
involved for the child.

To “throw” the die, all that the child does is press S2:
both displays stop immediately, showing a number be-
tween “1” and “6”. On releasing S2, counting begins
again. This function utilises the “clock inhibit” pins of
both counters. When these pins are taken to logic “17,
counting will cease, even though the clock is still running.
The last NAND gate of IC3 is used for a rather devious pur-
pose in this mode. Both IC2 and IC4 are counting from
“0” to “6” yet it wauld clearly be incorrect to allow the die
to stop at “0”.

Instead, the die is slightly “weighted” such that it can
never be stopped at “0”! The probability of throwing a
given number on a die is 1 : 6. On this die, the probability
of throwing a number between 2 and 6 is 1:7 and the
probability of throwinga 1is 2 : 7.

In use by young children, or even unsuspecting adults,
this would never be noticed. To prevent a “0” being
thrown, the signal to inhibit the clock is taken from the “0”
digit output (pin 3) of the 4017 counter. If, at the moment
S2 is pressed, a number from “1” to “6” is being dis-
played, pin 3 will be at logic “0”. IC3d inverts this to logic
“1” and inhibits the clock. However, if “0” is being dis-
played when S2 is pressed, pin 3 is at logic “1” and the
logic “0” produced by IC3d will not inhibit the clock.
Instead, it waits for the next clock pulse which increments
both counters to the digit “1”, at which instant pin 3 of the
4017 goes to logic “0” and IC3d then inhibits the clock
with logic “1” at its output.

Power Supply

A single-polarity, stabilised 5 volt supply is used,
employing an integrated circuit regulator. Stabilisation is
to be preferred here, because the current taken from the
supply varies between about 23mA with only the flywheel
display on, to about 160mA with the 7-segment display
showing an “8”. Fig. 6 shows the circuit used. The
regulator is mounted on the metal box to dissipate the
small amount of heat generated. The use of 15V d.c.
supply for the regulator may seem excessive. In fact, this
supply rail will drop to 12 volts on full load and, as the
regulator needs a supply of at least 8-5 volts, the supply is
not too conservatively rated. A transformer with a 9-0-9
volt secondary could be used, provided that the
supply rail for the regulator did not fall below 9 volts on
full load.

L S5 X
(y—cfr | D1
| | 12-15VDC
| 12V IN40O1 | _1cs
C 1,0 | 0 5-Volt +5v'dd
filais S e | P Regulator -
! 1|12y : VVRSV
5 O) : 1N4001
: cs c6
E LP1 =/, 7000 25u
f— —%
R26
WAD37% S SoRY
Vss

Fig. 6: Power Supply
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* components

Resistors
+W 5% carbon film
820 7 R19, 20, 21, 22, 23, 24, 25
100Q 1 R10
4.7kQ 1 R3
1-5kQ 7 R12, 13,14, 15, 16,17, 18
33kQ 1 R11
39kQ 1 R1
68k 1 R2
100kQ 2 R4,7
560kQ 1 R26
1MQ 3 R6, 8,9
2:2MQ 1 RS
Capacitors
Electrolytic ;
2ufF 6V 1 C2
25uF 6V 1 Cé

4700pF 26V 1 C5

Polycarbonate or polyester

2.2nF 1 C4
22nF 1 C3
0-33uf 1 1
Semiconductors
Diodes
1N4001 2 D11,12
LED 10 D1,2,3,4,5,6,7,8,9,10
Transistors
BC108C 17 Tr3,4,5,6,7,8,9,10, 11,
12,13, 14, 15, 16, 17,
18,19
BC109C 3 Tr1, 2,20
BFY52 1 Tr21
Integrated circuits
MVRS regulator 1 iC5
NE555V 1 IC1
4011 1 IC3
4017 1 IC2
4026 1 IC4
Switches
s.p.s.t. 1 S1
Push to make 2 52 3
2p 12w rotary 1 S4
s.p.d.t. slide 1 5153

Miscellaneous
12-0-12V 200mA transformer T1 (1}); 12V panel
lamp (1); 7-segment red le.d. display, common
cathode MAN74 (1); Veroboard (see text), case.

Constructional Notes

Apart from the power supply, displays and switches,
the entire circuit was constructed on a single piece of
Veroboard measuring 95 x 63mm. The layout is not
important, so no details are given, but it is advisable to
take all Vss leads to a common point.

In general, this precaution is unnecessary, but in this
circuit the emitter connection of the digit driver Tr2l

Continued on page 60
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This unit was developed after I was asked by a friend to
build a device with which he could turn a light on by
clapping his hands.

Obviously this could be done by using a simple sound
operated switch comprising a microphone, audio amplifier
and trigger circuit, but such a simple circuit would respond
to any sound of sufficient volume. Clearly something more
sophisticated was required.

After a number of tests had been made, it was found
that satisfactory operation could be obtained by making
the circuit respond only after receiving two sounds with a
fixed time interval between them of around one second.
This achieves a good compromise between simplicity,
spurious operation from background noise and ease of
use. The human brain is very bad at estimating short time
intervals and a sequence of more than two sounds
becomes impossible to generate with any accuracy. The
circuit also incorporates a filter and a level trigger so only
sounds of the correct pitch and sufficient volume will be
detected.

Circuit Operation

IC1 and associated components amplify the sound
picked ‘up from the microphone and include rough
frequency filtering. VR is a gain control and VR2 adjusts
the d.c. level of the output from this stage. This is fed to a
Schmitt trigger comprising Trl and Tr2 and also has a
time delay (C4, R2) to prevent multiple triggering. The
components following (Tr3-Tr5) form a driver stage
for the logic circuit, and the l.e.d. D2 indicates when
a sound has been detected. The circuit gives a logical ‘0’
on receiving an input above a preset threshold set by VR2.

The output from this stage is first fed to a monostable
‘comprising G1 and associated components which in turn
triggers two more monostables G3, G4 and associated.
components. Monostable G1 has a period of about 5
seconds and is included to prevent the other two
monostables re-triggering before the circuit has finished its
cycle. G3 has a period of about 1 second and G4 about 3
seconds.

The circuit comprising G6-G11 and FF1 looks for the
state in which, after a pulse has triggered the monostables,
a second pulse arrives during the period when G3 has
turned off again and G4 is still on, i.e. 1-3 seconds after the
first pulse. When this happens a logical ‘1’ is sent to FF2
which then changes state and opens or closes the relay via
Tr9 and Trl0. If the second pulse arrives before or after
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the allowed period it is ignored and will also work the latch
G9, G11 to make the circuit ignore all further inputs until
G1 has reset. Thus on receiving two sounds with a time
interval of about 1 second between them the circuit will
operate the relay, turning the load circuit on or off.

Construction

Construction is simplified by the use of printed circuit
boards. Start by soldering in the smallest components, i.e.,
resistors and diodes and add the tallest components
(capacitors and transistors) last. The c.m.o.s, integrated
circuits (IC2-IC5) should be connected using i.c. sockets,
installing them in after all the other components have been
soldered. Standard c.m.o.s. handling precautions should be
used. Sockets should also be used for the other integrated
circuits. Take great care to connect all components such
as diodes, transistors, i.c.s and electrolytics the correct
way round as incorrect connection can cause a large range
of puzzling faults.

At this point, something should be said about the
microphone and the mains transformer. The microphone
used i1s a high impedance balanced armature earpiece
which is better than a crystal microphone in this
application. There is also space on the circuit board for
putting a resistor in series with C2 to adjust the low
frequency characteristics (10-100€).
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Fig. 1: Circuit diagram of the selective sound operated switch

The mains transformer is a 12-0-12V type designed to
supply up to 100mA d.c. from a full-wave rectifier. Most
of the current is drawn by the relay (60-80mA) with the
rest taking less than 20mA. Thus if a relay is used which
draws more than 80mA a larger transformer will be
needed. A 100mA fuse is shown connected to the primary
of the transformer and this is necessary for safety. If it is
found that the fuse blows on switch-on an anti-surge fuse
can be fitted. The other fuse supplying the appliance being
controlled should be rated according to the relay contacts
and mains cable used.
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A suitable case for the unit can be made from a plastics
Bimbox. When fitting components into the case, it is
important to keep all the high voltage components (relay,
transformer and fuse holders) well away from the other
components so that there is no chance of any live
connections touching any other part of the circuit. Holes
are drilled in the case for the microphone, the l.e.d. and the
gain control VR 1. The circuit boards should be positioned
within the case such that the presets VR2-VR4 can easily
be reached to be adjusted. The boards are held in place
using self-adhesive pads. When wiring up between the
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circuit boards, it is very important that all the supply rails
are connected up correctly because the c.m.o.s. chips can
be damaged if an input is fed to them before the power
rails are connected.

The components and p.c.b.s are fitted into a plastics
Bimbox. The two p.c.b.s are attached to the box base
and lid using self-adhesive foam pads

Setting Up

First set VR3 and VR4 midway along their tracks. Set
the gain control VR1 to minimum. It should be found that
as VR2 is moved the l.e.d. will light at one end of the track
and be extinguished at the other. Adjust VR2 until it is just
extinguished. Then turn the gain control VR 1 up a little. It
should now be found that any loud sound near the
microphone will cause the l.e.d. to flash on for just under a
second. If it stays on or does not come on at all then adjust
VR2 until the response is satisfactory. Next, connect a
voltmeter between the OV rail and pin 10 of IC3 (marked
TP in the diagram) or, if no meter is available, disconnect
R25 from ICS and make a temporary connection from
that end of the resistor to pin 10 of IC3.

It should now be found that if, after at least 5 seconds
of silence, a sound is made near the unit loud enough to
make the l.e.d. flash, then a short pulse of approximately
+7V will be indicated on the meter, or the relay will close
momentarily about one second after the sound. If this does
not happen adjust VR3 and VR4 until it does. This is the
period during which the device is sensitive and it will
switch the load if a second sound is made during this
period. Adjust VR3 and VR4 until the time period is
satisfactory. Note, however, that if the values of the
presets are made too low then the monostables will stop
working, so that if a satisfactory time period cannot be
achieved then it may be necessary to change C8 or C12.
Do not make the “sensitive” period too short or it will be
found very difficult to estimate the required time interval.

After R25 has been replaced in its correct position and
the lid has been attached, then the unit is ready for use.
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% components

Resistors
TW 5%
680Q 1 R9
1.2kQ 2 R6, R8
8-2kQ 6 R12,16,19, 20, 23, 26
12kQ 1 R3
18kQ2 3 R14,18,22
27kQ 1 R7
47kQ 1 R25
120kQ2 2 R2, 24
150kQ2 1 R4
330kQ 2 R5, 15
1MQ 4 R11,13,17,21
1.5MQ 1 R1
+W 5%
330Q 1 R10
Potentiometers
Horiz. miniature preset
10kQ Lin. 1 VR2
220kQ Lin. 2 VR3, 4
tinch shaft
47kQ) 1 VR1
Capacitors
Disc ceramic
47pF 1 C3
10nF 8 C7,9, 11
Polyester
0-47uF 1 C2
Electrolytic
10uF 25V 5 C1,4,8,10,12
64uF 16V 1 C5
1000uF 16V 1 Cé6
Semiconductors
Diodes
1N4001 2 D4,5
1N914 5 D1,6,7,8,9
Red l.e.d. 1 D2
BZY88 C6v8 1 D3
Transistors
BC168 6 Tr1,2,4,6,7,8
BC212 2 Tr3,5
ZTX300 2 Tr9, 10
Integrated circuits
741 1 IC1
4000 1 IC3
4001 ] IC2
4011 1 IC4
4013 1 IC5
Miscellaneous
Bimbox {190 x 110 x 60mm BIM 2006/16);
Mains transformer 12-0-12V 100mA (1); Relay
12V 80mA max. 7A 240V d.p.c.o. (1); Fuse holder
{2); Fuses 100mA and BA: Balanced armature
earpiece (see text) (1); Printed circuit board (2 in
set); Sockets, 14 pin d.i.l. (4); 8 pin d.i.l. {1}); Knob
{1); Mains cable, socket and cable clamps.
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Fig. 2: The copper track pattern and component placement drawing for Board 2 shown full size.

Using the Switch

Adjust VRI so that the le.d. will not flash from
background noise in the room, but will reliably respond to
a hand clap. The le.d. will be found very useful for
indicating whether the unit has “heard” a sound or not,
when setting the sensitivity.

Although originally intended purely as a gimmick, the
device has been found to be extremely reliable and may
well have more practical uses. The prototype was left in an
average sitting room for a week without triggering
spuriously, but would immediately respond on hearing the
corréct sound sequence.

There could be practical uses where it is necessary to
operate equipment remotely, possibly by a disabled
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person, or in other cases where it is not possible to operate
a switch directly.

Fault-finding

Once the design had been finalised, it was found that the
units could be relied upon to work correctly immediately
they had been assembled and adjusted. Most faults are
likely to be caused by wire links in the wrong places and
diodes or transistors the wrong way round. Remember
that the circuit uses both npn and pnp transistors. A
puzzling intermittent fault in one unit was traced to C6
being open-circuit. This resulted in the supply rails
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Fig. 3: The copper track pattern and component
placement drawing for Board 1 shown full size

carrying unsmoothed a.c. and played havoc with the logic
functions.

Provided that the l.e.d. flashes in response to sounds
then faults are best traced by first checking the outputs of
the monostables (pins 4, 10, 11 of IC2) and then following
the voltage levels through the rest of the circuit.
Remember that the monostables give an inverse output,
ie. “l1” in the quiescent state and “0” when active, and
remember also that the circuit takes 5 seconds to complete
its cycle and if it receives an input before G1 has reset it
will ignore it. 1

If the l.e.d. does not light up then first check IC1. The
voltage on pin 6 (output) should equal that on the wiper of
VR2, except at extreme settings of VR2. The Schmitt
trigger. Trl, Tr2 should turn on when the voltage on Trl
base exceeds about 5V, turning on the l.e.d. via Tr3-Tr5,
and should turn off sharply as the voltage is lowered.
These functions can easily be checked with a multimeter
and should show up the location of any fault. However,
provided the unit is constructed carefully, there is no
reason why it should not work first time.
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J.R.Green BSc, G3BWVR"

This low-power a.m. transmitter design illustrates the
use of power f.e.t. devices—in particular, the VN66AF
recently introduced by Siliconix Ltd.—and takes full ad-
vantage of modern semiconductor technology. The unit is
particularly suitable for use within the 160-metre band,
although operation at higher frequencies is quite possible.

Design Considerations

The Author has carried out a great number of experi-
ments with low-power transmitter circuitry using bipolar
(i.e. “conventional”) devices over the last few years. Some
degree of success was achieved in later designs, using
the now-defunct BD 123, but en route many pitfalls for the
unwary were uncovered.

Technically, however, the bipolar device fell down on
several counts, notably:

I. High drive power was required; typically 10%, even
at low frequencies.

2. Difficulty was experienced in achieving really linear
amplitude modulation, even when modulating both
the driver and p.a. stages. Modulation of the p.a.
only, by swinging the supply rail, was unsuccessful.
Modulation of the driver as well was essential and
far more modulator power was required.

3. Problems were encountered in achieving stability
in the transmitter r.f. strip. Often appreciable
“slugging” was called for to prevent h.f. or v.h.f.
parasitics.

4. Modulation excursions also tended to introduce
instability, often producing undesirable steps of
modulation non-linearity in the modulated r.f. carrier
envelope.

5. It proved remarkably easy to destroy the p.a. tran-
sistor(s) if instability occurred or the transmitter was
mis-tuned.

These difficulties led the Author to the conclusion that
solid-state transmitter design could be much simplified if a
* Senior Development Engineer—Gould Instruments Division
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device existed which exhibited the characteristics of a ther-
mionic valve. In particular, low drive power, modulation
linearity and stability were desirable in addition to the
ability to operate from low voltages. In other words, a
high-power f.e.t. was needed.

During 1978, Siliconix Ltd. produced the VN66AF and
samples were supplied to further the Author’s experiments.
The ultimate results are incorporated into the transmitter
featured in this article. Whilst the published form is for
160-metres, the basic circuit could be used to produce a
transmitter capable of at least IOMHz and possibly more.

Circuit Description

The transmitter employs a crystal oscillator which in-
corporates a twice-frequency, parallel-resonant crystal,
with a TIS88A f.e.t. as the oscillator transistor (Care with
substitutes! The circuit may fail to oscillate with devices
requiring different d.c. conditions.). This stage provides
sufficient drive to switch Tr2, a 2N2369A switching
transistor which provides a twice-frequency 5 volt peak-to-
peak square-wave to drive IC1. This i.c. is a 7473 flip-flop
wired to divide-by-two, thus producing the output fre-
quency “f™.

The 7473 limits the “2f” crystal to around 6MHz
(therefore the output frequency “f*’ to 3MHz) but this may
be extended by substituting a Schottky. 7473 (i.e. a 74S73).

From IC1 the signal is passed to Tr3, another
2N2369A switching transistor, to present 12 volts peak-
to-peak square-wave drive to the output devices. With Tr3
looking into 10092 the two VN66AF p.a. devices are easily
driven. Their input capacity of SOpF each is the prime
limiting factor with untuned drive, although a BFY50
could be substituted for Tr3 and R11 reduced in value to
increase the operating frequency or drive more than two
p.a. devices. A power output of 6 watts is typical for a 10
watt d.c. input.

A simple “constant K” type low-pass filter is provided,
together with transformer matching to transfer the output
power effectively into a 5092 load and remove harmonics.
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Note that since a 1:1 mark-space square-wave drive is
derived for the p.a., optimum efficiency with minimal
second-harmonic radiation in the unfiltered output is
assured, with the filter biting hard at the third and
subsequent harmonics.

Filter values shown are for a cut-off frequency
of 2500kH2, but others may be calculated from the
expressions:

_l
C=fnz and L=z7XC
wherez=50Q and L=L1=L2=L3
C=C10=Cll

and c,=c,2=%

f_is the cut-off frequency.

The modulator circuit is merely a modified version of
the Author’s hi-fi amplifier design and should not present
any problems. A speaker matching transformer rated at
10 watts (T2) is used to transfer the modulator power to
the p.a. This should have a core area of around 25mm
square and a winding resistance between the 0 and 16Q2
taps of not more than 1Q. The modulator input sensitivity
is in the order of 100mV, so a pre-amplifier will be
necessary for microphone level signals.

The r.f. matching transformer Tl was wound on a
Mullard binocular “balun” ferrite block, measuring ap-
proximately 25 x 20 x 8mm and consists of three turns
on the primary (transistor) side and nine on the secondary
(filter) side. Experiments using these baluns showed a
power-handling capability of 100 watts peak! Substitutes
should have the following characteristics:

1. Suitable for the intended operating frequency.

2. 1:3 turns ratio for 6 watts, 50Q output with wire
gauge as large as possible.

3. 50Q secondary reactance to be »50Q at operating
frequency.

4. Peak power rating of at least 20 watts.

If a suitable ferrite block cannot be found, three
Mullard FX2249 blocks can be used.
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No Adjustments Needed!

It will be apparent from the r.f. circuitry that no tuning
is required on the r.f. strip, which should work from
switch-on. Trimmer VCI is used for very fine frequency
adjustment and could well be omitted, replacing it with a
fixed capacitor of 18pF if the facility is not required. The
pre-set potentiometer VR2 should be rotated until Trll
and Trl2 just start to conduct-—say 50mA of standing
current.

The VMOS VNG66AF devices performed very im-
pressively throughout the development of the prototype
transmitters. Only very low drive was necessary and very
linear upward and downward modulation was produced.
In every respect, the devices performed entirely to
specification and simply shut down if an unacgeptably-low
load was connected.

Possibly it will be found that the modulator output is
not quite sufficient to achieve 100% upward modulation
but with a suitable transformer the quality is very good in-
deed and certainly far superior to so-called “communica-
tions quality”, which covers a multitude of sins!

Construction

The construction techniques are clearly seen in the
photograph, most of the components being soldered and
mounted on one side of a double-sided “earth-plane”
printed-circuit board, measuring 160 x 100mm. The top
of the board, the component side that is, forms an earth-
plane and the copper should be cleared (using a drill and
an outsized bit) around the larger holes indicated in Fig. 2.
The remainder form earth-plane connections. Details of
the p.c.b. are given in Fig. 2 and the component locations
are shown in Fig. 3.

The modulation transformer T2 is mounted on the bot-
tom panel of the West Hyde Developments instrument
case, as are Tr4 and 5 (on insulated washers). Transistors
Trll and 12 are mounted on the extrusion as shown in the
photograph. (In fact, the VMOS devices could also be
fixed in the same manner, if preferred).
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Loss of harmonic power and the bottoming resistance
of the power f.e.t.s are the principal causes of efficiency

loss in this transmitter. The filter values may be “scaled”

6-7 watts of r.f. energy and retaining 1-2 watts of
for other frequencies.

avoid the saturation which would occur with the smaller
type of ferrite cores. Remember that the filter is passing
harmonic energy.

techniques,

weseip 3In2419 : | "614

For the prototypes, the p.c.b.s were made by the rather
drilling-painting-etching-cleaning

which are more arduous than difficult. However, construc-

tors who wish to purchase ready-made boards will find

them available from advertisers.

laborious

Components used in the output filter should be exactly
as specified—i.e., abnormally high voltage capacitors to
take high circulating currents and air-cored inductors to

I
|
# w,wﬁ "0l “
]
L see |
4 L
i I %01
EREN___ 05448 A% (S awoor
- ' 841 i Uy 4y
| | S
e Tsw 0SZENZ m_u"
VOGS << AIOPUOIIS 32UD}IDA _— Us 941 |
33 MOZ €11 013D ‘931413 9 [
IDINJ0UIG UC puUnoMm |1 € 10N uE GG B A | am,w"l- 3 i
VWOS m..___ur_nu«mN 0 v ooty "
104 pa3snIpo ZYA™Z 92y ASL mm_wm_
papasau 41 g 03dn g1y | 2l oot N%
S310N 1%}
650€3
TP
ogeS
S e 1
Juatind . "
L
= 22y
AZL+
ASZ %Q-m_u
K7 | |
. & ZHNY-—9-E
AO
e ao:-ﬁ MO0
£AES Y S-_. 1y
Lty m =
2y wv_m. dog " dzz§ (X
) 1 IOASE mmld
6¢ €l V69EZNZ n—.
gzul| suz| suz| szul L v ' !
2] wal o 62 ) 001 €4
- _—— =l - 4VI9NA
- & = e Y v88SIL
L) I =) ) . 1L
6€ 714 W u l
u
g 5 i pug Y_uoj
4VY99NA LD
e LGl 10 €LIL
[ @ 101 Mmm
szrig | szrig | gzrig ootg 047 MA I i 2y
e | o | 0 AL ITEY L :
oL)pB.L..robp\..rpB\ 80 7 m_ j
MLUOS 1 1 3, - eerfo
o 3y sl o
9y -_-
AZL+ ! [zi0kwm]

Practical Wireless, July 1979

46



Fig. 2: The copper track side of the p.c.b. is shown full size at the top with the copper ground plane on the
component side below it.
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* components

Resistors
+ watt 5% Metal Oxide
39Q 8 R2, 13,14
47Q 1 R19
820 1 R22
100Q 2 R3, 11—see text
150Q 1 R6
330Q 3 .R23,24,25
4700 3 R7.8,9
2:2kQ 1 R4
3-3kQ) 1 R5
4.7kQ 3 R12,20,.21
5.6kQ 1 R10
10k<2 2 R15, 18
22kQ 1 R16
33kQ 1 R17
100kQ2 1 R1
Potentiometers .
5kQ 1 VR2 Skeleton pre-set
10k2 1 VR1 Log. Pane! mtg. pre-set
with locking nut and cap
Capacitors
Silver Mica
22pF 1 C1
170pF 1 C2 180pF may be necessary
Ceramic disc
22nF 2 C5,7
0-1uF 2 C3, 16 see text
0-33uF 2 C4,8
Polystyrene 350 volt
1.25nF 2 C9, 12 {Use 1-2nF)
2.5nF 2 C10, 11 (Use 2-2nF)
Tantalum bead, 76 volt
25pF 1 C13
47ufF 1 C14 100pF may be used
Electrolytic, axial leads
25ufF 25V 1 c19
50uF 6-4Vv 1 C6
100uF 16V 1 C17
220uF 16V 1 C15 470pF may be used
1000uF 16V 1 c18
Trimmers
Dau type ceramic
3-30pF 1 VC1 see text {from J. Birkett)

Semiconductors

Diodes

1N914 1 D1 1N916 may be used

1N53398 1 D2 5.6 volt Zener
Transistors

TIS88A 1 Tr1

2N2369A 2 Tr2,3

VNG66AF 2 Tr4, 5 {from C. Bowes & Co.)

2N3250 1 Tré

BC108 1 Tr7

BFY50 2 Tr8,9

BFX88 1 Tr10

MJE3055 1 Tr11

MJE2955 1 Tr12

Integrated circuit
SN7473N

—_

IC1 SN74S73N for higher
frequency operation

Crystal
XL1 Twice-frequency HCBU type, parallel-resonant

Inductors
Calculated filter values for 160 metres:
6-25uH, fc = 2-5MHz.

L1,2,3 38 turns of 26 s.w.g. enamelled
copper wire on 25mm long 8mm
diameter former, air cored.

Transformers

T1 20 watt rating r.f. transformer (peak). Turns
ratio 1:3, secondary reactance »50(2, wound on
suitable binocular balun-block ferrite (or 3 type
FX2249, see text).

T2 10 watt rating speaker matching transformer
with 0-3-8-161) taps. The step-up ratio using
0Q as common 3Q as input and 16X (or 150)
as output is a fraction in excess of 1:2.

Hardware
Insulating kits for VNBEAF transistors (2),
MJE3055 and MJE2955. Socket for crystal. 5082
BNC connector {or S0239). West Hyde
Developments instrument case type “Classic”
CL2ADK (See advertisers’ index). Printed-circuit
board.

Setting Up

A very short section this! No tuning is required and the
r.f. strip should work straight away. The d.c. input current
to the final stage can be monitored and should be about
800mA when looking into 50€Q2. Other loads will affect the
p.a. current and in extreie cases may require some sort of
matching transformer.

Poor quality “inactive” crystals will reduce the oscil-
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lator drive level and this may reach proportions where Tr2
will not switch and consequently there will be no output.

The quiescent current of the modulator should be set at
around 50mA by means of VR2. If this adjustment is a
smooth one all is well, but if the current flicks up to a high
value check for amplifier instability. This can be cured by
fitting C16, which also helps to keep r.f. from reaching the
modulator.
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Fig. 3: The component placement drawing of the p.c.b.
showing the ground plane {component) side of the
board.
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Aerial Matching

Most low-frequency aerials in amateur use are unlikely
to present a good S0Q2 match due to their small electrical
size. The following techniques, based on a little theory and
a lot of experimentation, are suggested.

The transmitter filter is quite tolerant of a mis-match—
say 30-80Q—but placing a low impedance load on the
output may violate the d.c. input power requirements. A
really low load will cause the VN66AFs to overheat, but
do not worry if this should occur; adequate protection is
afforded within the devices, and they will merely shut
down.

VFO Operation

Those who develop the transmitter may well wish to
add the facility of v.f.o. operation. This is easily achieved
by feeding the twice-frequency v.f.o. signal, at 2 volts
peak-to-peak, into CS5, in place of the injection from the
crystal oscillator.

No problems with f.m. pulling should be encountered,

- as the v.f.o. and output frequencies are not the same.

Well, now you know how to build and operate your
VMOS transmitter. Incidentally, the VN66AFs should
only cost around £1 each. We hope it brings you
enjoyment. ®
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Changesin

BROADCAST-BAND LISTENING

on Short Waves
Jonathan MARKS

PART 1

If you follow Practical Wireless regularly, then by now
you may have put together or bought a short-wave general
coverage receiver. Tuning around between 3 and 30MHz
it soon becomes apparent that the spectrum is divided into
blocks which are used for various purposes. If you listen
between the frequencies 5950-6200, . 7100-7300,
9500-9775, 11700-11975, 15100-15450,
17 700-17900, 21450-21750 and 25 600-26 100kHz
you’ll hear radio programmes originating from
broadcasting organisations all over the world. These radio
stations are obviously different from the BBC or IBA
domestic broadcast channels that the general public are
used to, since their target audience is often a whole
continent if not the world, rather than a single country or
indeed a particular town.

A first flick through any short-wave (usually
abbreviated to s.w.) broadcast band may prove
disappointing. Many stations seem to be talking in foreign
languages and are all crowded together. The secret with
this hobby though is slow, careful tuning and frequent
checks on “who’s around”. Most stations put out a
magazine-style programme of about half-an-hour’s
duration in a number of languages, and with English the
most common international language there are few
stations without an English section. Indeed many s.w.
stations broadcast specifically to Great Britain and Ireland
every evening with programmes in English.

Station Types

Short-wave broadcasting stations fall into two main
categories. The first group of stations aim to provide their
listeners with news which is unlikely to hit world headlines
(and therefore overseas newspapers and radio bulletins),
yet never-the-less would be interesting to people with a

ABOUT THE AUTHOR

Jonathan Marks is a broadcaster/journalist who for-
merly worked in Vienna for the Austrian Radio Short
Wave Service, becoming involved with the. weekly
SWL news programme ‘“Austrian SW Panorama’,
broadcast world-wide every Sunday. Since returning
to the UK, he has continued to make regular con-
tributions to the programme, and is an active DX
enthusiast
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desire for information on world events and culture. Such
stations are usually given a grant by their government, but
the journalists and broadcasters are given a free hand to
make programmes without government censorship. Hence
the programmes give an objective, often critical insight
into current affairs in the ‘country, the reaction of its
people to world events and a sample of the culture, music
and perhaps even language. Stations in this category
include Radio Finland, the Swiss Broadcasting
Corporation, Radio Canada International, Austrian
Radio, Radio Sweden and the BBC World Service.

In the second category are the government-run stations,
whose main aim is to put over the political views of the
government in power. As a result programming is rather
one-sided, promoting only national achievements and
churning out masses of statistics. That aside, such stations
can be a source of quite fascinating information, and it is
often interesting to compare their version of a news story
with others, either in your national newspaper or on TV.
Such government-run stations include Radio Moscow,
Radio Peking, Radio Berlin International, Radio Tirana
and the Voice of Vietnam.

-

-

A view of the BBC Monitoring Service listening room,
as seen from the console

Photo courtesy BBC
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Austrian Radio studio centre in
Vienna, with s.w. section in
foreground

Photo courtesy ORF, Vienna

Reception Reports

While reading PW’s “On the Air” feature you may have
heard of QSLs and reception reports. These are really
terms adopted by the broadcasting stations from the
amateur radio world, and go back to the early thirties
when many s.w. stations started up. In those days, stations
didn’t know if they were being heard in the target areas at
all, and so in return for a listener sending in a report of
reception (containing details of time, date, frequency and
quality of reception, plus notes on the programme heard
and receiving equipment used), stations would issue a
confirmation card or QSL. This consisted of a picture
postcard with the time, frequency and date of the
transmission heard confirmed in writing on the back.

Many stations still send out QSLs, but since the thirties
there have been a lot of changes on the technical side.
Stations now use very much higher power (many in the
order of 500kW), and because of the existence of
professional monitoring stations, the larger broadcast
stations know exactly how they are being received in
target zones. Thus, as far as these stations are concerned,
listeners’ reception reports are now of marginal interest
and the QSL card is more of a public relations venture
since the reports are not checked. However, the smaller
stations operating in only a few languages (especially
religious stations), still need reception reports from
listeners. They have only a limited budget and very much
lower powered equipment, so regular reports on more than
one frequency remain very important.

How can you judge if the station wants your report?
The answer is to look in an excellent annual publication
called the World Radio and Television Handbook which is
available through most bookshops. It lists all known radio
organisations in the world and where and when to listen
out for them. It will give you a clear idea as to the size of
the station, its QSL policy and the exact address to send
your report to. In general, the smaller the station the more
welcome your reception report, with the exception of small
stations in West and Central Africa and South Amercia.
Stations in these areas use s.w. for domestic broadcasting
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Computer-controlied

switching

gear selects appropriate trans-

mitters and aerials to suit pro-
pagation conditions

Phato courtesy ORF, Vienna

Continuity suite for Radio Sweden.

The cartridge machine on the left

provides multi-lingual station iden-
tifications

Photo courtesy Arne Skoog, R. Sweden

in much the same way as v.h.f. is used in Europe, and
distant reception reports are usually QSLd only out of
courtesy.

Programmes

All international broadcast stations, large or small,
welcome your comments on the programmes heard. Over
the last 10 years, programming standards have improved
enormously compared with the sixties when most stations
were of the “cold war” variety, deadly dull and boring.
Then, the hobbyist could do little but send a technical
reception report. In 1979, though you’ll still find some
pure propaganda stations, most stations in the Western
world (and even a few in the Eastern Bloc) have woken up
to the fact that sheer political fact switches Mr Average
SWL off. Instead you can now find interesting, well-
presented cultural material, whether it be tips on hitch-
hiking across Sweden, eating out in Brussels, getting
around in Tokyo or exploring caves in the Alps of Austria.
Younger - listeners too are catered for, with music
programmes which broaden one’s outlook on the pop
music scene and enable one to get world-wide contacts. It
is also important to point out that listeners who provide
stations with critical constructive comments are well
respected by the editorial staff.

Who listens to these international s.w. programmes? In
the UK, s.w. broadcast listening is not widely known.
Radios sold today in the average British hi-fi shop have
no facilities for s.w. listening, but this is not the case in
other parts of Europe. In West Germany or Finland for
example, thanks to publicity of SWL clubs and the
availability of suitable sets, SWL means more to the man
in the street. There are signs though that the UK may be
catching up on its European neighbours, as good s.w.
receivers become cheaper thanks to integrated circuits,
and digital readout eases the tuning problem. Also. with
more holidays being taken abroad, people like to keep in
touch with countries they’ve seen. In the USA and
Canada, s.w. is catching on simply because listeners are
fed up with their local station full of commercials, time and
weather men and rip-and-read news.
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The more factual style of s.w. is also important in the
developing countries, where radio is very different to
Europe. There is usually no v.h.f. or m.w. service, and s.w.
radio is the only means for the government to reach
listeners in its own country. Thanks to ionospheric
propagation though, signals from other countries (e.g. in
Europe) can also reach developing countries. The BBC’s
African Service for example, thanks to a network of on-
the-spot correspondents, provides a very fast, accurate
picture of what is going on in Africa for African listeners,
often before the national radio station reports it. Of course
politics comes into play here. Many stations in the
Western world beam vernacular programmes towards a
developing country which disagree with what the national
government station in that country is saying; something
which often worries the latter if it is trying to influence its
population.

Local Stations

Most stations in Latin America broadcast on the 60
metre tropical s.w. band (4750-5060kHz) instead of
medium waves, which are full of static due to tropical
thunderstorms. Propagation is such that from about
midnight until dawn in the UK you can hear these stations
broadcasting to their local population: an excellent insight
into Latin America with wide opportunities to study the
language or simply enjoy the music. Such small stations in
the jungle run on a shoe-string and provide amusing
stories for those who’ve visited them.

The official time signal on one station in Peru for
example, turned out to be made by a simple audio
oscillator triggered by the DJ watching the second hand
on an ancient clock. A station in Bolivia came up on the
wrong frequency for over a month because the station
engineer had plugged in the wrong crystal. Similar stories
come from Asia where the national station in Nepal
sometimes comes on the air late when they forget to switch
on the carrier of the transmitter. All this added together
makes for a fascinating hobby.

The secret is to know when and where to look. One of
the best ways is to contact one of the UK Broadcast DX
Clubs as well as reading “On the Air”. In addition stations:
themselves put out SWL programmes to assist listeners,
for example: Sweden Calling DXers (Radio Sweden),
World Radio Club (BBC World Service), Austrian SW
Panorama (Austrian Radio), World DX News (AWR,
Portugal) and DX Juke Box (Radio Nederland) to name
just a few. In addition, an organisation exists in the UK,
called the Handicapped Aid Programme, to help introduce
this hobby to the disabled. Undoubtedly, broadcast
listening can open up new horizons for a person who is
house-bound, and no licence is needed.

Finally, if you would like to combine your hobby with a
holiday, then you might consider joining a DX camp for a
few days. These take place during the summer months in
Austria, West Germany, Sweden, Finland and, starting in
1979, in the UK. These meetings offer an excellent chance
to try out new equipment and antennas as well as meeting
fellow DXers and SWLs. Such camps are often co-
ordinated under the European DX Council which acts as
an umbrella organisation for European clubs and has a
number of useful publications for broadcast band listeners.
Meetings on a local basis also explode the myth that a
typical SWL is someone who hibernates in his shack, to
find friends all over the world but none in his own country!

CONTINUED NEXT MONTH

PW Imp 3-Waveband Receiver May 1979

The details of the extra windings to be added to the
coils were unfortunately omitted from Figs. 5 and 6.
They are given below.

Green Coupling

= %

Additional reaction windings. 38s.w.g. enamelled cop-
per wire. 8-9, 2 full turns in sense shown above; 11-
10, 2 full turns in sense shown above. Note that the
coils should be on the rod as shown so that the
windings are in the same direction from the ‘live’ ends
{1 and 3).

([}

{(WAD338] 3

Reduce winding 5-7 to 2 turns. Add 12 turns of
38s.w.g. enamelled copper wire on top (3-4) in direc-
tion shown above.

Wa033g

S

b

VISIT THE PW STAND AT

UNICOM 21

22-23 JUNE

SEE OUR NEWS PAGES
FOR FULL DETAILS

52

Practical Wireless, July 1979



SPECIAL
PRODUCT
REPORT

RADIO

YAESU

GENERAL
GOVERAGE

REGEIVER

There are many types of communications receivers currently
available, the choice of which is initially determined by
where the.user’s interests lie. General-coverage receivers, as
the name implies, cover a range of frequencies which
include broadcast bands, amateur bands and other
communications channels, and the Yaesu FRG-7 falls into
this category.

On the other hand, if only the amateur bands are required,
then receivers for this purpose, offering a greater
bandspread over these frequencies, are available.

In both instances, the tuned frequency may be displayed
by ‘“conventional” analogue means, or a digital readout,
which gives the tuned frequency in iluminated digits.

The FRG-7 tested by PW was already fitted with a digital
readout when supplied by SMC Ltd. This is an option which
can be retro-fitted to existing FRG-7s and replaces the
original dial unit with a 41-digit red l.e.d. display. The digital
display indicates the kilohertz part of the frequency to which
the receiver is tuned, while' the megahertz part is set using
the original MHz knob in conjunction with the “Lock”
indicator lamp and the "'‘Band” switch.

A Preselector control is provided which enables the r.f.
circuits to be tuned for optimum signal. This control operates
a vertically mounted drum which has four bands marked on
it. The Band switch selects the basic range over which the
Preselector and MHz controls operate, at the same time
illuminating the appropriate preselector band.

The t'Lock" indicator lamp is extinguished when the MHz
tuning control is correctly set to mid-band.

The main tuning control is fitted with a large diameter
handwheel knob which has a large felt washer fitted behind
it to provide a measure of friction although by no stretch of
the imagination could the control be described as flywheel.
The fine tune control is fitted just to the right of the main
tuning knob and was positioned too close to the main knob
for comfort. It proved to be annoying when, after getting the
main control set, operating the fine tune meant that one's
thumb or index finger caught the large knob putting the set
off tune. The fine control also seemed to be much too coarse
in operation making precise adjustment of setting, so
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essential for successful s.s.b. listening, very difficult. In fact
with an adjustment of +6kHz over 180° swing it was only
four times better than the main control and it was almost as
easy to set the tuning using only the main control and
ignoring the fine one. As supplied the fine control operated
in reverse to the main control but this was easily altered by
slackening the grub screw of the knob and turning the knob
through 180°.

An input attenuator is fitted with a three position switch
labelled DX, NOR, Local. The handbook indicates that in the
DX position a station which is swamping the set can be
attenuated to enable a weaker distant station to be received.
We were not able to verify this as in the Bournemouth area
no signals seemed strong enough to overload the front-end.
All the attenuator seemed to do was cut down the signal
strength, so the set was operated with the attenuator in the
normal position.

The Tone switch changes the audio response of the
receiver and has three positions, 250Hz to 3kHz, 400Hz to
2.5kHz and 250Hz to 1-5kHz.

The other front panel controls fitted are a volume control
and the Mode switch. A horizontal scale S-meter is fitted
above the tuning dial. The dial lamps can be switched off
independently of the main power, which cuts down on
current drain from the battery pack when running from
batteries.

The audio output, rated at 2 watts, is not hi-fi but is
presentable and enables the receiver to be used on the
broadcast bands.

A pair of phones can be used instead of the speaker fitted,
the phone jack being on the front panel together with the
jack for the record output.

The performance of the FRG-7 on a.m. was excellent with
a very good single-signal response. However, on s.s.b. and
c.w. the set lacked selectivity with the standard filters.
Alternative filters are available as optional extras but were
not tried in this test.

Three sockets are provided on the rear of the case for
aerials. Two of these are push-type terminals for long-wires
while the third is a SO0239 socket for use with a coaxial type

55




The FRG-7, in common with many other contem-
porary communications receivers, employs the Wadley
Loop, triple-conversion superheterodyne system. This
offers a number of advantages in terms of perfor-
mance.

A high first intermediate frequency can be used, in
this case around 55MHz, giving good image (second-
channel) rejection. The problems inherent in achieving
satisfactory frequency stability in the first oscillator
(“MHz Set”), which must operate in the v.h.f. band
and tune over a range of some 30MHz
{55.5-84.5MHz), are overcome by mixing its output
in twice, so that any errors due to drift are self-
cancelling.

As shown below, this is done by mixing the first
oscillator output with a spectrum of harmonics from a
stable 1MHz crystal oscillator. The product at
52.5MHz is selected by the Band-pass Filter and
mixed with the 1MHz-wide band of signals coming
from IF1 to translate them to the band 3-2MHz for
IF2.

The output of IF2 is mixed with the output of the
“kHz Set” oscillator in ‘Mixer 3. Because this oscillator
operates at a reasonably low frequency, and over a
band just one megahertz wide, it is not too difficult to
make it adequately stable. The output of Mixer 3 is at
455kHz, and is passed to a conventional i.f.
filter/amplifier chain, detectors and a.f. stages.

THE WADLEY LOOP

Because there are no conventional band switches
other than in the r.f. preselector stage, problems due
to varying contact resistance in the oscillator circuits
(a common cause of instability) are eliminated.
Because the whole range of 0-5-30MHz is tuned in
bands 1MHz wide, the tuning resolution of the
receiver is the same at 1MHz as at 30MHz.

Disadvantages of the system are the large number
of mixing stages employed, calling for careful screen-
ing and filtering if spurious products are to be kept
low, and the need to design efficient filters operating
in the v.h.f. band, for IF1 and the Band-pass Filter.

The actual frequencies adopted in the early stages
of receivers using the Wadley Loop principle vary be-
tween different models; those shown here are as
used in the FRG-7. Anyone checking the sums for
themselves may wonder about the fact that the “MHz
Set” oscillator tunes down to 55-5MHz, which is
within the passband range of IF1, inferring that the
receiver will tune down to zero frequency! In fact the
lowest band is cut off at just below O0-5MHz by
the response of the r.f. stages, and on that band, the
signals passed to IF1 are limited to 55-54-5MHz and
those in IF2 to 2-5-2MHz. The “kHz Set” oscillator
only tunes over 2955-2455kHz on this band. In many
Wadley Loop receivers, |IF2 is fixed-tuned with a
1MHz passband, but in the FRG-7 it is tuned in step
with the “kHz Set” oscillator.

555 3~v
54:5 MHz ZMHz 455kHz
RFE Stages  Mixer 1 LF1 Mixer 2 LF.2 Mixer 3 LE3
I ¥ S s To Detector
= ] = TR YN e N - e\ |—umeand audio
0-5~30MHz o ~e e W) stages,
L
B1g¥ o 3 55
"MHz Set’y C’) 325 MHz Bz 3% \'\’ 2458 kiz
3"32MHz S25MHz
L ~
‘MHZE [ b
TN s Block diagram of the
Xtal osc/ Pre Mixer Band pass Wadley Loop as used in
Harmonic  gen. {liter the Yaesu FRG-7 receiver

feeder and this is electrically common with the push terminal
labelled SW1. This can cause confusion since the coaxial
socket is labelled SW1 on the circuit diagram, SW2 on the
receiver back panel and to add to the confusion a label
immediately above the aerial sockets gives the ranges as
SW1, SW2, SW3 and SW4,

The handbook provided with the set was generally good,
with an adequate circuit description, a full circuit diagram
drawn reasonably well and very legible, a block diagram of
the set and a comprehensive components listing.

The operating instructions were generally good but there
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were some omissions. The English was very good for a
Japanese model with none of the usual funny sentences
which seem to occur during translation from the original.

Maintenance and alignment information together with a
voltage chart and p.c.b. component layout drawings should
help if it is ever necessary to overhaul or repair the set.

As well as the operating manual, the FRG-7 is supplied
with two lengths of copper flex for use as aerials, all the
necessary plugs and two spare fuses.

The maker's guarantee is for twelve months but does not
include the semiconductors.
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THE COMMUNICATIONS RECEIVER THAT
HAS IT ALL . ..

FRG-/

The finest general-coverage synthesised
communications receiver on the market

£210.00nc.var

Also available from us with special 2m
converter, all for just an extra £17.00

*

Phone for details of current stocks,
both new and secondhand

*

AMATEUR RADIO EXCHANGE
2 Northfield Road, Ealing, London, W.13.

Tel: 01-579 5311
Easy terms up to Credit Card Sales Closed all day
‘2 years by Telephone Wednesday

DATONG
ELECTRONICS
LIMITED

MODEL D70

INSTANT MORSE PRACTICE
Imaglne the convenience of having your awn source of sccurste Morse
for instant receiving practice anywhere ot any time

The Datong MORSE TUTOR produces digitally a random stream of five
chamcter groups at variable speed and with variabls extra spacing
between letters. You can select letiers or numbers or @ mixture and un-

tike records or tapes, the sequenca naver repeats.
Advanced CMOS clrcuitry gives long life from internal 9 voit battery
{PP3), Suppliad ready to use, only £37.00 plus VAT (£41.62 total)

MODEL UC/1 UPCONVERTER
“GOOD GENERAL COVERAGE RECEIVERS
COST A FORTUNEI"
True . . . but if you already own a gooad quality ten-metre or two-metre
receiver or transceiver you are only £118 awey from a really high perfor-
mance genasral coverage receiver. Just sdd the magic Ingredient,

— MODELUC/1 from DATONG!
3 iy You gat full coverage in thirty synthesised 1 MHz segmenta from 60kHz
(Rugby MSF) to 30MHz, at high sensitivity snd with all tho facilities and

high performance of your existing rigl

For good measure UC/1 also adds two-metre coverage 1o ten-metre
receivers,

Power raquirements: 12v, 120 M.A.

Price: £105.00 plus VAT (£118.13 1ot}

MODEL AD 170 ACTIVE ANTENNA

“A GOOD RECEIVER DESERVES A
GOOD AERIAL”
For sensitive reception right through
from MSF at 60kHz to Band 1 TV
DX arcund 50MHz. without the
need for an antenna farm, MODEL
AD170 has no adjustments and
needs no exiernal tuning units.
Althaugh only three metras long,
MODEL AD170 has the same ditec-
tional properties as a full size dipole,

svan at BOkHE.

Price: £29.50 plus VAT (€33.19 total); Special prico complete with mains power unit: £33.00 plus VAT

{£37.13 101a)}

Full data sheets available on reguest.
Contact: DEPT: P.W.7, DATONG ELECTRONICS LTD.,
Spence Mills, Mill Lane, Bramley, Leeds LS 13-3HE.
Tel: (0532)-552461

FRG7 Communications Receivers
Qurs are Better ...

——— -

... Why?

£210inc vat*
and Securicor delivery

PLUS

FREE: HEADPHONES
SHORT WAVE AERIAL

SAEFOR COLOUR BROCHURE

*Price correct at 8th May,
We’ve been selling this receiver now for more than two years and, as value for money,
its pretty difficult to beat. It’s been our pleasure to introduce many hundreds of
customers to the fascinating hobby of short wave listening and as the first step to
obtaining their amateur radio transmitting licence. So why are our FRG7’s better?
Well, as enthusiasts as well as retailers, we’re pretty fussy on the receiver performance
and with mass production, limited factory alignment time and a journey of 6,000 or so
miles, the untested, boxed item may not be giving its best performance.
That’s why every unit we sell is first checked in our well equipped service department
for sensitivity, stability and mechanical soundness, In fact, the test equipment we
employ for this task alone costs over £5,000! Once we are satisfied that the receiver
performs to specification, we despatch to you via Securicor for safety and speed.
Maybe we are a little more particular than most retailers, but that way we tend to get
more satisfied customers.
For those of you with Barclay or Access cards you need simply telephone us, quoting
us your number and address, and your receiver will be despatched by return.

The Complete Ham Radio Centre:—

WATERS & STANTON
ELECTRONICS

31, SPAROAD, HOCKLEY, ESSEX. TEL. 03-704 6835
Opening hours Mon-Sat. 9 a.m.-5.30 p.m. Exc. Wed. 1 p.m.

s E M BOX 6, CASTLETOWN,
“"HL B ISLE OF MAN.
TEL. MAROWN (0624) 851277

JOIN THE THOUSANDS OF OTHERS WHO HAVE IMPROVED
RECEPTION SENTINEL STANDARD FET 2 METRE PRE-AMPLIFIER
Ultimate performance pre-amp with a 1dB N.F. selected FET
and 18dB gain. 12V nominal (9-15V) at SmA.

£10.85. 70cms, Satellite and Marine Band also in stock.
SENTINEL AUTO 2 METRE PRE-AMPLIFIER

Same performance as above with an r.f. switch so that the unit

can be left in the tranceiver aerial lead and transmitted through.
£17.35.

SENTINEL H.F. WIDEBAND PRE-AMPLIFIER

Covers 2-40MHz. 15dB gain. Ideal for receivers where gain
falls off above 20 metres. Weak signals e.g. OSCAR. When
used with a short aerial acts as an ACTIVE aerial.

£9.00.

SENTINEL AUTO H.F. PRE-AMPLIFIER

Same as above but with a relay for transmitting through, or to
give straight through operation when switched OFF.

£12.94,

For further details on our SEM. Z Match A.T.U., Power
Amplifier/Pre-Amplifier, Converters and Transverters do ring
or write.

ACCESS/BARCLAYCARD/VISA or C.W.0. All units in
stock. 12 months guarantee. Prices include VAT and delivery.

Practical Wireless, July 1979

57




% specifications

Mode: AM; SSB: (USB, LSB); CW
Frequency range: 0-5MH2-29-9MHz

Sensitivity: SSB/CW better than 0-7uV for 10dB S/N
at 30% modulation

Selectivity: 3kHz — 5dB
7kHz — 50dB

Frequency stability: Within 500Hz during any 30
minute period after warm-up

Input Impedance: 0-5MHz — 1.6 MHz High
. Impedance
1.6MHz — 29-9MHz 50-75Q
unbalanced

Output Impedance: 4Q2
Audio Output: More than 2 watts

Power requirements: 100/110/117/200/220/234V
: a.c. 50/60Hz or 13-5 d.c.
Negative ground

Batteries: Type UM-1 x 8

Dimensions: 340 x 153 x 285mm

Waeight: 7kg without batteries

The standard of engineering is excellent as can be seen
from the photograph of the inside of the set we tested.

The receiver was subjected to several air-tests, using a
variety of antennas, ranging from a 132ft long wire to a
multi-element rotary beam. On the broadcast bands the
receiver performed very well indeed and the s.s.b. capability
for amateur reception was also quite good. (The latter mode
can be quite dramatically improved, incidentally, by the
inclusion of the mechanical fiiter, produced for the FRG-7 by
Ambit International.)

The Wadley Loop provides a good degree of stability in
the receiver. This is especially necessary for acceptable
sideband resolution—at 29MHz, for the receiver to remain
within about 25Hz of the tuned frequency, a stability factor
of about one part per million is called for. Long-term stability
is perhaps less important to the amateur than stability in the
short-term, and the FRG-7 performs quite well in this
respect. However, since the Wadley Loop system involves
multiple conversion, it is difficult to achieve a wide dynamic
range, a problem which is overcome to some extent in this
receiver by the use of a balanced mixer.
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Internal view of the Yaesu FRG-7

Used in conjunction with a 400 watt p.e.p. transmitter,
the receiver performed well. Many contacts were made with
W, VK, ZL, ZS and so on, some of these on a simple end-fed
long-wire antenna. Copy on the h.f. bands was good, but on-
the more congested frequencies—such as 40m—it was
often felt that a little more selectivity would have been nice.
Still, “You pays your money . . . " as the old adage goes, and
the FRG-7 represents particularly good value.

A 2.-4kHz mechanical filter to improve the s.s.b.
performance is available from Ambit International, 2
Gresham Road, Brentwood, Essex, priced at £15.30 (inc
VAT). We understand that a Yaesu approved s.s.b. filter may
be available from SMC in the very near future.

Prices

Basic FRG-7 receiver £210-37

FRG-7 receiver with digital readout £270-00
Yaesu approved digital readout (SMC) £56-25
(All prices quoted include VAT and carriage)

The FRG-7 receiver reviewed was kindly loaned by South
Midlands Communication Company Ltd., Osborne Road,
Totton, Southampton SO4 4DN. Tel: 04216 7333, and we
would like to thank them for their invaluable assistance in
this respect.

NEXT MONTH WE REVIEW THE
LOWE SRX-30
RECEIVER
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C.B.ELECTRONICS

UNIT 3, 771 ORMSKIRK ROAD, PEMBERTON, WIGAN, WN5 BAT
Telephone: Wigan (0942) 216567

THEBESTINTHE NORTH-WEST
The Communications Receiver that has it all

FRG-7

£210.00incl. VAT + £2.00 p&p./ins.

Also available from us with Microwave Modules converter all for just an extra

£20.25
All orders dealt with promptly by Mr. Jack Stephens G3LR8

— Wertern

THE COMMUNICATIONS SPECIALISTS
EVERYTHING FOR THE RADIO AMATEUR

L LN

( YAESU FRG- 7000

The New Performance $ din Co
A high guality general g iver for the di
diton as a second receiver for the transmitting amateur.
How often have you wanted a true general coverage receiver of this calibre but been
put off by the price.

The FRG-7000 is a cost-effective answer to your prayers.

# Fuli and continuous coverage 250kHz to 29.999MHz % Operation on SSB/AM/CW
Switched selectivity and fine tune control for maximum efficiency on $S8 % Accurate
digital frequency readout to 1kHz, using advanced CPU techniques # Built-in digital clock
with facilities for setting two time zones (GMT and local), selected at the flick of a switch %
CPU controlied timing clock switches iver on or off at ps l times; also enables
control of external unit such as tape recorder % Wadley loop circuitry for minimum drift and

ing SWL and a worthwhile ad-

bandswitch and preselector.

Send large SAE for further details of this and other equipment — or use

our Answerphone after hours.

£329 )

maximum stability % Simple and accurate frequency selection; easy-to-use colour coded )

Wertern Electronics (un) Ltd

lI':CEAD OFFICE (All Néail/Enquiries) AS?SE,ES
AIRFIELD ESTATE
LOUTH, LINCS, LN11 0JH S

Tel: Louth (0507) 4955/6

SOUTHERN VALVE CO.  Sewoisnsrmenss o nor>

Telephone 01-440/864 CALLERS BY APPOINTMENT MINIMUM ORDER 80p

Some leading makaes available. VAT invoices issued on request.
BVA valves do NOT carry any guarantee, Enguire prices.
Some Mullard Mazda avallable at extra cost.
NOTE. PLEASE VERIFY CURRENT PRICES. Correc B2p- at time of going to press.

DY802 55p |EF89 75p |PC86 80p [PCFB805 £1.75|PLB1A 70p [UBFB9 50p
ECC8% 60p [EFi83 55p |PC88 80p|PCFB06 75p|PL83 46p [UCC8B5 55p
ECC82 63p [EF184 55p |[PC97 75p [PCF808 £1.75|PL84 50p |UCH81 60p
ECC83 63p |EH90 60p |PC300 65p |PCLB2 6(5)8 Fp’tfsygg} £1.20 |UCLE2 75p

ECC85 63p [EL34 £2.00|PCC84 35p(PCL83 £1 UCL83 95p
ECH81 55p |EL84 52p (PCC85  63p|PCL84 70p|PL508 £1.75 |UF8S 55p
ECH84 85p (EL509 £3.00 |PCC89  50p|PCLBOS 85p PLS0S £3.05 (UL41 95p
ECL8O S52p (EM84 90p (PCC189 55p|PCL8S PL519 £3.30 (UL84 30p

ECLB2 65p|EY86-7 48p IPCFB0  80p|PCL8E 85p| PLBO2* £2.90 [UY85 60p

We offer retum of post service. CWO ONLY, No C.0.D. MANY OTHERS
Post free over £25. £6 to £25—80p {max.) AVAILABLE

ltems in stock at time of doing to press but subject to ssible _market fluctuations
if unavoidable. Min. order 80p.

STOP PRESS! One valve post 15p, each extra valve 6p. Large valves 2p each extra.

STOCKISTS UHF  \yine BAND MAX 75p. LISTS AND ENQUIRIES. S.AE. PLEASE!

“"MICRO" AERIALI E2
SIZE 13"x3" only £3-70p incl. ALL PRICES INCLUDE VAT @ 124%. 40/41, 70p each

ENQUIRIES WELCOMED FROM TRADE and RETAIL {same prices)

DY86/7 55p {EF86 55p |GYS501 £1.40|PCF802* 95piPL36  £1.00 PYS00A £1.80

ECL86 72p | EY500A£1.60 {PCF86  60p [ PCL200 £1.45|PY88 90p (U25 60p,
EF80* 42p |EZBO 43p {PCF200 £1. 58 PD500Q £3.70{ PYS800 70p {U26 60p
EF86  45p |EZ81 45p |PCF801  60p | PFL200 £1.35! PY801 70p
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Can YOUR Antenna
do all this?

A SMALL SELECTION FROM OUR HUGE FILE OF TESTIMONIAL
LETTERS ON THE JOYSTICK VARIABLE FREQUENCY ANTENNA
(-5—30MHz).

G4DJY's COPY LOG shows 68 North Americans worked in the ARRL W/VE con-
test.

WETYP worked WABJPR over hundreds of miles on 40m. using the JOYSTICK
VFA and MICROWATTS “equivalent to 1,000,000 MILES PER WATT'—AWORLD
RECORD-—we can supply conclusive evidence |

“I have used Rhombics, 4 x § waves in phase, centre fed dipoles, etc., but the
success | have had with the V.F.A. has been AMAZING. . . . only 20ft. high . , . in front
of my mobile home, | NEVER RECEIVE LESS THAN R7 AND MOSTLY RS ON CWDX
WORKING—8ob Green, SUIKG/G3APH, W.8.E., W.A.C. Phone and CW.

W70E, U.S.A. Government Electronics Engr. (retd.), claims “VFA 6ft. below
ground, same asdipole, elevated 15f1.,one “S" point UP on dipole.”

IN USE BY AMATEUR TRANSMITTING AND SWL STATIONS WORLD-
WIDE AND IN GOVERNMENT COMMUNICATION

JOYSTICK ANTENNAS
SYSTEM “A” £41.00

200 w. p.e.p.
OR for the SWL

SYSTEM “J”

500 w. p.e.p.
(lmproved ''Q’’ on receive)

£47-95

“"PACKAGE DEALS"

COMPLETE RADIO STATIONS FORANY LOCATION

All packages unclude the JOYSTICK VFA {System '‘A’’) Bft feeder, all necessary
cables, Dellvarv Securicor our risk.
ASSEMBLED IN SECONDS. You SAVE £14:15 6n each PACKAGE DEAL!

£222.-00
£237-45
£212-45
£402.-00

PACKAGE No. 1. Features R.300 Rx.
PACKAGE No. 2. Features FRG7 Rx.
PACKAGE No. 3. Features SRX30 Rx.

PACKAGE No. 4. Our “Rolls”"—Rx. FRG7000.

RECEIVERS ONLY

£184.50 FRG7 £199.95
£174.95 FRG 7000 £364-50

R.300
SRX 30

All prices are correct at time of going to press
and include VAT at 124% and carriage.

Just telephone
BARCLAYCARD| your card number

v | Phone 0843 62535(ext.5)
“ ‘ (or 62839 after

— office hours)

or write for details, send 9p stamp

HR TR/I0G,

BROAGE 13108 ¥EN" {9, N

LECTAONICL=]

5, Patridge House, Prospect Road, Broadstairs,
CT10-1LD. (Callers by appointment).
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Everymonthisthe |
rightfrequency

When you're building a major project from.a PW design, ’ j
you want to be sure of getting every issue in sequence !
Use this order form for a year’'s supply to be posted to

you. .
ANNUAL SUBSCRIPTION RATES (including postage\}\

and packing) U.K. £10.60.0Overseas £10.60.

practical

WIn[lEss SUBSCRIPTION ORDER FORM

Please send me Practical Wireless each month for one year. | enclose
(armount).
PLEASE USE BLOCK LETTERS

NAME Mi/Mis/Miss_ S —

ADDRESS__ e ’ . = —

T
)
[

POSTCODE

Make your crossed cheque/MO payable to IPC Magazines Ltd., and
post to: Practical Wireless, Room 2613, King’s Reach Tower, Stamford

r
I
|
I
| a Sterling cheque/international money orderfor.............
|
|
|
l
I

Street, London SE1 9LS.

NUMBERS WITHOUT TEARS

Continued from page 37

should not be taken to Vss via any wire connecting the
c.m.o.s. to Vss. When Tr2l is switching a full 140mA,
some very strange arithmetic may be evident from the
counters if some of the wiring to Vss is common! Anyone
contemplating a’p.c.b. design is especially warned of this
point.

In order to make the touch plate as mechanically simple
as possible, a 6BA cheeseheaded bolt was mounted on
(but insulated from) the metal front panel and recessed so
that the head was flush with the panel. The entire box was
earthed and connected to the mains transformer screen,
and connected to Vdd via R26 (see Fig. 6).

In this way, a finger placed on the head of the bolt must
also touch some of the surrounding painted panel, and this
provides sufficient base current to operate the Darlington
pair, Trl and Tr2. The instrument is thus electrically safe
while providing 100 per cent reliable touch operation of
the swept-frequency clock.

Fault-finding

It may be found that, on closing S1, the clock does not
run. Decreasing R4 to 82kQ will solve the problem.
Similarly, in the swept-frequency mode, it may be found
that the clock is still “ticking over” even when C2 is dis-
charged. Increasing R1 to 47kQ) should stop the clock.
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These problems arise because of the 5% tolerance resistors
used to derive quite a precise voltage at point A (Fig. 2).
The author has not found this to be a problem, but theory
shows that it is quite possible.

The mains switch, S5, is a d.p.d.t. slider switch mounted
on the side of the box adjacent to the top of the front
panel. It is thus normally out of sight, reducing the tempta-
tion to tamper with it.

Summary

This instrument is designed to appeal to children of 24
years upwards. The visual effects produced by it are plea-
sant and interesting. There are switches to use, buttons to
press, a knob to turn, and a touch-controlled flywheel dis-
play. It aids in the teaching of rapid number recognition
and matching, without obviously being a “teaching” toy.

It can also be used as a die for other board games when
the numbers themselves have become of secondary impor-
tance.

With a little judicious help, the child will soon grasp the
cyclic nature of counting in the decimal system—the
progression from single-digit numbers to dual-digit num-
bers, the second (tens) digit being the number of complete
revolutions of the flywheel, the first (units) digit being the
number at which the flywheel stops.
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Microprocessor
Miscellany

People have long been chanting that
microprocessors are going to end up in
“everything”. One of the latest applica-
tions to reach my ageing eyeballs is in
typewriters. The new ET 221 for exam-
ple is not the established “golfball” but
a "'daisywheel”. Built-in is a 280-based
system that uses a number (note: not
just one) of 8-bit, single-chip
microcomputers. To be sold in the US
for under $2000, this new wonder-

writer has a 20-character display for.

showing what you've been typing in
Jine at a time. It can also store lines and
page formats too, so it appears to be
bordering on a form of word processor.

Another microprocessor application
to loom is in controlling motors. When
one considers that there are virtually
millions and millions of motors in so
many different applications, the enor-
mous market becomes apparent.

There are some very good reasons,
too, for using microprocessors in this
application. The first is that old
chestnut—money. For example, many
motors rely on costly feedback loop cir-
cuitry required for close speed control.
It has been claimed that just over £1
worth of digital chip can replace £5
worth of analogue circuitry to do the
same job. The microcomputer can also
do far more than adjust speed. For ex-
ample, it can check the motor current
against a table of maximum values
which it holds safely stored in its ROM.
This very same ROM can contain a
program that limits both the instan-
taneous and surge currents drawn by
the motor at any given time. This,
besides offering a safety factor, also
allows the manufacturer to use smaller,
and probably cheaper: motors to do
exactly the same job.

Big Bang Theory

A few Ginsbergs ago | mentioned
Lithium batteries. They appeared to
offer advantages, but | now hear of
disadvantages—Ilike they explode.
Perhaps not all Lithium batteries do
this, but it is reported from America

INI

]

5

that the powerful Federal Aviation
Administration has ordered that
Lithium-Sulphur-dioxide batteries must
be removed from emergency aircraft
locator transmitters within 30 days.
Apparently half a dozen or so reports
were received of LiSO, batteries
exploding. Some 6000 aircraft in the
US carry equipment that uses LiSO,
batteries.

Mon Dieu

| note with great interest that a
British company has come up with an
i.c. certain to cause a linguistic stir. By
adding it to your teletext/viewdata
decoder set, you can have the potential
to display the whole lot in one of 28
different languages—Ha so! Perhaps
you don’t get the whole 28 in one go,
but an order has-already been received
for the chip from across the pond in
Canada, where the new i.c. is to enable
delighted viewers to see viewdata
information in a 20-row format (32
characters/row) in English and French.
Had this happened when de Gaulle
was in office, the designers would have
been given the Legion of Honour and

free wine for life. How about it,
Giscard?
Stable Arrays

And pleased | am, too, to tell of
another British achievement. A well-
known establishment has come up
with a new way of addressing twisted
nematic liquid crystals. The liquid
crystal display matrix can be driven
continuously over the whole of its
area and thus the annoying flicker
associated with multiplexed arrays is
eliminated.

Complementary m.o.s. (CMOS)
powered by only 15V is used to drive a
100 x 100 matrix at around 5kHz.
Researchers believe that 1000 x 1000
element arrays are possible. This,
coupled with the low voltages and

flicker-free display,” could have great

impact on the small screen TV and
scope development. A pocket
oscilloscope  with a power
consumption of, say, 500mW becomes
a reality.

A REVIEW OF RECENT DEVELOPMENTS
In general, the author does not have any more
information on products than appears in the article.

Bye-Bye Noise

The Dolby system of noise suppres-
sion in audio and hi-fi equipment is
now very well entrenched. But a
German company has arrived with an
alternative—and the claims are that
it's better, too. The new system is
called High Com and it claims to be an
improvement over the Dolby system in
two areas. The first is that it removes
an extra 10dB of noise. It is also said to
perform this kind act over the audio
spectrum—that's 30Hz to 20kHz, not
just over a narrow band.

The immediate area of obvious im-
provement is at the I.f. end. The Dolby
system starts to be effective at around
300Hz, so it isn't so effective against
our old audio enemy “mains hum" at
around 50Hz. The name High Com
derives from “high fidelity compander”
and during compression the lowest
level signals are amplified. Thus any
noise that is picked up or contributed
by either the storage medium em-
ployed or the actual transmission path
finds the amplified signal that much
stronger and therefore that much
higher above the noise level.

The immediate application for such a
device is in consumer audio goods and
it is rumoured that some 20 European
electronics manufacturers are very in-
terested indeed, as are four of the big
Japanese producers. One claim is that
when the High Com was used on an
audio cassette tape recorder, the
measured noise was found to be no
less than 20dB down. The magic i.c.
that helps achieve all these wonderful
things is designated U401B and it
comes disguised in a 24 pin d.il
plastic package. It has been suggested
that the new device could be very
usefully employed in radio and televi-

“sion. Although it will cost a little more

than the Dolby counterpart-at present,
volume production will doubtless bring
the prices tumbling down. Please note:

you cannot buy one yet.

)
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ENSIVE

electronic
voltmeter

Most multi-range meters offer a rather mediocre perfor-
mance on the a.c. voltage ranges. The Avo 8 MkIV, which
has long been one of the writer’s favourite test instruments,
exhibits an internal resistance of only 250 ohms on the
most sensitive (2-5V) a.c. range. This is clearly very un-
satisfactory regarding sensitivity and circuit loading when
measurements are to be made on today’s electronic cir-
cuits. The instrument described was therefore developed as
a replacement for the Avo on the a.c. voltage ranges and it
offers the advantages of a IMQ constant input impedance
on all ranges and a frequency response which is substan-
tially flat from 10Hz to well over 100kHz. Six voltage
ranges are provided, with a maximum sensitivity of
100mV r.m.s.

The unit uses low cost readily available components
and can be built for an outlay of around £10. Battery con-
sumption is minimal and a small 9V battery will provide
for many hours of operation.

Circuit Operation

The a.c. voltage to be measured is applied to a switched
potential divider, R1 to R6. The range is selected by S1
and capacitor C1 is used ta remove any d.c. level present
on the input voltage. R7 provides a measure of protection
for the field effect transistor, Trl, and C2 provides a
degree of high frequency compensation. Tr1 operates as a

M.TOOLEY BA G8CKT

source follower and exhibits an extremely high input
impedance (greater than 100M€Q) thus minimising the
loading effect on the potential divider. Trl provides a
voltage gain of slightly less than unity, the output voltage
being developed across R8.

Silicon transistors, Tr2 and Tr3, form a two-stage high-
gain amplifier. Both transistors are operated in the com-
mon emitter mode. The amplifier incorporates three feed-
back loops which help to ensure unconditional stability, a
wide operating bandwidth and a high degree of linearity.
Stabilisation of the transistor bias is provided by means of
direct current feedback from the emitter of Tr3 to the base
of Tr2 using R9. C4 provides negative feedback in the
second stage of the amplifier. This helps reduce any ten-
dency to oscillation at high frequencies and also ensures
that the frequency response “rolls-off” beyond a few hun-
dred kilohertz. VR1, the emitter resistor of Tr2, is used to
set the overall voltage gain by controlling the amount of
negative feedback present.

Germanium diodes, D1 and D2, from a voltage doubler
rectifier arrangement. The arrangement of C6 and C7
provides a means of reducing the surge current through
the meter movement during switch-on. Silicon diodes, D3
and D4, provide a “last ditch™ protection for the meter
movement by offering a shunt path to current when a
600mV voltage drop of either polarity appears at the
meter terminals; this corresponds to an eight times
overload.
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Fig. 1: Circuit diagram of the a.f. electronic voltmeter
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Construction

The impedance converter and the amplifier circuit are
constructed on a p.c.b. The circuit board layout is shown
in Fig. 3. The range selector switch, S1, is mounted on the
front panel of the instrument together with the meter
movement, power on/off switch, l.e.d. indicator and input
sockets. The potential divider resistors, R1 to R6, are most
conveniently wired directly to the tags of S1. C1 is wired
directly between the input terminal and top end of RI,
which is located on S1. Note that the high frequency
response of the instrument will depend very much on the
stray reactance associated with the input and potential
divider wiring. It is essential that all connecting leads be
kept as short and direct as possible. The front panel wiring
layout is shown in Fig. 4.

Earthing of the metal front panel is achieved by means
of ‘the body of $1, which may be soldered to directly in
order to provide a common earth point. If an alternative
swilcn 1S suostituted tor the recommended type, it may be
necessary to locate a separate earth tag on the front panel.
This may be most conveniently accomplished by using one
of the meter securing nuts. The front panel is labelled by
means of dry transfers, and then sprayed with clear lac-
quer to protect the transfers. During this operation the
meter should either be removed from the front panel or be
protected using several layers of masking tape.

The instrument is housed in a standard.Vero case. Any
other suitable case may of course be substituted provided
that any metal parts are connected to the earth or com-
mon rail. It was not found necessary to use a totally
screened enclosure for the instrument, as with careful wir-
ing there should be no pick-up of hum or stray signals
within the unit. The unit will not, however, give accurate
indications in the presence of very strong r.f. fields such as
may be experienced when measurements are made on
medium or high power transmitters.

Testing and Calibration

After completing the assembly of the instrument it is ad-
visable to carry out a thorough visual check of the wiring.
Connect a 9V battery to the instrument and measure the
d.c. current supplied. If the circuit is functioning correctly
this should be approximately 10mA and will vary slightly
according to the setting of RV 1. Due to a slight difference
in the charging currents of C6 and C7, the meter pointer

Practical Wireless, July 1979

* specifications

Voltage ranges: 100mV, 500mvV, 1V, 5V, 10V,
50V

Input resistance: 1MQ on all ranges

Frequency response: Typically 5Hz to 250kHz at
3dB down

Accuracy: +5%

Supply: 9V d.c. at 10mA

Internal view of the complete instrument. This is the
prototype which used a matrix board instead of a p.c.b.

63



Earth
s clzxse) WRM145

1 {
O«l l o Gl‘ OL%

T s

£ Fel S
ek
o b

L k

- +V L
%.. 5 a h——*(sf)supp y
Fig. 2: (above left) The component overlay for the p.c.b. version of the a.f. voltmeter
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Fig. 3: (above right) The copper track layout of the p.c.b. shown here full size

Fig. 4: (below) The wiring and layout of the front panel. The resistors on S1 are soldered directly to S1 tags and the
end of R6 is soldered directly to the body of the switch
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* components

Resistors
+W 2% metal oxide
1.2kQ 1 Rba
2kQ 1 R6
6-8kQ 1 R5b
10kQ 1 R4
12kQ 1 R3a
68kQ 1 R3b
100kQ 1 R2
120kQ 1 R1a
680k 1 R1b
1W 5% carbon film
1kQ 2 R11,13
1-5k2 1 R8
2-2kQ 1 R12
22kQ 1 R10
100kQ) 1 R9
1MQ 1 R7
Capacitors
Electrolytic axial leads
~ 100uF 25v 2 c6,7
250uF 25V 1 C5
Polystyrene
47pF 2 C2,4
Polyester
0-22uF 1 C3
0-47uF 1 C1
Potentiometers
Miniature horizontal preset
5kQ lin. 1 VR1
Semiconductors
Diodes
OA90 2 D1,2
1N4148 2 D3,4
LED 1 D5
Transistors
BC108 2 Tr2,3
2N3819 1 Tril
Switches
1p6w rotary 1 S1
s.p.d.t. min. toggle 1 S2
Miscellaneous
Case Vero 75-1798-k 171 x 121 x 75mm (1);
4mm terminals 1 red, 1 black; Meter, 50pA
4 inch scale 110 x 82mm; Printed circuit board;
battery connector, knob SW150 with cap and skirt
‘ (Sifam).

a rough calibration can be carried out using a low voltage
transformer of known output. A 6-3V filament transfor-
mer or the 9V transformer of a power supply is ideal for
this purpose. The instrument should be switched to the
10V range and RVI1 adjusted for the correct reading:
The calibration on the other ranges should follow
automatically provided that the potential divider has been
wired correctly. If a signal generator is available a check
can be carried out on each range. The calibration should
be consistent to within +5% on all ranges. If a signal
generator is used, it is suggested that calibration be carried
out at a frequency of 1kHz. Where a mains transformer is
used the calibration will, of course, be at 50Hz. The fre-
quency response of the instrument should be “good” over
a wide frequency range, at least 10Hz to 100kHz at the
3dB points, and the frequency response of the prototype
instrument on the 1V range is shown in Fig. 5.
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Fig. 5: The frequency response of the instrument

Note that, due to the high input impedance of the instru-
ment, false readings can sometimes be produced on the
more sensitive ranges. This is due to pick-up of hum and
stray signals on the input leads. The input leads can be
screened if desired; the inner lead of the coaxial cable is
connected to SK1 (red) and the outer screen to SK2
(black). It is important to note that coaxial cable possesses
an appreciable shunt capacitance between the inner con-
ductor and screen (often as much as 100pF per metre).
Long screened cables should therefore be avoided since
they will impair the high frequency response of the instru-
ment. ®

VISIT THE PW STAND AT
THE GREAT BRITISH
ELECTRONICS BAZAAR,
ALEXANDRA PALACE.
JUNE 28 to 30.

JOHN THORNTON-
LAWRENCE WILL PRE-
SENT THE PW LECTURE

may give a momentary indication when switching on. The
pointer should however return to zero fairly quickly, and if
this is not the case the wiring should be re-checked for
faults.

To calibrate the instrument a known source of a.c.
voltage is required. A signal generator with a calibrated
output level may be used, alternatively a comparison may be
made with an existing a.c. voltmeter. If neither is available,
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“GETTING STARTED IN
AMATEUR RADIO”, ON
SATURDAY AT 1200hrs.
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ON THE

AIR

by Eric Dowdeswell G4AR

The problem of identifying correctly an amateur callsign
can present a problem to anyone unaccustomed to
listening on the amateur bands. It often seems to be a
jargon incapable of being decoded! The answer is not
always obvious even if the station is in the clear, but if it is
being clobbered with QRM then there really is a problem.

Although there is an ITU phonetic alphabet, given
below, it is seldom adhered to by amateur operators who
seem to use part of this alphabet and part of their own
invention. In a perfect phonetic code the word used to
represent a letter, such as “alfa” for A and “bravo” for B,
must be neutral, one without any particular connotation
and generally understood world-wide.

The approved code starts off all right but then uses
“Charlie” for C, although personal and place names ought
to be avoided since these can be misleading, especially in
amateur use, where station locations and operator’s names
are constantly being exchanged.

A Alfa J  Juliett S Sierra

B Bravo K Kilo T Tango

C Charlie L Lima U Uniform
D Delta M Mike V Victor

E Echo N November W Whiskey
F Foxtrot O Oscar X X-Ray
G Golf P Papa Y Yankee
H Hotel Q Quebec Z Zulu

I India R Romeo

There are several words in the phonetics list which I do
not agree with personally, but the problem is to find
suitable alternatives.

What causes most confusion however is the amateur’s
own version of the phonetic code, especially the use of
“George” for the G in UK callsigns, particularly where the
operator is called “Fred”! Might not matter too much
among lads and nets on 2m or u.h.f., but used on the DX
bands can only make identification of a callsign all that
more difficult.

On numbers, the recommended procedure is to use the
word “figure” before any number, to indicate that a figure
is to follow, thus “Golf, figure four, alfa romeo”. This can
only help but it is seldlom employed by amateurs unless
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they have been trained on a military or commercial
network of some kind. The use of phrases like “Red Hot
Momma” for RHM in the suffix of a call may be amusing
to some but meaningless to the amateur with little or no
knowledge of the English language.

I appreciate that this little homily will have no effect
whatsoever, but I hope it will serve to demonstrate to the
innocent listener to the amateur bands that there is little or
no “system” with amateur phonetics. Initially, it is better
to write down in full what is heard and then the callsign
ought to become apparent, aided by a good list of prefixes,
but, as ever, experience will prove the best teacher.

Here and There

Well known to this column for his SSTV reports in the
past, Paul Barker of Sunderland is now busy on c.w. and
s.s.b. with his new callsign G4HPS, having started off with
G8OVD. Paul’s first s.s.b. QSO was with FG7AS/FS7 on
10m, which is enough to make anyone’s mouth water! He
uses a TS520S transceiver to an 18AVT multiband
vertical, plus an FT221R on 2m to an indoor
4-element quad. Paul managed to get QSLs from all six
continents for SSTV reports before getting his ticket.

In Southport, Peter Hawks has got going with a DX 160
but, like others, found the manual’s calibration chart did
not match up to reality. He’s talking about a digital
readout unit but I think he would be better off initially with
a crystal calibrator. Philip Charlesworth (Southport) has
got going with an outside aerial which he finds
“staggering” after his indoor one. As he lives on the only
hill in Southport he will find the advantage of much greater
importance when he gets his ticket in due course. Philip
mentions the PAQOAA transmissions on 3750kHz for
amateurs, followed by slow Morse transmissions. Details
of the latest schedules would be appreciated.

Peter Lucas of Newport, Salop, has dumped his R207
and settled for an AR88 but needs to rewire a lot of it. A
circuit or manual would be appreciated at 3 Queen’s Drive
if anyone can help. Pete’s been hearing plenty on 10m of
late with only a 16ft vertical. In Chiswick, London,
George Gizebieniak BRS 41733 has bought an old $X24
receiver for £20 and found it worked fine on the 10m
band, with converters for 2m and 70cm.

An appeal from Jim Timoney ZS1TK for a spare for
his KW2000 transceiver, not having had any success with
the descendants of KW in this country. He wants the
3-gang tuning capacitor on the pre-selector, part number
C40 on the circuit diagram. Any offers of help to me direct
please. Another reader in need of help is M. David of 46
Pentathlon Way, Cheltenham, Glos, who has got hold of a
Star SR550 for just a £1! It works fine but he’d like a
manual for copying and return. He’s heard an HK on the
10m band and threatens to send in some logs in future.
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QUARTZ LCD
5 Function

Hours, mins., secs.,
month, date, auto
calendar, back-light,
quality metal
bracelet.

£6.65

Guaranteed same
day despatch.

Very slim, only
6mm thick.

4 M1

(QUARTZ LCD
7 Function

Hours, mins., secs.,
month, date, auto
calendar, back-
light, seconds
STOP WATCH.

£9.65

Guaranteed same
day despatch.

Very slim, only
6mm thick.

\.

M2

UARTZ LCD
11 Function sum crrono
==

6 digit, 11 functions.
Hours, mins., secs., day,
date, day of week.
1/100th, 1/10th, secs.
10X secs., mins.

Split and lap modes.
Back-light, auto
calendar. Only 8mm
thick

Stainless steel bracelet
and back.

Adjustable bracelet.

Metac Price

£1 2.65 Thousands sold!

Guaranteed same day despatch.

M3

ﬁo ™\

( QUARTZLCD )

ALARM 6 Function

Hours, mins., secs.,
month, date, back-
light, 24 hour
ALARM.
Adjustable stainless
steel bracelet.

Only 9mm thick.

£12.65

Guaranteed same
day despatch.

(g M

H

[ QUARTZ LCD
ALARM 7 Function

Hours, mins., secs.,
day, date, alpha day,
back-light, auto
calendar.

Adjustable stainless
steel bracelet.

Only 9mm thick.

£15.95

Guaranteed same day

L despatch.

M5

QUARTZ LCD

Constant LCD display of

hours and minutes, plus

optional seconds or

date display, plus day

of the week and am/pm
~dication,

Perpetual calendar, day,

date, month and year

24 hour alarm with on,

off indrcation,

1/10 second chrono-

graph measuring net,

lap and first and second

place times.

Dual time zane facility

night light.

Oniy 9mm thick

| £22.65

TN
Alarm

Chronograph with Dual
Time Zone Facility

M6

Chronograph with Alarm
Time Zone Facility

Constant LCD display of
hours and minutes, plus
optional seconds or
date display, plus day
of the week and am/pm
indication

Perpetual calendar, day,
date, month and year.
24 hour alarm with on
off indication.

1/10 second chrono
graph measuring net,
lap and firs1 and second
place times

Dual time zone facdity
night hight

Only 9rmm thick.

| £25.65

= M7

Y
[ SOLAR QUARTZ LCD

~

QUARTZ LCD
Alarm Chrono

22 function, 6 digit.
Hours, mins., secs.,
date, day of week,

stopwatch, split time,_
larm, second watch §
7dual time), back-
light.
FRONT BUTTON 2
OPERATION. » 14
£22.65
Guaranteed same
day despatch
" METAC *PRICE M8

SOLAR QUARTZ LCD |
Chronograph

6 digit, 11 function.
Hours, mins., secs.
1/100, 1/10 secs.,
mins.

Split and lap
modules.

Auto calendar and
back light.

Powered from solar
panel with battery
back-up.

L £13.95

M9

LCD, hours, mins.,
secs., day of week,
month, day and date,
24 hour Alarm, 12
hour chronograph,
1/10th secs., and

lap time. Back light,

stainless steel, i
HARDLEX glass.

List Price £130.00

METAC PRICE

£105.00

[ SEIKO Alarm Chrono

M10

—
SEIKO Chronograph W

LCD, hours, mins., -
secs., day of week,
month, day, date,
12 hour chrono-
graph, 1/10th secs.
and lap-time.

Back light, stainless )
steel water resistant, e —

HARDLEX glass. T-—-

List Price £85.00 .
METAC PRICE

£68.00
I M11

oy =
SOLAR QUARTZ LCD

5 Function

Genuine Solar

Solar panel with
battery back-up.
Back light and auto
calendar.

Hours, mins., secs.,
day, date.

Quality metal
bracelet.

£8.95

Guaranteed same
day despatch.

Features and Specification:

Hour/minute display. Large LED display with
p.m. and alarm on indicator. 24 Hours alarm with
on/off controi. Display flashing for power loss
indication. Repeatabie 9-minute snooze. Display
bright/dim modes control. Size: 5.15” x 3.93" x
2.36" (131mm x T1mm x 60mm).

Welght: 1.43 Ibs {0.65 kg). AC power 220V.

£9 65 Thousands sold!

Guaranteed same
day despatch.

M13

\,

Elegant metal
bracelet in silver or
goid.

State preference.

£15.95

Guaranteed same day
despatch.

—
i
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HANIMEX QUARTZ LCD QUARTZ LCD DIGITAL
Electronic Ladies Slim Bracelet Ladies 5 Function LED CLOCK
LED Alarm Clock 5 function. Only 25 x 20mm and =

Hours, mins., secs., gr?l:\:::: i L

: ﬁ;z't gf‘t;::gba(:k mins., secs., day, éa(e
iy and back light and
o auto calendar.

Elegant metal
bracelet in silver or
gold.

State preference.

£9.95

Guaranteed same day
L despatch,

M15

HOW TO ORDER

me]

.

Payment can be made by sending cheque, postal order, Barclay, Access or American Express card
numbers. Write your name, address and the order details clearly, enclose 30p for post and packing
or the amount stated. We do not wait to clear your cheque before sending the goods so this wilt
not delay delivery. All products carry 1 year guaranteee and full money back 10 day reassurance,
Battery fitting service is available at our shops. All prices:include VAT.

Trade enquiries: Send for a complete fist of trade prices — minimum order value £100.
Telephone Orders; Credit card customers can telephone orders direct to Daventry or Edgware Rd.,
24 hour phone service at both shops: 01-723 4753 03272-76545.

~

CALLERS WELCOME

Sh 9.30 - 6.00.
ops open il

Automatic brightness control. Weekend
alarm cancel.

Features and Specification:

Hour/minute display. Large LED display with
p.m. and alarm on indicator. 24 Hours alarm with
on-off controt. Disptay flashing for power ioss
indicator. Repeatable 8-minute snooze, Auto
matic brightness control. Weekend alarm cancel

£10.95

Guaranteed same day
despatch.

L M16

Metac

ELECTRONICS
& TIME CENTRES

North & Midlands

67 High Street, DAVENTRY

Northamptonshire

Telephone: 03272 76545

South of England
327 Edgware Road
LONDON W.2
Telephone: (01) 723 4753




Add-on bass pedal unit tor organs. Has excellent bass guitar
stop for guitarists accompaniment. Specification in our
catalogue.

INIRPLINR

ELECTRONICSUPPLIESLTD

Allmail to:—
P.O.Box 3, Rayleigh, Essex SS68LR.
Telephone: Southend (0702) 554155.

Shop: 284 London Road,
Westcliff-on-Sea, Essex.

(Closed on Monday).
Telephone: Southend (0702) 554155

A massive new catalogue
{4rom Maplin that's even
bigger and better than
betore It you ever buy
electronic components
thusis the one

| catalogue you must
not be without
Over 280 pages
some in tull colour

it'sacomprehensive

guidetoelectronic
components with
hundreds of
photographs and
nustrations and page
after page
ofinvaluable data

Qur bi-monthly
newsletter contains
guaranteed prices.
special offers and
allthe latest

news from Maplin

This superb organ - build the first working section for just over
€100. Full specification in our catalogue.

er forsmooth slow running plus
eration. Full conswruction details in our

32080 "::3.
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Touch operated rhythm generator, the ‘Drumsette’. Constr
tion details 25p. (Leaflet MES49). Specification
e.

A wide range of disco accessories at marvellous prices. Our
catalogue has all the details.

Post this coupon now for your copy of our
1979-80 catalogue price 75p.

Please send me a copy of your 280 page catalogue
as soonasitis published (8th Jan. 1979). | enclose
75p but understand that if |am not completely
satisfied | may return the catalogue to you within
14 days and have my 75p refunded immediately

If youlive outside U K. send £1 or ten International
Reply Coupons.

NAME

ADDRESS




