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Play the AMBIT numbers game ......

The long awaited implementation of on-line order processing is with us atlast, and whilst this means that orders
for in-stock items can now be processed more efficiently, it also means that orders should be submitted using
stock codes for best results. Our current catalogue (75p)includes all order codes (watch out for the new
expanded Spring edition), but here’s an abstract from some of the more popular lines to use as a quick
reference.

Rememberthatyou canalsoaccess our catalogue via REWSHOP on Prices shown here exclude VAT, and the P&P charge is currently
REWTEL, which now includes on-line current price and delivery  60p perorder(unless otherwiseindicated). Rememberthatourtele-
information. You need a 300 baud MODEM and RS232 terminal, sales service operates with human beings (not ‘dumb’ machines)
(various suitable configurations based on popular micros have from 8am to 7pm (and frequently later) Monday to Friday, and 9am

been published in recent past issues of Radio and Electronics to 8pm on Saturdays. REWSHOP operates 2}1 hours a day, 365 days
World). a year with full price and delivery information.

ALWAYS USE STOCK NUMBERS WHEN ORDERING PLEASE.
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Soundex Professional
Audio Products

Peak Programme Meter Systems, Drive Amplifiers, Meter Movements,
Audio Measuring Sets, On-Air and Rehearsal Lights
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BROADCAST SPECIFICATION Soundex have for many years been designing and producing high

performance Peak Programme Meter driver amplifiers and associated

SOUND MONITORING EQUIPMENT products

Our products are renowned for quality, performance and economy and
are widely used by the BBC, IBA, British Telecom and top broadcasting
from and recording studios throughout the world

The range comprises Free-Standing PPM
Systems, PPM Measuring Sets and Driver Amplifiers meeting BS 5428,
DIN 45406 and IEC 268 specifications in addition to low cost units of

[ J
am It high performance

Separate Meter Movements are offered in a range of sizes and a
INDUSTRIAL MARKETING choice of 1to 7, — 1210 +12dB including dual pointer types.

Other products include a free-standing Audio Frequency Sound
Measuring Set to CCIR 468-2, a free-standing PPM Measuring Set to
BS 5428 and IEC 268 specifications together with a range of On-Air
and Rehearsal Lights

Literature giving full technical specification, dimensional drawings and
Installation data for individual products is available on request

o SNENGOE e i e
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South Wales Communications Ltd
= 02915-552

Buying equipment these days can be rife with pit-falls and somewhat confusing, especially if
you are a newly licensed Amateur. When you are buying from S.W.C. you can at least
eliminate the pit-falls for sure, and our experienced licensed staff are always on hand to help
guide you through the maze. A telephone call or visit to our informal showroom and you are
safely on the road to successful Radio.

TR, MICRODOT OSCAR ANTENNAS
YAESU i* ) A NEW MODEL IS ON THE -
i Deposit S EMCROBOY I 70cm % coflin 6.8dbb £29.90 £2.20p&p
e 3 “*MICRODOT II" m % co/lin 6. ase 3 . 20p
FT ONE £1349.00  £675.00 £56.00 FACILITIES INCLUDE: 70cm + 2mtrco/iin 5.7 2. 7db £29.90 £2.20p&p
ﬁ%gDM ‘2;;2-% f:igg% gﬁ% — _— _40 RTTY/CW ASCII AMTOR, ;/&:mlix;/-ne.ad/b'mobile 516.85 £1.80p&p
- g . A, !D R SLOW SCAN AND MORE. m+ tr co/lin mobile 16.40 £1.80p&p
RI02 £185.00  £392.00  £3275 v sgmie  ALLINONE UNIT, 2mtr 3x % coflinbase 8db £39.50 £3.00p&p
FTI01ZDFM  £66500  £32500  £28.40 SngE BRITISH IS STILL THE 2mtr coflinbase 6,5db £27.60 £2.20p&p
FT1012 £559.00 £279.00 £23.44 7, A
BEST. CONTACT USFOR | 2mtr % f/over mobile £13.80 £1.80p&p
FT707FM £549.00  £273.00 £23.00 DETAILS. 2mtr % f/overball joint £13.80 £1.80p&p
FT707 £509.00 £254.00 £21.25 10mtr foldover % wave £€13.80 £1.80p&p
Fr77 £475.00 £241.00 £19.50 12mtrfold over % wave £14.20 £1.80p&p
FL2100 £449.00 £200.00 £20.75 . e 15mtr foldover % wave £14.55 £1.80p&p
FT208R £199.00 £103.00 £8.00 Now rapidly establishing 17mtr fold over % wave £15.70 £1.80p&p
FT708R £229.00 £109.00 £10.00 itself as one of the very best y . '
. ! 20mtr foldover % wave £17.65 £1.80p&p
FT290R £265.00 £130.00 £11.25 receivers available. Gutter mount with keymobile £4.60 £0.80p&p
FT690R £238.00  £119.00  £10.00 The new ICOM R70 Boot lip base mount mobile £8.45 £0.95pp
FT790R £325.00 £175.00 £12.50 499.00inc. Cable ass ¢/w PL259mobile £5.00 £0.80p&p
El% ggg% g:é‘;% g:ig Mag mount c/w cable mobile £9.95 £1.20p&p
FT780R £339.00  £201.00  £16.50 -
FRG7OM  £3900  Exoreg  Elees SR E AZTEC ANTENNA
. . . QSY to the 77, say 73's go
maobile. DO IT YOURSELF KITS
iICOM The new economical FT 77 | 2mtr % c/iin 6.5db base £14.99 £2.20p&p
Mobile from YAESU 2mtrHBICV not kit base £6.90 £1.80p&p
1IC720A £949.00 £469.00 £40.00 £475.00 2mtr Sele yagi £5.89 £2.20p&p
IC740 £725.00 £365.00 £30.00 2mtr8eleyagi £9.20 £2.20p&p
IC730 £629.00 £329.00 £25.00 2mtr 10ele yagi . £17.50 £3.20p&p
IC251 £559.00 £271.00 £24.00 Learning Morse? Here's 2mtr crossed Sele yagi £11.50 £2 80pép
1C290€ £379.00 £199.00 £15.00 the answer: facilities ~(TII® = o ~F 2mtr crossed 8Bele yagi £19.85 £3.20p&p
1C290H £399.00 £201.00 £16.50 include repeat last letter, = fo= 2mtr crossed 10¢ele yagi £22.50 £3.50p&p
IC2E £169.00 £85.00 £7.00 continuous morse, group = é 4 2mtr crossed 12ele yagi £TBA
IC4E £199.00 £97.00 £8.50 of five random letters, P 2mtr4ele Quad £14.90 £2 20p&p
ICATS00 £339.00 £171.00 £14.00 speed & space control, - 2mtr Eele Quad £16.95 £2.20p&p
| L B8
ICAT100 £249.00 £129.00 £10.00 . practice oscillator, built-in -« & B ® 2mtr 8ele Quad £19.95 £280p&p
Why wait. Order your entire station needs, including | P.S.U. o = 2mtr 10ele Quad w ., £27.95 £3.60p&p
Antennas, etc., calculate 50% deposit and balance over incl VAT PORTAmast with guys 11°6 x17 £7.90 £1.80pp
12 months interest free. £47. w & p&p PORTA mastwith guys 17 6" x1%" £14.95 £2.80p&p
"t Like Fi : PORTA mast withguys23'3" x2" £24.99 £3.680p&p
Don’t Like Finance. Contact us for a Cash Price. . R e o
Best Part-Exchange Prices. Second Hand machines PORTA,‘ mastwith guys 27'6” x 2 £29.99 £4.25p&p
usually in stock. Contact us for up to date list. Tower's Available soon Prices from £120.00 APR.
Bt Al AN ANTENNA PRODUCTS
’ HK-706 £ 15.60
ACCESSORIES . HK-704 £18.85
y HK-703 £ 26.90 :
AT.US. Q’ MK-703 £27.70 EibreGlass_ ,
FC102 10-160mtr £208.99 P&P and VAT inc. Tube and Rod suitable for your Home Brew Antenna’s
FC902 10-160mtre £135.00 Quad’s, Yagi's, etc.
FC707 10-80mtr £85.10 Post Max
FRT 7700 £37.85 O/DIA  I/DIA P/per mtr 1.5mtr's
6.35mm Tube 3.5mm £0.56 £0.12 p&p
ROTATORS ) FT290R 9.5mm Tube 6.35mm £0.71 £0.15 prp
KRS00 elevation rotator 180 £116.42 | j0memory’s LCD display dual 16.2mm Tube 12.2mm £1.43 £0.19 pérp
RLD3 lightweight £41.80 | VFO's U/D from mic NICAD 19.0mm Tube 12.7mm £1.99 £0.23 p&p
AR30 lightweight £58.50 | 20A/Mr’"C" £2.70inc SLOW 25.4mm Tube 19.4mm £3.16 £0.30p&p
AR40 med-weight £94.35 | CHARGER (220ma) £8.80inc 2mm Solid Rod £0.30 £0.06 p&p
9508 med-weight £8340 | SOFT CASE £3.45 inc 3mm Solid Rod £0.32 £0.07 p&p
95028 lightweight £89.40 | RUBBER DUCK ANTENNA 4mm Solid Rod £0.45 £0.08 p&rp
CD45 armature brake £142.00 | ¢560inc 5mm Solid Rod £0.52 £0.12p&p
HAMIV  solenoid brake £225.00 £265.00 inc 6.35mm Solid Rod £0.66 £0.15p&p
CONTROL CABLE 8mm Solid Rod £0.81 £0.18 p&p
4 way 25p/mtr £20.00/100mtr 1000 reel £58.00 8.5mm Solid Rod £0.99 £0.22 p&rp
5 way 33p/mtr £26.40/ 100mtr 1000ft reel £73.00 10mm SohdARod £1.15 £0.22 p&p
6 way 45p/mtr £30.00/100mtr 1000t reel £104.27 = 16.2mm Solid Rod £1.89 £0.30 p&p
8 way 48p/mtr £38.40¢ 100mtr 1000t ree! £110.00 NEW IC290H Large Quantities are cheaper in Smtr lenths
A AR R A A A A S STz 2ot 25 WATTS RF OUTPUT Quant Deduct Carriage
M A A A o o o o o o o o On SSBCW and FM, standard 20mtr 10% £5.00
¢ Special Offer Corner 1= a;_f:t ngn-stand_a'd jepeater | 25mtr 12.5% £5.00
YAESU's Tried and Trusted FT 101ZD list price shifts O memories an € 30mtr 17.5% £6.50
1: £665.00. Buy one from S.W.C. and we throw :’ two VFO's 25Khz & 1Khz on | 3pmir g over 20% £7.50
1’ in absolutely FREE a matching FV101Z VFO, ) FM 1Khz & 10Chz — SsB When these larger quantities are ordered please allow
{ only while stocks last! {’ £399.00 inc. 14 days for delivery. Other sections available are angle;
P ¢ FRT7700 £399.00 inc. S bar, channel, half-round.
1: s PAN SPIDERS
4 ‘} Pan spiders are used to mount fibre spreaders to your
1' K boom up to 2" diameter, the 8 pole angled, two
) - 1’ elements no boom is required, further elements may be
9 Q added with the 4 pole spider.
$ 3 Sihabideie 0 2R
’ poe pdera Um'n-Um . . p
" 4 FRG7700 FRT7700 FRA7700 You will need copper wire,
SRR 150Khz to 30Mhz inc FM S58 (LSB/USB) CW AM 1Khz ldswgper 33mtrrollhard drawn — £6.00  £2.20p&p
It goods normally despatched within 3days subject to iqi i n isplay c/w clock g per rr d d
A d in 3d bj 13l 3 - clo 145w 100mtrroltharddrawn £17.00 £3.50pé&p
JOOC digital, plus analogue display ¢/ N
availability. FRG7700 FRT7700 FRA7700 cu/029s softfor radgals, etc.33mt:  £5.50 £2.00p&p
Price correct at going to print. £335.00inc £37.85inc £36.40inc cu/029s soft forradials, etc. 100mtr£16.00 £3.50p&p

MAIL ORDERS EXPRESS

Opening hours 10.30-5.30 weekdays. 10.30-4.30Saturday. Showroom closed Mondays
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GRAIG-Y-MASTER PENYCAEMARW, NR. USK, GWENT .

IN ASSOCIATION WITH THE HASTERRY LTD GROUP OF ENTERPRISES




FOR ALL YOUR
YAESU AND TRIO

¢’t¢'n REQUIREMENTS

CALL wﬁltcfﬂ FOR YOUR YAESU AND TRIO REQUIREMENTS
A selection from the range .. . LOWEST PRICES ... FINE SERVICE
YAESU WAS INTRODUCED TO THE UK BY Western
BUY WHERE EXPERIENCE COUNTS!
SPECIAL OFFER TO “"R&EW' READERS ONLY
{until June 30th 1983)
Discount 2%2% off ANY purchase
Rush SAE for our price lists!
HURRY! This offer will definitely cease June 30 (or before if stock is sold)

g

\/

TRIO

ITEM PRICE R-1000 279 FP-30A
INC VAT/CARR. DCK-1 .26
57-1 43 R-2000 X
MB-2 18 TR-2400
P5-20 49 TR-9130
PBK-24K 16 TR-9500
MC-3085 13 TR-8400
MC-50 30 D5-2
MC~60 50
YAESU

MB=-100 18
SP-100 76 VHF/UHF EQUIPMENT
T5-1305 525 FT-430R 349
DFC-230 130 FT-290R 249
T5-432085 699 FT-720RV 189
R-600 240 FT-720RU 219

FT-230R 229 YM-35

5P-930 55
TS~9305/ATU 1263 MME-11 21.50 YM-3é
C5C-1A 2.25 YM-38

T5-9305 1199

FP-4
NC-T1C
NC-1
PA-1
NC-7
NC-8
FBA-2
NC-9
FT-726R

YE-7A

C NICADS (8) 21

HEADPHONES, MICS, ETC.

14 S5P-901

FC-902

FT-102

FC-102

SP-102

FV-102

FAS~1-4R

FT-980

S5P-980

FV-7070M

FL=-21002

FRG-7700

FRT-7700 36
FRA-7700 35
FRV-7700D 69
FT-77 477.50
MARKER UNIT 7.25
FP-700 109

53 YM-49

YD-148 20

42 YH-55 ?.50
QTR-24D 27
E-72L 14.50
§5-72 43

HF EQUIPMENT

FT-1 1279
FT-1012 529
FT-1012D 599
FT-1012/7AM 545
FT-101ZD/AM 619
FT-1012/FM 560
.30 FT-101ZD/FM 629

Fv-101 106

FAN B 13

OC UNIT 40

NEW! FT77 H.F. TRANSCEIVER

£477.5
PSC77 P.S.U. £109
F.M. UNIT .. .£22.50
MARKER UNIT
Only 33'x9y" . £7.25
80-10 METRES
(WARC)

FT102 A FEW LEFT £745 Incl. Mic.
AR-1002 ROTOR 4. ..
ne

ONLY
48

Requires
oniy 3 Core
Mains Cable

£39.95
Suppty —220/240V AC 50 Hz
Motor — 24V AC

Mast size: 28-44 mm
Max. antenna weight. 50 Kg
wind area (max }:0.25m Rotation —360°(1 + 5° —0:)1n60 secs
Cable: 3 Core Mainstype Braking Torque — 1000 KG-cm

Same specifications as our WE-1145 ROTOR

FT101Z “BEST BUYS” From £529

The FT-101 senes needs little
introduction Suffice itto say thatthe
latest FT-101Z (analogue) and
FT-101ZD (digital} transceivers
represent a first-class continuation of a
fine ine of HF equipment. The latest
technology brings you top performance
ataprice you can afford. Fuil details of
this exciting transceiver available on
request WARC bands fitted of course!

FT101ZD ....£599 FT101Z/FM .. £560
FT101Z/AM .. £645 FT101ZD/FM £629
FT101ZD/AM £619 FAN FT101Z . £13

NEW DX6V 6 Band Vertical
(incl. 10MHz) £74.95

ES STEADY
SSB POWER METER Sl 19N
SPEECH

The PM 2000A 1s an accurate means of
measuring your peak envelope output
of power on SSB The unithas been
inspected by the Home Oftice and
found suitable for its purpose SWR
measurements can also be made but
the PM 2000A does what aii other
SWR meters cannotdo i e teliyour
peak oulput power as required inyour

““““ " PRICE £59.95
PM 2000 A 1.5, 30MHz, 2kW. PM 2001 50, 150MHz £49.95

ALL LISTED PRICES INCLUDE VAT AT 15% AND CARRIAGE
ACCESS AND VISA CARDS ACCEPTED -~ H.P. ARRANGED (Written quotations on request)

Werstern Electronics (UK) Ltd

OPEN HOURS: 09.00-120(‘): 13.00-17.00 Mon-Fri: Sats. 09.00-12.00

FAIRFIELD ESTATE, LOUTH, LINCS,
LN11 0JH Tel. Louth (0507) 604955
Telex 56121 WEST G

NORTHERN IRELAND AGENTS:

Tom & Norma Greer Gl6 IGR GI6 IGQ
Drumbo (023 126) 645

RADIO & ELECTRONICS WORLD



///////////////////////////////////////////////////////////I
zzzzzzzzzzzzzzZZZ

¥ % ¥ Nota Bene

Rather than highlighting a topical piece of news, this month
we've turned the spotlight on some items nearer to home —
the latest 'REWgrets’. There's quite a collection, though
they're not all concerned with projects. For instance, in the
HF Receiver Design (February ‘83) feature, Fig. 11 showed a
crystal oscillator for the 47.6MHz generator, which should
have used a 'fourth phase locked loop’ as shown below.

HF Rx Design

47.6MHz

VX0

+476

100kH2
REF

PHASE
DETECTOR

Rewbichron i

Last month’s DFM may have confused a few readers, since
there were no pin designations on IC4. These are shown in
thetable attop right of this page.
In addition, Fig.7 shows R3 floating, whereas it should be
connected, via the gate switch, to either pin 28 or 29 of IC1.
The Rewbichron Il (May ‘83) requires a small addition to

DIV,

DAIIII Y,
4,

Iz
Y. iz

Lz

1 CS 9 2Z 17 4x 25 7Y 33 BD1

2 Voise 10 2y 18 52 26 7X 34 BD2

3 COoM1 | 1 2X 19 5Y 27 8z 35 BD3
4 COM2 | 12 32 20 5X 28 8y 36 GND
5 COM3 | 13 3y 21 6Z 29 8X 37 AQ

6 12 14 3X 22 6Y 30 AN1 38 Al

7 1Y 15 4z 23 6X 31 AN2 39 A2

8 11X 16 4y 24 72 32 BDO 40 +V

SNIPPETS

Digital Frequency Meter

the PCB foil so that C2 locates properly (see diagram). Also,
IC6 should be 74LS373 (not LS365) and Q1-6 are better as
2N2905 — the BC307's specified may produce a dim display.
Finally, on the logic board, the power input pin should be
labelled +8/15V.

The third set of corrections results from the continuing
saga of the 2m Transverter (March ‘83 and June ‘83) —a few
just won't come to life! If you are not in the majority whose
transverter works perfectly, take note of the following:

1. Add ferrite beads to bases of Q7 (3866) and Q6(2369A
after fiiter).

2. Change capacitors C6, C11 and C20 to 12p, 27p and 18p
respectively. Measure these values and aiso those for
C15=20p,C16,27=8p2 and C35=22p.

3. Make sure R28is 10R +5%.

Ourtest figures for the prototype are: output power = 8. 75W
(28MHz @ 0dBm); IPs (3kHz spacing) = —46dB; 3rd
harmonic = ~68dB; 116MHz (cans on T3,4) = —44dB; spurii
= —5bdB, 28MHz =< -70dB.

Finally, an apology to Dr. A.C. Gee for omissions to
Amateur Satellites (April ‘83 and May ‘83). Rather than print
the missing text and diagram, readers may write to us
(enclosing an SAE) for a free copy ... and you can't say fairer
thanthat!

Boys Brigade Centenary

One hundred years ago in Glasgow
the first Boys Brigade Company
was founded by William Smith. In
this, the centenary year, many
special events have been arranged
to celebrate the birth of a youth
movement which has grown from
strength to strength and today is
active internationally. One such
event will involve Amateur Radio
in an exercise to link up boys and
officers of the Brigade throughout
the UK and indeed world-wide.
The event, called " Anchor Chain™,
will take place on Sunday 21st
August, with pre-arranged HE and
VHF stations around the country.

More CDs From EMI

The decision by EMI Music to
introduce a range of titles on
compact disc is a significant and
welcome development, according
to lan Duffell, Group Audio
Manager for Sony (UK) Limited.

JULY 1983

Durst And Panasonic

Durst (UK) Limited and National
Panasonic (UK) Limited announce
the Panacopy KV-5000 colour slide
processor.

Panacopy can produce a 35mm
colour slide from an original in
three minutes, due to the
development of a new organic
photo- conductor film which
makes the process less time
consuming than the conventional
silverhalide method. Since it uses a
premounted  slide  cartridge,
Panacopy offers an economic
method of  colour slide
reproduction. Each exposure can
be used individually

fe o TITE S W;‘

.
\

Good Vibrations?

Vibration-resistant electrical
terminals. supplied by CTT of
Bristol, will be among other British
made products fitted to the 34,000
horse power Rolls Royce Avon-

powered jet car, Thrust 2, when in
July, driver Richard Noble will try
and eclipse the 622.427 MPH
world land speed record of
California’s Gary Gabelich set in
1970.

ANT AT AR A e

Award for BT-man

Dr. John Midwinter,Special Head
of = Optical  Communications
Technology Division at British
Telecom’s Research Laboratories,
has been elected a Fellow of the
Institute  of  Electrical and
Electronic Engineers.
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A single board Test Card generator, with EPROM for storing
personalised call-signs or other information. Design by Colin Edwards.

As an alternative to putting a piece of
cardboard in front of a camera to
provide a test card — in most cases,
with amateur cameras, giving poor
results — here is the "logical”
approach: an electronic test card,
which can also be useful for mobile
ATV from, say, the top of a local
mountain.

The test card, as pictured, is
produced in the form of composite
video into a low impedance, 75R, with
the only input being 10 to 15 volts at
400mA. Although the circuit s
straightforward, few liberties have
been taken with the 625 line TV
specification, apart from the removal
of interlace to avoid jitter on the
characters.

As well as providing station
identification over the air, the unit is
very useful for setting up transmitting
stations and, with a modulator, for
fixing your television — the card will
soon point out any mismatch or
bandwidth problems in the
equipment.

Design

The following features have been
included within the card picture:

1) Crosshatch pattern to provide a
rough linearity check and align the
frame.

8

2) Black rectangle within white, to test
the low frequency response, and a
white needle pulse to test for
reflections. On a local test, reflections
ofthe needle pulse are a sure sign of an
impedance mismatch.

3) 150 kHz square wave, 100% to 0%,
and 75 kHz square wave, 30% to 60%,
to test fortransient response.

4) Upto8boldcharactersforcall-sign.
5) Multi-burst bandwidth response
test, producing 6us bursts of
0.5,1.0,1.5,2.0,2.5and 4.0 MHz.

6) Grey scale for adjusting contrast
{amplitudes of 0%, 20%, 40%, 60%,
80%, and 100%).

7) Twolines of up to 20 characters.

All the circuit timing is derived from an 8 MHz
crystal in an oscillator, based on two TTL
inverters biased as amplifiers. This provides the
video ‘dot rate’, which is divided down to 1 and
2 MHz by IC1. This IC counts up from 8 to 15.
giving convenient signals for the character
clock and control signals.

The 1 MHz clock drives the address counter,
IC3 and IC4, which is incremented for each
character cell on the display (there are 64
character row addresses). In each character
cycle, the address of the character is fatched
through a multiplexer into 1C5.1C6 and IC7.
The character corresponding to this address is
read from the EPROM (IC8). then
multiplexed, and latched back into the
EPROM address along with the character scan
line number from the address counter, This
address gives the character number and scan
line number for the character generator, which
is also contained within the EPROM. The data
output then forms the dot pattern which is
converted into serial form. by a shift register
(1C9), and onto the screen. If, when the

Circuit Description

character is read from the EPROM. data bit 7
is set. the dot pattern (when read) is latched by
IC10 instead of the shift register. Tt is then used
to control the grey scale, sync pulses and
address counter reset.

The reset is used to put the address counter
back to zero at the end of each frame. Sync is
then sent from the latch to the composite video
generator. The grey scale is derived from a
resistor ladder which is multiplexed by a CMOS
analogue switch. Unfortunately these do not
work very well at 5V, producing a variable high
impedance. To cope with this, a charge pump
is used to generate —8V from the +5V rail
(using Q5), which increases the voltage on the
switches to 13V.

The composite video is generated by an
emitter-follower circuit, using D1 in order to
add OV6 to the video input. This voltage is
grounded by Q2 to produce sync pulses. IC12
is a SV regulator which powers the whole board
and allows the use of a 13V6 battery or PSU.
1f a source of SV is available this could be used
saving some power.

RADIO & ELECTRONICS WORLD
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Figure 1. Circuit diagram of the Test Card generator board.
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TEST CARD

f L , | b I
COUNTER
ADDRESS
MPX
OUTPUT ADDRESS CHAR NO. ADDRESS CHAR NO. ADDRESS CHAR NO.
SR LOAD [
EPROM
DATA DOT PATTERN DOT PATTERN DOT PATTERN
LATCH
RN y * MS CHAR NO y Y MS CHAR NO. y * WS CHAR NO

.WHEEEE}GF?JK
LMNOPORSTUUN

XYZ Bl2343

Characters available on the EPROM.

c17
@
b D4 ]
[ o6 | ic2
& *
Oéa Oca Lt
3 :
(e ] O :
g T ® s ‘ .
— o T+ #Cs :
O<4 Ri5 %
O R22 | of w20 |4
@ “I I 19 | .
| Rza Ic1t : ‘; H
O R23 o 1cs
(= -
; () 78 5
; °O' Tt + /~\C10
% e O
OO —
= * &
— < x
1 e 4>
] I X = THROUGH BOARD LINK
GND 1o 0= SOLDERED TOP AND BOTTOM
REE iy MORREND ; o = SOLDERED ON BOTTGM ONLY :
SUPPLY VIDEO OUT o----o= LINK ON BOTTOM SIDE OF BOARD ) 3.

Figure 3. The Test Card component overlay.
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YOURE LOOKING AT
31 ANTEX
SOLDERING IRONS!

The secret is in the range of bits for each
model, from 19mm down to O0.5mm! No
screws to seize up — push-on bits which
cover the elements to save time and energy.

The new range of Antex irons come
with or without safety plugs fitted.
They are tougher than ever, and about
twice as efficient as conventional
designs.

Specify low wattage, low leakage
Antex Irons now.

4

4 Our products are widely distributed by
wholesalers and retailers throughout the ANTEX (Electronics) Ltd.

UK. Please try your local dealer. Mayflower House, Plymouth, Devon.
Please send literature and price list to: Tel: {0752) 667377/8 Telex: 45296

{oo

= o -
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PARTSLIST ICI 74LS169
IC2 74LS368
: IC3,4 74LS393
Resist '
BB 1« IC5,6,7 7415298
R3,5,14,15,16,17 2k2 IC8 2732
R4 4k7 IC9 74L.5166
R11 10k IC10 7415377
R12 560R IC12 7805
R18,19,20,21,22,23,24,25 47R Miscellaneous
R26 75R 24 pin socket 8MHz crystal (HC-18) PCB
Capacitors 4 Terminal pins.
c1 33p Ceramic An EPROM service_is being offered by:
c2 10n Ceramic Cropredy Electronics,
C3-17 2u2 Tant Bead 16V 13, Mallow Close,
c18 22u 16V Al Elec Horsham, Sussex
c19 2u2 Tant Bead 35V EPROM£11.10
. Character format as follows:
Semiconductors Bold Type(8characters)  --—mn
D1,2 1N4148 Small Type (2x11 characters) = ---——-
D3 1N4001 (Seecharacter list)
D4,5,6,7 0A47 PCB double-sided plated through
TR1,4 BC212 £12.00 ’
TR2,3,5 BC182 Built and tested unit £48.60
Construction connections are on the solder side. The

Using the layout provided, a double-
sided board can be made, soldered top
and bottom and linked via the holes
shown (Fig.3). To allow for the use of a
socket on the EPROM, all its

EPROM has to be individually coded
for each call sign, and since each
contains over 4000 characters, a
special rig has been built to “blow”
these to order (see above). The only

Project

other oddment is the choice of IC11,
which does affect the quality of the
grey scale. A Mullard LOCMOS circuit
is recommended, though CMOS-B
series will work.

The board can be assembled in any
order, but it is generally easier to put
the low components in first. Only the
PROM requires a socket, as you may
wish to change it. Make sure that all the
capacitors are the right way round and
that the can of X1 is not shorting out
any tracks.

As the input is protected from
reverse polarity and reasonable over-
voltages, switching-on should not be
too harrowing an experience (a small
pile of sandbags will stop most of the
exploding capacitors you put in
reversed polarity!).

A quick look at the output with a
scope or monitor will show if
everything is OK. If not, first check for
dry joints and short circuits, then
switch on again and check the voltages
and frequencies marked on the circuit
diagram. Even if the circuit appears to
work, itis worth checking IC11 pin 7 for
anegative bias of —8to —12volts.

B R&EW

‘ADD-ON’ OPTIONS
© Built-in 2 colour 40 column printer (£190)
® Battery back-up of memory (£30)
® AMTOR/ASCH modules (£28):-
{Available Summer ’83)
* FEC, ARQ and ‘listen’ modes
* ASCII transmit and receiver
* Automatic PTT line

Northern Communications,
299-303 Claremount Road,
Claremount, Halifax, W Yorkshire
Tel: Halifax (0422) 40792

Graig-y-Master,

microdok 11 ©

CW/RTTY/AMTOR/ASCII Communications Terminal
£540 (inc. VAT)

Penycaemarw, Nr. Usk, Gwent
Tel: Wolvesnewton (02915) 552

CONTACT US TODAY at POLEMARK Limited, Lower Gower Road, Royston, Herts SG8
5EA. Tel: Royston {0763) 47874. Or call at one of our dealers listed below:

South Wales Communications Ltd.,

Amateur Radio Exchange,
373 Uxbridge Road,
Acton, London

Tel: 01,992 5765

8 STANDARD FEATURES:

* * Green phosphor screen

* Conventional keyboard legended for alf
functions

* 10 user memories for transmit text
preparation

. * Transmit/receive CW {morse) and RTTY
(teteprinter)

* Fixed text stores

*Char. by char. and ‘page’ transmission modes

* Full duplex working

* Users callsign programmed

* Self check facility

* Printer port (parallel, centronics compatible}

* External video port

* PTT control

* Phase coherent AFSK generator

* Real-time clock

% STOP PRESS:
SSTV board to be available in the Autumn

* % %% k% % %

Writt‘e or phone
for illustrated
Test instrument

rerree
LA v
SRS, M

catalogue and

FREQUENCY COUNTERS
ANALOGUE METERS
DIGITAL METERS.
FUNCTION GEN
OSCILLOSCOPES

POWER SUPPLIES

LOGIC PROBE

SCOPE PROBES

BLACK STAR LTD.
9A, Crown Street, St.lves,

Huntingdon, Cambs. PE17 4EB.
Tel: (0480) 62440 Telex: 32339

sprice list.

Bla ar
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RF TMOS

POWER TRANSISTORS

William Poel previews Motorola’s European
strategy for re-establishing itself in the RF

market

Not so long ago, Motorola and RF were
synonymous in the RF semiconductor
market. Currently, however, their
involvement with 6800 family
developments and their subsequent
pre-eminence in that field, has
deflected some of the internal
attention away from RF. However, the
European RF market has gradually
been eaten away by a variety of
newcomers, notably people like TRW,
Thomson and, latterly, Siliconix with
its VMOS RFrange.

RF is a relatively tiresome business
for the suppliers, since although the
UK offers the second largest RF power
semiconductor market in the world,
the very high levels of customer
support, the frequent attachment of all
sorts of aerospace and military
approvals and the relatively small
annual volume makes it a business
that requires careful marketing. Add to
that the legendary radio amateur/
enthusiast element in the UK radio
communications engineering indus-

try, and more than one RF marketing
manager has been known to complain
about supplying more free samples
than actual sales.

Motorola has recently decided that it
wants to get back into the volume RF
markets of Europe and has set up a
special team to prepare the ground
and formulate a strategy. One of
R&EW's contacts was good enough to
give us some names to ask, and we
unearthed what looks like being the
best RF ‘package deal’ on the market.
Cardiff publishing’s excellent concise
bi-monthly RF Design magazine
signalled Motorola’s intentions, with a
feature on Power MOSFETs versus
Bipolar Devices, in their 1981
November/December  issue. The
MRF150 devices in the cover picture
had ‘sample’ stamped on them — but
now they are available for business.

TMOS

The TMOS process employs a vertical
channel like the Siliconix VMOS and
International Rectifier HEXFET. It is
basically a process refinement to
circumnavigate some of the intricacies
of the V groove etching process. The
bottom line is that a TMOS power
device occupies a die size that is about
50% larger than a corresponding
bipolar process device.
Semiconductor price is all about
efficient die size, so there had to be
some good reasons for using the
TMOS process when Motorola already
have a very broad range of bipolar
parts.

The advantages are those which are
already well known and widely

RF INPUT

€9 RF OUTPUT

- c8

Figure 1: 150MHz class AB ampilifier.
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Figure 2: Broadband amplifier circuit (2-50MHz)

broadcast in the great MOS versus

. TABLE 1. MOTOROLA DEVICE SPECIFICATIONS
bipolar debate — lack of secondary - -
breakdown, prevention of thermal Device Frequency Range | Power Out Voltage Gain
runaway, easy parallel configurations,
low drive power requirements. MRF134 2—-400MHz 5W 28V 11dB/150MHz
However, in RF applications there is 5w 28v 10.6dB/400MHz
one feature that is perhaps more MRF171 2—-200MHz 45W 28V 12dB/150MHz
significant — input impedance MRF172 2—200MHz 80w 28V 10d8/150MHz
remains far more constant under MRF174 2—-200MHz 1256W 28V 9dB/150MHz
varyingdrive levels, MRF140 2—-150MHz 150W 28V 15dB/30MHz
One further feature claimed for ali RF MRF148 2--175MHz 30w 28V 18dB/30MHz

FETs is the low noise generated in
adjacent channels — particularly
pertinent on sites where repeaters and
other transponders are used.

The results of all these factors are
lower high order IMD and easier
combination in broadband and parallel
systems. Bearing in mind the
substantial vested interests of
Motorola in bipolar RF technology
{witness their enormous and very
useful RF data handbook), the fact that
they are now proclaiming MOS is very
significant for the RF fraternity.

The RF TMOS family presently
consists of a limited number of
devices, but since they are all specified
across a frequency range of 2 to 200
MHz (the MRF140 is only rated to
150MHz), this lack of numbers should
be put in the context of one TMOS part
fitting the applications of as many as
10 bipolar devices, covering the same
frequency range, operating modes etc.

This is certainly one of the most
important, if less visible, advantages
for the user, who is certainly going to
be grateful that he only needs to stock/
familiarise himself with a very limited
range of devices.

The devices in Table 1 are those
currently released with specification
information and parameter
measurements up to the very high
standard established by Motorola for
its RF semiconductors. Noteworthy
points at this early stage are that the
MRF148 cites amateur radio
equipment amongst its uses, and
offers a 120V drain/source rating, as
opposed to the 65V of the other parts
in the series. All parts are rated to a
30:1 SWR, at all phase angles of load
mismatch.

Operation at 28V is largely dictated
by aerospace applications, and 13V8

operation, in mobile situations, is
usually a nuisance for the RF designer,
who has to cope with low impedance
earths for the substantial earth
currents involved. Transistors
designed for operation around 12/13V
also have lower gain and saturation
problems.

The 50V working range of the
MRF148 may grieve those of you with
big 13V8 power supplies, but since
most amateur experimental work is
likely to be mains powered anyway:
enjoy the advantages offered by lower
earth currents and higher gain and
construct a 50V PSU (or extract one
from an audio ampilifier). One watt
input for 40 watts output in a
broadband HF stage, as simple as that
shown, is an advance that should not
be shackled by conventional RF
transistordesign considerations.

® R&EW

“l know you got it out of the
book, but it still doesn’t sound
right!”’
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CENTRAL HEATING
CONTROLLER
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% Independent control of up to four “zones”’
of heating, each with its own thermostat.

% Programmable timer cycle, variable from
one day to ten weeks.

# Upto 240 switching operations per cycle.

% Facilities for making temporary or
permanent additions to, or deletions from,
the program.

¥ Eight programmable temperature limits.
v Programmable frost protection.

% Battery back up, to prevent data loss in
the event of mains failure.

A microprocessor-based system for controlling domestic
central heating. Design by D.A. Pickles.

This controller combines the functions
of a time switch and thermostat in an
oil or gas fired central heating
installation, to provide versatile
control of the system. In conjunction
with  suitable  central heating
hardware, the controller ensures the
energy thatis used is better matched to
need.

Design

The controller output is in the form of
four relays. Each ‘relay channel” may
have an associated temperature
sensor, which controls the operation of
the relay in accordance with the
program.

The controller maintains a list of
eight temperature limits. Temperature
control is exercised by allocating one
of these to a channel, whereupon the
relay is energised for as long as the
temperature of its sensor is below the
limit. Comparisons are performed
once per minute. Hysteresis can be

-
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Figure 1: Circuit diagrams for the PSU
{a), the main processor board {b) and the
temperature sensors {c).
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Circuit Description

The circuit diagram of the controller is shown
in Fig. 1. The unit is based on a single-chip
microcomputer, the Motorola MC14680E2.
This is a CMOS device, similar to the 6800
series, but having two 8-bit I/O ports and a
timer/counter on chip, as well as 112 bytes of
RAM. The bottom 8 address lines are
multiplexed with the data bus, and are
separated by IC10, an 8-bit latch.

The processor clock is derived from a
3.2768MHz crystal. This frequency is divided
down by the timer counter on chip and used to
generate an interrupt every 50ms.

Eight of the processor I/O pins are used to
operate the keyboard, which consists of 16 key
switches arranged as a 4 x 4 matrix. The 4-digit
liquid crystal display is driven by IC2. The
colon and decimal points on the display are
driven directly by the processor via exclusive
OR package IC6.

In order to connect all the peripheral circuits
to the processor, some I/O pins have several
functions. For example, four of the lines used
to scan the keyboard also act as outputs to the
display driver and drive the display decimal
points.

The output from the unit is in the form of
four relays, driven by the processor via a
Darlington driver array. Front panel LEDs are
connected in parallel with the relays to indicate

their state. A further LED is used to indicate
that the controller isin Program Mode.

The temperature-sensing function is carried
out by LM334Z constant-current sources. The
current through these devices is proportional to
absolute temperature, over a wide range of
applied voltage, and is unaffected by cable
resistance or thermoelectric effects. Four such
sensors may be connected to the unit, the
appropriate one is selected by analogue gate
IC9 and applied to the input of A/D converter
IC3. The range and offset of the converter are
adjusted so that the full digital output range (0-
255) corresponds to a temperature range of 0 to
64 degrees C.

If temperature control is not required then
IC9, IC3 and associated components may be
omitted.

The operating schedule of the timer is stored
in IC4, a 1k x 4 bit CMOS RAM, and the
processor program in EPROM IC3. The latter
is responsible for most of the quiescent current
drain of the unit, which is about 20mA .

The back-up battery specified will keep the
processor operating normally for about S hours
in the event of mains failure. The relays and
LED:s are not powered by the battery in order
to reduce current demand, but most heating
systems will not run without mains supply
anyway.

JULY 1983
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HEATING CONTROLLER

programmed into the operation of the
channel in order to prevent excessive
on-off switching. Limit 0 is an OFF
state, but may be overridden to
provide frost protection. If no
temperature control is required, then
limit0is OFF and limit 1is ON.

The association of a temperature
limit to a channel can be done either
manually, at the keyboard, or
automatically at programmed times.
The list of these "events” constitutes
the operating schedule of the
controller. The schedule can be
examined and edited at the keyboard.

The normal operation of comparing

.

achannel’s temperature with its limitis \) 0 _¢
o——o o——0 / o—0—<
suspended if the temperature reading o—0%—% }/%
iszero. This is a safety feature, to guard ) _—0 o—o o/o\c /
against vast fuel bills in the event of a o ;" O~ 00 /
temperature sensor going open circuit. ~ oo0——o —o ]
o—o ——— ] -

. o—/° /~ 00—0 o \L o-L-o
Construction C ﬁ—'é;\&; BN o—o
The controller comprises three printed N»—/_ /" o—"0 ¢ N\ O=——0
circuit boards. The processor and o o F—2 =T N o—o
associated circuitry plus the liquid o0 o0 P oo °

o o

crystal display are mounted on one
board, the relays, mains power supply
and the back up battery are mounted o
on another (this ensures that mains
voltages are kept away from the CMOS
devices, and also allows for the unit to
be mounted in two boxes if desired). A Figure 2: The PCB foil (above) and component overlay {below)
third board is used to mount the key for the processor board.
switches forthe keyboard.

The processorboard layout is shown

1
:

)
i

¢

in Fig. 2. Insertthe wire links first, using
sleeved tinned copper wire — many : o : : mI:]: =8 : g
links pass under ICs. Sockets are X - b X p ,RB 2
recommended for the micro and the . : q $ ! b 9 C5 T~
EPROM * L . L : C 3 —

The LCD display is mounted on the . ™ [ . 4 o b dinp —mm o
board in a socket made from a 40-pin p > v ¢ . ) L bR S —
IC socket cut in half, the display driver ° 4 ({1 b o g b X —Ru3
sits underneath. Note that the display O N P | o 9 = P —— 12V
is fitted ‘upside down’, that is with the d 2 . . L | 3 [ e R
decimal points at the top. o e b . < p | o b

The relay board layout is shown in % S P o S ol b p [ 1 [
Fig. 3. The contact rating of the . il & (e . L | Jrenf
specified relays is BA at 250V AC. If ° L 3 . a4 il b | o Jlit
reactive loads are to be switched then N o Bl 1 h I cld & [
suppression capacitors should be 4
fitted across the contacts. KEYBOARD Ji ¢ y ’
Loads over 5A will require a g;—'osgu . TR RA 4 JTTH ! [
heavier duty relay, however Ro— < b o bl b y b
bear in mind the 3VA rating T — L : oslb 48 bl {d|1c7 b < P 4]

- p

of the power supply when g = i 4 . ‘V e 9 ' E I 2 19 P
choosing a suitable dewce.. RO —————o ﬂﬂm = e b | o L 3

The k.eybo'ard layout is TEMPERAIORE D2 = : : : J :
shown in Fig. 4. The 16 NS = delld & o b | o | b
discrete key switches are TH——a o 9 d (s < S b b
labelled with their function ogh— T ] ks %%] b :
using small pieces of card | g4 & .E ecrd b c2
under the clear plastic T- RS Rs 3 p(cB @ o - b
keytops. L R : L

RS bo o e
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HEATING CONTROLLER
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Figure 5: A standard central heating system (a) and integrating the controller (b).
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Figure 6: The setting-up circuit.

Installation

There are many different types of
central heating system, the wiring of
the type most suitable for use with this
controlleris shown in Fig. 5a. This uses
two or more motorised valves to direct
the hot water from the boiler to the hot
water cylinder or the radiators. A
similar arrangement is sometimes
found using a two-position Y’ valve.
The modified wiring is shown in Fig.
5b. Heating systems using ‘gravity’

TIME

o
(A
u

WEEK/DAY

WEEK 1S SHOWN AS A DASH IF
THE PROGRAM IS ONE WEEK OR LESS

e O}
My

" -, " LIMIT/TEMPERATURE
X OR
’ ’- ’ CHANNEL/TEMPERATURE
— .
j E CHANNEL/LIMIT

Figure 7: Some typical displays.

(thermosyphon) to feed the hot water
cylinder are less amenable to
conversion, as there is no way to stop
hotwater being generated.

The location and mounting of the
controller is largely a matter for
individual preference. In the author’s
case the unit was built into a plywood
box, which was placed on the kitchen
wall nextto the boiler.

The safety of the installation is of
course of paramount importance. The
controller should not be fitted in a
location where it could be subject to
splash or condensation, or where it is
within the reach of small children. All
metal parts accessible on the outside

Table 1. Details of start-up procedures and display command.

Start Up Procedure

Onfirst switching on the unititis necessary
to specify the operating mode of each of
the four channels. The mode is specified as
a number from 0 to 5, according to the
following: the controller will display “PO "
on first switch on. The mode number for
channel 0 should then be entered, followed
by the ENTER key. If a mistake is made at
any point in the start-up seguence, the
CLEAR key will return to the start point. if a
mode number of 2 or greater is entered, the
display will show "HO“*, the user mustthen
enter a two digit number corresponding to
the desired temperature hysteresis in
quarters of a degree centigrade. A value of
01 was found optimum for the author's,
central heating, 00 is allowed but will cause
excessive cycling of the boiler due to jitter
in the A/D converter. 63 is the maximum
number permitted, corresponding to 16
degrees C.

Once the data for channel 0 has been
entered, the display will show "“P1 “,
requesting the data for channel 1, and so on
forchannels2 and 3.

Following the data for channel 3, the unit
requests the number of weeks and days in
the schedule. Two decimal digits should be
entered followed by the ENTER key. A
value of zero weeks one day may be
entered, the cycle then repeats daily; the
maximum is 9 weeks 6 days. Once this has
been entered the display reverts to time
mode and the unitis ready for use.

Display Commands
Under normal circumstances the display
shows the current time in 24 hour format.

Access to the other displays is obtained via
the key seguences described below. In
each case the display reverts to TIME at the
end of the current minute.

DAY The current week and day number are
displayed.

NThe currenttemperature of sensor N (0-3)
is displayed in degrees C. if the channel
modeis 0 or 1theinstruction isignored.
LIMIT L The value of temperature limit L is
displayed in degrees C. Ignored if all
channelsareinmodesOor1.

CHECK N The current limit number for
channel N is displayed. Ignored if the
channel modeis 0.

Set Command

The SET command allows manuat control
ofthe system. The command formatis;
SET N L ENTER where N is the channet
number and L is the limit number. If
channel N is in mode 0 the command is
ignored, in mode 1 only limit numbers 0
and 1 will be accepted. The command may
be aborted at any time up to the final
ENTER by pressing CLEAR.

Program Commands

Pressing the PROGRAM key places the
controtler in program mode, allowing
access to the internal storage registers. The
red program lamp will remain it while the
controller is in this mode. Any program
sequence may be aborted at any time by
pressing CLEAR.

TIME

The internal clock is set by
PROGRAM DAY W D ENTER HH MM

ENTER

The seconds count is set to zero at the final
ENTER, allowing the clock to be set exactly.
Attempts to set a week/day beyond the
current cycle length or to enter a non-valid
24h time will be rejected. If a one week
cycle or less was specified the week
number is not entered, the display shows a
0inthe week position.

LIMIT

The temperature limits 0-7 may be set by
PROGRAM LIMIT N LLENTER

where LL is a two-digit temperature less
than 64. The command is ignored if all
channels are in modes 0 or 1.

DELETE

This function deletes all entries in the
program memory and resets the schedute
cycle length.

PROGRAM DELETE W DENTER

where WD is the schedule cycle tength in
weeks/days. This function should not be
confused with the DELETE function in
REVIEW mode, see below.

ENTER

New entries in the program memory may
be made by

PROGRAM ENTER W D ENTER HH MM
ENTERN LENTER

if D=DAILY then an entry is made on each
day in the specified week. Entries are
automatically sorted and therefore need
not be entered in any order. If an entry is
made at the same time as an existing entry,
the new event is entered one minute later,
as events cannot be simultaneous. As for

the TIME function, the week number is not
entered forone week orless cyclelength.

SINGLE

This function is the same as ENTER except
that the entry thus made in the program
memory will automatically be deleted as
the event is executed. This is one way of
making temporary changes to the
program.

REVIEW

Entry to this function is by PRQGRAM
REVIEW. The display will show the week/
day of the next scheduled event.
Repeatedly pressing REVIEW will display
the time and channel/limit of this event,
followed by details of subseguent events in
chronological order. The sequence may be
existed by pressing CLEAR.

Pressing DAY while in review mode
causes the display to jump forward one
day. This is useful when editing events
entered using the DAILY function.

The review command also allows details
in the memory to be changed. Pressing
DELETE while in review mode removes the
currently disptayed event from the
memory, the display then moves on to the
next event. Pressing SKIP marks the
currently displayed event as to be skipped
on the next cycle, this is identified during
REVIEW by two dashes in the channel/limit
display. A skipped event can be unskipped
by pressing SKIP again.

Note thatthe timer function is suspended
white in PROGRAM REVIEW mode, any
events scheduled to occur during this time
will be missed.
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shouid be earthed.

The location of the temperature
'sensor  for monitoring room
temperature  will need to be
determined by trial and error. It is
“unlikely that the position used by
conventional bi-metal strip
thermostats will be suitable, as these
use an internal heating resistor to
provide positive feedback and reduce
response time. The best position
seems to be in a rising convection
current, such as closeto the ceiling.

The hot water tank sensor should be
mounted in thermal contact with the
tank, about one-third down from the
top. Screened cable is advisable forthe
sensor wiring, as the processor can
generate RFl which could be radiated
by the cables.

Setting Up

The range and offset controls for the A/
D converter must first be set. Ideally a
digital voltmeter is used, though the
adjustment can be made using a

PARTSLIST
Resistors " Ic3 ADCO804L
2;5 3310;2 ICa TC5514 or uPD444
R7 470k IC5 2716 (programmed)
ICé 4070
gg 0 ‘O:""( IC7 4023
Y . IC8 4011
R11-14 240R metal film ICo 4052
Potentiometers IC10 74HC373
RV1,2 1k Cermet Ic1 78L05
. IC12 ULN2003
Capacitors IC13-16 LM334Z
C1 100u 25V radial D1-10 1N914
C2 220u 186V axial D11 Bridge Rectifer 50PIV 1A
C3 tu 35V tantalum -
a5 33p ceramic Miscellaneous
c68 100n ceramic 3.2768 MHz HC18/U. RL1-4, 12V 200
R ohm coil, Contacts 250VAC 5A DPCO,
Semiconductors T1,2x 6V (3VAtotal), LCD display, Bat-
iIC1 MC146805E2P teries, Socket, Bezel, Switches, Switch-
IC2 ICM7611A caps, PCB, Solder etc.
temperature sensor and a  Set RV1 and RV2 fully clockwise. Set

thermometer. If a DVM is available,
then set up the circuit shown in Fig. 6.

JULY 1983

the pot to obtain a DVM reading of
3.36V, and adjust RV2 to obtain a
channel 0 temperature of 62 degrees.
Repeat these two steps until no further
adjustment is necessary. If no DVM is
available the adjustment can be made
using two known temperatures near 0
and 63 degrees, adjusting RV1 at the
lower temperature and RV2 at the
upper.

It is also necessary to calibrate the
individual temperature sensors. R14-
17 should be adjusted by adding series
resistors to obtain the same reading on
each channel (the sensors at the same
temperature). Increasing the resist-
ance will reduce the temperature
reading. It is not recommended that
variable resistors be used, due to their
high temperature coefficient.
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Zilog

INTERRUPTS, TRAPS, AND OT
CONTEXT SWITC

ER

ES

PROGRAM STATUS
. Multiprocessing, multitasking and other systems allow
. programs to make individual, repeated use of the
machine on a sequential, perhaps arbitrary, schedule.
. Any processor intended to manage such a system effec-
tively must provide a convenient means for representing
the current environment of the current program. It must
l allow for changing that environment when other pro-
grams are given contro! In fact, such a processor must
provide a means for remembering and restoring an
earlier environment so that when one task 1s completed,
those tasks running previously can then be finished. The
Z8000 can manage context switches between competing
tasks, allowing a hierarchical arrangement of these tasks
which can distinguish operating-system programs from
user programs.
The Z8000's status registers provide all the informaton
l needed to define the current environment in which in-
. structions are being executed:

28001

. CONTROL BITS FLAGS

EE%SINIEPAI Vl—lNivq i [ [Z TS IP!V] 2] l H -

! PROGRAM COUNTER OFFSET
L PERES Gt i i Ty

1

SEGMENTED

28002728001

CONTROL BITS FLAGS
5
I%E#S/NIEPAI vi ]NVI-C—[ 2 IS lPNl ] 1 H

l PROGRAM COUNTER _]
T R R S S S A - A )

NONSEGMENTED

Figure 1
Z8000 Status Registers

Flag and Control Word

The flag-and-control word (FCW) contamns: 1) control
bits that define the current mode of operation and 2) flag
buts that reflect the result of preceding instructions. The
program counter (PC) simply contains the address of the
memory cell from which the next instruction’s first word
can be fetched. In these diagrams, all blackened areas
are reserved for future use (Of course, in the Z8002,
only the nonsegmented form of the status registers has
meaning.) The two halves of the FCW are different in
importance and accessibility, as will be explaned.

The FCW's control bits have the following functions:

SEG 28001 only, "ON" means addresses are to
be in segmented form.

SIN "ON" means system mode is in effect;
"OFF" means normal mode.

EPA This bit may only be "ON" in Z8000s with
extended-architecture, and then only when
used with slave processors (EPUs).

VI, NVI These bits enable (ON) or disable vectored
and nonvectored interrupts.

. S/N BIT
The most important control bit is S/N. It establishes
. what instructions are executable and what memory 1s
used, if memory hardware uses the N/S output to create
two spaces. This bit implements the segregation of

20

normal (user) programs and data from the operating
system It has effect even if no memory-space distinction
1s made, because only in system mode are alf Z800O in-
structions executable. In normal mode, to protect the
system and hardware from improper use, many instruc-
tions are illegal. Input/Qutput (I/O), FCW control-bit
manipulation, and other important achvities are all dis-
abled in normal mode. In fact, they generate privileged-
instruction traps if their execution is attempted. The
system should contain a routine to service such events.

VI and NVI Bits

The VI and NVI bits control whether nterrupt requests
on the corresponding inputs to the Z8000 will be hon-
ored. I either 15 enabled, and if requests are allowed in
from hardware, the system must contain a routine to
service interrupts

EPA Bit

The EPA (extended processor architecture) bit has
meaning only in Z8000s with extended architecture.
When set, it allows an external Z-pus extended processor
unit (e.g., a floating-point device) to interact systematical-
ly with the CPU via the STOP mnput

SEG Bit

The last control bit, SEG, has effect only in the Z8001
where 1t defines how addresses may be formatted. If it is
"ON.” then long or short forms of segmented addresses
must be used. If "OFF," then only 16-bit offsets are
addresses, as in the Z8002

Flag Bits

The FCW's flag bits are affected by instructions in
various ways. They reflect the result of the previous in-
struction’s execution for use in establishing conditions for
jumps and other program decision making:

C When "ON,” typically indicates that an
instruction’s execution caused a carry out
of the leftmost bit of a destination operand.

z Indicates that an instruction’s execution
caused a zero result.

S Indicates that the sign of a result 1s nega-
tive (leftmost bit "ON").

PV Indicates that the parity of the result is

even or that overflow occurred. The par-
ticular meaning depends on which instruc-
tion last affected the bit. Parity has
meaning for some instructions, overflow
for others.

DA Indicates that a subtraction was last done,
rather than an addition

H Indicates a half-carry occurred (from the
night-hand four bits of a byte into the left-
hand four)

The processor uses these flags, in various logical combi-
nations, to establish conditions for jumps, and so on
Assembly language represents conditions mnemonically,
by condition codes Thus, "NZ” stands tor "not zero” and
will produce a runtime check for a zero (Z) flag. The DA
and H flags are used onfy 1) by BCD (binary-coded-
decimal) digit manipulations, and 2) by the DAB nstruc-
tion, which reformats binary numbers in bytes as two-
digit BCD numbers (four bits per dignt). This 15 useful, for
instance, when instrumentation data, which 1s often
supplied in BCD notation, is processed

For the purposes of interrupts and traps, only the
control bits in the FCW and the PC are of great
importance. In fact, because the flag bits do not atfect
the Z800O's mode of operation, they are accessible in
both system and normal modes.

It the FCW represents the current environment under
which a program 1s running, then there must be a way
of switching environments to execute service routines for
such unpredictable occurrences (exceptions) as interrupts
or traps.

SSP and PSAP

Two sets of registers in the ZB0OO aid this switching of
context. 1) the system-mode stack pointer. (SSP), and 2)
the program status-area pointer (PSAP). The system
stack pointer is simply R15 (or RR14 1n a Z8001 with
SEG = 1) with the S/N bit on

28001

R4 T SYSTEM STACK POINTER (SEG NG |

3 NORMAL STACK POINTER (SEG. NO |
RR14

R1s | SYSTEM STACK POINTER (OFFSET)

ars [ NORMAL STACK POINTER (OFFSET)
28002

R1§ SYSTEM STACK POINTER

Ri5 NORMAL STACK POINTER

Figure 2
28000 Stack Pointers

The system stack pomter is important because the

current FCW and PC will be saved on that stack when a l

trap, interrupt or system call occurs. Before any such

events can occur, this stack and its pointer must be set

up during system initialization — before interrupts are

enabled, for instance. l
Status saving is only the first step in changing envi-

ronments, however. The Z8000 must know where to find

new values for FCW and PC so that an unpredictable l

event can be serviced by the appropnate routine. The l

Z8000's PSAP register fills this need. Just as SSP must be

nitialized, PSAP must be loaded with the address of an

area (status area) in memory that has itself been mtial-

1zed with a table of FCW and PC values. These values l

must cover all trap or interrupt service routines needed l

by the system:
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Figure 3
The PSAP and Program Status Area

The status area 1s < iply indexed into starting at 1ts base l
address as provided by PSAP. Each type of internal or .
external event that the ZB0O0O can concewably handle 1s
represented in a unique place 1n this table (at a unique
index beyond PSAP) by an FCW and PC value. In the
case of vectored interrupt, one FCW applies to all l
vectors. The format of each status in the area 1s pro- l
cessor dependent, not mode dependent
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CONTEXT SWITCHES

When a trap or nterrupt occurs, the Z800O goes into
a well-defined protocol:

First, system mode 1s entered. Competing events are
examined for relative priority and one is acknowledged
if the event was external in source, then a special timing
cycle is begun to acknowledge a perpheral’s interrupt
and to receive a vector or identfier. (This cycle wilt be
described later.) Event priority is: internal, NMI, segment
trap, VI, and NVI.

Second, the current status words (FCW and PC) are
saved on the system stack (using SSP). In the Z8001,
this is a/ways done 1n segmented mode regardless of the
value SEG had. Thus two PC words are saved even if
a 78001 was running in nonsegmented mode at the time
of the event.

Third, the reason, or identifier word, related to the
event 1s pushed on the system stack. For internal events,
this will be the first word of the trapped instruction. For
external events, it will be the content of the data bus as
sampled at T3 dunng the acknowledge cycle. External
devices may use this word to identify themselves or
otherwise communicate with their service routines.

Fourth, having saved prior status and, perhaps, ac-
knowledged an external event, the Z80OO indexes into
the status area (identihed by PSAP) by an amount cor-
responding to the category of the event. From this sub-

area (four words in a Z8001, two n a Z8002) 1t extracts
. a new PC value and a new FCW value. It then proceeds
. to fetch the next instruction using the new PC address

and under the modes/flags in the new FCW. In short,
the service routine 1s run.
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Figure 4
The Program Status Area

Vectored Interrupts

For vectored interrupts, the value of the vector (low
eight bits of the data bus during acknowledgement) 1s
used to index nto the VI subarea to obtain one of many
PC values. In the Z80O! there are 128 possible seg-
mented PC values. In the Z8002, because only one
word addresses are used, the VI subarea can hold 256
PCs. Vectors supplied to a Z800] must, therefore, be
even values. Z8002 vectors can be even or odd
(0 to 255).

NVI and NMI

Like vectored interrupts, nonvectored (NV1) and non-
maskable (NMI) interrupts are external and asynchro-
nous (unpredictable). However, their subareas in the
status area hold only one PC and therefore activate only
one service routine. This 1s true for all events other than
VI It 15 always possible to have more than one status
area and change PSAP to select the one currently ap-
propriate. This can, of course, be done only while in
system mode.

Segmentation Trap

To support the need for memory management, partic-
ularly in Z80Q1 systems, segmentation trap 1s an addi-
tional type of external event represented in a status area.

because they aré directly related to the timing of
memory cycles and thus to the CPU clock (This is, in
particular, true when Z8010s are used with the Z800!
as will be described in another lesson ) If segment ad-
dressing can be checked by some memory-management
device and traps generated by illegal accesses, then a
service routine can be included as part of the system. Its
address can be placed in the segmentation trap subarea.
When a trap occurs, the ‘reason’ word on the system
stack could be information passed back from the trap-
ping memory manager.

Unimplemented and Privileged Instructions
Unimplemented and privileged instructons are, as
their names imply, permanently or temporanly illegal. In
the case of EPUs with slaves, turning on the EPA bit in
FCW causes some special, built-in instructons to become
legal. Privileged instructions, however, are the same in
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Such events are generally synchronous, unlike nterrupts,

all Z8000s and are simply those that may only be exe-
cuted in system mode (S/N = 1). They are: all /O,
LDCTL, LDPS, IRET, El, DI, HALT, and multimicro
instructions.

VO instructions are privileged so that only the operat-
ing system can have direct control over external hard-
ware. Normal-mode programs, like users on timesharing
systems, thus see the hardware around the Z8000
indirectly, through the operating system.

System Call

One way to provide the user access to the operating
system is the ZBOOO's system-calf feature. An SC instruc-
tion automatically begins the service routine identified in
the system-call subarea. The SC instruction takes one
operand as an immedhate byte value. This operand will
appear in the ''dentifier’ word on the system stack when
the system-call service routine 1s entered. In fact, the
entire SC instruction 1s on the stack, since it is one word.

02 28001
2 LOW ADDRESS 520

SPAFTER - =l inSTRUCTION
| INSTRUCTION FCW
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STACK POINTER
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OR INTERRUPT

~ 1 WORD | = 1 WORD =

HIGH ADORESS

Figure 5
The System Call Instruction
and System Stack

The byte passed in this way from normal mode program
to system-mode service routine can correspond to an
action defined for that routine. It may be used, for in-
stance, to implement simple /O operations or other
privileged functions

Other Context Switches

Thus, the Z800O implements a uniform protocol for
handling both internal and external synchronous and
asynchronous events that require context switching for
service. Another way of switching context is to use the
LDCTL (load control) instructions to change mode bits in
the current FCW. Or, use El and DI (enable/disable
interrupt) instructions to change just the VI and NV bits.
However, more complete switches can be obtained with
the LDPS (load program status) mstructon, which loads
the FCW and PC from an area in memory formatted in
the same way as a status-area subpart. Note, though, that
no old status is saved, so this is a way of permanently
switching context — for example, when initializing
system operation. (It should be clear now why many in-
structions are considered privileged.)

The system-call feature is not the only way an operat-
Ing system can allow normal-mode tasks to perform
pnvileged operations. One can simply design the priv-
ileged- and/or unimplemented- instruction service routines
so that they try to iterpret the word found on top of the
system stack upon trapping. In this way, normal-mode
programs can simply try to execute, for instance, /O
instructions. Each time any of these were trapped, the
service routine (as interpreted) would try to simulate
their effect.

Service Routines

In the ZBOQO, all service routines, for all events listed
in the status areas, are entered with three (Z8002) or
four (Z8001) words on the system stack

28002 28001
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OR ITERRDRT
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HIGH HIGH

ADDRESS ADDRESS

Figure 6
Etfect of Interrupt or Trap
on System Stack

This information must be cleaned up when the service
routine is done. The Z800O has one instructon for doing
this regardless of the source of the event: IRET. Execu-
tion of IRET in a Z8002 automatically pops three words
from the system stack and restores the old FCW and PC
values thus found. In the Z8001, four words must be
popped, because four are always pushed, even if SEG

= 0 when the event occured; thus, a Z80O1 must be l
n segmented mode (SEG = 1) before IRET is executed. .
It is important to understand how the protocol outlined
above affects the passing of additional information to or
from a service routine. Suppose that a user (normal)
program makes a system call. Data may be passed in the .
immediate byte in the SC instruction; but this must be l
known at assembly time and is of limited use apart from
specifying one of vanous operations. The registers could .
be used, because alf are accessible to system-mode pro- .
grams. In fact, any true reentrant system would save all
registers automatically before it runs, and restore them
just before its IRET. The LDM (load multiple) instruction
is useful for this. The space available in the Z8000's .
registers may be limited in relation to some needs. If so,
the user might be tempted to push data on the stack or
simply fo put it in an area of memory and pass its ad- l i

dress in a register fo the system-call routine _ .
Whether this works or not will depend on how memory
is partitoned by hardware and the operating system. .

Suppose that system and normal memory are segregated .
in a Z8002, thus creating two 64K program spaces, data
spaces, and stack spaces. Once the SC instruction is
executed, the Z8002 will be in system mode. Though
the normal-mode user has passed the address of his
data, the system-call routine_cannot access it because
hardware, looking at the N/S output, will automatically
access the corresponding address in system memory. If
such a scheme is to work, an area of memory that is ac-
cessible in both system and normal mode must exist. In
fact, it is generally best to allow the system program to
see all memory and normal-mode programs to see only
normal-mode memory. Similar problems can arise with
the Z8001, but astute memory management will mitigate
difhiculties.

Context Switching: Further Discussion

A few other subtleties of context switching should be
pointed out. The status area is accessed by the Z8000 .
with the IFn condition emitted on the ST lines. Thus the
status area must exist in program space if memory hard-
ware makes such a distinction. The LDPS instruction, .
however, reads its FCW and PC values with normal data .
memory cycles, so its operands must refer to data space.

It is, therefore, not possible to simulate a trap or inter-

rupt via LDPS if memory hardware or management dis-
tinguishes data memory from program memory. In any l
case, 1f LDPS were to be used in this way to simulate
exceptions, the system stack would have to be adjusted
properly to allow the nevitable IRET to function. For the .
same reason, any trap, interrupt or system-call routine .
cannot simply POP the identifier word from the system

stack, because an IRET will eventually do so.

An important practical consideration for system initial-
ization is the potential existence of NMI events. As the .
name implies, NMI cannot be disabled. Therefore, in
theory and practice, a Z8BOOO system must be ready to
handle an NMI at any time after power-on reset. This is,
of course, not possible, because a finite number of in-
structions and amount of time will be required for mini-
mal initialization, even if the program and status area are
in firmware. The PSAP and SSP must be loaded after ini-
tal status is fetched upon reset. Thus, an NMI occurring
before this has happened will surely be mishandled.
Some hardware provision for NMI delay must be included
in any real system 1if NMI is to be handled properly. This
is, of course, true for all processors that have NMI or its
equivalent.

TRAP/INTERRUPT TIMING

External assertion of NVI, VI, NMI, or SEGT inputs to
the Z80OO initiates what is called generically the inter-
rupt-acknowledge cycle Because of the modularity in
the Z8B00O's timing sequences, a shorter cycle (minus the
actual acknowledgement and vector/identifier transfer) 1s
used for internal events It is enough, therefore, to dis-
play the timing for external events, up to the pomnt of
status saving:

One important feature of the Z8000's trap/interrupt
handling s apparent: external events can be acknowl-
edged only after the current instruction has completed its
execution. If an external NMI request has been made
prior to the end of T2, or if a V1, R¥T or input is
active at T2's end, then the acknowledge cycle will
oceur. Internal events, such as privileged instructions,
generally consist of only one machine cycle, and they
dispense with the third portion, from T1 to TS, that inter-
acts with external devices.
Resolving Priority

Once one or more externalinternal events have been
sensed at the end of an instruction, the processor readies
itself to resolve priority and initate the acknowledge
cycle, if needed. To do this, the ZBOOO pretends to fetch
another instruction. But it does not update the PC and
aborts this fake fetch after seven clock periods. Priority is .
established at the end of T1 in this cycle and one of the .
competing events will win. If the winner is external, the
acknowledge cycle will be entered Otherwise, the
Z8000 will begin saving the current status (FCW and .
PC) and follow PSAP to find new status values.
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Acknowledge Cycle

The external-event acknowledge cycle consists basic-
ally of 1) a standard /O read cycle with a meaningless
port address, and 2) a DS (data strobe) delayed by five
clock cycles. This delay allows sufficient time for proper
settling of IEIFIEO signals on a daisy chain of about ten
28000 peripherals. The hardware will decode the ST
lines to provide the appropriate acknowledge signal for
each daisy chain

Because the 16-bit data bus 1s read at T3 dunng the
acknowledge cycle, any peripheral can respond with
data (identifier) useful to a service routine. Those
connected to the VI input are obligated to supply their
vectors on AD7:O, but they can use the upper byte for
any purpose. In the case of SEGT requests from Z8010s,
only AD15:8 are meaningful and indicate to the service
routine which memory manager(s) generated the trap.

Of all the external events, only NMI is edge triggered.
Hence, the proper way to design peripherals 1n a Z8000
interrupt chain is to have them assert a VI or NVI and
maintain 1t until acknowledge is received. Peripherals
can effectively delay their response with, for example, a
vector by asserting WAIT to delay DS.

Saving Program Status

Once acknowledge s complete for arrexternal event
or an mternal event has won the priority competition,
status saving begins. This consists of a senes of system-
stack pushes, followed by IFn cycles to load PC and
FCW from the proper status subarea:

Clock

ST3:0  Cycles  Action

Stack 4 Push PC offset

Stack 3 Z8001 only - Push PC ségment

Stack 4 Push FCW

Stack 7 Push Reason (Instruction/
Identifier)

IFn 3 Read Status Area FCW

IFn 3 Z8001 only - load PC segment
from status area.

IFn 3 Load PC offset from status area
and load FCW with value read
earlier.

IFl — Fetch first instruction in service
routine.

It is an 1mportant feature of o status manipulations, 1n-
cluding those by IRET and LDPS mstructons, that the
FCW is instalied /ast just before the next instruction 1s
executed. It would not make sense to nstall FCW
sooner, because the modes defined by it might be in-
compatible with those needed to complete the context
switch.

Interrupt Response Time

From the table above and Figure 7, you can calculate
the response time for an interrupt. The minimum time
between an interrupt assertion and execution of its ser-
vice routine’s first instruction is achieved when the inter-
rupt just meets the specified setup time to the rising clock
edge between T2 and T3 of the last cycle of an instruc-
tion. (This minimum time does not include wait states
injected by a particular system’s memory.) The Z8000
guarantees no more than 10 clock periods between
machine cycles. Thus, the onset of the aborted fetch can
be little more than eight clock periods later. This, plus
the fact that six clock periods in status saving are pecu-
liar to the ZBOOI, lead to the following minimum delays:
46 clock ticks for the Z8002, 52 for the Z80O!. Internal
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Interrupt Acknowledge Cycle

events obviously require at least ten fewer cycles in each
case.

The maximum delay can be estimated by assuming
that the interrupt/trap setup time was not met. In this
case another complete instruction must be fetched before
the next sampling time will occur. The delay thus
depends on the longest nstruction executed during any
interruptable portions of all programs on the system.
Obviously this 15 rrelevant for intemal events and seg-
ment traps from Z8010s because they are synchronous
to the clock.

Certain Z8000 instructions (like DIV) can take many
clock cycles to complete execution Some, like block
transfers, are repetitive and, for good system responsive-
ness, are interruptable at each repeated step. Because
this type of instruction must use some registers for step
computations, it 1s essential that trap/interrupt routines
save all registers. Otherwise repeating instructions would
not resume properly. All interruptable instructions are
described 1n a subsequent lesson.

HALT

An interrupt-driven system is sometimes designed to
execute a HALT instruction and wait for an interrupt to
arise. HALT in a Z8000 simply generates an unending
series of three-clock-period nternal or refresh cycles.
However, HALT has an interesting tming feature: an
interrupt must be asserted at two successive T2-T3
boundaries to be acknowledged This means that only
four periods at minimum or seven at maximum lie be-
tween a successful interrupt and the aborted fetch
Therefore, at least 42 periods for a Z8002 and 48 for a
78001 lie between service and interrupt dunng HALT.

(no operation). Execution continues with the instruction
following the HALT and no priority resolution, acknowl-
edge cycle, or status saving occur. This feature can be
used to achieve very fast (4-clock periods) interrupt
response, but at the expense of being able to access
only the code following the HALT. IRET obviously can- .
not terminate such a routine. Special methods must be .
used to 1dentfy the interrupting device if more than one
can produce an interrupt nput.

This technique can also be used to synchronize muitiple
Z8000s 1n special parallel-processing arrangements. I
HALTs are placed at the points that mark bounds of
code to be synchronized. Before each HALT an appro-
priate /O instruchon communicates the fact of reaching .
that HALT to external logic. When all processors have l
similarly halted, the external logic simply generates a
single T2-T3 interrupt to all processors and they proceed
onward. A smple way to guarantee an interrupt hits
only one T2.T3 boundary is to toggle it in on alternate .
AS (address strobe) signals. These normally occur in
every Tl dunng HALT.

RESET .

Finally, the most important status manipulation 1s the
one induced by RESET. It 1s described here because it
behaves like an interrupt or trap with everything but the
loading of new status removed: See Figure 8. l

The timing shown 1s for the Z8002. The Z80O!
requires an additional memory cycle to fetch the PC
segment after fetching FCW, just as when the interrupt .
status-saving sequence ends. This allows the PC segment .
to be emitted early for the first fetch. Thus, releasing
RESET is followed by a nine clock-period delay (exclud- .
g WAIT) in the Z8002 (twelve in the Z8001) before thel
first instruction in the system is fetched

An important constraint on RESET is that the clock
must run for at least five periods before RESET comes .
high (inactive). The Z800O clears all pending
interrupt/trap requests upon RESET (unlike the Z80, l
which does not clear NMI). The Z800O0 also voids all
resource-shanng signals, such as BUSAK and the mult- .
micro output. RESET can occur at any time as long as it .
is held for at least five clock periods.

RESET, therefore, behaves like the last three memory .
cycles of interrupt status saving (two cycles in the
78002) when new status is fetched. However, RESET
fetches status from location 2 in either a Z80O1 or
78002 system's memory. Like status saving, this is done
1n system mode with ST3:O indicating [Fn.

28001

28002

FCW
PC SEGMENT
PC OFFSET

— LOCATION 2 —

Figure 9
Status Area for Reset

This space in system program memory must, of course,
be permanent — ROM, for instance.

EX4

!

—-—-—+( 0002 »< FCw < 0004 ~< PC ).; PC > —

| |

. —7 ! \/ i
= 7 \ N/ 1
B3 J ‘:’ J \ =
s, atttow |/ IFn X IF, U |
‘ n
i 0

[/ ||
1 i

— 0
susax —/ : [ .
. 7 T =

. ||

Horot Toming |

RADIO & ELECTRONICS WORLD



Accurate Digital Multimeters at
Exceptional Prices B EEHERINI

28 RANGES, EACH WITH FULL OVERLOAD
PROTECTION

Quiz for Lesson 3

QUESTIONS

1. In the Z8000, program status is defined as:
____A. The PC and PSAP.
—_B. The stack pointers and the PC.
__ C. The status area and the PSAP.
__D. The PC and FCW.

2. The PSAP and the status area it points to define:

A. Possible future FCW and PC values.

_ B. Responses to interrupts and traps.
_ C. Addresses of vectored-interrupt routines
D. Al of the above

3. In the Z8002 each status subarea PC occupies:

A. One word.

___B. Two words.
__ C. Three words.
—D. One or two words depending on the SEG bit

in FCW.

4. In the Z8001, with SEG = 0 (nonsegmented mode),
an interrupt or trap causes:
— A, Four words to be pushed on the system

stack.

____B. Four words to be pushed on the current

(system or normal) stack.

—— C. Three words to be pushed on the system

stack

____D. Three words to be pushed on the current

stack.

5. Setting the extended processor bit on or off in a
Z8000 affects:
_A. The response to bus requests.
B, The number of unimplemented instructions.
—— C. The number of privileged instructions.
——D. The number of peripherals that the Z8000

can handle.

SPECIFICATION MODELS
6010 & 7030

10 amp AC/DC

Battery: Single 9V drycell. Life: 200 hrs
Dimensions: 170 x 89 x 38mm.
Weight: 400g inc. battery.
Mode Select: Push Button.

AC DC Current: 200uA to 10A
AC Voltage: 200mV to 750V
DC Voltage: 200mV to 1000V
Resistance: 20082 to 2M{2
input Impedance: 10MS$2
Display: 3% Digit 13mm LCD
O/load Protection: All ranges

6. System initialization after RESET requires that the
system and normal stack pointers be loaded and the
PSAP be pointed to a proper status area. The greatest
danger to completion of these tasks is posed by:

— A A segmentation or other trap.

—_B. A vectored interrupt.

. C. A nonmaskable interrupt.

—_D. A non-vectored interrupt.
7. Vectored interrupts in the Z8002 may access how
many PC values, compared with the Z80017?

A More.

____B. Fewer.

__C. Same.

— D. None - because Z8002 addresses are always

nonsegmented.

8. The Z8000 allows the PSAP to point to:

A Exactly one status area.

___ B. Any status area.

__ C. Any status area that starts at an address
multiple of 256.

___D. Any status area that starts at an address
multiple of 266.

9. Which FCW control bit(s) determine the number of
executable instructions?

___A SN

— B SEG.

___C. S/INand SEG.

___ D VL

10. The control bits in the FCW are accessible:
—— A In system mode only.
—— B. In normal mode only.
—_ C. In both system and normal modes.
__D. In system mode only in the Z8001 and in
both system and normal modes in the Z8002.

NEW HM 102 BZ
SPECIFICATION

OC Voltage: 0-25, 1, 2.5, 10, 25, 100, 250, 1000
volts 20,000 chms/volt.
AC Voltage: 0-10, 25, 100, 250, 1000 voits
10,000 chms/volt.
* Decibels: -20 10 +22d8B
OC Current: 0-50, 500UA, 0-5, 50, 500mA
Ohmmeter: 0-6 Megohms in 4 ranges.
30 ohms Centre Scale
* Power Supply: One 1.5V size ‘A’ battery (incl)
Size & Weight: 135 x 91 x 39mm, 280gr.

HM 101 POCKET SIZE MULTIMETER
SPECIFICATION

* DC & AC Voltage: 0-10, 50, 250, 1000 volts,
2000 ohms/volts
* Decibels: -10 10 +22d8
DC Current: 0-100mA

OTHER FEATURES: Auto polarity,
auto zero, battery low indicator, ABS
plastic case with tilt stand, battery and
test leads included, optional carrying
case.

* Ohmmeter: 01 Megohm in 2 ranges,
60 ohms Centre Scale
* Power Supply: One 1.5V size ‘A’ battery (incl)
* Size & Weight: 90 x 60 x 29mm, 92gr. incl. battery
battery
Price £5.50

Add 15% to your order for VAT. P&P is free of charge. Quantity discount for trade on application.
ARMON ELECTRONICS LTD.

Cottrell House.53-63 Wembley Hill Road. Wembley. Middlesex HA9 8BH, England
TELEX No 923985

Telephone 01-9024321 (3 hnes)
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SONY TC-DSM
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A professional quality live-performance cassette recorder, tested by

David Strange.

The Sony recorder has an air of
precision about it, and the way it's
been put together is reminiscent of a
very up-market Japanese camera—no
plastic parts on this one. The frontis a
one-piece contoured moulding of
aluminium and the rest of the case
consists of pressed metal panels
screwed together. The controls take
the camera analogy further, since
these are turned out of solid
aluminium, anodised black and have
white numbers around their tops. The

base and back of the recorder are
covered in a very sensible no-slip
rubber, which not only provides grip
on smooth slippery surfaces butaiso a
certain amount of protection to the
recorder on gritty orsharp surfaces.
There are two machines in the range
from Sony, this one and another called
the TC-D5PRO — the difference
between the two is that the pro’
version has XLRs fitted instead of jack
sockets (for microphones), and the
inputs are balanced. The performance

of the two versions is similar, but
without the XLR sockets there is
certainly room for a DIN socket — a
facility that many who buy the non-
professional machine might like in
additionto the phonos already fitted.
The TC-D5M is powered from two
{yes, just twol) 1.5 volt ‘D’ size cells;
the alkaline variety giving 5.5 hours of
continuous recording. The cells are
inserted by turning a well designed
catch in the base of the recorder and
removing a small panel. Once the

SPECIFICATIONS

Recording system
4-track 2-channel stereo
Fast winding time Approx. 150 sec. with Sony C-60
Cassette
Bias frequency Approx. 85 kHz
Signal-to-noise ratio
DOLBY NR OFF
s With TYPE IV cassette
(Sony METALLIC)
58 dB at peak level
s With TYPE 1li cassette
{Sony FeCr)
59 dB at peak level
s With TYPE il cassette
(Sony EHF or CD-a}
56 dB at peak level
* With TYPE | cassette
{Sony HFX or BHF)
53 dB at peak level
DOLBY NR ON
Improved by 5 dB at 1 kHz
10 dB above 5 kHz
Total harmonic distortion
1.0% (TYPE 111 or 1V}
Frequency response
DOLBY NR OFF
s With TYPE IV cassette
(Sony METALLIC)
20—19.000 Hz
30—17,000 Hz (+3 dB)
30—13,000 Hz (=3 dB,
0 VU recording)
* With TYPE Il cassette
(Sony FeCr)
20—19,000 Hz
30—17,000 Hz (+3 dB)

s With TYPE |l cassette
{Sony EHF or CD-2)
20—18,000 Hz
30—15,000 Hz (=3 dB)
s With TYPE | cassette
{Sony HFX or BHF}
20—17,000 Hz
30—~14,000 Hz (+3 dB)
Wow and flutter 0.06% WRMS (NAB)
+0.17% (DIN)
Approx. 5 cm (2 inches) dia.
200 mW (at 10% harmonic
distortion) at dc operation
Two microphone input jacks (phone
jacks)
sensitivity 0.25 mV (-70 dB)
tor low impedance microphone
Two line input jacks {phono jacks)
sensitivity 77.5 mV (~20 dB)
input impedance 47 kitohms
Two line outputs (phono jacks)
output level 0.435 V (-5 dB)
at load impedance 47 kilohms
suitable load impedance more
than 10 kilohms
Headphones jack (stereo binaural
jack)
max. power output 20 mwW
(at load impedance 8 ohms)
for 8 to 150 ohm headphones

Speaker
Power output

tnputs

Qutputs

General
Power requirements
3 V dc. two batteries 1EC designa-
tion R20 (size D)
External power input jack:
required voitage 6 V:
from 120 V ac with optional AC-61
AC Power Adaptor available in the
USA,

from 110, 127, 220 or 240 V ac with
optional AC-122 AC Power
Adaptor available in European
countries,

from 110. 120, 220 or 240 V ac with
optional AC-122 AC Power
Adaptor avaitable in Japan,

from a 12 V car battery with
optionat DCC-127A or DCC-120
Car Battery Cord

Power consumption

15 W ac at 60 Hz with AC-61 AC
Power Adaptor avaitable in the
US.A.

16 W ac at 50 Hz with AC-122 AC
Power Adaptor available in
European countries

16 W ac at 50 Hz, 15 W ac at 60 Hz
with AC-122 AC Power Adaptor
available in Japan

Approx. 2 hours of continuous
recording using Sony SUM-1S
Super Batteries

Approx. 1.5 hours of continuous
recording with metal tapes using
SUM-1S

Approx. 5.5 hours of continuous
recording using Sony Eveready
AM1 Alkaline Batteries or
Eveready No E95 Alkaline
Batteries

Approx. 4 hours of continuous
recording with metal tapes
using AM1 or No. E95

Approx. 237 x 48 x 168 mm (w/h/d)

(93/g x 1715 x 65/ inches)
incl. projecting parts and controis

Approx. 1.7 kg (3 1b 12 02)

incl. batteries

Battery life

Dimensions

Weight
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panel is replaced and the catch
returned to its normal position, the
cells are as secure as a film in the
camera (no likelyhood of them spilling
out whentherecorderis carried). As an
alternative to batteries, power may
also be supplied to the TC-D5M from
an external 6V DC power source via a
calculator type socket. Sony omit to
say how much power is required in this
mode and mention instead the part
number of a suitable device they
manufacture — good business sense, !
suppose.

Operation

It's a little baffling at first as to how to
get the cassette flap open and insert
the tape. However, it turned out that
the flap is just opened directly,
revealing the Dolby IN/OUT switch, the
tape bias select switch, eject button for
the cassette and automatic metal/CrO2
indicator and selector. The cassette
locates in a 'none-too-positive’ fashion
when inserted, and appears to be
slightly mis-aligned in its setting — not
that there is any fear of it falling out,
even with the flap open.

The first operation tried was replay
of a pre-recorded tape — the quality
has to be heard to be believed and
even the Dolby tracked beautifully. The
level off-tape is indicated by two
meters and considering the overall
quality, it's a pity that Sony installed
VU meters — peak reading meters
would better suit the purposes to
which the machine might be applied,
especially the pro’ version. Monitoring
during replay, as on record, can be
made using stereo headphones and
the volume can be adjusted by a front
pane! control which also adjusts the

level from the internal speaker on
replay if the headphones are not
plugged in. Back to the meters though,
and it should be said that they are
augmented by a peak overload LED
and may be illuminated for working in
poor lighting conditions. The problem
with the illumination is that it is
actuated by the same button as the

BATT CHECK 0¥  LIGHT

LEFT

AIGHT

Inside the cassette compartment, showing Dolby, EQ and bias switching.

battery test —a bit frightening when at

one stageonalongrecording | decided
it was time to check the battery
condition and found that the light
came on flattening the already low
battery even more (the illumination
turns itself off after about ten seconds).

Taping It
Recordings may be made from the
microphone inputs (—70dB) or phono
leve! inputs (—20dB), and both types of
input are controlled from dual
concentric potentiometers located just
right of the meters. In addition to these
controls, a 20dB pad may be switched
in, to reduce the microphone
sensitivity to —50dB. The input
impedance of the phono inputs is 47k
and the microphone inputs will accept
600-ohm source microphones. A
useful facility that is missed is
automatic commoning of the
microphone channels when only one
microphone is connected — a stereo
recording is not always needed and
under some circumstances less
preferable to mono.

Recording is initiated by pressing

o —rt e
REC LEVEL &

L4E&~R

LIMITER

OFF ""‘* 3«
ke e - ;
e

The two large VU meters, with peak indicator between them.
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both the record and forward keys.
Whilst the record level is set, the tape
may be held in position by the
application of the pause key. Once the
level has been set the limiter may be
switched in. The limiter was found to
be particularly good and in one
situation, recording mixed voices in a
room with the recorder left
unattended, when the microphone
gain was increased to maximum, the
limiter stil/ switched in. The results
were excellent for anyone interested in
bugging devices (Not that we are —
Ed!) because the optimised attack and

recovery times, along with the
inherent quality of the recorder
anyway, made everything very

intelligible. The recorder really came
into its own on outside recordings —
first of all its lightness, weighing just
3lb 120z, gave perfect portability and
being familiar with other recorders of
similar quality weighing 3 or 4times as
much, the TC-D5M has to be
recommended. Secondly, the TC-D5M
has remarkable  wow-and-flutter
figures of £0.17% (DIN), due to the
servo control of the motor. Even under
the most arduous motional conditions,
perfect recordings resulted with no
signs of speed instability.

Final Comments

The TC-DSM is a high quality
lightweight recorder, and with a mains
adaptor would be the ideal companion
to a hi-fi system with the added
advantage of portability as well.
Unfortunately, the fast winds have no
automatic shut off, but the wind was
fast and has to be initiated whilst the
user is in attendance anyway. Another
useful facility would be the possibility
of review on fast rewind, but this, like
automatic  shut-off, is missing.
However this machine, for its size, is of
the highest quality and probably the
best cassette recorder of this type

available. )
B R&EW
25
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Wideband RF Amps
el ' . .
e AN Two projects for the price of one —
s : i A
a pair of RF amplifiers covering the
| ’ range 10MHz-900MHz — both
= . o J incorporating the latest thin-film
:.“;b 5§ o rmmn 1 hybrid technology.
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|
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Stereo Mixer
. STARTING NEXTMONTH:
With a host of
applications for . . .
ngb,-n,-,,g varios A new series of easy-to-build projects,
signals — a high designed especially to be built in a single
quality stereo mixer  evening — “One Night Stands”.
from one ofour R
resident engineers. NIRRT
ANALOGIC PROBE / R
'

¥y
M

Not the usual run-of-the-mill logic _- ‘,

probe, but a ne_at sol_ution to the S“ ED\“\ON

problem of coping with TTL and G
CMOS, as well as a wide range of A“

analogue and interface circuits. 0“ Sa\e 1‘“\ \‘“w

Other exciting features coming your way in the August issue:

Designers’ Update — devoted to circuits and applications.
Welcome Aboard The A/rwa ves — how to get started asa /-?ad/o Amateur
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&EW Data Brief

DC-DC converters for fluorescent
displays.

The CPS 1001A {from Toko) is a converter
developed especially for wuse with
flourescent displays, to enable their use in
mobile or battery operated equipment, and
also for more permanent applications
where only a single DC supply is available.
The unit is built into a fully shielded metal
case, to keep radiated noise levels low, and
itrequires very few external components.

In use, for an input of +9 to 16 voits DC,
the device produces an output of —9 3V
DC at approx 40mA, and also AC 3 +0.6V
RMS, centre tapped, at up to 78maA,
satisfying the supply requirements of the
majority of flourescent displays where an
ACfilament supply is required.

The output (Vo1) of the device is rectified
but unsmoothed, and is therefore a ripple
waveform which will require an output
filter. For most uses the capacitors shown
will suffice, but for applications involving
use near RF signal circuitry, it may be
advisable to employ a choke coil and extra
capacitors on both input and output to
prevent line noise entering the device, and
conversely, converter noise reaching
external circuits.

l\ ‘
. .
SPECIFICATIONS
ITEM SYMBOL CPS 1001A CONDITION
Input Voltage VIN +9 to +16V
Output Voltage Vo1 19 + 3V VIN: +9 to +16V
Vo2 AC 3+ 0.6V RMS 101, 102: MAX
Qutput Current 101 40mA, MAX
102 AC 78mA, MAX
Efficiency g 55% MIN.
Ripple Voltage V RPL 200mV p-p
Temperature Ta -209C to +65°C
Humidity Ha 10% to 85% R.H.
Dimensions DxWxH 14.5x26.0x12.0mm

n and VReL are for VIN at +12V, 101 and 102 at full load and Ta at 25°C

NOTE:

C1 & C4 ARE ELECTROLYTIC
C2 & C3 ARE CERAMIC

V02 1S FLOATING FROM GROUND

VIN O——gp—op—°
o 1+ L
) == CPS1001A
Bv ™ TS
100n
50V
GND O——————6—

1

2

c3
C4 100n

T

47uT
35V 50v
O GND

—0O ~o (Vo2)
6
‘0
8
—Q ~o (Vo2)

ALL CAPACITORS SHOULD BE MOUNTED
LESS THAN 20mm FROM DEVICE PINS.

Circuit Diagram

JULY 1983
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Qutput Current
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Cutput Voltage Vol {V)

Graph showing design range

PCB Overlay

DC-DC
CONVERTER

RADIATION
NOISE

NORMAL MODE m
_NOISE ) 1

[z ]

GROUND

COMMON

MODE NOISE
IMPEDANCE
BETWEEN GROUNDS

Radiation Noise

PIN ASSIGNMENT:

1. GROUND 5.V02

2.VO1 6. CENTRE TAP
3.NC 7.NC

4. VIN 8. V02

A certain amount of unwanted noise wilt
be radiated from the converter, which must
be considered when deciding upon
physical placement of the unit within any
system where such radiation would be a
problem. The majority will come from the
unshielded portion of the unit (i.e., the PCB),

and it is recommended that a board layout
similar tothat shownis used, or alternaively
afullearth-plane board.

The oscillation frequency of the unitis in
the 50-400kHz range, with a square
waveform, consequently long externat
leads will cause induced effects and nullify
the fiitering effects. For this reason keep
connecting lines as short as possible and
mount filter components within 20mm of
the device pins.

If all of the above makes the use of this
device sound rather daunting, do not be put
off, it is really a very useful, compact
building block which will save the expense
of a specially wound transformer and a

complex power supply when updating
existing, or designing new, equipment.

B R&EW
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SSB for the $X200—-N Z8 BACKPLANE

Use fu'll add-on fon: the SX200—N to enable Enables up to 2 Eurocards to be used in conjunction
reception of SSB signals. with the Z8 TBDS. Easy connections to 1/0, RS232
Kits of parts with PCB, all components, ports and power supplies.

pots., case (undrilled) plug and socket. Available as a kit of parts or ready built and tested.
Stock No. Price Stock No. Price
41-00704 £6.80 41-00601 Kit £22.00

ELECTRONIC TEST CARD 100600 Buils £29.60

Solid State Amateur Television Test Card with
programme EPROM producing test card pattern
together with call sign and location information.
Composite video output.

Kit of parts with double-sided PCB (non plated-
through, ICs — excluding EPROM, resistors,
capacitors, transistors, voltage regulator and Xtal.

See article for details of custom EPROM programming
service.

Stock No. Price
41-00705 £17.15

j Send your order to Ambit international
. . ] 200, North Service Road,
All prices include VAT @ 15% Please Brentwood, Essex CM14 4SG

allow 21 days for delivery. Postage Tel: {0277) 230909
& Packing 60p per order. Access/Barclaycard Welcome.
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High quality fibre glass printed C/rcu1t oards for R&EW projects and data briefs.
ISSUE DESCRIPTION STOCK NO. PRICE
July 28 Backplane 41-20601 £6.10

SSB for SX200 - N 41-20704 £0.98
CSP1001 41-20706 £0.55
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
JUNE LCD DFM Main Board 41-20603 £7.24
LCD DFM Display 41-20604 £1.81
500kHz Pre Amp 41-20605 £0.92
200MHz Prescaler 41-20606 £0.92
600MHz Prescaler 41-20607 £0.92
KB4438 (Undrilled) 41-20602 £0.67
MAY Rew Vox 41-20405 £0.87
Audio Limiter 41-20501 £3.79
R Volume Control 41-20503 £2.48
100W Power Amp 41-20504 £5.25
PA Protection Board 41—-20505 £1.40
Rewbichron 2 Logic Board 41-20506 £6.07
Rewbichron 2 Display Board 41--20507 £3.79
APRIL FV IF Amp 41-20401 £2.41
18W PA 41-20404 £4.83
MARCH Bargraph Display Driver{Undrilled) 41-20301 £1.38
Bargraph Dispiay (Undrilied) 41-20302 £0.93
Airband Memory 41—-20303 £3.45
2M Transverter 41-20305 £9.60
Noise Generator 41-20306 £4.35

All prices include VAT @ 15% please allow 21 days for delivery. Postage & Packing 60p per order.
Send your order to Ambit International, 200 North Service Road, Brentwood, ESSEX CM 14 4SG.
Tel: (0277) 230909. Access/Barclaycard Welcome.

= SEND YOUR ORDER TO: =

200,NORTH SERVICE ROAD

Rt

o =
BRENTWOOD, ESSEX
CM14 4SG
CIMIT nrernarionar = 5 oo
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The second part of our
comprehensive series deals
with receiver performance.
Jon Dyer G40BU

The first article in this series on HF Communications (R&EW
February '83), traced the design and development of the
modern HF Receiver, detailing the various changes it has
undergone during a long evolution. This month, moving on
from aspects of design, the rather complex and often
misunderstood subject of receiver performance is
examined, paying particular attention to the wide range of
parameters encountered within receiver specifications.

When measuring performance, it is important that all
specified parameters are accurate and complete. Many
manufacturers (and reviewers!) have been guiity of
specifying performance inadequately, with ambiguous and
misleading results. For example, a sensitivity quoted as
‘0.5uV’ is meaningless, and '0.5uV for 10dB’ is not much
better. Some performance parameters (eg, intermodulation
and reciprocal mixing) have only recently been fully
understood, whilst other design changes have not been
made in the sole interest of improving performance (some
have actually been responsible for reducing performance,
like the current widespread use of frequency synthesis,
which can introduce spurious receiver responses if not
carefully designed).

NOISE VOLTAGE

dBu ~

3.6

~ -

=~ - SIGNAL REQUIRED
== FOR 10dB S/N OVER
ATMOSPHERIC NOISE

= = — A= e __ __ _ SIGNAL REQUIRED

FOR 10dB S/N
OVER Rx NOISE
ATMOSPHERIC
NOISE

- 15 {RECEIVER

NOISE
(NF 10d8)

[ THERMAL
{_noise

1 | | L o Y | L ! L L |
2%

FREQUENCY (MHz) ——»
Figure 1: Thermal noise, and typical receiver and {quiet)
atmospheric noise voltages on HF in-a 3kHz bandwidth. Note
between 1 and 10uV EMF is required for 10dB S/N on HF due to
the atmospheric noise.

30

Noise And Sensitivity

A fundamental concept underlying many facets of receiver

performance is noise. It is linked to a host of other
parameters, but perhaps the most importantis sensitivity —
expressed as the smallest signal required to give a specified
signal-to-noise ratio, for a particular receiver bandwidth (in
the case of AM, for agiven modulation level).

In fact, signal-to-noise ratio is more accurately quoted as
'signal-to-noise’ to noise (S+N/N) or better still, ‘signal plus
noise plus distortion-to-noise plus distortion’ (SINAD). For
ratios of 10dB or more, however, there islittle difference.

In the days of {(noisy} valves, good sensitivity was hard to
achieve without compromising other aspects of
performance. Now, however, using bipolar transistors and
FETs, sensitivities of better than 0.5uV (EMF) for 10dB S/N
ratio in a 3kHz bandwidth, can easily be achieved on HF for
a SSB or CW signal. Since AM is usually specified at 30%
modulation ievel the figure will be 10dB (3.16 times) worse
thanthe SSB/CW figure; in this case 1.6uV (EMF).

Thermal noise is due to the random movement of particles
inthe components making up the effective impedance at the
input to the receiver {at ambient temperature). It cannot be
avoided (except by cooling the whole antenna system down
to near absolute zero!), and is even present if a screened 50
or 75-ohm resistor, representing the aerial impedance, is
plugged into thereceiverinput. Itis given by:

V=V 4.k.t. Af.R
where: VtHis RMS noise voitage (EMF)
kis Boltzmann’s constant,
tistemperaturein °K
Afisreceiver bandwidth in Hz
Risresistance/impedancein (1

From this, for a given aerial impedance and nominal
ambient temperature (taken as 300K or 27°C), the only way
to reduce the thermal noise threshold is to reduce the
receiver bandwidth. For a 50-ohm impedance, ambient
temperature of 300K and a bandwidth of 3kHz, the above
expression works out to —26dBu (dBu is a dB relative 1uV
EMF).

The Noise Factor (NF) can be defined as the ratio of the S/N
of a hypothetically perfect (noiseless) receiver to that of a
rea! receiver, which adds its own noise to the thermal
threshold noise. Being the ratio of two ratios, it has the
advantage of being independent of bandwidth, temperature,

RADIO & ELECTRONICS WORLD
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Figure 2: Ideal filter response. Flat top with steep sides and a
stop-band at least 70dB down.

and impedance. Fig. T shows the thermal threshold noise
and receiver noise for a NF of 10dB, at —16dBu. To achieve
a S/N of 10dB, a signal will need to be at —6dBu or 0.5uV,
which thus establishes the relationship that a NF of 10dB is
equivalent to a sensitivity of approximately 0.5uV (EMF) for
a 10dB S/N in a 3kHz bandwidth.

The most significant conclusions to be drawn from Fig. 1
are concerned with atmospheric noise. This_is plotted for a
quiet area, and is between 5 and 25dB above receiver noise.
Thus, for a receiver with NF of 10dB, it's the atmospheric
noise, not receiver noise, that limits receiver performance.
Indeed the NF could be increased to 15dB (1uV sensitivity)
without loss of performance, except perhaps at 25 to 30 MHz.

There is no point in reducing NF below 10dB, especially as
sensitivity can only be obtained at the expense of dynamic
effects such as intermodulation. It is also worth noting that
claims of 0.15uV (EMF) for 10dB S/N (seen recently for a SSB
transceiver) are quite impossible. Even a perfect receiver
with 0dB NF needs 0.16uV (—16dBu) to give 10dB S/N, due
tothethermalthreshold at —26dBu.

Figure 1 shows that under real operating conditions a
receiver with a sensitivity of 0.5uV (EMF) will, in fact, need
between 1uV (at 30MHz) and 10uV (3MHz) EMF for a 10dB S/
N ratio on HF —remember, this is for a quiet atmosphere (no
QRM!)

Noise is proportional to the square root of the bandwidth.
Thus, if bandwidth is reduced from 3kHz to 300Hz, all noise
voltage (thermal, receiver and atmospheric) drops by V10 =
3.16 times, or 10dB. This explains the continuing use of CW
in the HF bands; a CW signal can still be copied where SSB
would be lostinthe noise.

Note that all voltages above are EMF. Recently it has
become common for some manufacturers {(and others) to
specify sensitivities and other parameters using potential
difference (PD) instead. This practice makes sensitivity
figures look twice as good (6dB better), because, in an
impedance matched system, PD is always half EMF!

WANTED
SIGNAL

Selectivity

Static selectivity, as opposed to
dynamic selectivity (see later) used to
be achieved via distributed-tuned
circuits in the IF strip, which meant to
obtain good values, a low second |F
was required (eg 455kHz). Selectivity is

STOP BAND.
ALL PEAKS BELOW

The old constraint of low second IF no fonger applies. It is
also easier to design crystal filters for higher frequencies:
IF'sof1.4,1.6,9 and 10.7MHz being often used.

Selectivity is usually quoted at the nose bandwidth (6dB
down) and skirt bandwidth at 60dB down; good figures for
8-pole SSB filters being 2.7kHz and 4.4kHz. A measure of
filter performance often quoted is the shape factor (SF),
which is the ratio of the skirt bandwidth to the nose
bandwidth. The ideal SFis 1:1, and anything less than 2:1 for
a 3kHz SSB filter is considered good. Mechanical and crystal
filters can get quite close to the ideal (at cost), and some
much cheaper ceramic filters give surprisingly good results.
Impedance matching, into and out of a filter, is of great
importance and insertion loss (the loss caused by the filter
in the middle of the passband) must be made up by
amplification (usually less than 10dB). A typical ‘suite’ of
filters for a high grade communications receiver might be
8kHz (AM), 2.7kHz (SSB)} — often with two asymmetrical
filters, one for USB, one for LSB — and 1kHz, 300Hz and
100Hz for CW. The trend in amateur equipment is for the
tightest possible SSB filter (2.4kHz), with 600Hz or 300Hz for
Cw.

A good {(multi-pole) audio filter can be a useful addition to
any system, especially if a linear detector is being used (a
product detector is linear, an envelope detector is not!). Also,
if a steep sided SSB filter is available, the audio image can
be rejected if the BFO injection is made to coincide with the
edge ofthe passband.

Image Rejection

in the normal superhet process, a wanted signal (fs) beats in
the mixer with the local oscillator {or synthesiser output)
frequency (fio), and one of the resultant products of the
mixing process, usually fLo-fs, at the intermediate frequency
(IF), is picked out by the IF selectivity filter.

However, another frequency called the image or second
channel frequency (fio+IF) will also beat with the local
oscillator frequency to produce a product at the IF. This
frequency must be rejected by some form of RF tuning,
either ganged to the 'tune’ control or using a separate 'pre-
select’ control.

Since the image frequency is equal to fs plus twice the IF,
the higher the first IF, the further away from fs will be the
image frequency, and the easier it will be to reject. If up-
conversion techniques are used, the first IF will be in the
range 40 to 90MHz and the image frequency will also be at
VHF. Thus it can be rejected by a simple 35MHz low-pass
filter at the receiverinput.

Image frequency is specified as the ratio in dB of an
unwanted signal above 1uV to give the same outputas a 1uVv
signal on tune. 50dB is a poor performance, while 80dB or
more can be considered good.

WIDE IF
BANDWIDTH

BFO
INJECTION BFO

NARROW
IF

AUDIO BANDWIDTH

IMAGE

achieved by means of block filters
(crystal, mechanical, or ceramic); an
ideal response for one having a flat
top, with low ripple, and steep sides
falling to a stop-band a long way down
and extending a long way out (Fig. 2).
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the filter skirt).
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Figure 3: Rejection of audio image (a}, showing how a narrow IF passband (b) is needed
to reject the audio image (unless a steep sided filter is used with BFO injection fixed at p»
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INTERCEPT POINT s OUTPUT
ks WHERE EXTRAPOLATED ————p LEVEL
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LEVEL / }DUE TOGAIN 0
{dBu} P COMPRESSION
100~ ]
—-20
80|
— —a0
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— 80

— —100

— ~120

DYNAMIC RANGE ———— - f— — = — = = = — RECEIVER NOISE FLOOR

—20: 0 20 40 60 :80 100 120

INPUT LEVEL {dBu)
Figure 4: Intercept point and dynamic range for a receiver with a
NF of 11dB and thus a noise floor at —15dBu. The dynamic
range is 90dB and intercept point 120dBu or +7dBm(500Q).

IF Rejection

Intermediate Frequency rejection occurs when a strong
signal, at a receiver IF, directly breaks through the early
stages and into the IF. it is quantified as for Image Rejection
and should be quoted for all the IF’s in a receiver (often in
a double conversion receiver the figure for the second IF is
waorse than that for the first— a figure of 80dB is acceptable).
Good screening is necessary between IF and RF stages, and
iF traps in early pre-IF stages can be employed to reduce IF
breakthrough. Together, IF and image rejection are
sometimes referred to as 'rejection to external spurii’.

Dynamic Effects

Dynamic interference effects, such as intermodulation and
cross-modulation, have often been largely ignored in the
past — only in the last ten years or so has their true
importance been understood. The situation was not helped
with the introduction of bipolar transistorsin the 1960s.

Dynamic effects are caused by large off-tune signals,
which cause the receiver to operate in a non-linear manner.
It is these effects (together with

Fig. 4). Note that as dynamic range, by definition depends on
the noise floor level, it will increase as bandwidth is reduced.

Beating IMPs

Intermodulation products (IMPs) occur when two large
unwanted signals beat together (inter-modulate), in a non-
linear receiver stage, to give a product at the wanted
frequency. With second order IMPs, the unwanted product
is simply equal to f1+ f2 (where f1 and f2 are the two unwanted
frequencies). The process is made clear by Fig. 5, where the
two unwanted signals are at 11 and 21MHz causing a beat
at 10MHz.

A pointto note about second order IMPs is that at least one
of the unwanted signals must be outside the passband of
any octave filter response that includes fs, so it can be
rejected by any reasonably tight RF tuning, such as a good
octave filter or sub-octave (lessthan an octave} filter.

Third order intermodulation products are at fi+2f2. Thus
both signals can be very close to the wanted signal and well
within the RF passband, regardiess of the type of RF tuning
inuse (Fig. 5).

40— 2

OUTPUT
{dBu)

100

80

40

20

—18—-
-20

NOISE FLOOR

| Il |
100 120 140
INPUT {dBu}

-20

lat—— DYNAMIC RANGE 100dB———j

reciprocal mixing) that currently
determine the performance of the
communications receiver. One effect,

dynamic range, can be loosely

described as the range of input signals -
over which dynamic interference WANTED
effects produce outputs which are not S

significant (ie, which are below the
noise floor). To arrive at a suitable
definition for dynamic range, consider
the intercept point as shown in Fig. 4.

SECOND ORDER IMP’s

Figure 5: (Left) Second (upper)
and third (lower)
intermodulation products.

Figure 6: (Above) The receiver
has a NF of 10dB, a dynamic
range of 100dB, and the
intercept point is at 134dBu or
+21dBm (500)). it's a pretty
good receiver!

f2

Figure 7: (Below) Cross

This occurs because the power level of 10 "
the dynamic product increases at a
greater rate than that for the wanted
signal. Second order products
increase as the square-of-the-input
(twice as many dB}, and third order
products as the cube — more of these fs
later. Dynamic range is usefully
defined as two thirds of the difference

in level between the noise floor and the

intercept point, or alternatively as the

THIRD ORDER IMP’s

21 Modulation is where
modulation from an unwanted
signal can superimpose itself
onto a wanted carrier.

difference between the fundamental
response input level and the third
order response input level, as
measured along the noise floor (see
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Feature

UNWANTED
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SIGNAL OSCILLATOR
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A MIXING ]
L«
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Figure 8: Reciprocal Mixing. An unwanted strong off-channel
signal beats with the local oscillator noise sidebands to produce
on-channel noise.

Intermodulation Performance

Typically specified as the levels of two unwanted signals, not
less than (say) 20kHz off tune to give a 0dBu (1uV EMF)
response. A good receiver will have a third order IMP
performance of 70 to 90dBu. It is easy to see why the higher
figure is needed, since 90dBu corresponds to 32mV (EMF),
and at almost any time there will be tens of broadcast (and
other) stations putting between 10 and 100mV onto a
wideband aerial, with hundreds of others in the range 1 to
10mV (EMF)!

Second order IMP performance is often not stated. This
can be particularly misleading inthe case of receiverslike the
Trio R1000 or Yaesu 7700 where third order performance is
quite good (due to the use of FETs,) but second order
performance is poor enough to present a real problem if
using a wideband aerial without an aerial tuning unit (ATU).
The problem lies in the use of unscreened octal filters of less
than perfect performance.

In-Band Modulation

This is where two signals within the IF passband
intermodulate to produce extra products. It is normally of
little significance in HF communications except where multi-
channel ‘Voice Frequency Telegraphy (VFT)' systems, such
as ‘Piccolo’, are in use. A typical level of performance for a
good receiver is for a product of —40dB with reference totwo
in-band signals.

Cross Modulation

When modulation from an unwanted signal transfers itself
across and ‘'modulates’ the wanted signal, the effect is called
cross modulation. It is due to non-linearities in the early
receiver stages, and sometimes the same modulation will re-
appear on each adjacent signal tuned in. Cross modulation
is a third order effect, so good third order IMP performance
will tend to mean good cross modulation performance.
Looking at Fig. 7, the cross modulation may be specified as
the level required (in dBu) for a 30% modulated carrier
greater than (say) 20kHz off-tune to cause 3% cross
modulation. Alevel of 70 to 90dBu can be considered good.

Blocking

Blocking, or de-sensitising, is similar to cross modulation,
but in this case the large off-tune signal causes a reduction
in wanted signal output. It is specified as the signal required
to reduce wanted output by 3dB. It can often be caused by
astrong CW signal, causing gain to go up and down with the
keying. Figure of 90 to 110dBu can be considered a good
performance, for a wanted 1mV(EMF) signal.

The practice of fitting protection diodes at the receiver
input (often found on marine main-receivers), will also cause
non-linearity, as will diodes used to switch filters etc. If all
these points are carefully watched, linearity can be made
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{3kHz BANDWIDTH)

very good — the intercept at =140dBu. This sort of
performance should ensure that IMPs and cross modulation
products are below atmospheric noise on HF.

Reciprocal Mixing

Due to large unwanted signals mixing with the noise
sidebands of the local oscillator/synthesiser, this produces a
noisy product at the wanted frequency (Fig. 8). It is another
phenomenon, which until recently has been more or less
ignored. The defining characteristics are its level (in dB})
above a wanted signal, for an unwanted signal at a specified
frequency off-tune (eg, 50kHz) at a specified bandwidth
(usually 3kHz), to reduce the S/N ratio of a wanted on-tune
signal by 3dB.

Oscillator noise can be reduced by means of a high ‘Q’ in
the oscillatory circuit and using high powers in the oscillator.
This is because the noise sidebands will then be relatively
weaker, thus improving S/N. Phase locked loops can be very
poor in this respect, as they contain numerous noise sources
which add together in the output, together with jitter etc.
Frequently they use low ‘Q’" and low power VCOs in the
output and the noise produced is phase modulated and
cannot be removed by limiting.

The action of reciprocal mixing in introducing off-tune
signals into the IF at levels proportional to the distance away
from the wanted signal (see Fig. 8), effectively reduces the
selectivity of the receiver. This is shown in Fig. 9, where the
response curves indicate the dynamic selectivity of the
receiver, that is, the selectivity of the receiver in a practical
situation — a band full of signals. As can be seen, it's the
stopband of the filter response that's been changed (with
70dB reciprocal mixing, a considerable loss of performance
occurs).

Increasing the reciprocal mixing to 90dB, produces a fairly
minor effect on filter response. A frequency-synthesised
receiver can achieve 90dB, while a good (valve or FET)
crystal oscillator can give 110dB or better.

Synthesiser Noise

Internal spurious responses are the result of interactions
between signals generated within the receiver itself. These
signals can be fixed (eg, reference frequencies), or can move
when the receiver tuning is changed. They cause problems
when they occur at the signal frequency (or an iF), and are
generated by any oscillators within the receiver, or by digital
circuitry such as synthesisers and frequency counters. As
before, its a problem with frequency synthesis, since there
are not only large numbers of frequencies being generated
in the synthesiser, but also many of the waveforms are

DYNAMIC
SELECTIVITY or—

—20

—40 |—

RESPONSE FOR
70dB RECIPROCAL
MIXING

RESPONSE
FOR 90dB
RECIPROCAL
MIXING

STATIC FILTER RESPONSE
(COMBINED EFFECT OF ROOFING
AND MAIN SELECTIVITY FILTERS)

} | | i i
10 20 30 a8

S
—40 -30 -20 -10 0
FREQUENCY FROM FILTER g
CENTRE FREQUENCY (kHz)

Figure 9: Dynamic Selectivity, showing how the effect of
Reciprocal Mixing can reduce the effective stop-band selectivity
of a receiver.
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HF Reacaiver Dasign

Frequency Coverage

50kHz to 30MHz {unbroken coverage, using
full synthesis)

Frequency Display

7 digit, resolution 10Hz

Reception Modes

CW, FSK(RTTY), SSB{USB & LSB), ISB, AM,
NBFM.

Inputimpedance

500

Sensitivity (500kHz to 30MHz)

SSB, CW, ISB— 0.5V EMF for 10dB SINAD
in 3kHz.

AM — 2.2uV EMF for 10dB SINAD in 8kHz,
modulation 30%

FM —0.8uV EMF for 10dB quieting in 15kHz
bandwidth, 60% deviation

{Noise Factor 10dB)
IF Selectivity
Filter Available Response (kHz} Shape
on ~&dB] —B04E |  Factor
15kHz M 15.0 33.0 22
BkHz AM 78 140 18
2.7kHz SSB.I1S8.CW 2.7 43 1.6
1kHz w 10 20 20
300kHz cw 0.28 0.75 27

Dynamic Range
104dB.{Intercept Point 140dBu, +27dBm
(50021{3kHz b.w.)

Third Order intermodulation

94dBu. The levels of two unwanted signals
both greater than 20kHz off tune will be
94dBu  (or —-19dBm{50f1})) to give a
1V(0dBu) response.

Second Order Intermodulation

90dBu. The levels of two unwanted signals
both greater than 20kHz off tune will be
90dBy (—-23dBm(50(1)) to give a 1. V(0dBu)
response.

in-band Intermodulation

—40dB. Two signais in-band of egqual
amplitude will produce greater than 40dB
down.

Cross Modulation

100dBy. A 30% modulated carrier greater
than  20kHz off tune must be
100dBu(—-13dBm(50(1)) to cause 3% cross
modulation.

Blocking

110dBu. A signal greater than 20kHz off
tune will be 110dBu {-3dBm{50(})) to
cause a 3dB reduction of wanted 1mV
EMF{60u) signal.

Reciprocal Mixing

90dB. An unwanted signal 50kHz off tune
will be 90dB above the level of a wanted on
tune signal to reduce its SINAD by 3dB, in
a3kHz bandwidth.

Image Rejection

90dBu. The image frequency must be
90dBu (—23dBm(501)) to give a 1. V(0dByu)
response.

IF Rejection

90dBg. For the first and second IF the level
of an unwanted signal will be 90dBu
(—23dBm{50(})) to give a 1uV(0dBu)
response.

Crosstalk

—50dB. OnISB modethe crosstalk between
two equal 0dBm{600(1} outputs shall be
lessthan —50dB relative to output at TkHz.

Response to Internal Spurii

All internally generated spurious signals
are less than 3dB above receiver noise
(3kHzbw).

Stability

After 10 min. warm-up, better than 1in 10%/
°C. Long term crystal ageing less than 1 in
10° per day.

Antenna Radiation

Lessthan 10uVPD into 5002 {2pW}
Protection

Receiver can withstand 30V at antenna
input continuously. A spark gap is
provided.

AGC Performance

For an input change of 90dB, the output
change will be less than 3dB for ali signal
levels greatthan 3uVEMF{10dBy).

AGC Time Constants

Slow Fast
Attack [Hang | Decay | Artack | Hang | Decay
ISB, $SB, CW 10ms [ 2s 200ms 5ms | 200ms| 50ms.
[am. P 20ms 2oms | Sms | - | 5ms

BFO Range (CW)

+3kHz

AF Outputs

Main — 2W 8() @ <3% Total Harmonic
Distortion.

Phones — 20mW 600()

Line — 6001} balanced line independent of
AF Gain control, settable from —-10 to
+10dBm{600(1)i.e.245mV 10 2.5V PD.
Muting

0V on Mute terminal to mute. Mute level at
least60dB down.

Metering

Meter reads signal strength (in dBg) or AF
Linelevel (indBm{600£)).

Power Requirements

200to0 250V AC, 45to 65Hz, @50VA.
Environment

Operates ~10to ~40°C

Storage —40to +70°C

R.H.upto 95% at40°C (non condensing)
MTBF

8000 hours.

Dimensions

350 wide, 180 high, by 250deep (mm).
Weight 40ibs.

Table 1. Specifications for a receiver with the sort of performance
required to merit the tag ‘very good’. Note that worst case figures
are stated; not to be confused with ‘typical vatues’.

digital — square waves with fast risetimes,

rich in

harmonics. CMOS and LS| (N-MQOS) are usually better in this
respect than TTL, which has faster risetimes. Careful design
is important with adequate low-pass and bandpass filtering
and with high 'Q" output circuits. With good design it is
possible to keep spurious outputs 100dB down on the main
output level. This sort of performance should ensure that all
spurious responses are less than 3dB above receiver noise
level.

Causes And Cures

As previously mentioned, dynamic effects are caused by
large off-tune signals driving the receiver into non-linearity.
There are three ways of preventing the off-tune signals
getting in, improving the linearity of the early stages of the
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receiver {prior to and including the roofing filter) and
reducing the level of all signals. This latter method works
because the response to unwanted (dynamic) signals falls
off at a faster rate than for wanted signals (Fig 4).

The third approach is implemented by means of a front-
end attenuator or by a wideband AGC loop (separate from
the main AGC loop), which operates on the RF amplifier on
large signals only and can be thought of as being an
automatic attenuator. Both methods have the disadvantage
of reducing receiver sensitivity, so other solutions must be
found.

The first method involves the use of sub-octave filters or
some sort of pre-selector tuning. It can be very effective in
reducing second order effects, but third order products can
betoo close for any sort of tuning to have an effect.

The only real solution is to improve linearity, using the
second method. Bipolar transistors are particularly poor in
this respect, but FETs are approximately square-law devices
and are therefore very good in terms of third order effects,
though not so good for second order products. Linearity can
be improved by using high voltage supply raiis and keeping
pre-roofing filter gain down to a minimum — consistent with
required sensitivity —therefore keeping noise levels down.

The mixer may be a double batanced, switching-type,
diode mixer, with volts of local injection to switch hard and
thus improve linearity. Components normally considered to
be linear, passive, and reciprocal must be carefully checked
to ensure that they are. This especially applies to ferrite

dBu dBm S—METER
Vep VEMF  {re luV EMF) (500 {IARU}
1o v 30
0 l 10— 140
- * 20
Sl 3.16— L 130
1 10
1— 120 - 59 +80dB
316 — mV (223) - -|(447) -~ (M)}~ ----- -~ —0
. 316—] MV 110 [~ 59 +70dB
il ‘ - 10
- 100 - 100 - 59 +60d8
31.6 - —20
316~ -0 = 59 +50dB
- 30
10 10 |80 | 59 +4008
] -0
18 316 70 — 59 +30dB
1 l— 50
i |60 |- s9 +20d8
_ 60
316 ul/ 316 Ly | s0 - 59 +10d8
| ¢ L _70
1% 100 |40 -s9
L 80 - S8
31.6—
- {30
316 -
_ - 90 »
10 10— 20 $6
NOISE LEVELS | s5
{IN 3kHz bw} 116 L —100
T 3.16— 10 |- s4
ATMOSPHERIC 1 oo =
MOSPHERIC 05 1 o -113) .
0.316 ] ——120 -
0.316— - -10 ]
RECEIVER — 4 130 =0
0.1
(NF 10dB) 0.1+ = —20
THERMAL ___ .
NOISE

Figure 10: Relationships between levels specified in V(EMF),
V(PD), dBu and dBm {50Q). Also shown in S-meter response
{IARU), which specifies that S9 is at 100uV(EMF) with S-point
spacing at 6dB intervals.
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Feature

cores, used for RF coils and transformers, and crystal filters,
which are often non-linear and non-reciprocal (ie, of
different characteristics if connected the ‘wrong’ way
round).

Stability

A fully synthesised receiver can have a stability equal to that
of the frequency reference source. If an ovened crystal
oscillator is used, stability of less than 0.1Hz/°C can be
achieved. With partial synthesis, the stability is governed by
the stability of the VFO, but with cool, buffered solid state
designs it is possible to achieve long term drift rates of
100Hz/hour, with short term drift (including lifting the
receiver an inch and dropping it!) of 10 to 20Hz. The latter is
more than adequate for normal SSB/CW/RTTY/AM
communications, but rather more exotic systems such as
Lincompex, Kineplex and Piccolo, need the stability
provided by full synthesis.

Conclusions

The performance of the HF receiver has increased markedly
in recent years. As activity on the HF bands has increased,
this improvement in performance has been of vital
importance to maintain the ability to communicate.
Generally speaking the cost of equipment has gone up in

proportion to complexity, but recently a number of receivers
have become available that offer high performance at
reasonable cost — the Yaesu FRG7700, for instance, at just
over£300, represents remarkable value for money.

Future trends will include more extensive use of ICs, with
possibly a single chip full-synthesiser and microprocessor
control of the receiver. Direct conversion (a sort of superhet
with an |F of zero frequency!) remains, as ever, on the
horizon. It seems likely that more extensive use will be made
of remote control of receivers via data link, and that in
communications centres a central mini-computer will be
linked to each operating position, performing a variety of
useful functions. On the domestic scene, the home-
computer can be linked to the receiver via a RS232 line —
used to decode RTTY and SSTV signals etc. It could also be
used as a ‘big memory’ to store channels (frequencies/
modes/filters and a channel ident) forinstant recall.

8 R&EW
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LOGIC ANALYSERS

Thandar's comprehensive range of professional specification instruments now includes 8 and 16 channel logic analysers to expand your
test capabilities. Both analysers feature DC to 20MHz sampling rates, synchronous or asynchronous clocking and 15ns glitch capture

in latch mode. There is also a powerful compound trigger delay by event and/or clock {twao level triggering on TA2160), selectable
trigger position, variable trigger filter and clock qualifier and arm facilities. All inputs are high impedance with TTL or variable

threshold. Both have a compaosite video output to drive an external display or video printer and offer disassembler

options for common microprocessors. Accessories are available for serial data capture and hard copy record printout.

TA2080 (8 CHANNEL) Full system information always shown in display; 8 bit data and reference memories,

both 252 bytes deep; 23 bit triggering (8 data bits, 15 trigger bits); Timing display shows all 252 bytes of the
8 data channels in timing diagram format with x2, x4, x8 expansions available; State display shows 24
sequential bytes in either binary plus ASCII or hex plus octal plus ASCII; Automatic or manual compare

between recording and reference memories for equality or inequality.

TA2160 {16 CHANNEL) 16 bit data and reference memories, 252 samples deep; Both data and
reference memories configurable as 16 bit x 252 samples, 8 bit x 504 samples, or 2 x 8 bit x 252
samples; 34 bit triggering {16 data, 12 trigger and 6 qualifiers}); Independent clocks and clock
qualifiers in 2 x 8 bit modes; Sample or latch assignable on a per pod basis; Timing dispiay

shows 252 bytes of any 8 channels in timing diagram format

with x2, x4, x8 expansions available; State display shows 16
sequential store locations of any 4 memories in 4 columns; each
memory can be displayed in either binary, hex, octal, decimal,
ASCH, or EBCDIC; Automatic or manual compare between any
part of any two memoaries for equality or inequality; TTL or
variable threshold assignaple on a per pod basis; R$232 interface
permits dumping and loading of reference memaries and all
system parameters.

Tnandar Electronics Ltd, London Road, St. Ives,
Huntingdon, Cambridgeshire, PE17 4HJ.
Telephone (0480) 64646. Telex 32250.

A~ thandar
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DEWSBURY

APPROVED

THE TRIO TS430 IS NOW AVAILABLE
EX STOCK Price £736 — inc VAT &

SECURICOR.

ALL B.N.O.S. products available from
appointed MAIN MIDLANDS AGENT

DEWSBURY ELECTRONICS — A FULL TIME SPECIALIST AMATEUR RADIO
RETAILER WITH AWIDE RANGE OF EQUIPMENT TO SUIT THE MOST DISCERNING

TASTES. ALL THAT

COMPANY.

IS GOOD IN RADIO

ELECTRONIGS

APPROVED

FROM TRIO to JAPAN RADIO

Dewsbury Electronics offer a full range of Trio Equipment

dlways in stock

We are also stockists of DAIWA - WELTZ - DAVTREND - TASCO TELEREADERS - MICROWAVE MODULLS -

ICS AMTOR - AEA PRODUCTS - DRAE

Closed Thursday

Dewsbury Electronics, 176 Lower High Street, Stourbridge, West Midlands.
Telephone: Stourbridge (0384) 390063. After Hours: Kidderminster (0562) 851255

R&EW PANEL SIGNS

Giving that professional look to
the front panel of your latest
creation can be a bit of a problem.

Dry rub down lettering can be
used for control markings and
-scales but unless used with skill
the results can be less than
flattering.

The R&EW label system solves
the probiem by providing a set
of symbols and scales that are
printed on the reverse side of a
thin, clear plastic sheet.

Identify the word/symbol you
require, cut around it, peel the
backing paper off and stick it in
place on your project.

The results are perfect every
time.

Three different sets of panel
markings are available, black
wording, white wording and
a set of scales.

[

N

The wording sets contain over
1000 words covering 300 terms

— the dial set contains one large
horizontal tuning scale,
frequencies and 12 control panels.

Any one will cost you only £1.50,
but buy two and we'll give you
the third one free thats just

£3.00

for the complete set of R&EW
Panel Markings.

All prices include VAT and post
and packing.

Send your order to:
R&EW PANEL SIGNS
117 A High Street
Brentwood

Essex CM144SG
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DATONG ANF

An automatic notch filter

from Datong.

Review by J.L. Mills.

As any user of the HF communication
spectrum will know, congestion
resulting from interfering heterodynes
is becoming increasingly common.
Some adjacent channel interference
can be reduced with good quality
filters, within the receiver, coupled
with care in design to reduce cross and
inter-modulation products. However,
after all these measures have been
included, heterodynes will still be
present near to the signal frequency of
a congested band space. The only
effective way to eliminate any
remaining tones is by placing a deep
audio notch within the audio chain of
thereceiver.

Unfortunately, not all whistles occur
at the same frequency, therefore, a
tunabile filter is required. However, by
having a very sharp notch it becomes
impossible to keep the notch in track
with the whistle over normal operating
conditions. The new Datong Automa-
tic Notch Filter (ANF) overcomes this

OFF NOTCH PEAK AUTQ -

| | ]

ATONG

General Description

The Datong ANF assumes that the
operator’s primary function is to copy
the wanted signal and not to have to
bother with heterodyne elimination.
All operations on the ANF have
selectable auto/manual functions for
this requirement.

The ANF will search continuously
over the normal audio communication
range (270Hz to 3500Hz) until it finds an
unwanted audio heterodyne. Once
found, the unit stops the search
function and phase-locks the notch
filter onto the heterodyne’s frequency.
Due to the phase-lock circuitry, the unit
will also cope well with drifting tones
within its passband. Once the
heterodyne disappears, the unit

AUTO - NOTCH  FILTER

normally be most effective, the unit
may be locked to a weak heterodyne
when a second stronger one appears.
Inthis instance, the operator can select
“MANUAL" and tune the notch onto
the offending heterodyne. Even in
“MANUAL" mode the ANF has limited
AFC applied — once tuned within 100
Hzthe ANF will automatically lock on.
To assist operation, the unit is
provided with a 10-LED bargraph
display showing the frequency to
which the notch is tuned. In addition,
the tenth LED also functions as a
“LOCK"” indicator. The ANF also
provides a very effective 4-pole CW
filter when “PEAK" mode is selected.
Again the frequency of the filter is
tunable over 270 Hz to 3500 Hz with the

problem by employing an automatic automatically resumes search mode. LED display showing the centre
sweeping technique. Whilst automatic operation will frequency selected.
Figure 1: Block diagram of the COSC’ERT 10 LED DiSPLAY
ANF. Note the use of a NE571
expander before the audio power
amp.
+
“MANUAL
LOWPASS
PSD 1 P—AVV—4
NOTCH — vCco
R ) B N
% NE571 FL1 |NOTCH FLz [DANDPASS INTEGRATOR -
AGC MF10 MF10 PSD 2
Nty
DET , |
- THRESHOLD >/ {swi
C lDETEcTOR d
NOTCH
ouTPUT EXPANDER] o l
¥ NEs71 o :
LM380 [ “LOCK™
2 WATT ISWEEP I >
amp CIRCUIT D
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DATONG ANF

About The Circuit

Referring to Fig.1, it can be seen that
the ANF contains some interesting and
up-to-date circuitry. One major
problem with any filter in the audio
stage of a receiver is ensuring a
constant audio level for correct
operation. The problem is overcomein
the ANF by using half of a NE671 as a
compressor at the audio input of the
unit. The NE571 ensures a constant
level into the remaining circuitry
despite any alteration of the receiver
volume control.

After the compressor, the audio
signal passes through two variable 2-
pole filters (FL1 and FL2), utilising the
MF10 switched capacitor IC's from
National (described in Oct ‘82 R&EW).
The outputs from FL1 and FL2 are
selected, depending on the function
required, and the audio is passed into
the other half of the NE571. This half
functions as an expander and is linked
by the AGC line with its counterpart at
the input. Consequently the audio
output from the unit is adjusted
automatically to match the input level.

+
|
/ N\
PSD 0 =
OUTPUT \/ ki
|
- |
| Figure 2. Response
curve of phase-sensitive
I detector,
|
AMPLITUDE
RESPONSE OF
FILTER |
[
1 » +freq
fo
Auto Tuning 2) The filter must sweep over its

As previously shown, the filter must be
auto-tuned exactly to the interfering
frequency and then remain locked to it.
There are three main requirements to
achieve this:

1) The circuit must generate a
voltage proportional to the degree of
mis-tune of the filter and which can be
used in a negative feedback loop to
track the filter with the input frequency.

Table 1: SPECIFICATIONS FOR THE DATONG ANF

Overall audio gain:
Supply voltage:
Supply current:
Input impedance:
Filter tuning range:
Notch depth:
Notch filter type:
Input threshold for
correct operation:
Lock threshold:

Unity.

100k

Lock time:

one second.
CW filter bandwidth:

Audio power output:

Connections:

11 to 18 volts DC.
75mA quiescent, 400mA maximum output.

270 to 3500 Hz.
better than 40dBs at 3.5kHz.
2-pole, Q=30, state variable.

TmVrms (ie, well below usable listening levels).

will lock onto tones 6 dBs below noise level.
Adjustable by internal preset.

An interfering tone will be removed within typically

60Hz at -3dBs at 800 Hz centre frequency.

Filter comprises two cascaded 2-pole sections with
Q’s of 30 and 10.

2 watts into 8ohms with 15V supply.

1.5watts into 4ohms with 10V supply.

input and output by phono jack, power supply by
standard coaxial power jack, phones by 3.5mm jack.

disconnects power and connects
input jack to output jack
switches filter to notch mode for
removing whistles.

switches filter to bandpass mode
for CW reception.

selects manual tuning via knob or
automatic search and lock mode.
{press NOTCH & PEAK together)
allows user to monitor the input to
the filter.

line of 10 red LEDs shows filter frequency at all

the unit is protected against reversed supply
polarity and loudspeaker short circuit or overload
150x90x44mm(5.9x3.5x1.7 inches).

{0.15 inches).

Functions: OFF—
NOTCH-—
PEAK—
MAN/AUTO-
BYPASS—
Display:
times.
Protection:
Dimensions:
Feet add 4mm
Weight: 475gms {17 ounces).
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entire range to be able to locate
interference heterodynes within that
range.

3} The filter must recognize a signal

in its passband to enable it to change
from search mode and lock onto the
offending heterodyne.
When the filter is exactly in tune with
the input signal, there will be a zero
phase shift between input and output.
If these signals are compared in a
phase-sensitive detector (PSD)}, the
output will swing either positive or
negative as the filter passes through
resonance, resulting in a
discriminator-like  response curve
(Fig.2). A better and more sensitive
response can be obtained by
comparing the phase of the notch
output with that of the lowpass output.
Below resonance, the two are in phase,
above resonance they are 180 degrees
out-of-phase, so this method gives a
very abrupt indication and is the one
thatis used.

As can be seen from Fig.1, the ANF
has two PSD’s. A “LOCK"” signal is
generated by PSD2. If it has no output,
the electronic switch (S1) is closed
allowing the sweep circuit to tune FL1
and FL2 across the range via the loop
integrator and VCO. If, during a sweep
a signal is detected in the passband,
PSD2 goes high thereby disabling S1
and the sweep circuitry. PSD1 then
takes over and drives the integrator/
VCO to keep the filter locked to the
detected heterodyne. Even if the
heterodyne drifts, the unit will
automatically track it over the entire
tuning range (270 Hz to 3500 Hz).

When manual operation is selected,
the VCO is driven directly from the
manual tuning control, whilst a much
attenuated voltage is fed to the
integrator to provide the previously
described AFC function. The unit also
incorporates a frequency-to-voltage
converter to drive the 10-LED
frequency display via a LM3914 driver.

RADIO & ELECTRONICS WORLD



Review

Presentation

The ANF is ruggedly built with two
PCB's secured via a sandwich
construction bolted to four brass
corner pieces. The whole assembly is
very rigid in this form and housed in a
well styled aluminium-extruded case.
The front panel is uncluttered and
comprises the 10-LED display, manual
tuning knob and push button switches
for “OFF”, “"NOTCH”, ““PEAK” and
"“"AUTO/MANUAL" functions.

At the rear, input and output
connections are via phono sockets.
Power is supplied via a DC jack and a
3.5mm socket is provided for
headphones. Two leads terminated at
one end with phono plugs and a plug
to mate with the DC socket are also
provided with the unit.

Clear, easy-to-read instructions are
provided to give initial connection,
setting up and operating information.
Adjustment data is also provided for
the internal presets — these set the
upper and lower frequency limits, level
adjustment and notch depth. (Table 1
shows the notch depth is more than 40
dB @ 3500 Hz).

In use, the unit becomes
indispensable. Normally set, in "AUTO

Specialists

v CREDIT TERMS AVAILABLE

For further information please ring:
Mike Machin on (0268) 691481.

203, HIGH STREET,

Tandy CANVEY ISLAND

AUTHOAISED DEALER
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An easily installed radio system, with uses for
small businesses, from home to small boats and
a useful home to car two-way private radio
system. Range available from this equipment —
mobile to base 10 - 15 miles; base to base up to
100 miles (conditions permitting).

We have in stock the full range of Reftec
equipment, i.e. Mobile Transceiver MTR 934/1
plus full range of aerials and fittings, etc.
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NOTCH”, the ANF will remove
heterodynes two seconds after they
appear. Indeed attimes, the unitlocked
to heterodynes so quickly that the tone
was never observed. For CW addicts
the 2 x 2 pole sections with a
bandwidth of 60 Hz at —3dB (800 Hz
centre frequency) will be found very
useful; though, in this mode, the unitis
best left set to an operator-chosen
("MANUAL"”} centre frequency. The
receiver tuning is then varied to place
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You will do the following:

@ Build a modern oscilloscope

@ Recognise and handle current
electronic components

@ Read, draw and understand
circuit diagrams

@ Carry out 40 experiments on
basic electronic circuits used in
modern equipment

@ Buiid and use digital electronic
circuits and current solid state
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Reading,Berks. RG1 1BR

REW7/
——— —

ouTPUT

@ @
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made in England

the required CW signal centrally in the
filter band. By pressing both “NOTCH"”
and ""PEAK" buttons, the operator can
monitor the filter input to judge the
effect without the filter.

The Datong ANF is, in the author’s
opinion, a very useful addition to any
busy HF station — whether ham or
SWL. Remember, although intended
for use with SSB, the ANF will still
remove any heterodynes produced by
two close AM stations. m R&EW
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@ Learn how to test and service every type of electronic device
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TX10-RGB

An easily constructed project, which allows the Thorn TX10 to accept
RGB inputs from the BBC Micro. Design by Paul A. Pitts.

This project was conceived to
demonstrate just how easily Thorn’s
TX10 receiver can be adapted to take
red, green and blue signals from the
popular BBC Micro. A mains isolation
transformer is not required (check
earthing arrangements outlined in the
December issue of R&EW), and the
modification consists of a small
aluminium chassis, which carries the
input connectors, switch and printed
circuit board. Ten wires leave the PCB
to be wirewrapped onto the
appropriate pins of the receiver —
there is no need to cut any tracks or
drillasingle hole.

The general layout can be seen in the
photograph. A phono socket allows
sound to be used on the set's own
speaker and a double pole switch sets
the unitup forRGB or normal inputs.

Circuit Description

At present, Thorn have at least two versions of
their TX10 chassis on the market. The older
version, using the PCI501 signal card, being
superceded by the newer PCI55]. The
modification shown here works equally well
with either version, but there are minor
differencesin nomenclature.

Both chassis use the Mullard TDA3560 PAL
decoder chip, IC601, in the arrangement shown
in Fig.1. This chip was designed for Teletext,
with three pins (13, 15 and 17) allowing data
insertion. Depending on the voltage applied to
pin9, the chip output can be cither the decoded
version of the composite video input signal or
the RGB signals, from the micro, placed on the
data insertion pins. When pin 9 is taken low.
the chip works as a decoder. and when high,
about 1V5, it routes external RGB to the tube
(the switching delay, incidentally, is less than
20ns).
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Mullard’s input levels arc one volt peak-to-
peak for full output. Remember the contrast
and colour controls on the television are
bypassed when the set is switched to RGB. just
as they are for Teletext (the operation of the
brightness control is not affected). Mullard also
recommend that the data inputs should be AC
coupled via 100n capacitors. so each input
attenuator looks like Fig.2

The BBC’s output stage seesa 75R load., that
is, two of 75R in series across the 150R input
resistor, and the TDA3560 sees half the
computer’s output, sourced and terminated
again with 75R through the 100n capacitor.
This attention to impedance matching is
important because the TV and micro may need
to be separated by a long lead. Purists may
frown. but it was not felt necessary to use
coaxial conductors. even up to five metres.

The six cored cable carries red. green, blue,

The TDA3560 /n situe

earth syncs and sound. Fig. 3 shows these
connections on the BBC micro. Notice that the
centre pin carries +5V and this is not used in
the conversion unit. The sixth wire on the cable
is brought out of the DIN cover. sleeved, and
taken to a phono socket, which needs to be
added to the rear of the micro. Looking at the
multitude of connectors on the BBC, it does
seem a little odd that a sound output is not
provided. The easiest method is to take a
twisted pair from the speaker plug, PLI5. and
insert a 680R resistor in series with the signal
lead (negative end of C16) to prevent damage
in case the output is accidentally shorted. At
the TV end of the flex, six wires enter a five pin
locking DIN. wired number-for-number to
match the micro.

Audio from the phono socket is terminated
on R1 and passed via CI to the base of QlI,
which acts as a switchable sound buffer. Q2,

e A 96
$3 (T28K3R
(1373
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Fig. 3. Pin connections on the BBC's RGB socket. or micro syncs from pin four of the DIN plug.
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. whose base is switched by SW1 to +12 volts. This is routed to the sync separator, IC71, via
) R determines whether QI is biased on or off, and ~ PL19/1 (one terminal of SW1 is not connected).
s therefore whether audio is available on C2 or The circuit diagram shows the thrce identical
6'2:,’; . not. R11 sets the decoder switch to 1V5 for  resistive attenuators already described. Figures
RED B N RGB working. and D2 and R12 switch off the 5 and 6 show the PCB foil pattern and
sound IF when taken high. The other pole of component placement, respectively. The
SW1 selects either composite video from PL88

numbers on the foil indicate the pads from

the wires to the TX10 are taken. They
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Fig.5.
the board to the
TX10 — the broken
lines show where
some of the printed
circuit board has
been omitted.

Interfacing

Internal and external views

connect as follows: 1 — Red output to PL18/4;
2 — Green output to PL18/3; 3 — Blue output
to PL18/2; 4 — is simply where the stranded
wire from the centre of the switch is
conveniently joined to the 24 SWG solid wire
that continues on to PL19/1 as selected sync; 5
— is a similar pad, used between the wirewrap
from PL88 to the stranded wire for SW1 as
composite video; 6 — is audio out to Y on the
TX10; 7— supply (+12V) from F on the TX10
to R10; 8 — where R12 goes to X on the TX10.
The free end of R11 takes the HI/LO switch to
the decoder, and then via the DIN socket to
PL18&/1.

Construction
After changing the two core mains lead
for three core (as detailed in

December’s conversion) and earthing
the chassis, determine which signal
board you have — the PC1501 has no
X andY pins, and in this case substitute
C and D respectively and check that
composite video comes from pin A,
The wire link near PL19 marked TXT
then needs to be removed. If you have
PC1551, you will have to remove
shorting link SL88 on PL19 before
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wirewrapping.

When the module is installed and
wirewrapped, check the programme
sound from the speaker operates when
switched to RGB and the micro’s
sound is present at equal volume. If
you tune a spare channel on the
receiver to the BBC's UHF out and then
switch from Normal to RGB you will
see ‘arcade’ quality pictures on a
standard off-the-shelf receiver.

8 R&EW
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Fig.5: Component overlay.
PARTSLIST
Resistors
R1 680R
R2,R6,R8,R9 47k
R3,R4 4k7
R5,R7 15k
R10 10R
R11 1k
R12 10k
R13,R16,R19 150R
R14,15,17,18,20,21,22 75R
Capacitors
C1,C2,C3 15u 16V Elect
C4,C5,C6 100n Poly
Semiconductors
Q1 BC213LB
Q2 BC183LB
D1,2 1N4148
Miscellaneous
Isolated Phono socket, Miniature slide
switch, 5 pole locking DIN socket,
Aluminium chassis, P.C.B and pillars,
24 SWG wrappable wire.
Note. A complete kit of parts is
available for £25 (or £30 ready built)
from:
7 Inglewood Drive, OTLEY LS21 3LD,
West Yorkshire
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An essential interface to facilitate future Z8 TBDS expansions.

Design by Chris Harris.

Since the publication of the original Z8
system, in the February 1982 issue of PIN No. | ROW A DRIVE ROW C DRIVE
R&EW, many readers have discovered
a wide range of applications. With the 1 GND - GND -
addition of the backplane described 2 GN2D - S1NzD -
here, provision is made for further 2 :}2 B +12 B
hardware expansions, permitting 5 _ _ AUX SER IN _
more ambitious projects to be 6 _ _ TTL SER IN(P30) _
developed. 7 _ _ - —
The backplane allows peripheral 8 Al12 3LS TTL SER OUT(P31) 3LS
boards to be plugged in to form the 9 A13 3LS AUX SER OUT 60LS
basis of a complex system. lt is a 10 A15 3LS Al4 3LS
single-sided board, with seven topside 11 RS232 OUT — RS232IN —
wire links. The track layout is designed 12 - - = -
to accept eurocards with the same 13 o B n -
format as the Z8 TBDS board. Space is }g = 5 gg? gtg
provided for three cards, and molex
connectors are used for connecting up }‘75 S—ESET 22::2 E% gtg
tape interface and RS232 terminal, 18 R/W oLS P25 5LS
together with ports 2 and 3 allowing 19 AS 4LS P24 5LS
easy connection direct to the I/0 ports. 20 P35 5LS P23 5LS
A useful feature on port 2 & 3 21 P32 5LS P22 5LS
connectors is a spare pin brought out 22 Al/DI 2LS P21 5LS
to a solder pad to facilitate adding an 23 AO/DO 2LS P20 5LS
extra line, such as power, should the 24 A7/D7 2LS P33 5LS
need arise. 25 A6/D6 2LS P34 5LS
Power is brought to the backplane 26 A5/D5 2LS A8 418
through on-board terminal blocks 27 A10 4LS A9 418
ensuring the 28 Interconnect cable 28 Al 4LS A4/D4 2LS
doesn’t become redundant. De-solder 29 +25 - A3/D3 2LS
it from the edge connector and screw g? ::55 - +A52/D2 2LS
onto the board. 32 5 B +5 -
Table 1. Bus connections for the Z8. P
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Figure 1: The PCB pattern for the backplane board
Construction until firm, over-tightening may cause Testing

The PCB is straightforward and easy to
construct. Start by inserting all topside
board links, as the overlay shows,
preferably using insulated wire.
Continue with the 64 way indirect
sockets, insert as many as you require.
Take special care to ensure the board
sockets are the right way round so that
the pin numbers conform with those
on the PCB. Failure to do this will
certainly result in a ruined PCB when
you attempt to desolder 64 pins!
Secure each socket before soldering
with the 6BAxV4" bolts, the head being
topside. Tighten the nut under the PCB

44

the connectorto crack sotake care.

Finish off soldering with the molex
and terminal block connectors, and
checkthoroughly for solder bridges.

Next the back support. Take the card
supports and push fit the card guides
into the underside. Secure the
supports to the PCB with 6BA x 38"
bolts and tighten the nuts on the
copperside, adjusting for optimum
board width.

The backplane is at home either free
standing or in a case, and it only
remains to mount the board as desired
and complete the wiring with the
interconnecting cables.

With no boards in the backplane, apply
power and check for the correct
voltages on each of the edge
connectors. When satisfied that all is
well, switch off, plug in the TBDS
board, connect up a terminal and
switch on. If there are no signs of
initialisation following RESET: switch
off. Check that RS232 input and output
connections are the right way round. If
the TBDS board has always powered
up correctly until now, but refuses to
initialise, the fault ts bound to be a
short circuit between tracks of the data,
address or control lines on the

RADIO & ELECTRONICS WORLD
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GND Lo ’_-L"

J1

+25 3 SYOlE
+5 f s

J2 J3

O
PARTSLIST
J1 3 way PCB terminal block
J2 2 way PCB termina! block
J3,4,5 Solder pin, 64 way
indirect edge connector
J6,7 0.1 4 way Molex plug
J8,9 0.1” 10 way Molex plug

Card guides (Harwin U1407-98) 6 off.
Plastic mounting brackets (Harwin
U1407-98) 6 off. 6BA bolts %" 6 off.
6BA bolts %'’ 6 off. 6BA nuts, washers
120ff. Small veropins 2 off.
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backplane. fthis isthe case disconnect
everything from the backplane and
systematically check every possible
combination of the 64 wires for
continuity and shorts between
adjacent pins.

When the TBDS board powers up
correctly the backplane is ready for
use.

The Z8 has only a limited drive
capability (high 250uA, low 2mA),
before reducing noise margins. Hence
the recommended load on any Z8
output pin should be kept to a
maximum of SLS TTL.

The TBDS board already presents a
load on the Z8, so Table 1 shows bus
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Figure 2: Placing the connectors and pins on the PCB.

pin connections together with the
drive capabiiity available from the
TBDS for use on the backplane.

Ideally each boardto be plugged into
the backplane should present no more
than one LS TTL load to the bus. By
using high speed CMOS buffers, the
amountof drive can be increased.

The Z8 TBDS board requires +5 volts
at 800mA, +12 volts and —12 volts at
20mA and 25 volts at 30mA when
programming EPROMS. When
connecting extra boards into the
backplane, ensure that the power
supply will be able to produce enough

power.
B R&EW
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the display functions.

The LCD display used with this system
was designed to show the current
frequency status in an easy-to-read,
unambiguous way. The concept
embodied in the design is for a display
which is sophisticated and versatile
enough to be ‘user-friendly’ in its
original 70cms environment, easily
tailored for use in any other frequency
band. With a combination of onboard
linking and software contained in the
2532 EPROM on the main control
board, this concept has been fully
realised.

To show the true power of the
design, some typical displays are
reproduced in Table 1. These can be
achieved with the hardware and
software stipulated in each case.
Functionatly, the display is divided into
fourfields:

DIGIT: 12 3 4 85 6 7 8
FUNCTION: H2 Ht DA D3 D2 D1 E S

H2-H1 = 'Hard-wired’ display digits.

These can be blanked from software.
D4-D1

Variable display digits. i
These carry the changing portion
of any frequency display.

‘Extra’ display digit.

Used in 2m design to display 2kHz
offset selected as required by links.
‘Shift’ indicators.

Three segments of this digit can be
switched "on’ or ‘off’ by software.
Used to display a frequency shift
{Tx/Rx).

Design

The essential criterion for any LCD
display is that no segment should have
a static input—an AC signal should be
supplied to every segment. The
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The second part of our control system, by lan Chapman, describes

‘common’ connection to all the
segments is termed the ‘backplane’
and is supplied with a 125 Hz
squarewave signal from the integrated
circuit display driver used. This signal,
BP, is the fundamental from which
every segment input should be
derived. An 'off’ segment, that is, one
which is transparent, has its segment
input signal exactly in phase with BP.
An ‘on’ segment, that is, a darkened
one, has its input signal exactly in anti-
phase with BP (ie, 180 degrees out-of-

GNDO40, 0y 0,

phase).

The first consequence of this
requirement is that segments which
must be ‘off’ all the time, should be
connected to BP (not left unconnected
like LED displays). There is no problem
with loading the BP output since each
segment takes a current measured in
fractions of microamperes. The
segments involved are those ‘off’ in
the two ‘hardwired’ digits H2-H1, the
spare decimal points, the unused
segments of the ‘shift’ indicator S, and

+5v

njn 1 DIGIT 8
3 SEQ.'d"
y
[ C 2
5] el:;l 4l 6y . ?é‘&}“
1 5 ’E >-——-O
I , »—J {
A A 4070
1 A DIGIT 8
7] B e0s2 B 10 SEQ."2’
Y I 7
7'c cl; {
Y,
'0 gnp O 13 "
8 12 ’
7
1 7
5 ap
" 72118 ap ) X
54 O = Ds4 »
s3 =108 DISPLAY Y
s2 2] os2 DRIVER
s1 Ds1
30 SEG SEGMENT DRIVES
o7 =103 O/P's. oageo
06 =0
% o 27 D1 v e
® o Do I
LV S § [ L LS
‘agaona, T[] —
TO SEGMENT) 6] |a] 3116 ] r011)12{13
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+ 14 224 3 ST 4539 LINES
T : °E% )
100w, ENa_ Ya GND ENb Vb
1 I 8] 18] 9 Foaes — = - F-a
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'
l 8 N
' ¢ L . !
& T
i 4
! .
' 1
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Figure 1: Block Diagram of the display section.
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possibly some or all of the ‘extra’ digit
E (depending on the configuration of
the system used — see details of the
link options).

The most significant, unchanging
digits are displayed by H2-H1 (except
when blanked from software), thus, for
70cm use, they will show ‘43’; in 2m
use, they will show ‘14’; for other
bands, they can be wired as is
appropriate. ‘Pads’ are provided on the
LCD display (mounting) PCB so that
each segment of the digits H2 and H1
can be wired individually to either BP
("off') or to the ‘on unless blanked’
signatl.

The ‘on unless blanked’ signal must,
as a resulit of the nature of the display,
output ‘inverse BP’ when the digits are
to be switched on, and BP when the
digits are to be blanked. Since a
switchable inverter is needed, an EX-
OR gateis called into action. Thisis one
quarter of a CMOS 4070, such that the
‘on unless blanked’ signal emerges
frompin 11.

The control signal for the blanking of
these digits H2-H1, as well as for the
three ‘shift’ indicators of digit S, comes
from the main control board. Aspare 4-
bit data slot is available as surplus
from the Motorola synthesiser design.
03-00 from the main 2532 EPROM
carry this data when select line S4 goes
high. This data is latched by a CMOS
4042 (as shown onthe circuitdiagram),
such that the Ya-Yd outputs hold these
control bits.

Functions And Features

The protocol adopted in the 70cm and
2m designs was that a ‘blank’ shift digit
S would imply that a simplex channel
is being used —the transmit frequency
is the same as the receive frequency.
An ‘up’ bar (top segment on) would
mean that a positive frequency offsetis
in use — in receive mode, it implies
that transmit will be ‘up-shifted’ and in
transmit mode, it implies that the
receiver is ‘listening’ on a higher
frequency than that currently being
transmitted on. The opposite effect of
a down-shift, is implied if the bottom
segment of S is on. Thus, S always
indicates what will happen to the
frequency when the transmit/receive
state is changed (ie, what is about to
happen). The middle bar of digit S is
not used in either the 70cm or 2m

design, but is available for special -

purposes of indication in other
systems.

The functions of the four control
lines from the main control board are
summarised in Table 2. The four data
digits D4-D1 are driven directly by the
7211B display decoder/driver. These

carry the ‘changing’ portions of the
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Figure 2: PCB foil pattern (top) and overlay (bottom) of the main board.
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SYNTHESIZER CONTROL

to display the extra '~ kHz digit. However, it is
not necessary to introduce decoding for
another digit — this can be extrapolated using
alogic ‘fiddle’.

When the E digit is in use, it would be

Circuit Description

In systems such as those for 2m, when
frequency steps go in increments of 12 2 kHz
(not an integer), it is of ergonomic importance

s
@f% AN
AEY:

DECODER DRIVER

7211/9 I 7
S AL LY
= /%
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———— o
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LCD DISPLAY PAREL
CONNECTOR (SEE TEXT.
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Figure 3. The PCB foil pattern (above) and component placing {(below) on the decoder board.
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Figure 4: Display board foil (above) and overlay (below).
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expected to follow the kHz x 1 digit. If this digit
(D1)isshowing a 2" or a ‘7", one would expect
the ES5 digit to show the additional *5'. If D1 is
showing a ‘0’ or a ‘S’, one would expect the E
digit either to be ‘off’ or to display a ‘0": the
choice being made by links. No other cases for
D1 need be considered since these would be
erroneous frequency displays (using 12 2 kHz
steps). If a channel number or special display is
put up, the E digit should be blanked
automatically, so that this contingency is not a
problem.

The logic used on the LCD board achieves
this function by the rather devious use of a
CMOS 4-to-1 line multiplexer (a 4539).
Examination of the segment patterns in use in
digit D1 will show that segment ‘fl’ is 'on’ for
botha ‘S and a ‘0, and is ‘off” for both a ‘2’ and
a ‘7". Thus, this line can be used to select the
necessary digit for E.

The 4539 multiplexer is used to direct either
BP or the ‘on unless blanked’ signal (see earlier
reference) through to the appropriate segments
on digit E. The two address select inputs, A0
and Al, are connected to BP and ‘I’
respectively. If these two signals are in phase
(I’ off) then the combinations 00 and 11 will be
called up. If they are in antiphase (‘fI’ on) then
combinations 01 and 10 will be called up
alternately. By commoning the 00 and 11 inputs
and the 01 and 10 inputs (each separately) on
each half of the multiplexer, it will become a
two-pole, two-way switch, which is switched
depending on whether digit D1 shows (‘0°/‘5)
or (‘2'/'T").

The ’g’ segment of digit E needs to be ‘on’ for
a ‘5’ and ‘off’ for a ‘0’ to be displayed on E.
Thus, it is connected to the ‘a’ pole of the
multiplexer, which directs BP through to it
(segment off) for the 01 and 10 combinations
(D1 shows ‘0°/'5’) and ‘on unless blanked’
through to it for the 00 and 11 combinations
(D1 shows ‘2/7"). Thus, unless H2-HI-E
blanking is selected (in which case the segment
is off all the time), the ‘g’ segment will be ‘on’
or "off’ according to the digit that has to be
displayed.

The reverse logic applies to the ‘b’ and ‘e’
segments of digit E. These need to be ‘on’ for
a'0" and ‘off’ for a *5". Thus they are connected
by links to the ‘b’ pole of the multiplexer, which
directs BP through to it (segment off) for the 00
and 11 combinations (D1 shows 2'/*7") and ‘on
unless blanked" through to it for the 01 and 10
combinations (D1 shows ‘0°/‘5’). Thus, the ‘b’
and ‘e’ segments of digit E also follow digit D1
appropriately, unless they are blanked, in
which case they will be ‘off".

Segments ‘a’.‘c’.‘d’ and ‘f* of the digit E
should be ‘on unless blanked’, and so are wired
straight to the ‘on unless blanked’ signal by the
appropriate link. Thus, the ‘frame’ for a ‘0’ or
a ‘5’ — the common segments to both digits —
are always on unless blanked.

The above description assumes that digit E is
to display either ‘0" or ‘5" all the time a
frequency is shown. For some applications, it
may be more convenient to have digit E off in
all cases except when a '~ kHz offset is in use.
In this case. segments ‘a’, ‘¢, ‘d’. 'f", and ‘g’ of
digit E should all come on together, and so are
all connected to the *a’ pole of the multiplexer
using the links given. Thus, they will all come
on only when a ‘5" has to be displayed.
Segments ‘b’ and ‘e” are then ‘off" all the time
andso are linked to BP.

RADIO & ELECTRONICS WORLD
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Figure 5: Connections for the LCD display, showing differences between 70cm and 2m versions.

frequency display, that is, the MHz x 1,
kHz x 100, kHz x 10 and kHz x 1 digits.
From software residing in the main
2532 EPROM, these digits can be set
independently to any one of the 16
segment patterns available from the
7211B (the set of charactersis shown in
Table 3).

The data onthe input lines D3-DO0 (on
the 7211B) comes from the outputlines
07-04 of the 25632 EPROM on the main
board; as shown in the circuit diagram

from the main board, strobe the four 4-
bit packages of data on these lines into
the 7211B via the data select lines DS 1-
DS4 (pins 31to 34).

Clearly, the digits D4-D1 will
normally carry frequency data (for
example, (43)3.625 or (14)5.550).
However, if the first two digits are
blanked as described previously, a
channel number or even an
idiosyncratic message can be placed
on the display to identify the channel

and table. The select lines S1 to S4, selection in use. The range of
433500  — 70cm design FUNCTION LINKS TO BE MADE
(showing SU20)
433.100  — 70cm design 70 cm use — E to be off 1,2 and 3 all 10 BP
{showing RB4 and ‘up’ shift) all the time.
S.25 — all designs
{showing a simplex channel} 2m use — 12% kHz steps 110 B, 210 C, 310 BP
146525 — 2m design E to show 5 or blank
(showing S 21} when in use.
1454875 — 2m desi
(sr:o‘:isr:gnn‘/:kHz step) 2m use — 12% kHzsteps 110 A 210 C, 310 D
HELP  — all designs E to show 5 or @ when
{special display) n use.
Tx/Rx Yald) Yc{02) Yd{03) MODE IMPLIED
R 2 4 2 Blank H2-H1. No shift on Tx
T [} [ [} Biank H2-H1. No shift on Rx
R [} [] 1 H2-H1 on. No shift on Tx
T [} [} 1 H2-H1 on. No shift on Rx
R 2 1 ] Blank H2-H1 Up shift on Tx
T [} 1 "] Blank H2-H1 Up shift on Rx
R 2 1 1 H2-H1 on Up shift on Tx
T 2 1 1 H2-H1 on Up shift on Rx
R 1 [} ] Blank H2-H1 Down shift on Tx
T 1 2 2 Blank H2-H1 Down shift on Rx
R 1 [} 1 H2-H1 on Down shift on Tx
T 1 2 1 H2-H1 on Down shift on Rx
{{ "Nonsense’ combinations and Yb{01) have been ignored })
07 06 05 04 HEX DECIMAL CHARACTER
[ ] [] @ @ ] @
@ ] [} 1 1 1 1 .
H H : 2 2 B B Tab!es 1 4
) [ 1 1 3 3 3 Typical displays (top left),
"] 1 2 2 4 4 4 P ' s .
? 1 ? 1 5 5 5 digit E’ links (top right),
g 1 } ? g g g contro! line functions
1 2 2 2 8 8 8 {middle) and character set
} g ? ; i 13 9 {bottom) for the synthesiser
1 ? 1 1 B 1 E control system.
1 1 2 2 C 12 H
1 1 2 il D 13 L
1 1 1 2 E 14 P
i 1 1 1 F 15 {btank})
(THE ‘B’ CODE)

JULY 1883

characters is limited, but a little
ingenuity can produce interesting
effects. In the prototype 70cm system,
simplex channels SU16-SU55 were
displayed as -nn, and repeater
channels RBO-RB15 were displayed as
Pnn: other conventions could be used
in different systems.

The extra digit E is not needed for
70cm systems. In this case, its
segments should all be connectd to BP
by appropriately wiring links 1,2 and 3
on the LCD components board. Also,
the 4539 is not needed with this
arrangement, and can be left off the
board entirely.

Connecting Up

A summary of the links that have to be
connected in each of the three possible
cases for digit E, is shown in Table 4.

The 36 signal lines have to be passed
from the LCD decoder (components)
board to the LCD display {mounting)
board (see Fig. 2). These comprise the
28 segment lines for digits D4-D1
(controlled directly from the 7211B);
the threelines forthe 'up’, 'middle’ and
‘down’ segments of the "shift’ indicator
S; backplane BP for the unused
segments; gated inverse BP (‘on
unless blanked’) for digits H2 and H1;

segments ‘a’,’c’,'d’ and 'f’ of the extra
digit E (commoned); segments ‘b’ and
‘e’ of digit E (also commoned) and a
segment ‘g’ of digit E. The two boards
can either be mounted in a ‘T’ shape
using a PCB edge connector and board
pins; oras a 'sandwich’ — back to back

—using ribbon cable.
8 R&EW

The synthesiser board, designed
specifically to match our control system
{including the Motorola synthesiser chip
mentioned in part one), will appear next
month along with final assembly details.
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J.S.B. Dick takes alook at Walsh and Fourier techniques
and their application.

Fourier analysis is named after a French mathematician (and
confident of Napoleon), who introduced the techniques in
the early 19th Century. The mathematical nature of the
analysis, though rather daunting, hides the simple concept
that a periodic function may be expressed as a series of sine
and cosine functions of certain amplitude and frequency.
The example in Fig. T shows how a square wave (which
might be the output from a flip-flop) may be approximated
by various series, each containing successively more terms.
As terms of frequency 9f... are reached, the discrepancy
between the real signal and the synthesised version is so
smallastobeignored.

In general, most signals can be expressed as a Fourier
series — if the signal is sampled T times during its period,
thenthevalue attime, t, wheret=0to Tis given by:

signal (at t) = Ag + Ay cos (2%) + A, cos 2 (2,71’3-) +Agcos 3 (%’T’é) +
. Bysin (BT + B,sin2 (3LY +Bgsin3 (3L 4
where Ao, A;...., B;.... are constants ‘
Amplitude

determined by taking the Fourier !
transform of the signal (see later). if the

Flt}

A: )= Zsin (27)
B: Flt) =2 sin{2mt) + 1/35in 3 (2m0)

C: F{t) = terms up to 19(2nt)

D. the square wave

Figure 1: Approximating a square wave with Fourier Series.

A

.

coefficients are known, almost any

TIME

function can be “made’ by "mixingin” K

sine and cosine signals with \VJ
frequencies f, 2f, 3f, 4f.... of the
appropriate amplitudes. Since a cosine
wave is a sine wave shifted in phase,
conceptually they amount to the same.
If the sine and the cosine terms of the

=2 25t
A Fii =2 n8 72

\V \V V

— first approximation: note no
tow frequency terms

Figure 2: First approximation for increased frequency square wave.

procedure FWFT (in: FFT? , LOG2N ; inout: DATA )
type logicel FFI? — set TRUE for FFT, FALSE for FWT
type integer LOG2N -- log(base2) of number of samples
type integer N -- number of samples
type integer HALFN,NLES31,POINTER,LOOP, LOOPA, LOOFB, K, L, HALFL, I
type real constent PI = 3.1415926535
if (FFT? = TRUE)then
type complex DATA(1024),U,#, TEWP, function CNPIX
else
type real DATA(1024)
end if
N=2++LOG2N
HALFN=N/2
NLESS1=N-1
POINTER=1
do LOOP = 1 to NLE3S1 step 1
if (LOOP lessthsn POINTER) then
[IMP=DATA( PCINTER)
DATA(POLNTER ) =DATA( LOOP)
DATA(LOOP) =TEMP
end if
K=HALFN
do while (K lessthan POINTER)
POINTER=POINTER-K
K:K/z
enld do
POINTER=POINTER+K
end do
do LOOP=1 to LOGZN step 1
L=2+x1COP

HALFL=L/2
if (FFT? = TRUE)then
U=(1.0,1.0) -~ gets the value of the complex varisble
W=cmplx (cos (PI/HALFL), -sin(PI/HALFL))
end if
do LOOPA = 1 to HALFL step 1
do LOOPB=LOCPA to N step HALFL
I=LOOPB+HALFL
if (FFT? = TRUz)then
TEMP=DATA (I MU
else
TEMP=)ATA(L)
end if
DATA(I)=DATA(LOOPB) ~TEMP
DATA(LOCPB)=DATA( LOOPB) + TiaiP
end do
iP(FFT? = TRUE)then
U=UW
end if
eni do
end do
do LOOP=1 to N step 1
DATA(LOOP) =DATA(LOOP)/float (N)
end do
end;

complex function CMPLX( )
~-- returns s complex value from two real in arguments
end;

Figure 3: Listing of the FFT/FWT program.
50
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The Complete Communications
Cross-Reference Card

Teletype codes

AMTOR RTTY LETTERS/
FIGURES
100 0111 00011 A -
111 0010 11001 B ?
001 1101 01110 C
101 0011 01001 D WRU
101 0110 00001 E 3
001 101 01101 F %
110 1001 11010 G @
110 1001 10100 H £
100 1101 00110 | 8
001 0111 01011 J BELL
001 1110 01111 K {
110 0101 10010 L }
011 1001 11100 M
101 1001 01100 N .
111 0001 11000 (o] 8
4010 1101 10110 P 0
010 1110 10111 Q 1
101 0101 01010 R 4
100 ' 1011 00101 S ‘
111 0100 10000 T 5
100 1110 00111 V) 7
011 1100 11110 v =
010 0111 10011 W 2
011 1010 11101 X /
010 1011 10101 Y 6
110 0011 10001 z +
111 1000 01000 CARR RTN
110 1100 00010 LINE FEED
101 1010 1111 LETTER SHIFT
011 0110 11011 FIGURE SHIFT
101 1100 00100 SPACE
110 1010 00000 BLANK
110 0110 - REPEAT SIG
011 0011 - BETA
000 111N - ALPHA
110 0101 — CNTRL 1
110 101Q¢ - CNTRL 2
101 1001 - CNTRL 3
Transmit RH bit first. Logic1=higher of
two frequencies.

Amateur ‘Q’ codes

0 1 2 3 4 5 6
0000 00017 0011 0010 0110 0117 0101

QRL - | am busy.

QRL? - Are you busy? Used to check for a clear frequency
before transmitting in CW.

QRM  — | am experiencing interference.

QRN - | am bothered by static noise.

QRP - Now used to indicate low power. Original meaning
was decreased power.

QRP? - Shall | decrease power?

QRQ - Send more quickly.

QrQ? - Shall | send more quickly?

QRS - The cri de coeur of the novice! Send slower.

QRS? — Shall | send slower?

QRT - Stop sending.

QRT? — Shail | stop sending? Now often used to indicate
intended temporary close down of station.

QRV - | am ready.

QRV? — Are you ready?

QRZ? - Who is calling?

Qass - Your signal is fading.

asL? - A request for acknowiedgement. Generally a
request for a QSL card to be sent.

aQTH - My location is.

Morse code

LETTERS

A di-dah N dah-dit

B dah-di-di-dit (o] dah-dah-dah

[o] dah-di-dah-dit P di-dah-dah-dit

D dah-di-dit Q dah-dah-di-dah

E dit R di-dah-dit

F di-di-dah-dit S di-di-dit

G dah-dah-dit T dah

H di-di-di-dit V] di-di-dah

| di-dit \ di-di-di-dah

J di-dah-dah-dah w di-dah-dah

K dah-di-dah X dah-di-di-dah

£ di-dah-di-dit Y dah-di-dah-dah

M dah-dah r4 dah-dah-di-dit

NUMBERS

1 di-dah-dah-dah-dah 6 dah-di-di-di-dit

2 di-di-dah-dah-dah 7 dah-dah-di-di-dit

3 di-di-di-dah-dah 8 dah-dah-dah-di-dit

4 di-di-di-di-dah 9 dah-dah-dah-dah-dit

5 di-di-di-di-dit 0 dah-dah-dah-dah-dah

PUNCTUATION MARKS AND SPECIAL CHARACTERS

Period () Wait (AS)

di-dah-di-dah-di-dah di-dah-di-di-dit

Comma  {,} Pause (BT)

dah-dah-di-di-dah-dah dah-di-di-di-dah

Question Mark  {?) Invitation to Transmit (K)

di-di-dah-dah-di-dit dah-di-dah

Fraction Bar  {/} End of Message (AR)

dah-di-di-dah-dit di-dah-di-dah-dit

Error in Transmission End of Work (VA)

di-di-di-di-di-dit . di-di-di-dah-di-dah

Gray code
DECIMAL
7 8 9 10 n 12 13 14 15

0100 1100 1101 11N 110 1010 101 1001 1000

GRAY CODE
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Figure 4: The first ten Walsh functions.

same frequency are treated as the same “"species’’, then, by
including them in the Fourier series, power at that frequency
is being added. For exampile, if the square wave in Fig. 1 is
moved through 90° in phase, the Fourier series cosine
coefficients become non-zero while the sine coefficients
vanish. The power being used to synthesise the function at
frequencies, f, 2f, 3f, 4f... remains the same — only its phase
has been changed. The power contained in a frequency nfis

found from: ,—2 >

A plot of the power at the nth frequency against n is called
the ‘Power Spectrum’. If the DC component of the signal is
changed, only Ao, the zeroth frequency coefficient, changes.
The signal is repeated at a higher frequency in Fig. 2, and
here the power appears in a correspondingly higher
frequency term.

The FT Index

The Fourier transform (FT) allows calculation of the required
coefficients. Mathematically these may be expressed as:

k4 d
An=1/m J-‘n signal (t) cos (nt) dt and Bpn = 1/m Jjnsignal {t) sin (nt) dt .

However, most users of the Fourier transform prefer the Fast
Fourier Transform (FFT) algorithm, accredited to Cooley and
Tukey, which swallows sampled data values and spits out
the Fourier coefficients — no tedious maths either! The
number of samples taken from a signal has to be a power of
two, but requires a lot less computing time when compared
to the Fourier Transform (the mechanism by which this
computational advantage is gained is not simple to
understand and readers are referred to the references at the
end of the article).

There is a limitto the number of terms in the Fourier series
that can be determined from a given sampling rate.
Nyquists’s theorem states that if a signal containing

JULY 1983
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Figure 5: The first four Rademacher functions.

frequencies up to a maximum fmax is to be fully recovered,
then the sampling must be carried out at 2 fmax.

Walsh Functions

Having used FTs to show that a function may be expressed
as a series of sine and cosine terms, many scientists and
engineers were contented enough not to pursue the digital
equivalents —Walsh functions and the FWT. Yet the reasons
for this are exactly why Walsh-derived techniques should be
looked at carefully.

The American mathematician J.L. Walsh defined a set of
orthogonal functions in 1923, with the property thatthe sum
of any function multiplied by any other function, from the
same set of functions, is zero over the defined range. Also
the sum of a function multiplied by itself, over the range, is
unity. Various other people worked on the Walsh functions
with the result that by the 1930’s the descriptive
mathematics were complete. The functions were then
forgotten, since the method of tackling problems then, was
analytical in nature. Mathematicians found the
trigonometrical functions of Fourier techniques simpler to
deal with than the discrete levels and step transitions of the

WALI(S.t)
'S inbinary s 0101 = 0111 in Grey code

1mplies WAL(S,t) 15 the product of Ry (1R, {tix R, (1)
R e
x s B B
Ry
: pEpEp e
By
R LML 1 -wauwsoe

Figure 6: Generating WAL(5,t) from Rademacher functions.

Ls WALIO,t}

CLOCK

WAL(LY)

[ 'D—> WAL(2,t}
7

( WALI3,1)
(

WAL(4.1)

D—> WALIS, 1}
D—» WAL(6,1)
7

WAL(7,1)

Figure 7: Circuit for a Walsh function generator {first eight).
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Figure 8: Diagrams to show noise and signal spectra.

Walsh functions.

Modern computers, have reverted to these 0 or 1 levels,
rather than the fickle-valued trigonometrical functions.
Walsh functions and the associated FWT are finding
increasing use where speed and processor memory size are
important. They allow efficient coding of digitised speech
and image signals —reducing the quantity of telemetry from
space-craft, for instance.

Generating Series

Figure 4 shows the first sixteen Walsh functions. Notice that
the shape is predominantly similar to that of the
Rademacher functions shown in Fig. 5, but contains
variations — WAL (5,t) being the most obvious. The
Rademacher functions refer to square waves with periods
201-n, where r is the order of the function. The functions are
incomplete because there are no even ones — WAL (4,t) is
odd, WAL (3t) is even, for example, and none of the
Rademacher functions share the symmetry of WAL (3,t),
hence they only represent a subset of the Walsh functions.
One method of generating the Walish functions involves
the use of the Rademacher functions, as follows:
define WAL (n,t) as being the Walsh

Received signal, and power spectrum

‘r
Pawer fitter
pass

Power

i

function of sequency n over a range t
= 1to T (n is, essentially, the number
of zero crossings made by the function
over the range given). To generate
WAL (n,t), convert nto binary and then
to Gray code. if b(i) is the ith bit of the
binary number equivalent to n, then

) ' l““lm

frequency

gli}, the ith bit of the Gray code
equivalent, is g(i) = b(i}) XOR b(i+1),
and WAL (n,t) is the product of the
Rademacher function where gli) is set
to unity. The Rademacher function R
(m,t}isequal to

SIGN (SIN {2m 7 t}}, as shown in Fig.
6. In use, this Rademacher function
may be calculated from examining the
bitin position

log2{T)-1-min the binary value oft—

s (‘?.23?.3"“4\/\/\/\ zeroequatesto-1.

frequency

frequency

This is ideal for software generation,
though the Walsh functions can also
be generated using hardware. Fig. 7
shows a simple arrangement for

signal with naise
removed

Figure 9: Reconstructing a signal from a filtered frequency

spectrum.
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Figure 10: Comparing CPU run times for Fourier, Fast Fourier and Walsh Transform.
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producing the first eight Walsh
functions. For applications relying on a
rapid count rate, care must be
exercised to avoid glitches caused by
ripple inthe flip-flop chain.

Walsh Transforms

It has been established that a square

wave may be represented as a series of

sine waves. Fourier analysis

transforms a function of time (square

wave)} into a function in frequency

FwT space (coefficient of the sine wave
terms). Fourier analysis using the Fast

Fourier Transform (FFT}  may,

therefore, be used to remove (or find!)
components of a given frequency, or

range of frequencies, from a stream of

data. Fig. 8 shows a signal containing

‘ . low, middle and high frequencies and

TRANSFORM SIZE

16

32

P e e ot the Fourier spectrum of the signal. The
effect of reconstructing the original
signal from a filtered FFT is shown in

RADIO & ELECTRONICS WORLD



Feature

data (1)

WAL(n,1)

transmitter receiver

data'{t)

WAL(m,t}

min

modulator

WAL(n,t}

modulator

WAL(m,1)

used, the integral over time of their
productwill be zero.

Fig. 12 shows a majority-logic
multiplexor. Again selected Walsh
functions are used as carriers for
multiple data channels. The modulator
outputs are summed and hard limited;
only the sign of the coded data stream
isthen transmitted. At the receiver, the
data stream is modulated again with
the same functions, summed, and hard
limited to recover the data. Due to

datat)

data’{t}

Figure 11: Code division multiplexing.

“majority-vote” effect, the system is
resilientto errors during transmission.

data word in

Walsh
functions ;‘:::
a8 carriers fimit

As mentioned earlier, Walsh
techniques are faster than the Fourier
equivalents and occupy less memory
storage. This makes them suitable for
rapid filtering of data. Fig. 12 shows
schematically how noise may be
removed from a signal by truncating
the Fourier coefficient before the

data out

}_.limegmm l

I
Walsh functions as
demodulations

signal is reconstructed.

Although most transmitters radiate
sine-like waves, it is possible to
transmit  Walsh  functions. One

Figure 12: Majority-vote systems.

isshownin Fig. 9.

The Fast Walsh Transform (FWT) performs a transform
into sequency space. Since sequency is analogous to
frequency, the FWT may be used in place of the FFT in, for
example, filtering situations. In such cases, the FWT requires
half the storage (because the variables used are not
complex) and executes faster. Fig. 10 shows the total CPU
time for FFT and FWT's against different sizes of data arrays
taken by a minicomputer.

Applied Science

Walsh and Fourier techniques have found so many
applications in data processing that it is only possible to
mention a few. The firstis multiplexing — a technique which
allows several data channels to be imposed on one carrier.
In frequency division multiplexing, each data channel is
allocated to a different part of the modulation spectrum. in
code division multiplexing, orthogonal Walsh functions
modulate the data channels at the transmitter and
demodulate at the receiver. Fig. 11 shows a basic system,
where, because of the orthogonality, any individual data
channel modulated by, say WAL (3,t}, will only be restored
when demodulated by the same signal — if WAL {17,t} is

phase
a =

=
|

NN

L

targets

near return

Fourier
System

slight

far return distortion

near return
Walsh
System
far return
n n I

Figure 13: Radar ‘close targets’ resolution.
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radar system

Eﬁ!w@

application is “close target”
resolution. Fig. 13 shows that the

signal received from the far target lags behind the near
target return by a small amount. Itis clearly obvious that the
Walsh function system spots the two targets more easily
than the sine-based system.

Condensation

Recently, Walsh transforms have been used to reduce the
amount of data transmitted from, for example, spacecraft.
When a picture is taken, it is digitised {or maybe it is from a
pixelled detector like a CCD) and splitinto sub-images. A 256
x 256 image may be split into 16 x 16 subframes each of
which has its Walsh transform truncated to exclude the high
sequency terms which are thought of as noise. Atthe ground
station, the picture is reconstituted from the lower-sequency
terms. With little picture degradation, a reduction of a halfin
transmitted data may be obtained; scene-specific coding
may achieve a reduction of80%.

Synthesising waveforms is made easier using Walsh
functions. A typical fourier-based synthesiser requires
access to sine and cosine signals of frequencies, f, 2f, 3f....
which are difficult to generate without using many phase-
locked loops. A Walsh-based system uses the circuit shown
in Fig. 7, where only the highest frequency used need to be
supplied — the remaining Walsh functions are produced by
binary dividers and exclusive-or gates; no analogue

ro ing hasto be done.
processing ha e ® R&EW

References

Ref. 1. “Théorie analytique de la chaleur” Fourier J.B.J.
1822

Ref. 2. "Closed set of orthogonal functions” Walsh J.L.
Amer.J. Math.45-5-1923

Ref. 3. "Einige Séatze von aligememen Orthogonail-
funktionen’  Rademacher Math. Annal87- 112- 1922

Ref. 4. "Digital Image Processing’ Gonzales R.C., Wintz P.
Addison-Wesley 1977

Ref. 5. ‘‘Walsh functions and
Beauchamp K.G. Academic Press 1975

their Applications”

53



Peter Luke takes a
‘slow’ look at a new
breed of recorder and
focuses ona camera

‘from Sharp.

With current video recorders offering
timer specifications that often exceed
five events over three weeks, in most
cases it's the four-hour maximum
‘tape length’ that proves the practical
limitation when it comes to recording
allyour favourite TV programmes. The
tape run-time limitation can also prove
a problem if, over a weekend, there's a
film and a couple of other programmes
that you wish to save for posterity.
The physical constraints of the VHS/
Beta cassette housings, and the
minimum tape thickness consistent
with reliable transport, means that the
only way to overcome the problem is
to offer a slowertape playback speed.

Those familiar with reel-to-reel
audio recorders will be aware of the
tape speed Vs quality rule — a lower
tape speed means a degraded record/
playback performance. It was the fear
that the British ‘videophile’, used to the
extremely high technical standards set
by broadcast TV, would not tolerate
. thisreduced definition picture that has,
until now, prevented the launch of two
speed playersin the UK.

Across the Atlantic, dual speed
machines have been available for a
number of vyears but, with the
somewhat variable quality of the
American NTSC encoding system, the
USA market accepted any reduction in
ultimate performance quite readily. A
number of manufacturers now feel
that they have managed to squeeze
enough out of their signal processing
circuitry in order to make the half
speed performance of the machines
good enough for the discerning British
viewer.

One of the first of these machines is
the Fisher FPH-630. At £549 the
machine is competitively priced. And,
with an E240 cassette, will offer up to
eight hours running time — more than
enough to make full use of the
machine’s timer. The recorder should
be available around autumn this year.

No news of a half speed Beta
machine yet, Sony’'s next model is
likely to be a hi-fi video recorder, but a
Beta stack for the front loading C9
should soon be available. This allows a
carousel of cassettes to be sequentially

loaded into the recorder under control
of the C9's timer/end-of-tape detection
circuitry.

As for extended play from the V2000
camp, an auto-reversing recorder is on
the cards, offering a continuous eight
hours from the 2x4 V2000 cassette.

Fisher Family

The Fisher brand-name may not be
very familiar at present, but the
company are starting a major
campaign aimed at penetrating the UK
video/hi-fi market. They have a wide
range of hi-fi, ranging from budget
combinations to sophisticated racking
systems, and have recently introduced
two video recorders, the 520 and 530
models, in the UK.

Later this year, in addition to the two-
speed 630, the company will launch a
Dolby stereo machine designated the
730. This will give Fisher a useful
product range with the 630 providing
the focus of attention.

Double Vision

The March issue of R&EW carried a
review of Sony’s camera selector unit.
This provides a means of mixing one
colour and one black-and-white video
signal to produce captions for video
productions. A new mixer from Video
City productions goes one better in
that it allows two colour signals to be
mixed.

As with the Sony mixer, one of the
cameras must be capable of being
‘gen-locked” — JVC's G71-P is a good
example of such a camera.

At £299 the unit looks good value for

money — further details from Video
City Productions at Lion House, 227-
229 Tottenham Court Road, London
Wwi1.

Sharp Focus

Sharp are joining the ranks of those
offering auto-focus cameras with the
faunch of their new XC-77 camera. The
auto-focus system in contrast to
Panasonic’s auto-focus system, uses
an infra-red rather than ultra-sonic
ranger.

The camera has a 17mm saticon
tube, said to reduce image lag and
comet-tailing, a x4 700m lens and a
built-in condenser microphone. Price
is £580, and it should be at your video
dealersoon.

Quota Of Quotes

A few further words on the import
quotas that we mentioned a couple of
months back. These are likely to
increase the prices of video recorders
over the next few months but there's
also likely to be at least one other side
effect — a dearth of portable recorders.
The demand for portables has always
been rather weak and with a limit to the
number of units that any one company
can bring into the UK, they're bound to
concentrate on the more popular
mains-based models

The low demand for portables has
always surprised this author, as these
recorders now offer a similar spec to
their mains based counterparts, albeit
ataslightly higher price, yet provide so
much more versatility... but then the
buying public are suchillogical people.




A solid state transformer. Design by David Strange.

*
3,

V1=v2=V3

“3lE-

A balanced output is often required
from audio equipment. Normally a
transformer would be used, since it
has the advantage of completely
isolating the sending equipment from
the line. However, transformers can be
expensive and also restricted in
frequency response.

When exceptional isolation is not
required, a solid state transformer may
be applicable. This will duplicate the
frequency response, but its difficult to
achieve the ability to allow either leg of
the floating output to be grounded, not
affecting the output level (Fig. 7). In the
Fig. 2 circuit, grounding of either leg is
possible because of the protection
afforded to each op-amp by R11 and
R12 and the cross-coupling of
feedback. IC1 is used as a unity gain

< Figure 1. Standard transformer

coupling.

180° phase shifter to feed IC3, whilst
IC2isfed with in-phase signals.

In addition to normal negative
feedback, both output amplifiers are
fed with negative feedback via their
non-inverting inputs being coupled to
its neighbours’ output — 180° out of
phase. When one of the outputs is
grounded the extra feedback s
removed from the ungrounded
amplifier, allowing its gain to increase
in compensation. The circuit is
therefore  self-compensating and
behaves like a transformer. It has unity
gain, which may be varied by reducing
the values of R2 and R4. In order to
maintain the best balance, 2% orbetter
resistors should be used.

B R&EW

W Figure 2. Solid State Transformer circuit.

1C1, 2 and 3 are LF351
or similar

R5 R6
10k 10k 20k

ov O-
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RF FILTER

DESIGN

P.C. Gill backs up the first part on theory with some
practical examples.

Having completed the design work, we can now consider
how to put theory into practice with a look at the way a
professional filter is constructed.

Referring to Fig.1, the cavity is normally machined out of
solid metal. Since the skin conductivity, particularly at higher
frequencies, is important the material should be chosen
carefully - copper is good whereas brass is poor unless silver
plated. The best compromise is pure aluminium, although
cast alloys are used up to VHF; albeit with a poorer
performance than the pure metal. The internal finish should
be polished for optimum performance. In order to achieve
this, the cavity holes are usually bored rather than drilled.

The cover should be machined in the same material as the
cavity and should fit well, with at least six fixing screws
securing it to achieve a homogeneous unit.

The tuning screws should be large enough to penetrate up
to one third of the coil's length, at about half of the winding
diameter. They are usually made of brass and are either
ordinary screws or slotted studding. Tuning friction is best
achieved by the use of lock-tight nuts or a similar thread
gripping device.

COUPLING SCREW TUNING SCREW

LOCK NUT
g:i’y H DF’K—COVER
<4 I

l«— CAVITY

M=

’\\ )
-

~>>14— BASE

EARTH TAP

FORMER

Figure 1. Section through a typical filter. Both the cover and
the cavity are machined from solid metal.

It will be noticed from Fig. 1 that a screw penetrating the
coupling slot has been added, in order to make final
adjustments to the coupling. This screw should, again, be of
brass and could be smaller than the tuning screws depending
on the range of adjustment required.

The formers support the coil and resist microphony. They
are usually grooved in order to maintain an accurate winding
spacing. The coil could, however, be wound on a smooth
former and then secured in place with varnish oradhesive. To
achieve a well controlled diameter-spaced winding, the best

56

EARTHS

TAPS

Figure 2. Earth hole options to allow tap variations.

method is to wind two wires together, next to each other, to
produce a tight double winding, and then unwind one wire
leaving a diameter-spaced winding behind. The former
material is important and should be non-polarised plastic,
particularly if any power is to be passed through the
assembly. If polarised plastic, suchas perspex, were used it
would heat up like meat in a microwave oven. Materials such
as polypenco (Q=200.5) or stycast are idea!l, but for normal
low power applications any hard plastic will suffice.

The ends of the former are normaily faced off and the
former mounted to the base using nylon screws or adhesive.
The centre of the former is normally counter-bored to take
the tuning screw and the dielectric between the coil. The
screw will increase the voltage breakdown limit as well as
increasing the capacitance.

The coil should be wound with pure copper or silver plated
wire. Most varnish-finished copper wire is acceptable,
though lead-tinned wire is of lower performance. The earth
end of the coil is dropped vertically down the axis of the
cavity and earthed at the base. The tap can be a twisted wire
around the coil and is also dropped vertically along the axis
and soldered to the correct point in the circuit. The base is

7
z 6BA OR SIMILAR
NUT SOLDERED
INTO CORNER
o~ '/
I Ol

NUTS AND JOINTS SOLDERED

Figure 3. Attaching the base and cover around the filter.
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normally a double sided PCB, which is CHARACTERISTIC
often the circuit board itself with input S %PnﬁgANCE. S —
and output track terminations. In order TURNS | Z, FREQUENCY, Mc PER IN.
to facilitate tap variations, fix the tap N fo % WIRE
position and rotate the coil assembly 1000} SIZE
using one of the earth hole options 200 Faoo Q 200 92z
shown in Fig. 2. (Note: the design ot SIoE o 200 = g3
outlined uses brass screws, aluminium yjt20eo IN. +- 500 Joos = =
cavity and cover and lead tinned PCB. (L 400t SHIELD Tao “mZ-
Professional designers should pay S0 COIL |COIL 1300 HEIGHT, [SHIELD 30{g - -
close attention to this use of dissimilar 1 DIAMERH; ',*NE.'G“;(')O__ L} s:zg, IN. [s0 ~30=
metals and the need for passivation). N~ d (b a00L% - =
The form of design outlined is diff- 20 11000~ ~ __ 0.410.6 [ 13 06 430 Z%C
icult for the amateur builder to realise, T ~06+, + 100 To8 500 - = 2 =
but a useful alternative can be built by [j7800 I L = 2::1 — = g0 F———=——
constructing a square section filter i b2 TS0 T T “g =
cavity using double-sided PCB, sol- T 600 o1 50F s, i = =
dered together along the seams. 104 £00 3L 30—--_40 Tl 800:_ 8 —14-
. . 416 T +3 + - -
Miscellaneous Mathematics 8 100 % T a9 R  Sos
In order to convert our design for T 103 8 y iy -
square section, we must use new 61 300 J20 10]° e =%3
formulae. If L is the length of one side - 20 1°“8 5 L2 -, =
then:- ax B T SHF=
1. Qur = 60L\/fo 44 200 B o 2000 = oo™
2. N = 1600/(fo L) ] i 30F 20 I S
3.7 =1.44L/N 34 +3 3000 o8
4. d=0.66L
B.b=1L

Thewirediameter="/2 and the overall
height of the cavity is given by H=1.6L
for tap calculations Zo=81500/foL.

Figure 5. Square section filter nomogram.

NUTS SOLDERED INTO PLACE

A

INENNN N

A7

- ————

PCB COVER

Figure 4. Using a PCB cover to attach the tuning nuts and bolts.

Assembling The Bits

The basic cavity is constructed of double-sided PCB,
soldered so that all internal surfaces are well connected
along their joints. The cover and base are attached as shown
in Fig. 3. The insertion of 6BA or similar nuts in the corner
positions will allow the unit to be assembled and dis-
assembled for development or servicing. The tuning and
coupling screws can be fitted to a PCB cover using nuts
attached as shown in Fig. 4.

Finally, we present a nomogram (Fig. 5), which should
enable the design of square section filters, for most
frequencies and unloaded Qs, for construction as detailed

above. ® R&EW
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A compact add-on to provide single side-band with the SX200-N
scanning receiver. Design by Bill Wilson.

The SX200-N has one drawback — it
cannot resolve SSB/CW signals. This
limits its usefulness on the VHF
amateur bands, which is a pity since
the stability of the set is excellent —the
inclusion of a BFO together with a RF

versatility.

The SSB unit requires only one ‘hot
connection to the receiver and is easy
to incorporate using a main BFO inside
the set, together with a plug-in external
control head (as there is no space for

’

gain control would give it real extra controls on either the front panel
SX—200N
CONTROL UNIT
Y
AM IF | - A ON/
. 7 < o OFF
P 1
P — BFO - [
UNIT [ Z
? oz
RF GAIN  FREQUENCY
Figure 1: Block diagram for the SSB adaptor.
NOTES: R7 330R
Q1 1S BF224 —a AAAA :
Q2 IS BC108 _LCG

D1,2 ARE BA102
ZD1 1S BZY88C5V6

R1 SK1
100k D1Z b2 F—
c2 - Tc1 €9
¢4 1000p s 30p 12p
L1 .
R2
10 1k6 Tko
47n 4 & .

or rear of the receiver). The control unit
holds the BFO tuning, RF gain and BFO
on/off controls and is linked to the unit,
inside the receiver, by a 5-pin DIN
connector and cable (all controls are
DC). The box could be mounted on the
side of the receiver, so that when it is
unplugged, the receiver reverts to its
original state — performance is not
compromised.

Circuit Description

The block diagram (Fig. T) shows that the BFO
signal is injected into the AM detector of the
$X-200; varicap tunable around 455 kHz. In
order to balance the fixed output level of the
BFO. the gain of the IF amplifier can be
reduced by RV2 for strong signals. SWI
enables the BFO and gain control to be
switched on and off.

Looking at Fig.2. Q1 is a stable oscillator on
455 kHz and Q2 buffers the output before
coupling into the receiver detector. D1 and 2
tune the oscillator between the
limits 453.5 and 456.5 kHz. so both
LSB and USB signals may be
resolved. The designers of the SX-
200 have, with commendable
forethought, provided the receiver
with a preset AM gain control.
which is paralleled by RV2 in the
control unit to provide a user
control of IF gain. RVl (BFO
tuning) should be a ‘centre-click’
type and. with careful setting up,
this  central  position  can
correspond to 455 kHz and the
track limits of the potentiometer to

Figure 2: Full circuit for the adaptor.
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the appropriate LSB and USB
frequencies. C8 then sets the level
of the BFO injection into the
receiver.
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GAIN
CONTROL
LINE

To C9

Figure 3: Connections inside the scanner.

Construction

The unit’'s PCB is soldered directly to a
5 pin DIN socket, in turn mounted on
the receiver right-hand chassis wall
(when punching the hole for the plug
and socket it is wise to make the hole
in the outer case first, then to use this
as a template for the hole on the
chassis wall). Coil L1 can be hand-
wound on a scrap Toko former — the
10EZ type will require 40 turns, and the
10 K type, 50 turns of 30 SWG
enamelled copper wire, using the
convention of terminating the winding
on pins 1 and 3 (remember to crunch
off the fixed tuning capacitor, if fitted).

An 8 volt supply is taken directly
from the regulator (in the SX-200) —
the RF gain lead is taken to the ‘hot’ end
of RV102 (the AM gain preset), and the
BFO output, C9, to the AM IF circuit.
The earth connection is made directly
when bolting the DIN socket to the
receiver chassis.

Setting Up

Before installing the unit, check that
the oscillator is working and that it is
roughly on frequency (connect it to an
8 or 9 volt source and listen for the
second harmonic output on a MW
receiver tuned to 910 kHz). Adjust the
core of L1 until the BFO signal is heard
and check that it can be shifted slightly
by rotation of RV1. If all is well, install
the main unit in the receiver, plug in

Project

© Broadercasting Ltd. 1983

<o
S

QO
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g M
o TO VR2
A ’m §X-200N
o D2 l
TUNE
$K1 8V
Figure 4: Foil pattern (above) and s o
component overlay {below). I - 1

E ot

Connecting the board inside the $X200-N.

S e e m m s - - — - hm - - - m—-m the control head, set RV1 at centre and

RV2 at maximum gain and position the
fine tune contro! of the SX-200 half-

VR1
100k

Sta CONTROL URIT way. Then select AM mode. The core of

L1 is best set on 455 kHz using a

VR2 :é
50k >

R8
R9
33K 3k3

S1b

Y

| Alternatively, inject a steady,
> . unmodulated signal into the antenna

socket of the receiver — a crystal-
L LY controlled source is preferable, but it
can be on any frequency within the
tuning limits of the scanner.

]
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[}

: frequency counter tacked on to C9.
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Oncethe signalis tunedin, switch on
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7777 the BFO and adjust L1 carefully forzero
beat. Check that RV1 will give an audio

Figure 5: Wiring for the socket added to the scanner. tone of about 1.5 kHz at each end of its P>
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PARTSLIST

Resistors
R1 100k ca 1000p poly
R2 1k5 Cs5 30p ceramic
R3 47k Cé 47n disc
R4 18k Cc7 47n
R5 100R C8 30p Foil trimmer
R6 1k C9 12p ceramic
R7 330R c10 47n disc
e 2 Semiconductors
R9 33k

Q1 BF224 or TIS 88
Potentiometers Q2 BC108
RV1 100k balance, centre click D1,2 BA102
RV2 50k tinear ZD1 BZY88C5V6
Capacitors Miscellaneous
C1 330p polystyrene L1, KAN 3333 R or 1564FN8A6438 (see
Cc2 2000p mica or poly text), PL1, 5-pin DiN ptug, SK1, 5-pin
C3 680p poly DiN socket, 2p 2w slide switch.

track (R9 may be altered to give the
required swing). The two limits of RV1
should now correspond to the LSB and
USB settings. Switch off the test
oscillator and find SSB signals on 27-
28 MHz. By setting RV1 at either LSB or
USB, it should be possible to resolve

signals by using the SX-200 fine tuning
control only. Using a fairly strong
signal, adjust C8 for best resolution of
the signal, so that the BFO signal does
nottriggerthe squeich.

The use of a BFO with a scanning
receiver takes a bit of practice, since

The prototype circuit and finished unit.

the correct tuning position will be just
outside the limits of the receiver’s fine
tuning control.A useful tip is to make
sure you reduce the RF gain when
dealing with strong SSB signals.

B R&EW

Coax Relays for RF
Crystal Filters
Crystals

Ceramic Filters
Ceramic Resonators
Coils for RF

Coils for IF

Coils for Oscillators
Transistors for RF
MOSFETS for RF
Connectors for RF

N NNE

9am-6pm Mon-Sat —

COMPONENTS FOR
COMMUNICATORS

es) 909 ndustrial Sa es/ quiries) 0211-231616 Telex 995194 AMBIT G
Data 24h.rs (RSZ32/300baud) 0277-232628 REWTEL. @ Prices exclude VAT except where otherwise shown. ® Postage and
Packing 60p per pre-paid order. ® Orders submitted using Ambit Stock Codes will be processed first. ® Orders for in-stock items
despatched same day (up to 4pm receipt). ® Hours — (consumer sales) 8am-7pm Mon-Sat: (Industrial) 8am-6pm (Mon-Fri). ® Retail sales
Industrial sales ‘Take-away’ by arrangement. ® Industrial accounts available on application : 2 trade, 1 bankers ref.

ambit’s
Spring Catalogue
is out (March 1st)!

The BIGGEST range of parts and
kits for the communications
enthusiast and professional is now
bigger and better than ever.

AT ALL GOOD
. NEWSAGENTS NOW!
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You cant beat
The System.

The Experimentor System™ —a quicker transition from imagination
through experimentation to realization.

Experimentor Scratchboard ™ workpads.

When you have a circuit idea that you want to
make happen, we have a system to make it happen
quicker and easier than ever before: The
Experimentor System.

You already know how big a help our
Experimentor solderless breadboards can be. Now
we’'ve taken our good idea two steps further.

We've added Experimentor Scratchboard
workpads, with our breadboard hole-and-connection
pattern printed in light blue ink. To let you sketch up
a layout you already have working so you can
reproduce it later.

Experimentor Matchboard ™ pre-drilied PCBs.

With Experimentor Matchboard you can go from
breadboard to the finished product nonstop! We've
matched our breadboard pattern again, this time on
a printed circuit board, finished and ready to build
on. All for about £1.50

There’s even a letter-and-number index for each
hole, so you can move from breadboard (where
they’re moulded) to Scratchboard (where they're
printed) to Matchboard (where they're silkscreened
onto the component side) and always know where
you are.

When you want to save time and energy, you can't
beat The Experimentor System.

4. EXP-300PC, which ncludes one item.

2. EXP-302, which includes three items
Three 50-sheet Scratchboard

A Matchboard pre-drilied PCB
workpads £1.75

£1.50

* Two Matchboards and an EXP-300

EXP-303, which includes three items. 4 %XP-%/?{ v:‘rl;lch sdncludeEsxf;u.:;r iUtems
* Two Matchboards, an -30

solderless breadboard breadboard and a Scratchboard

£8.00 workpad £9.40

GLOBAL SPECIALTIES CORPORATION I

CS1e o—

Name

I Address

£2.59

Inc P&P and 15°0 VAT S
I 1EXP 300PC | Qnty Reqd j 2 EXP 302

GLOBAL SPECIALITIES CORPORATION DEPT. 35W

Unmit 1 Shire Mill Industrial Estate Saffron Waiden Essex

Qnty Reqd | FREE Catalogue tick box
£2.88 i enclose cheque PO for

G.S.C. {(UK) Limited, Dept. 35W 3 EXP 303 | Qnty Read j 4 EXP304 | QntyRead

Unit 1, Shire Hill Industrial Estate, I ~_£10.35 |

Saffron Walden, Essex.CB11 3AQ. Phone your order with Access, Barclaycard or American Express
Telephone: Saffron Walden (0799) 21682 Card No Expiry date

i
|
|
£11.96 | ¢ I

Goods despatched with:n 48 hrs

Telex: 817477

JULY 1983



Earlier in the series (March

‘83), game playing was
introduced as a means of illustrating certain key principles
of Al research. One of the points made was that machines
exist which not only act as worthy opponents in a game
situation, but consistently win! Few people, however, would
creditthese machines — or, more accurately, their programs
— as being intelligent, so some other factor must be

responsible. Something peculiar to the task, or the
procedure for performing that task, creates the impression
of a ‘thinking opponent’. In reality, there are a number of
specialised techniques which enhance the chances of
winning for the player who can calculate moves, five or six
ahead of the current play — no skill, just memory and
mathematics.

Foreseeing The Future

There are two basic methods of optimising a sequence of
play without recourse to an indefinable quantity such as skill.
The first of these is called minimaxing, which involves the
look-ahead strategy mentioned earlier. Fig. T shows a game-
tree representing four successive moves. The initial choice
is between three alternatives, with subsequent selections
increasing in number as a result of being unable to predict
what will happen as the game progresses. The route chosen,
however, is fairly certain, since it is based on the assumption
that the other player will try his best to win — make moves
that benefit his game the most at each turn. So, by referring
to the tree, the optimum play results in an arbitrary value of
eight — the highest that the opposing player will allow. Any
other course of play ends up with a lower score, unless the
opponent inadvertently (or deliberately in the case of
someone who has played machines before!) makes a move
that is not maximising his own score. Using this methodical
and consistent approach, the machine is able to minimise
losses and maximise gains. It does not, however, produce a
winner everytime, nor is it practicable when large numbers
of choices are possible ateach stage.

One way of improving the minimaxing technique
described above, is to increase the depth of search — the
ideal being to look ahead to the nth move of an ‘n-move’
game. The problem, of course, is that even with a reasonably
low depth search (say 10 moves), the number of possibilities
is daunting (a series of ten numbers, raised to increasing
powers and added together). A better method makes use of
the ‘alpha-beta algorithm’, which eliminates sections of the
game-tree that are not beneficial —low value options merely
waste computational time. In fact, programs which employ

62

Problem solving is an important
area of study within Al A
common approach is to isolate a
particular example and then
generalise to the rest of the
subject. This month, we outline
some of the techniques that have
evolved

through developing

machines which play games.
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Figure 1: A game tree representing four successive moves. The
minimaxing option is shown by the broken line.
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Xy Xy| |O;

X3

X, |0, X, 0, 0,

Xy Xy

(a) (b) (c)
Low Value Options

High Value Options Drawn Game Options

Figure 2: Possible positions in a game of noughts and crosses.
The final square (c) shows a game in progress.

alpha-beta minimaxing prove to be at least 500 times faster
than those which don‘t. As a practical example, consider the
next move to be made in a game of ‘noughts and crosses’,
following a centre nought. There are eight possible
responses, which can be halved by rejecting non-corner
positions as representing an inferior outcome (Fig. 2).

< Length > {(n) < Match > (a, b)

< Position > {n1, n2)

< Type> (aORbORc...)
NOTES: WHERE n REPRESENTS ANY POSITIVE INTEGER OR
ZERO AND a, b, c; etc., ARE ONE OR MORE CHARACTERS
(INCLUDING NUMBERS) OCCURING CONSECUTIVELY.

Figure 3: Generalized software coding for a pattern recognition
language.

Making Advances

Turning away from what might be termed the more
‘mechanical’ aspects of game-playing, it is worth looking at
some of the other ways a game-plan can be structured. The
main advantage a machine possesses is access to a vast and
reliable memory. With this it is able to remember patterns of
play within the current session, past sessions and during
sessions of which it hasn't ever had practical experience.
Theoretically, the machine can execute a fixed routine of
pattern matching, whilst appearing to act in a skilful manner.
If you, a previous player or anyone else have played a
sequence of moves before, the system can identify the
pattern match and base its move on one that gave the best
results before. This does not necessarily mean that the
computer’s move will be predictable, however, since it must
still follow the aforementioned optimising principles as well
as any other ‘quirks’ and random elements which go
together to comprise the overall strategy. An interesting
implication of playing against a machine which recognises

10 DIM RANDAS (4,6)
20 FOR Y=1 TO 4

30 FOR Z=1 TO &

40 READ RANDA$(Y,Z)

50 NEXT Z

&0 NEXT Y

70 LS

a0 PRINT

90 FOR Z1=1 TO 12

100 PRINTTAB(14)" ";
110 FOR Y1=1 TO 6

120 PRINT RANDA$(RND(4),Y1);" ";
130 NEXT Y1

140 PRINT

150 IF 7Z1<12 THEN PRINT
160 NEXT 71

170 END

180 DATA A,B,C,D,E,F
150 DATA G H,I,4,K,L
200 DATA M,N,0,P,Q,R
210 DATA §,T,U,V, W, X

Figure 4: Listing of the BASIC program for carrying out last
month’s random concatenation.

Position refers to a pattern between two numeric pointers
(eg, the pointers to select PEN from SPEND would be 1,4).
Match checks two patterns for similarity and type replaces a
run of characters contained in a definable group such as
‘letters’ or ‘numbers’. Using these and derived refinements,
pattern matching is greatly enhanced, with the result that
games programs can be coded more efficiently and
effectively.

Bits And Pieces

After the April edition’s induction to the derivation and use
of random numbers, several letters arrived asking for a
program listing which would perform the random string
concatenation. Fig. 4 shows one possible source coding, in
BASIC, for carrying out this function.

patterns within its opponent’s play, is that intuitive moves B R&EW
which don’t gain an advantage are

rejected regardless of their intrinsio

value. For example, ‘castling’ in chess e ——

may be expelled from the current

repertoire if a particular instance did —— TR EX TV WY

not achieve an advantage — BTV EW TR YL

unfortunate if the machine should YT YITUYXYY 10 3 3 SN |
need to apply the technique at a later TITCTFET TrIVYTY

stage.

Identifying patterns within a game w b= gy
playing situation is a fairly “'_'—‘*—cr_m:» E— T
straightforward task, which requires e xﬂm::::
no special programming practices. FETVVY ——— '
The source language chosen is the L IR 4 —

T WU ITYY

main arbiter of how easy it is to code
the routines; Fig. 3 sets out a few

examples (generalised word patterns).
The length function substitutes for a
run of characters, in number; as in ‘L’
length2 'K’ for LOOK, LEAK, LOCK etc.
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Two examples of the random concatenation program in operation.
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PASS BAND

TUNING

A concise appraisal of the
techniques involved with IF PBT,

by William Poel.

Pass Band Tuning (PBT) is another example of a
communications technology that has been around since the
early days in one form or another, but has only really come
into its own with improved technology and the fierce
competition amongst ham radio equipment manufacturers.
Basically, PBT is a practical means of continuously varying
the effective IF bandwidth, without the expense of multiple
filters, using two basic intermediate frequencies and a VFO
for a paralle!l mixing shift (Fig.1).

VFO 4
(10 7+.4558) = A

Af = BW of
filter

FILTERS

107

mHz MIXER 355kH1
A

— 3kHz
A

£

455kHz
11.2kHz
[
10.7
mHz 2
b

Hr‘m

455kHz

DRIGINAL
PASS BAND
OF 107
FILTER
SHIFTS WITH THE
SIGNAL <

Figure 1: PBT mixing arrangement and VFO

The system relies on at least two IF filters, with good shape
factors, since PBT is brought about by bringing the slope of
the first filter towards the slope of the second (Fig. 2a). Any
‘in-difference’ in the shape factor of one filter will distort the
passband on one of its edges (Fig. 2b), as the effect of the
process is to superimpose the two filter characteristics upon
one another.

Before moving on, you may recall the PBT system of the
NRD515 we reviewed a while ago. This is somewhat less
intricate in its requirements, basically providing a method of
shifting the IF passband, whilst ganging the BFO tuning
(without actually narrowing the bandpass in the process).
So, it's worth being wary of nomenclature, PBT already
means two rather different things to two different
manufacturers.

What To Do

One seemingly crass comment, made in the ICOM R70
handbook, is that the PBT function can be used to adjust the
‘tone’ of the incoming transmission, since varying the IF
bandwidth also effectively varies the audio bandwidth. As it
happens, applying this technique to allow 10-15kHz of IF
bandwidth for AM broadcast signals can produce some
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superb results during daylight hours, before the night-time
profusion of signals sends the listener rushing for every
knob that can narrow the bandwidth. So, it's worth bearing
in mind that anything you do with the IF bandwidth is
reflected in the available audio passband — were it not for
the intermodulation problem, all the filtering could be done
ataudio anyway, assuming the general dynamic range of all
circuitry beforethe detector was adequate.

As a means of keeping out unwanted signals, PBT is not
immediately relevant in the case of Fig. 3a, where the
unwanted signal is removed simply by shifting the
frequency slightly higher. It's worth remembering that the
expression ‘tuning the receiver’ now generally relates to
moving the IF bandpass up and down in frequency, and has
little to do with tuning in its erstwhile sense of ‘peaking’ an
array of track-tuned resonant circuits. Note, also, that the
wanted signal is increased when the unwanted signal is
tuned out of band. This is because it has been assumed that
the unwanted signal will have been invoking the AGC action

- of the set — another reason for getting it out of the way at

— 10.753kHz -— 1

ASSBAND

—_—

=

] . L .

+ WANTED Fl F2
UNWANTED

—:‘ 4kHz

F2

Figure 3a: Tuning bandpass to remove unwanted frequency

1

Figure 3b: Fixed bandwidth tuning may cause problems with
unwanted signals within the passband.
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Good
458 kHz
Fitter

+ | 4 —
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-3kHz 10.7 +3kHz 3kHz 455kHz +3kHz

Figure 2a: Combination of ‘good filter shapes EORBINED

‘PBT EFFECT

POOR }
FILTER

{4 pole}

| - .
T >

—10 10.7 +10 —~3 456 +3

Figure 2b: Combination of ‘poor’ filter shapes

RETUNE

1] LocaL
OSCILLATOR

UNWANTED 10.7kHz
SIGNAL

10.7015

Figure 4: PBT with SSB signals

IF rather than AF. Some ’‘splatter’ from the sidebands is
almost unavoidable {the first person to devise a simple
means to effectively cancel modulation splatter by
reapplying it to the IF signal in the form of negative feedback
is invited to write in). Fig. 3b gives the reason why PBT is
relevant.

The use of PBT with SSB is perhaps even more obvious,
since the basic filter bandwidth doesn’t allow for any

Figure5: Band Pass Tuning at work on the icom R70

substantial tolerance in the optimum tuning point — it's
certainly preferable to leave the BFQ in a fixed position. PBT
allows for shifting the SSB passband without constantly
retuning the BFO and the danger of placing it too far inside
the actual IF passband, with the consequent problems of
blocking etc. In fact, it's hard to imagine anything particularly
negative aboutthe PBT facility.

In Practice

The lcom R70 provides a neat example of PBT at work (Fig.
5). The first IF is 9.010MHz and the second 455kHz (the
numbers are slightly different, but the result is the same). it
is quite straightforward to apply this basic concept to any
receiver having its IF {or a first IF) in the range that can be
handled by the swing available on a VCXO of the necessary
frequency. Generally speaking, it's going to be in the range
of 9-11MHz. If you are stuck with 455kHz, then it is possible
to produce a good Butterworth filter at about 100kHz by
simply top-coupling about 8 or so tuned circuits using coils
in the 8mH range. Elegant, calculated solutions are available
from a variety of formulae, but empirical methods are
usually the best solution for the enthusiast — as long as
you're eager and willingtohaveadabble. @ R&EW

In a future issue we’'ll continue this series with a
constructional feature for an add-on PBT system.
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DIGITAL
CAPACITANCE METER

Stephen Ibbs describes an accurate and reliable DCM to complement

last month’s DFM.

Following the application of digital monostable was also used to control
techniques to produce the DFM in the the third input of the gate, in effect PARTSLIST
June edition of R&EW, we decided to closing it for a fraction of a second to Resistors
update the DCM from November ‘81 null out the circuit stray capacitance R1 ™
intoc a separate unit. The way the that would otherwise give an R2 6 27k
original circuit worked was to take erroneous reading. R3 470R
negative-going gate pulses from the The present design is a two range R4 820k
counter IC, and produce a monostable meter, measuring 0-9999pF, and O0- R5 100R ¥ watt
pulse {inverted to control another 9.999uF. It uses a simplified oscillator R7 220k
monostable), whose period is decided with a 1MHz resonator, and since the R8 3M3
by the unknown capacitance. The counter registers up to 9999 it would R9 3k3
output of this monostable opened a have been possible to modify the R10 10k
gate, allowing an oscillator (running at oscillator to say, 10kHz, but this would Bl i 68R
1MHz) to flow into the counter. The have necessitated other changes. So, Potentiometers
result was a digital readout directly we decided to stick to the original RV1 4k7
related to the capacitor's value. The tested and proved circuit as much as RV2 470k 6mm sub-min
inverted output from the first  possible. cermetpreset
RV3,4 100k
Capacitors
C1,2 22p
C3,9 10n
c4 100n
C5,6 330p
Cc7 100p
Cc8 470n Polyester,
Siemenstype
C10 47n
c11 220n tantalum
Cc12 22u 16V tantalum
Semiconductors
IC1 4049
IC2 ICM7556
IC3 4023
IC4 ICM7555
IC5 40106
IC6 4011
1C7 ICM7217C
IC8 7805
Miscellaneous
GL8RO4 displays {40ff), 3 x 2 pole push-
push, 1 x 3 way 10mm bracket, 3 knobs
"’ type A, 4 digit bezel, Centurion DX1
case, TMHz resonator, PCBs, mounting
hardware etc.
Aninternal view of the DCM.
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Project

(a)
o—
+5V
R R11
3M3 24 68R
8 SW3b
7 msb
STORE g 1 °
RV4 2 el 5 1£2 21-23 | |
T &%) (0888
COUNT T |
6 LED CC DISPLAY
RESET 4 DIGITS
1
c8
4200 20 NOTES:
IC1 IS 4049
ov IC2 1S 1CM7556
o— Ic3 IS 4023
IC4 IS [CM7555
IC5 IS 40106
IC6 1S 4011
IC7 IS ICM7217C
1C8 IS 7805

1Ic1
15 10 12 2 ic3
Dol s —se | |
K] o Ic8
12 Vs -9V sw1 -
R1
™
+5V O—-yg
CR1
SW3a
c1 - c2
I 22p I 22p 5v
RV1 RV2 T
ak7 470k
R3 S 470R R4 iy 2n7 Figure 1: Circuit
- R6 20k .
- 14 o 330p 27k 4 10 diagram {a) and
27k L suggested PSU (b)
8 12 RV3
s 100k
ic2a Ic2b
1 13
5
"'1%?, 13 7
sw2 = C7
c4 ic3 3 100p
1000 4
6
5
J168
11
By [ 330p [
Circuit Description The output of the 7217A drives the
multiplexed 4-digit CC display direct. and the
CARRY 1 BORROW d The 7216 frequency meter IC used in the second pole of the range switch is used to light
ZERD ® b original DFM/DCM is replaced by the much the rclevant decimal point, so that the meter
EGUAL f cheaper 7217A. which is a 4-digit up/down reads PF direct on the low range and uF on the
BCD 8 = counter, and consequently does not produce its  high. The circuit will. in fact, measure up to
5 e own gate, store and reset pulses. These pulses 1000uF. but would then require more digits.
e are provided by IC4.5 and 6. with IC4 Those who want to measure above 10uF can
BCD2 ¢ 2 producing a square wave with a duty cycle of easily include more ranges, adjusting the
BCD1 o B (approx) I sccond high. and a very short pcriod  timing resistors accordingly.
COUNT o 9 low. (less than 1mS). adjusted by RV4. The
STORE o DISP CONT wave is then invertcd. delayed and combined REMOVE ON
UP/GOWN o GROUND by 1C5.6 to give the necessary forms in the L EAVEIONIONEIE 51 ALL DISPLAYS
LOAD REGISTER ® D1 correct sequence. DISPLAY ONLY | © °
LOAD COUNTER ® D2 The gate time is tapped off and inverted to ° 1
SCAN o D3 provide the negative-going pulse required by o
e D4 the first monostable. Due to space limitations ’; s
RESE] - the slightly more expensive 7556 is used rather
than two 7555s and the CMOS version is BACK OF GL8R04
Figure 2: Pin designations forthe 7217A. DISELAY
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specified to reduce current consumption, which
isquite high because of the LED display.

Figure 3: Trimming the pins on the GL8R04

displays.
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DCM

Construction

The unit was designed for a specific
case, so space is at a premium. Mount
all the components, not forgetting the
wire links, on the PCB and use veropins
and ribbon cable for the various
interconnections necessary. Place the
SUE switches (2 pole, push-push) into
the 10mm spaced bracket, and bend
over the retaining tabs. This s
mounted, using nuts and bolts, onto
the front panel, along with the two
push-connectors for the capacitors,
and the display bezel. The interwiring
is then made as illustrated in Fig. 7a.
Note that the connecting wires from
the capacitor terminals go to the
bottom centre contacts of S2, to save
on lead length and make the internal
appearance better. A 100 ohm Y2 watt
resistor is soldered across the N/C
terminals of S2. The effect of this is to
automatically discharge any
potentially dangerous charge stored
on the capacitor. S2 is then switched
in, to place the unknown capacitor into
the measuring circuitry. S1is the on/off
switch, and S3 the range switch, one
pole selecting either R3 and RV1 or R4
and RV2, the other pole connecting the
dp segmentto +5V via current-limiting
resistor, R11, on the high range (N/O
terminals).

The meter usesthe GL8R04 displays,
mounted on a second PCB. Insert the
veropins from the component side, so
that they project on the track side. The
displays are then trimmed according
to Fig. 3. Note that only one display
retains its dp pin, and all lose the spare
CC pin. They are then mounted, and
the connections made via ribbon cable
to the back of the display. Two holes
are drilled as marked for the mounting
bolts from the bezel, and the display is
then placed behind the bezel and
positioned centrally. Please note that
the most significant digit (D4) is the
one on the left looking from the front.

After the usual construction checks,
mount the PCB into the case, attach a
battery and switch on.

Setting Up

Set RV4 to mid-travel. This sets the
gate time and does need to be precise
unless constructors are planning to
have more than a 4 digit display.
Adjust RV3 to give a reading of all
zeroes (the LSD may insist on reading
1). Insert a close tolerance capacitor
into the terminals, select the
appropriate range via SW3 then push
in SW2 to place the capacitor into the
circuitry. Adjust either RV1 or RV2,
dependent on the range selected, to
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Figure 4: PCB foil pattern for the main board. Note that a separate board for the
display is desirable, adhering to the display connectionsinFigs1and3.
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Figure5: Component overlay for the DCM.
give the correct reading. Repeat the ~ monostable.

process for the other range with
another capacitor. The case can then
be bolted together.

In Use

Erroneous readings wili be obtained if,
for instance, a 15000pF capacitor is
measured on the low range. To avoid
this an overflow LED can be included
by connecting it to the carry/borrow
pin 1 via a current-limiting resistor.
This goes high for typically 100ns on
the transition from 9999 to 0000. The
pulse can easily be lengthened if
deemed necessary with a simple

Intersil produce a series of 4'2 digit
counters, including the 7224 for LCD,
and the 7225 for LED displays. These
are 40-pin devices, so the PCB would
need to be modified, but the same
count, store, and reset pulses will
work. Similarly the Intersil 7208 can be
used with no modifications to the
timing pulses, if seven digits are
required. This is a 28-pin device but
obviously the PCB will still have to be
modified. Consult the Intersil data
sheets for more details. Ignore the
Count Inhibit pin as this can be left

floating. m R&EW
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SYSTEM

A Dual Tone Multi-Frequency decoder, with the matching encoder.
Both designs by Graham Leighton.

This system, originally intended for
telephone dialling, provides an
excellent control/data transfer system
using almost any voice bandwidth
transmission medium. Recent
reductions in the complexity and cost
of DTMF (Dual Tone Multi-Frequency)
decoders makes the system attractive
for such things as repeater control and
remote control or data entry via
telephone lines.

Theory...

The DTMF encoder generates a
composite signal made from the
combination of two tones, selected by
line and column addressing of a
keyboard. The keyboard arrangement
together with the corresponding tone
frequencies are shown in Fig. 1. The
tone freqgencies were originally chosen

HIGH GROUP FREQUENCIES Kz

LOW GROUP
FREQUENCIES

¥
6
e

(BLACKED IN CHARACTERS
ARE AFFECTED BY INH)

Figure 1. Keypad and tone frequencies
obtained.
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I |
] | |
] HIGH | HIGH !
| GROUP LIMITER GROUP |
FILTER DETECTOR
i : ouTPUT ]
————d 0
DECODER
! Low | LOW !
i GROUP LIMITER GROUP |
i FILTER | | DETECTOR i
| i |
b= o o = =l e e |

Figure 2. Block diagram of the DTMF receiver.

such that neither harmonics nor
intermodulation products fell within
the tone detection bauds. The
separation between individual tones is
about 10%. The fourth column (high
tone, 1633Hz) is not usually fitted to
telephone sets but is useful to extend
the number of control functions
available in other systems.

The decoder (receiver) converts the
auto signal to a usable digital format.
This is usually hex, binary, or 2 of 8 (ie,
similar format to the keyboard). The 2
of 8 format makes connection to pulse
dialler ICs simple, thus providing a
tone-to-pulse dial converter.

Before IC development made good
filters using op-amps and phase-
locked loops commercially viable,
techniques such as passive LC filters
were used. Recently, CMOS decoders
and switched capacitor filters have
made simple, cheap DTMF decoders
possible.

PRECISE
DIAL TONES

X = 350Hz
Y = oMz

DTMF TONES

ATTENUATION 08

FREQUENCY HZ

Figure 3. Filter characteristics for the
MV8865.

Figure 2is the block diagram of atwo
chip reciever. The received DTMF
signal is a combination of two tones
from the eight that the encoder can
generate. One is from the high group
and one from the low group. These are
separated by a band-split filter, the
response of such a filter, the MV8865,
being shown in Fig. 3. The outputs p
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DTMF SIGNALLING SYSTEM

Table 1. Output codes for the MV8862/3 decoder.

from the filters are relatively clean and
are limited to produce a square wave at
the frequency of the original tone.
Digital counting algorithms are used in
the decoder to determine which tones
are being received. Each group is
checked for the presence of a DTMF
frequency, and when two valid tones
are simultaneously detected for the
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required minimum time the decoded
digitis output.

The decoder should give reliable
operation in the presence of noise and
speech. Modern IC decoders offer
acceptable performance in this
respect. Any further improvements
result in considerable extra
complexity.

+5V
VDo
il o
100n
7
q OsC1 Vpp R4
osc2 GT e
c3
680p FL VoD R2 L St
Vss 1 2m2
1k FLT 0sC1 StD ESt
.—‘_ X1e= R3
[ 0sc2 — [\ L stD FL 270k
| \
INPUT RES
INPUT c! | 7 v FH p
100 p VREF p [T Qg
2M2 L FHT Q2 Q7
L c1 FH Q3 Qs
Vss P ( % 2 G5
NOTE: —_ TOE 3
IC1 1S MV8865 4
IC2 IS MV8862/3 680p Vss VEE
X1 IS 3.579MH;
(T
StD StD Q1 Q2 Q3 Q4 TOE Q5 Qg Q7 Qg
Figure 4 . Circuit of the MV 8865 receiver system.
Original 3862 2863 Detected
Tone TOE| Sel Character INH ESt R R R R
Character 9 @ 9 99,9 09, 00 9 9 9 9 9 9 9 o 3 1% Circuit Description
>1< :l E f f f 5 E f f z|lz 2z z z z 2z z 2 X L H The MV8865 separates the high and low group
i HfL L L L L L L H DR H H ¥ o
gl dEie ¢ w & s B . 0 A ¢ & ®oE L D i L cr())mponelnﬁs of the dual tor:jc signal and limits
H L L HH i
3 g t B L g t : rlj ::1 h r: t t t : r: rl:q 57 Tnhibil Tamction the resulting pair to produce square wave
Rl s I wtcli A C A LR CHAIA CALCLHL A outputs. Separation of the tone groups is
6 [ H|L|L H H L LHHUL/HHLLLHHL achicved by applying the signal simultaneously
7HLIL H H HLHHHIL L L HLHHH to the inputs of two sixth order switched
8 [H|L[H L L L H L L LJL L HHHLLL e — filters. A b at 440Hz i
9 lHILIH L L HHLLHIL H L HHLL #n | capacitor bandpass llt.Cl'S. notch at 4- Hz is
0 : L ::‘ :: h :: : t H LjL H H L H L H L ESt St |GT stp* Sib* incorporated to provide dial tone rejection.
. L H HIH H L H K L HH ; e f
s lnlilH CHH AL LWIHLLOHRRLL L L. . " Both filters arc fol]qwcd by asingle qrdcr filter
D| A HiL|H H L L HH L HJL H H H H H L H H L]z L H which smooths the signal prior to limiting. Pins
‘A HEE R R E R AR RN : BlE & & FLT and FLH allow the signals to be monitered
Dl HlLUIH H H H L L L LIH HH HUL L L L = before limiting. Limiting is performed by high
T bt o 0 L e " PR, 0. B (e) Steering gain comparators which have some hysteresis
HOH L : ation :
2l HlHlHH L A HHH IR UL C L H to improve the operation at low S/N.
3/ HIH|H L H H HHHLILH L L L L L H + DELAYED FROM St The dctector outputs arc buffered and
4 HfH|H H H L HHLHIL L L HL L HL i
el 2 Il le n o Al BlaBlt T6 20 LW FOR THE PURPOSE OF THESE connected to FL and FH pins. dioi
6 | H|H|[H L H H H H L HILH L L L LHL TABLES CONSIDER The MVg862/3 are CMOS digital DTMF
7IHIHEH H H L H L HHIL L L H L HL L V.< V.. LOGIC LOW (L) detector/decoders. The MV8862 differs from
8 | HIHfH H L H H LHH[IL L H L L H LU S aad pionm the MV8863 only in the output codes availabl
9l HIHfH L H H H LHHIL H L L L H L L s st © onlyin the output codes avallablc
0O | H{H|H H L H H HlL L H L H L i 1 5 4
o I R I I A B {56 VT;aCl(;Ie 13)' ng)hmar:d IO:,V sr(z'\:]pys;lgn)arlisthdir]c]
s lulule L H A L omm HlC r C L H L L | x=anvcraracTER opcrated on by a complex averaging alge i
DA |H[HfLH H H HH®H LIH L L L L L L H ;'t‘l’g}'ﬁh‘;‘é"DANcc using digital counting techniques. When both
B | HIH|L H H L L oL 5 F oy ionals have be
el il it W G : : :‘ - : : AR t h ’l‘_‘ t =""DON'T CARE " high and low group signals have been decoded
D|HiH|LH H H L HHH[H L L LH L L L LOGIC HIGH OR LOW simultancously a flag. EST. is gencrated.

Various validity checks are carried out to
prevent false decoding cte. Fig. 6 shows the
timing sequence of the decoding process. STD
pin has an output when a valid tone has been
received.

When Q1-Q8 are connected to a data bus
TOE may be connected to external circuitry or
directly to STD thereby cnabling the outputs
when tones are received. The circuit used here
is designed to operate from a 5V supply. If
other supplics are to be used modification will
be required. Only one crystal oscillator is used.
in the MV8865. this also drives the MVEB62.
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Figure 7: The PBC foil pattern and component overlay
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ROW INPUTS ——e
SINGLE TONE
1 2 3 4 INHIBIT
[ 9
Ry
Rn
Ra
Vo O— P Voo AAA4
Voo
KEYBOARD LOGIC e
A
U ren || conveRTER .
ROW 00
0S¢ o -4 COUNTER ]-H
ouY
Vaer
COLUMN | o JONE
counﬂ[_ out
0SC SINE Voo
N © wave  f— o :
COUNTER CONVERTER
KEYBOARD LOGIC
2 Vss Lo xmiTR
'
Re TRANSMIT/MUTE
MUTE
V55 O0— B LOG'C —opl
Rc
(] o ©
1 "2 g &
COLUMN INPUTS
Figure 5: MV5087 internal connections
EVENTS | A | 8 ¢ o £ Pl 6 i
WES - - <~ thec—| - INTEROIGIT PAUSE—~] = b= TONE DROP OUT
% TONE #0n TONE @ + 1 e
(.,.—F——' ﬂ—lu
lore ;_Jm
m Vist
st 6T ______— | I
R
DATA
ouTPuTS DECODED TORE n - 1 DECODED TONE #1 )——(W
0, Qg HIGH IMPEDANCE ———
—e] p—1P510
St0 | I |
ouTpPuT
— —trg 1o
TOE _‘]
A)  SHORT TONE BURSTS DETECTED. TONE QURATION IS INVALID
B) TONE #n IS DETECTED. TONE OURATION IS VALID, DECODEQ TO OUTPUTS.
C) END OF TONE # n (S DETECTED AND VALIDATED.
0) 3 STAGE OUTPUTS DISABLED (HIGH IMPEDANCE)
E) TONE #n + 11S DETECTED, TONE DURATION IS VALID, DECODED TO QUTPUTS
F) TRISTATE OUTPUTS ARE ENABLED ACCEPTABLE DROP OUF OF TONE#n + 1 DOES NOT REGISTER AT OUTPYTS.
G) END OF TONE #1n + 115 DETECTED AND VALIDATED.
Figure 6: MV8862 decoding timing diagram
PARTSLIST (Receiver Only)
Resistors
R1,2 2M2  Semiconductors
R3 270k IC1 MvV8865
R4 ak7  IC2 MV8862
. IC3 TiL311
Capacitors ¢
C1 10n ceramic R
C2 100n polyester ~ Miscelianeous
C34 680p polystyrene  XTAL1 3.579MHz crystal
C5 33u 10V tant 4 and 16-pin SIL connectors, terminal
Co6 100n,optional pins, PCBetc.
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which permits direct connection to a
et 6P oserel > ks pulse dialler. The output is tristate
Fets " oscie] 2 236t which S|mplnf|e§ connection to a
P el 52 ;géj 222‘ ::';?5. processor (;onSIderany. Filter and

soeds 20 == FL : . limiter functions are performed by the
b & i s s wpwe  FoweB TheMVEBR2/ | uygees A TIL311 hex decoder/
Vaecllegs b = i Sl MINIBEE5 Pinfassignatinns display has been included on the PCB
PowNT o jled o, 8=, to monitor operation of the system.
N7 10 33 P i :f:;g; This should be removed when driving

vss&J 8 9 {>ane Vo =] 12 v, anexternal TTLcircuit.

) Operation
...And Practise

There are many DTMF encoders
now available. Most use a readily
available 3.58MHz crystal (NTSC
colour subcarrier) and require few
other external components. The
MV5087 has ‘transmit’ and 'mute’
outputs which make it especially
useful for radio applications. Fig. 4
shows the internal arrangement of the
MV5087 The keyboard may be
either a 2 of 8 matrix type (2 contacts
per key) or a single contact X-Y matrix
type. Electronic input is also possible
using a Vdd level on the column input

and Vss on the row input. The digitally
generated sine wave output has
typically 7% distortion. If this type of
encoderisusedin aradio system make
sure that the audio processing will
remove the harmonics present. The
permitted supply voltage range is 2.75
to 10V (Vdd relative to Vss).

The ICs used in this receiver were
chosen to provide a versatile system. A
single chip decoder has recently been
introduced, but provides only a hex
output. The MV8862/3 decoder has
several output codes including one

The input level to the decoder should
be between 28 and 800mV (approx
30dB dynamic range). The outputs
may be used to drive simple hard
wired logic or connected directly to a
processor data bus. The MV8862/3 will
drive up to one standard TTL load.
Note that the hex display will not show
the same digits as the keyboard except
for 0-9. The 'SEL’ line has been hard
wired to OV setting the outputs to hex.
After setting the levels correctly the
decoder worked very well under
operational conditions on a FM radio

scheme. 8 R&EW

HF SSB/CW TRANSCEIVER
10-160 metres. 200 watts input.

250Hz.

KW + TEN - TEC equipment).

Other KW units available

KW 107 Supermatch KW trap dipole
KW traps KW Balun
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Full break-in on C.W. Built-in Speech Processor and Noise Blanker.
Variable Passband with standard 2.4KHz filter + optional 1.8KHz, 500 &

All Solid-State. AN IMMEDIATE SUCCESS IN U.S.A. & U.K.

*{A full range of accessories is available for

KW antenna switch.

Introducing a New no-compromise HF Transceiver

A NEW SERIESWITH NEW FEATURES, NEW PERFORMANCE, AND ALL 9 HF BANDS

CONTINUING THE SUCCESS OF A
GREAT RANGE OF TRANSCEIVERS
BACKED BY KW SERVICE —

KW+ TEN-TEC ‘CORSAIR' —

Come to KW for all your other amateur radio
requirements KW service and guarantee — KW
maintains the tradition of service the company is
renowned for. Qutput-transistors unconditionally
guaranteed for 12 months. The KW + TEN-TEC
units offered above are introduced as a prelude to
fully UK assembled equipment.

At a lower cost the
ARGOSY is an
outstanding
performer. 10-80
metres, 100 watts.
Write or phone

for details.

Now also available
3 KW-TEN-TEC
ATU’s.

Vanguard Works, Jenkins Dale, Chatham ME4 5RT
Tel: 0634-815173 Telex: 965834 KW COMM G
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4-digit CMOS Up/Down Counter- Display Driver

CARRY/BORROW
ZERO

EQUAL

BCD 1/0 8's

BCD 1/0 4's

BCD 1/0 2's

BCD 1/0 1's

COUNT INPUT
STORE

UP/DOWN

LOAD REGISTER/OFF
LOAD COUNTER/I/D OFF ¢
SCAN

RESET @l 14 15

SEGMENT d
SEGMENT b
SEGMENT f
SEGMENT ¢
+VE

SEGMENT a
SEGMENT b
SEGMENT g
DISPLAY CONT.

* FourDecade, Presettable Up-Down
Counter with Parallel Zero Detect

* Settable Register with contents
continuously compared to Counter.
Directly drives multiplexed 7
segment common cathode LED
displays.
On-board Multiplex Scan Oscillator.
Schmitt Trigger on Count Input.
TTL compatible BCD I/0 port, carry/
borrow, equal, and zero outputs.
Display blank control for low power
operation (Dissipation,5mw).
All terminals fully protected against
staticdischarge.
Single 5V operation.

Figure 1: Pin configuration of the 7217

This circuit provides 3 main outputs: A
carry/borrow output, which allows for
direct cascading of counters, a zero output,

environment and to prevent multiple assumesa negative level whenthe contents
triggering with slowly changing inputs, the of the counter and register are equal. Also,
count input is provided with a Schmitt the zero output assumes a negative level

which indicates when the count is zero and
an equal output, which indicates when the
count is equal to the value contained in the
register. Data is multiplexed to and from the
device by means of a tri-state BCD 1/: port.
The carry/borrow, equal, zero, outputs and
the BCD port will each drive one standard
TTL load. To permit operation in noisy

Trigger.

The carry/borrow output is a positive-
going signal occurring typically 500 ns after
the position-going edge of the count input.
It advances the counter from 9999 to 0000
on the upcount and from 0000 to 9999 on
the downcount. This allows direct
cascading. Note that the equal output

when the counter contains 0000.

The carry/borrow, equal and zero outputs
will drive a single TTL load over the full
range of supply voltage and ambient
temperature; for a logic zero, these outputs
will sink 2mA @ 0.4V (on resistance 200
ohms), and for a logic one the outputs
source >60uA.

2ERQ
u/D
L CARRY

ZERO
u/D

L CARRY|

ARRY/BORROW

MUX
OSCILLATOR

STORE

DISPLAY BLANK + OFF

MUX 1/0
AND DISPLAY
CONTROL LOGIC

OAD COUNTER

LOAD REGISTER
DISPLAY CONTROL

QUTPUT MUX

SEGMENT DRIVERS
n

OIGIT DRIVERS
4)

Figure 2: Block diagram for the 7217

D4 D3 D2 D1
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“VE Qb O-
REEL OR HUB |
SWITCH MAKING
ONCE PER !

REVOLUTION

STOF gIOG""“TARLOL ZERO (1: 28 |4
ARRY —_—
Toeie | EQUAL - B ‘L
| ZERO '—b A gl
EQ — /7 SEGMENTS
72174 o
— SIS
+VE - . -— r
J 730 ™ lecono Ve =! - Lt
1m 4 DIGITS
THUMBWHEEL SWITCHES — e —— COMMON CATHODE
| — g BLANK - LED DISPLAY
- [ AL ~VE Q=———tr{ STORE L ¢———————» NORMAL
O V-
A —————— -
_VE new. o=V UP/DOWN O-v L.Z.B. INHIBIT
-0 |LOAD REG. [V} —»1
e NO —JLOAD CTR. 02—
HVE Qs ’\
SETPT. —{scan D3 i [ /4 DIGITS
~VEOr S - RESET DA
RESET
TO D4 STROBE TO D1STROBE AT . o ) .
1 1 Figure 3: A typical application The onboard multiplex scan oscillator,
1 L for the 7217 as a tape recorder ~Which has a duty cycle of approximately
. 25:1, has a nominal frequency of 10 kHz
________ position indicator and . . i
which may be reduced with a capacitor
84 21 84 21 controller between the scan pin and the supply.

’S

%
i

The counter is incremented by the rising
edge of the count input signal when U/D is
low. Hysteresis is provided by the input
Schmitt Trigger. The internal latches are
controlled by the ST pin and the signals

4 appearing at the 7 segment and BCD
¢ <« Figure 4: The thumbwheel outputs, and bringing the store pin to —~VE
? . . . transfers the contents of the counter into
i 1 SwiTC{ Va5 H RIS the latches. Thumbwheel switches used
1 with this device should be true BCD coded
8 4 (ie., all switches open corresponding to
0000) and since they are connected in
parallel, diodes shouid be used to prevent
T0 BCD IMPUT crosstalk.
The multiplex oscillator is disconnected
during load counter and load register
SCAN CAPACITOR | NOMINAL OSC. |DIGIT REPETITION | SCAN CYCLE operations, and allowed to free-run. The
FREQUENCY RATE TIME carry/borrow output is not valid during load
NONE 10kHz 2 5kHz 400uS counter and reset operations, the equal
20p 5kHz 1.2kHz 800uS output is not valid during load counter and
90p TkHz2 250kHz ams load register operations and the zero output
is notvalid during a load counter operation.
Table 1: Control Input definitions
INPUT TERMINAL | VOLTAGE FUNCTION
STORE (S_T) 9 +VE (OR FLOATING) OUTPUT LATCHES NOT UPDATED
-VE OUTPUT LATCHES UPDATED
UP/_DOWN 10 +VE (OR FLOATING) COUNTER COUNTS UP
(U/D) -VE COUNTER COUNTS DOWN
RESET (RST) 14 +VE (OR FLOATING) NORMAL OPERATION
-VE COUNTER RESET
LOAD COUNTER 12 UNCONNECTED NORMAL OPERATION
LC/I/O OFF +VE COUNTER LOADED W{TH BCD DATA
-VE BCD PORT FORCED TO HIGH Z CONDITION
LOAD REGISTER 11 UNCONNECTED NORMAL OPERATION
LR/OFF +VE REGISTER LOADED WITH BCD OPERATION
-VE DISPLAY DRIVERS DISABLED, BCD PORT
FORCED TO HIGH Z CONDITION, MPX COUNTER
RESET TO D3 MPX OSCILLATOR DISABLED
DISPLAY 20 UNCONNECTED NORMAL OPERATION
CONTROL (DC) +VE SEGMENT DRIVERS DISABLED
-VE LEADING ZERO BLANKING DISABLED

Table 2: Onboard oscillator setting
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DATONG

AUTOMATIC NOTCH FILTER MODEL ANF
Why suffer when you don’t have to? Model ANF provides the high-technology answer
to tune-up whistles and other heterodyne interference to SSB communications. it also
features an excellent 4-pole tunabile bandpass fitter to make life easier on CW.
Connected in series with the receiver’s ioudspeaker Model ANF continuously searches
the audio spectrum for continuous tones. When it finds one it stops the search, locks
on, and removes it with a really deep, narrow notch.
The fitter's centre frequency is shown on a 10 LED bargraph-type display at all times.
You can see at a glance the position of the sweep during the search or the approximate
frequency of the interference during “lock”.
The display is also useful when using the auto-assisted manual tuning mode or the CW
mode.
A built-in comp T syst leminates the need for careful input level setting. The
receiver volume control works exactly as normal yet the auto-notch performance and
signal-to-noise ratio remain just as good at any volume settmg

Buitt to truly pr. f quality dards, Mode! ANF is ilable now either direct
or via Datong Dealers, price £59 plus VAT (£67.85 total). Send for a free copy of the full
data sheet.

COMING SOON
The amazing Datong Automatic Woodpecker Blanker — the star of the recent RSGﬂ
——— showattheNEC.
AUTOMATIC WOODPECKER BLANKER R A O R G R BT R O e S O S e
MODEL SRB 2 norm to use a tenmetre "',w-v
receiver to receive the two .
Our latest product provides a long awaited automatic answer to the Russian metreband. Now, large . ) 1
‘Woodpecker'. It simply connects in series with the antenna and loudspeaker numbers of special purpose i
s . . two metre SSBrigs arein
of a receiver or standard HF transceiver an waits. Whenever the Woodpecker use and conversion the other /
appears the device automatically generates RF and AF blanking signals which way becomes a very
remove the Woodpecker pulses from audibility and allow you to copy SSB, attractive possibility.
AM and most CW signalsthrough it. x"’h;‘h:h ?1(::22 :L rzld;'u MODEL PC1
No synchronisation, pulse width, or “infout” adjustments are required. SSBrigs b areally good g | ge receiver (from 50 kHz to 30MHz!).
Instead the blanker itself analyses the Woodpeckers signals and tailors the T:vomne;'eShSBngsave::;eh;wandRm!kﬂswo'dsonsﬂo 9.;;!: mosto:tdoﬂhem They
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series with the IO\IdSDO‘::Q'»_ it it o arger conventional aerials yet areonly 2'/2 and 3
gives variable extra selectivity e il e metres long respectively
better than a whole bank of d : ey Moreover they do not suffer from interference
expensive crystal filters. In - picked up by the feeder cable; such pick-upcanbe
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PMS PROMI1

Jonathan Burchell scrutinizes a new EPROM programmer

As many people will have already
discovered, playing with EPROMs is
not always easy — there are a vast
array of devices from different
manufacturers, all with slightly
different programming requirements.
Thus, an intelligent device which can
be linked to a development system and
can handle a wide variety of devices, is
worthy of mention, particularly when it
offers the value-for-money approach
adopted with PMS1.

The PMS 1 EPROM programmer is,
in fact, an intelligent satellite
subsystem, with  built-in  micro-
processor (R&EW's Z8 system), 4K of
RAM and software in EPROM. The Z8
communicates with the host system
via its RS232 port. A program running
in the host system provides file
transfer to and from the programmer,
as well as storage on the host and
editing facilities. The PMS
programmer is supplied with software
on 8” disk to run on any CPM system
— all that's required is a little
customisation of the program to suit
your terminal and I/0 configuration.

The PROM 1 offers the following
features:

1) Disk to Buffer. Allows a file to be
copied from the host’s disk system into
the PROM 1'sinternal 4K buffer.
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from PMS Developments.

Internal view of the EPROM programmer.

RADIO & ELECTRONICS WORLD



Review

Z8 RUNNING

BASIC &

v

MACHINE CODE

PROM 1

Figure 1: Programming with the PROM 1.

2) Buffer to Disk. Allows the
contents of buffer to be stored on
host’s disk.

3) EPROM to Buffer. Copies the
contents of the EPROM in the PROM 1
socket into the PROM 1 buffer.

4) Display Buffer. Displays the
contents of the buffer in 128 byte
blocks — the buffer contents can be
edited via an interactive on-screen
editor.

5) Check EPROM status. Checks the
EPROM type (eg, 2708, 2716 etc),
selected on the PROM 1 front panel,
and if the EPROM is blank, or
programmed, checks whether or not it
is equal to the buffer.

Qs this scepe

If so, you are ohw»fously missing
Mrill of receiving
delivered g¥py of R&EW.

the monthly
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Using The System

In use, the PROM 1 proved to be very

reliable and easy to operate.

Modification of the assembler

program to drive the host was easy,
due mostly to the excellence of the
program documentation and tight
structure. The PROM 1 system is really
designed to be used with a terminal
with full cursor control and editing
(such as H19 etc) and makes use of
interactive screen- based displays.

Fig. 1 illustrates the relationship of
the host and the programmer. The
PROM 1 will part-program devices if

r,',
4 .
&

e
3

required and takes about 210 seconds
to program a 2732, which is close to the
theoretical maximum of 50ms*4096.

The PROM 1 offers excellent value-
for-money, the only minor grumbles
being that it is not supplied with a
cross-reference chart of different
manufacturers’ devices, so that
sometimes the EPROM type selected
involves a degree of guess-work, and,
that a function is not provided to read
in an INTEL hex file — the format used
for data storage on the disk is a 4K file,
exactly corresponding to the PROM 1’s
buffer. However, most assemblers
produce INTEL hex output which is not
compatible with the PROM 1 (it is
possible using DDT under CPM to
convert a hex file to an absolute, but it
is a little tortuous).

While the current version of the
PROM 1 covers devices from 2708-
2732, it is understood that a new
version able to cope with the larger
2764 is under way.

® R&EW

The PROM 1 is available from PMS
Developments, 22 Tarsmiil Court,
Rotherwas, HEREFORD HR2 6JZ
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he Ai.n PRESENTED BY

/ANDY EMMERSON, C8PTH

A new series, introducing the exciting world of amateur television.

Welcome aboard R&EWS new amateur
television column, conceived as a
means of sharing the latest ATV news
as well as hints and tips on getting the
most out of this fascinating branch of
the amateur radio hobby. Some of you
may already know the author from the
activity page in the British Amateur
Television Club’s journal “CQ-TV”,
though this column isn‘t intended to
preach justto the converted. Itis hoped
over the months to explain some of the
magic of amateur television (ATV) and
let you know what it takes to get into
the hobby.

Amateur television is, as stated
above, a branch of the ham radio
hobby: indeed many of its afficionados
consider it the best form of amateur
communication — it involves all of the
skills of wireless in general, yet allows
you to see and be seen, live! Not all
people who experiment with television
are radio amateurs, though; a lot of
folk get a great deal of satisfaction
from closed circuit operation or from
making video films for showing at club
sessions and the like. Some people
spend time working closed circuit prior
to going on the air, while yet more
specialise in restoring old broadcast
equipment — not just cameras and

monitors but even complete outside
broadcastvans.

So far, by television, what's been
meant is fast scan or normal TV, since
amateurs use the same technical
standards as broadcast or industrial
television. Not only does this allow you
to use domestic or surplus equipment
for receiving ATV transmissions, it also
enables you to use home video
equipment which is getting very
popular these days. There is, however,
another form of amateur TV known as
slow scan TV or SSTV for short. This
uses different transmission standards,
but allows signals to be sent as audio
tones on voice links or recorded on
ordinary audio cassettes. Computers
are also very good for generating
SSTV.

Questions and Answers

The first questions people ask about
ATV are usually: How easy is it? How
much will it cost? How far can you
transmit? And what are you allowed to
send? In this introductory article, these
questions will be answered. To begin
with, we shall deal only with normal

The ATV demonstration usually attracts a crowd at amateur radio rallies...
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‘transmitter s

fast scan TV: SSTV is really another
subject altogether, though we’ll
include any notes and news which you
may care to send in. This column, like
the DX-TV one, depends on feedback
and input from the readers — please
send your ideas and news via the
Editor.

So how easy is ATV? Well, if you can
operate a home video camera and a
two metre transmitter you're half way
there. A degree of technical skill is,
however, required. You cannot just
connect a camera to a transmitter and
switch on — a video signal is a
complex waveform and must be
transmitted in a linear fashion to be
received properly atthe otherend. You
must monitor the transmitted signal
on a scope or waveform monitor
(relying on comments from your QSO
partner oron a TV set in the shack is a
recipe for disaster). In other words you
do need a little technical competence,
which can be easily picked up if you
visit another ATV'er. Getting hold of a
easy nowadays,
assuming you intend to transmit on 70
centimetres, the most popular band. A
few vyears ago, there were no
commercial transmitters and you had
to build you own. Now, however, there
are two excellent commercial ready-
made transmitters on the market, as
well as a range of kits for the DIY
enthusiast. Linear amplifiers to boost
the power are also available, but tend
to be more expensive and home-brew
is definitely more advantageous here.

How much will it cost? The answer is
as much as you want it to. With ATV,
home construction is a very good way
of keeping the cost down and even if
you buy new equipment this can be
done in stages. First of all, equip
yourself with a good antenna plus
preamplifier and feeder cable and
possibly a receive converter if your TV
set doesn't already tune 70 cm (many
do). Then gradually build up the video
equipment: this is easy if you are into
home video since you may already
have camera, monitor and a recorder,
and even if you don't, there are plenty

RADIO & ELECTRONICS WORLD



...though seeing yourseif on TV may be a bit of a shock. Still, there's plenty of information
and advice available.

of surplus bargains to be had at
amateur radio rallies, in secondhand
shops and in the small advertisements
of "Exchange & Mart”’.

Finally, acquire or build a
transmitter. All this can be bought in
stages and you may already possess
some of the gear, but if you want to

price a notional shopping list, here are

some ballpark figures:

—antenna and feeder cable, £40to £60
—receive converter, £25

— secondhand surveillance camera,
£50

— commercial transmitter, £150

This is not the total expenditure you’ll
be faced with, but it may give some
idea.

How far can you transmit? On 70 cm
about as far as half the power on two
metres. In other words, 10 watts of 70
cm TV will go as far as 5 watts of
simplex FM on two metres. The
comimercial ATV transmitters poke out
about 15 to 20 watts, which matches 10
watts of two metres pretty well. Under
lift conditions the rules don’t apply:
200 to 300 miles can be achieved with
less than 10 watts, and because of
frequency sensitive ducting you may
get the situation where the video
signal is fine, but audio
communication on ‘two’ is impossible.
So, felt pens and bits of cardboard
come out. and callsigns and other
details are exchanged in writing.

What can you transmit? The licence
regulations are agreeably generous in
this respect; there are few restrictions
as long as the information is of
personal interest to your partner. The
normal bans on advertising and third
party messages apply, of course, and
you have to avoid sending music,
copyright material or anything
offensive. Beyond that, only self-
restraint applies and people show
views of themselves and the shack,
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home movies, slides, their stamp
collections, circuit diagrams and
anything else you careto name.

Things To Come

Hopefully, this brief introduction has
inspired you to find out a bit more
about ATV. In future columns we’ll
assume you have some interest in
ATV, taking things a stage further. In
the meantime, if you want to find out
more and see ATV in action the first
thing to do is enquire at your local
radio club to see if there are any
ATV’ers around. Most are sociable
types and will gladly show you round
their shacks and give any advice
wanted. Listening on 144.75 FM, the
international ATV calling frequency,
should also alert you to where and
when the action is: most districts have
an ATV netone day a week and this will
be coordinated on '75’. The British ATV
Club (BATC) membership costs very
little and gives you many benefits
including cut-price supplies of hard to
find items, as well as a superb

magazine four times a year. The club

also publishes a number of low-cost
handbooks and guides on topics
relating to ATV. The BATC or a local
group also have a stand at many of the
amateur radio exhibitions and rallies
throughout the year, so you might call
in there. Whichever way you get into
ATV, do it soon, and if you're already

with us stay tuned for in-depth
coverage from now on. We'll be
featuring operating notes, activity

news and technical topics. Microwave
TV, ATV repeaters, computers and
home video are all on the menu for the
next few months — see you next
month?

To join the BATC write for a leaflet
to:
Brian Summers, BATC Membership
Secretary,
13 Church Street,
GAINSBOROUGH,
Lincs.

8 R&EW

Amateur TV means you don’t have to use your imagination to visualise who's at the

Suppliers of ATV equipmentinclude*
Fortop Ltd.,

13 Cotehill Road,

Warrington,

STOKE ONTRENT

Staffs.

Microwave Modules Ltd.,

Brookfield Drive,

AINTREE,

Liverpool, L97AN

Sirkit Products,

‘Benbow’,

Widecroft Road,

lver,

SLOUGH,

Bucks.

Wood & Douglas,

Unit 13, Young’'s Development,
Aldermaston,

READING,

Berks, RG7 4PQ

*When writing to any of the above
please enclose a stamped adressed
envelope; at the new rates nobody can
afford to give away stamps.

) .- . .‘t,

other

end. Nick, G4 1MO, finds it easier to demonstrate equipment, too.
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Data
File

This month, to conclude the series, we present an improved
‘second generation’ IC, the LM13600, which is a dual OTA (as
shown by the pin connection diagram of Fig. 7). Each
amplifier is an improved version of the CA3080 and
incorporates linearizing diodes, greatly reducing signal
distortion. They also have coupled output-buffer stages that
can be used to give a low-impedance output.

The LM13600 is a very versatile device and can easily be
made to act as a voltage-controlled amplifier (VCA), resistor
(VCR), filter (VCF) or oscillator (VCO), etc.

LM13600 Basics

An OTA such as the CA3080, consists of nothing more than
one differential amplifier and a number of current mirrors,
which produce a final output current equal to the difference
between the two collector currents of the differential
amplifier. It can easily be used as a voltage-controlled
amplifier by controlling Ivias via an external voltage and a

0TA
INPUTS BUFFER

DIODE
Ipias BIAS
16 15

(=) out +ve IN out
113 (12 1 110 9

| W—

7 2 13 TS 0
Iias DIODE +} ) ouT —ve N ouT
BIAS

OTA BUFFER
INPUTS

Figure 1. Pin connections of the LM13600 Dual OTA.

680

In the final part of the present
‘Data File’ series, Ray Marston

looks at asecond generation
dual OTA - the LM13600.

current-limiting resistor. The device does, however, suffer
from two significant snags. One of these is that it inherently
has a high-impedance output, so that in most practical
applications the output signal has to be applied to external
circuitry via a high-impedance buffer stage. The other snag
is that input signals must be limited to about 25mV peak-to-
peak if excessive signal distortion is not to occur. This signal
distortion is caused by the non-linear Vbe-to-lc transfer
characteristics of the transistors in the OTA’s differential
amplifier.

The graph of Fig.2 shows the typical transfer
characteristics of a small-signal transistor. Thus, if the
transistor is used in the common emitter mode (biassed at
a quiescent collector current of 0.8mA), an input signal of
10mV peak-to-peak produces an output current swing of
+0.2mA to —0.16mA and relatively little distortion, but an
input of 30mV peak-to-peak produces an output swing of
+0.9mA to —0.35mA and massive distortion.

Linearizing Diodes

Figure 3 shows the circuit forming the basis of one of the
improved ‘second generation’ OTAs inside the LM13600. It
is almost identical to that of the CA3080, except for the
addition of ‘linearizing’ diodes D1 and D2, which are
integrated with Q1 and Q2 and thus have characteristics that
are matched to those of the Q1 and Q2 base-emitter
junctions. In use, equal low-value resistors, R1 and R2, are
wired between the inputs of the differential amplifier and the
common supply line, and bias current Io is fed to these
resistors from the positive supply line via R3 and D1-D2.

I O tve

CURRENT
MIRROR

1p}S R3 SYSTEM

T T

650 >

\
\
\
\

e
N

600

0 0.2 0.4 0.6 08 1.0 12 1.4 1.6 1.8 2,0

lg, mA

Figure 2. Typical transfer characteristics of a small-signal transistor.
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Figure 3. Simplified ‘usage’ circuit of an LM13600 OTA.

Since D1 and D2 have identical characteristics and R1 and R2
have equal values, bias current Io divides equally into the two
resistorsto givean R1 current of In/2 and an R2 current of In/2.

The circuit’s input voltage is applied via R4, which has a
large value relative to R1, and thus generates an input signal
current of Is. This signal current feeds into R1 and thus
generates a signal voltage across R1 which reduces the D1
current to a value of (Io/2) — Is. The Ip current is, however,
constant, so the D2 current rises to (Io/2) + Is. Consequently,
the linearizing diodes of the Fig. 3 circuit apply heavy
negative feedback to the differential amplifier and give a
substantial reduction in signal distortion. If Is is small relative
to I, the output signal current of the circuit is equal to 2 x Is
x (lvias/ID). The gain of the circuit can thus be controlled via
either lbias or Ip.

RADIO & ELECTRONICS WORLD
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Figure 4. Typical distortion levels of the LM13600 OTA, with and
without the use of linearizing diodes.

The OTAs of the LM13600 can be used similarly to the
CA3080 type by ignoring the presence of the two linearizing
diodes, or can be used as low-distortion amplifiers. Fig. 4
shows distortion levels of the LM13600 at various peak-to-
peak values of input signal voltage, with and without the use
of the linearizing diodes. Thus, at 30mV input, distortion is
below 0.03% with diodes but, 0.7% without them, and at
100mV input is roughly 0.8% with diodes but 8% without
them.

The two OTA’s of the LM13600 share common supply
rails, but are otherwise fully independent. All elements are
integrated on a single chip, and the OTA’s thus have closely
matched characteristics (gm values are typically matched
within 0.3dB), making the IC ideal for use in stereo VCA and
VCF applications, etc. The standard commercial version of
the LM13600 can be powered from split supply rails of up to
+18V, or single-ended supplies of up to 36V. In use, Io and
Ibias should both be limited to 2mA maximum, and the output
currents of each buffer stage to 20mA max.

-Figure 6. Amplitude modulator or 2-quadrant multiplier.

GAIN—CONTROL
VOLTAGE

Figure 7. Method of applying offset biasing to the LM13600.

VCA Circuits

Figure 5 shows the practical circuit of a stereo Voltage-
Controlled Amplifier (VCA) made from the two halves of an
LM13600 IC. Input signals are fed to the non-inverting
terminals via current-limiting resistors. The output signals

aremadeavailable at alow-impedance

level via two buffer stages.

The circuit is powered from dual 9
volt supplies. The lo current is fixed at
about 0.8mA, but lvias is variable via an
external ‘gain control’ voltage. When

the gain-control voltage is at the
negative supply rail value of —9 volts,
Ibias is zero and the circuit gives an
overall ‘gain’ of —80dB. When the gain-
control voltage is at the positive supply
rail value of +9 volts, lvias reaches a
value of roughly 0.8mA, and under this
condition the circuit gives a voltage
gain of roughly 1% times. The voltage
gain is fully variable within these limits
via the gain-control input. The two
halves of the LM13600, having closely

Vout 1

hrov

V|N2->—-I
R11

matched characteristics, makes the IC
ideal for this application.

The mono version of Fig. 5 can be
used as an amplitude modulator or 2-
quadrant multiplier by simply feeding
the ‘carrier’ signal to the input terminal
and the modulation signal to the gain-

c2
a70n 27k —9v O

control input terminal. If desired, the
gain-control pin can be DC biased so

Figure 5. Voltage-Controlied stereo Amplifier.
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that a carrier output is available with p
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180R
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Figure 8. Circuit and performance table of an AGC amplifier.
- VOLTAGE CONTROL
Tbias INPUT
_ R+RA
B gm x RA
s R ___
7 lpjas X 20RA

Figure 9. Voltage-Controlied Resistor, variable from 10k to 10M.

no AC input signal applied. Fig. 6 shows a practical example
of an inverting amplifier of this type. The AC modulation
signal modulates the amplitude of the carrier outputsignal.

Offset Bias

The circuits of Figs. 5 and 6 are shown with input biasing to
the OTAs applied by fixed-value 470R resistors wired
between the two input terminals and the zero (common)

supply line. In practice, this arrangement may cause the DC
output level of the circuit to shift slightly when the Isias gain-
control is varied from its minimum to maximun value. If
desired, this level-shifting effect can be eliminated by fitting
the circuits with a presettable 'offset adjust’ control, as
shown in Fig. 7, which enables the relative values of the
biasing resistances to be varied over a limited range.

To adjust the offset biasing control, reduce Ivias to zero,
note the DC level of the output signal, then increase lbias to
maximum and adjustRV1to give the same DC output level.

An AGC Amplifier

One feature of the LM13600 is that the gain can be varied by
altering either the Ioias or the Io current. Fig. 8 shows how b
variation can be used to make an AGC (automatic gain
control) amplifier in which a 100:1 change in input signal
amplitude causes only a5:1change in output amplitude.

In this apptlication, Ivias is fixed by R4 and the output signal
is taken directly from the OTA via R5. The output buffer is
used as a signal rectifier, fed from the output of the OTA, and
the rectified output of the buffer is smoothed via R6-C2 and
used to apply the Ip current to the linearizing diodes of the
OTA. Note, however, that no significant Ipo current is
generated until the OTA output reaches a high enough
amplitude (1.8 volts peak) to turn on the Darlington buffer
and the linearizing diodes. An increase in Io reduces the OTA
gain and, by negative feedback action, tends to hold Vou at
that level.

The basic gain of this amplifier, with zero Ip, is 40. Thus,
with an input signal of 30mV peak-to-peak, the OTA output
of 1V2 peak-to-peak is not enough to generate an Io current,
and the OTA operates at full gain. At 300mV input, however,
the OTA output is enough to generate significant Io current,
and the circuit's negative feedback automatically reduces
the output level to 3V6 peak-to-peak, giving a overall gain of
just over 11. With an input of 3V, the gain falls to 2, giving
an output of 6 volts peak-to-peak. The circuit thus gives 20:1
signal compression over this range.

Voltage Controlled Resistors

An unusual application of the LM13600 is as a voltage-
controlled resistor (VCR), using the basic circuit shown in
Fig. 9. The theory here is quite straightforward. If an AC
signal is applied to the Rx terminals, this signal will feed to
the inverting terminat of the OTA via C1
and the buffer stage and via the R-RA

o= AN . VOLTAGE—CONTROL
L [ R1 INPUT

attenuator. The OTA will then generate
an output current that is proportional to
the Vin and lvias values. Thus, since R =
V/l, the Rx terminal of the circuit acts like
an AC resistor with a value determined

by lpias.
The effective resistance value of the Rx

—15V

terminals in Fig. 9, equals (R+RA)/(gm x
RA), where gmis approximately 20 X Ibias.
This formula approximates to Rx=R/(loias
x 20RA). If we put component values to
the circuit as shown, Rx equals
approximately 10M at an lois value of
)| 1uA and 10k at an lvias value of TmA.
~15v Fig. 10 shows how a pair of these
circuits can be used to make a floating
VCR, in which the input voltage is
direct-coupled and may be any value

Figure 10. Floating Voltage-Controlled Resistor.
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within the output voltage range of the
LM13600.
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Figure 11. Voltage-Controlled low-pass Filter covering 45Hz to
45kHz.

Figure 13. Single-amplifier VCO.

‘c
Jose = 4C x RA XA
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values shown, cut-off occurs at about
45Hz, with an Ibvias value of 1uA, and at
45kHz using TmA.

Voltage Controlled
Oscillators
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To conclude this look at application of
the LM13600, Figs. 12 and 13 show two
ways of using the IC as a voltage-
controlled oscillator (VCO). The Fig. 12
circuit uses both halves of the
LM13600, and simultaneously
generates both triangle and square
waves. The Fig. 13 design uses only

—~15V

half of the IC, and generates square
waves only.
To understand the operating theory

Figure 12. Triangle/Square VCO covering 200Hz to 200kHz.

Voltage Controlled Filters

An OTA acts as a voltage-controlled AC current source, in
which an AC voltage is applied to the input of the amplifier,
and the magnitude of the output current depends on the
value of this voltage and lbias. This fact can be used to
implement a voltage controlled low-pass filter by using one
half of an LM13600 in the configuration shown in Fig. 11, in
which the values of R, C, and Ibias control the cut-off
frequency, fo, of the filter.

The operating theory of the circuit is as follows. Assume
initially that capacitor C is removed from the circuit. The
input signal is applied to the non-inverting terminal of the
OTA via potential divider R1-R2, and the OTA output signal
is 'followed’ by the buffer stage and fed back to the inverting
terminal via an identical potential divider made up of
resistors R and RA. The basic OTA thus acts as a non-
inverting amplifier, with a gain of R/RA, and the circuit acts
overall as a unity-gain voltage follower.

At low frequencies, with capacitor C fitted in place, C has
a very high impedance and the OTA output current is able
to fully charge C. The circuit thus acts as a voltage follower
in the manner already described. As the frequency
increases, however, the impedance of C decreases and the
OTA output current is no longer able to fully charge C. The
output signal voltage then starts to attenuate at a rate of 6dB
per octave. The cut-off point of the circuit, at which the
output falls by 3dB, occurs when Xc</20xlbias equals R/RZ, as
shown by the formula in the diagram. With the component
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of the Fig. 12 circuit, assume initially

that capacitor C is negatively charged

and that the square wave output signal
has just switched high. Under this condition a positive
voltage is developed across RA, which this is fed to the non-
inverting terminals of the two amplifiers; both of which are
wired in the voltage-comparator mode. This voltage causes
amplifier A1 to generate a positive output current equal to
bias currentIc, and this current flows into capacitor C, which
generates a positive-going linear ramp voltage. The ramp is
fed to the inverting terminal of A2 via the Darlington buffer
stage, until eventually this voltage equals the voltage on the
non-inverting terminal, at which point the output of A2 starts
to swing in a negative direction. This initiates a regenerative
switching action, in which the square wave output terminal
switches abruptly negative.

Under this new condition, a negative voltage is generated
across resistor RA, causing amplifier A1 to generate a
negative output current equal to lc. This current causes
capacitor C to discharge linearly until eventually its voltage
falls to a value equal to that of RA, at which point the square
wave output switches high again. The whole process repeats
ad infiniturm, causing a triangle waveform to be generated
onR2andasquarewave output to be generated on R4,

B R&EW

Next month, in place of Data File, we present a new
series of Designers Update devoted to the latest
circuits and design applications.
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Frank A. Baldwin

SHORT WAVE NEWS /
FOR DX LISTENERS l’\ i

Al imes in GMT, bold tigures :ndicate the frequency in kHz

Last month | deait with some of the
Latin American transmitters that
could be relatively easily logged here
inthe UK during the present 'season’
for LA reception - April through to
September approximately. In this
issue a progression is made to the
rather more difficult to tog
transmitters operating from the
South American area.

Tune to 4770 where, from around
0200 onwards you may manage to
log Radio Mundial in Bolivar. The
schedule is from 1000to 0400 and the
power is 1kW and it is best received
hereinthe UK from 0200 to 0400.

"La Voz de Carabobo” in Valencia
is another one to listen for once the
dial is set to 4780. This 1kwW
transmitter is on the air from 0855 to
0400 (Sunday from 1000 to 0300) but
the frequency can vary to 4779 at
times. Like all Venezuelan stations
the language used is Spanish.

In Arauca the local station is
Emisora Meridiano 70 which
identifies as "Radio Tropical” and
may be heard - if you are lucky - on
4925 where it is listed from 1100 to
0450 (Friday until 0400) with a power
of 2.5kW. The problem is that this

Brazilians, Radio Dragao do Mar 5kW
and Radio Difusora Taubate 1kW
until their closing time of 0300. Listen
for Radio Tropical therefore from
0300 onwards and | should add that
their closing time of 0450 is variable.

Ecos del Atrato in Quibdo occupies
the 5020 channe! from 1030 to 0400
with a power of 2kW. Problem is -
Radio Borborema in Brazil 1kW and
Radio Quillabamba in Peru 5kW. The
former closes at 0430 and the latter at
0300 variable. The best time would
be around the 0330 mark and hope
that Ecos del Atrato will dominate the
mix with R. Borborema.

Turning our attention now to
Ecuador, "La Voz de los Caras” in
Bahia de Caraques is to be found on
4795 operating to the schedule 1100
to 0430 with a power of 5kW. On
Sunday it closes at 0200 and on
Friday at 0500.

Ecuador is on the equatorial Pacific
coast, bounded on the north by
Colombia and Peru to the south and
west.

“Radio Popular” in Cuenca - the
capital of Azuay province - has a 5kW
signal and operates on 4801 from
1000 to 0700. Wait until RadioLaraon

log R.Popular Independiente - its full
title.

Then there is Radio Luz y Vida in
Loja on 4851 2kW closing at 0430;
Radio Amazonas on 4870 signing-off
at 0330, this one operating in both
Spanish and local Indian vernaculars
with a power of 5kW and Radio
Federacion in Sucua on 4960 with
5kW closing at 0300 (Saturday at
0400, Sunday at 0100). It uses both
Spanish and local Indian languages.

Around The Dial

Ecuador

Radio Iris, Esmeraldas on 3380 at
0202, OM with announcements is
Spanish then into a programme of
typical Latin American style music.
This 10kW transmitter is operating
from 1000 (Sunday from 1100}
through to 0300, although the actual
closingtime can vary up to as late as
05200n occasions.

Honduras

Radio Lux, Olanchito on 4890 at 0135,
OM with a newscast in Spanish with
several local towns mentioned. The
schedule is from 1200 to 0300 but the
actual sign-off time can vary - it has
been reported closing any time
between 0240 and 0400. One of the
traits of the Latin American stations
is that they quite often close at clock
times other than those listed. Being
mostly small independent stations
they can, and often do, run-out of

resulting in a very sudden shut-
down.

Venezuela

Radio Mundial in Bolivar is on 4770,
where it was logged at 0224 when
radiating a programme of songs, the
accompaniment being an accordion.
Often logged, this one occupies this
channel from 1000 to 0400 with a
1kW transmitter. The address is
Apartado 123, Ciudad Bolivar.

Radio Tachira, San Cristobal on
4830 at 0146, OM with a political talk
in Spanish. The schedule is from
1000 to 0500 and the power is 10kW.
Interesting in that | found this
programme in parallel on 4770 R.
Mundial and also on 4780 La Voz de
Carabobo (The Voice of Carabobo -
one of the Venezuelan states). It must
have been a national hook-up.

Brazit

Radio Emisora Rural, Santarem on
4765 at 0221, oM with
announcements in Portuguese, YL
with a ballad complete with guitar
backing. The schedule is from 1000
to 0400 and the power is 10kW. The
other 10kW Brazilian on this channel
- Radio Nacional, Cruzeiro do Sul,
closes at0100.

Radio  Borborema, Campina
Grande on 5025 at 0125, OM
announcer with a programme of
local pops. This one operates from
0800 to 0300 at 1kW and the address
is Caixa Postale 160, 58100 Campina

channel is also occupied by two

XK=

Compiled by
Keith Hamer & Garry Smith

Our thanks go to the weathermen once
again this month! A high-pressure system
located over Europe produced yet another
spectacular tropospheric opening around
the 8th of March. Tropospheric ducting took
place since many of the signals noted at
around mid-day originated from Centrai
Europe with Dutch and Belgian stations
being absent.

During the month Sporadic-E activity
increased. By the time this column is read,
the 1983 SpE season should be well
underway with hopefully a bumper
selection of countries in store. Meteor
shower (MS) activity provided the bulk of
reception with many signals being
identified by test cards and clock captions.
The star performer during March was
Czechoslovakia (CST) which was sighted on
no fewer than 12 days. Signals from Austria
(ORF) and Norway (NRK) were also noted
on frequent occasions. Other countries
seen via MS included Denmark, Hungary,
Spain, Sweden, Poland, East Germany and
Switzerland.

During quiet conditions it is often worth
leaving a receiver running on a vacant
channel as apart from MS reception, an SpE
opening can materialise quite

4800 closes at 0400 before trying to

material, money or spare parts

Grande, Paraiba.

unexpectedly. Such an incident occurred on
the 2nd at 2155 on channei E3 when a news
programme appeared. It was quickly
obscured by a co-channel signal. Channeis
E2 and E4 were then monitored on other
receivers and a similar news programme
appeared which was identified as Norway
by their logo at 2205GMT. The weather
chart and a programme schedule for the
following day appeared with the final
closedown sequence at 2212.

Later in the month an intense SpE
opening occurred quite suddenly during
the afternoon of the 24th. It affected the 'R’
channels with Russian and Polish
transmissions in evidence. Several Eastern
European FM radio stations also appeared
around 68MHz.

Transmissions from Spain (RTVE) and
Portugal (RTP) were observed on the 29th
around mid-day with colour bars from
RTVE on channe! E4. Programmes from
RPT were seen on E2 and E3. Reception
continued for some thirty minutes before
fading into the noise.

The tropospheric opening of the 8th
provided perhaps some of the most
rewarding reception for a long time. The
majority of services were radiating test
cards so identification was quick and
simple. Due to the ducting effect of the
troposphere, many ‘exotic’ transmitters
located in southern Germany were seen.
These would normally be obscured by
signals from the near Continent such as the
Netherlands. The East German electronic
test card from DDR:F was snow-free at
times and a video recording of it produced
quite acceptable colour when a SECAM
monitor was used for play back.

The biggest surprise was the sighting of
the FuBK test card in PAL colour from
Radio-Tele-Luxembourg with the

identification 'ECOUTEZ RTL’. Reception
was from the channel E27 outlet at
Dudelange. Fortunately the more usua!
channel 27 visitors such as Lille {TDF-
France), Lopik {NOS-Netherlands),
Rowridge (TVS) and Sandy Heath {BBC-2)
were, for some strange reason, not there!

Service Information
West Germany: Regional transmissions
from ARD-1 services such as

NDR,BR,SFB,HR etc., are limited to only two
hours per day from Monday to Saturday,
commencing at 1800BST. The same
services operating via ARD-3 are normally
entirely regional with only the occasional
networked programme.
Spain: Signals from this country are
regularly received within the UK during the
summer DX season. The following details
should prove to be of interest to enthusiasts
trying to identify regional transmissions:-
The regional news programmes
commence between 1300 and 1330BST.
There is also a one hour regional
programme from the Canary Islands (RTVE)
which begins at 1700 local time on channel
E3 originating from the {zana transmitter.
The above information was kindly
supplied by Juergen Klassen and Gosta van
der Linden.

Reception Reports

Juergen Klassen, an avid reader of R&EW,
has written from West Berlin to report that
live BBC and ITN news programmes are
regularly watched in the locality served by
the channel E52 transmitter at Bad
Pyrmont. This outlet is operated by the
British Forces Broadcasting Service.
Juergen is currently using a Blaupunkt RTV-
224 stereo VCR to record his DX-TV
reception.
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Colombia

Emisora Nuevo Mundo, Bogata on
4755 at 0615, OM identification as
“Radio Caracol”, promos, local pop
songs and music. With a 24-hour
schedule, this one has a power of
TkW.

Radio Super, Medellin on 4875 at
0614, OM announcer and promos,
local pops and music during the 24-
hour schedule. The power is 2kW and
the QTH is Apartado Aereo 3399,
Medellin, Antioquia. The Gerente is
Henry Pava C.

Polynesia

Tahiti on 11825 at 0725, local music
and choral songs in Tahitian, YL
announcer in French. Papeete was
audible until 0750 when the signal
was finally lost under co-channel
noise. This is the Home Service
which operates from 1600 to 0730
butto 0900 on Saturday -thatwas the
day llogged it!

North Korea

Pyongyang on 6576 at 2028, YL with
an English programme all about the
local revolution, this transmission
being timed from 2000 to 2050 and
directed to Europe.

South Korea
Seoul on 9870 at 1534, OM with
newscast in the Arabic transmission
for the Middle East, scheduled from
1530to 1600.

India

AIR (All India Radio) Delhi on 7280 at
1525, OM with local news in Hindi, YL
with  the station identification
together with a newscast in English
at 1530 which lasted until 1545,

AIR Delhi on 17780 at 1132, OM
with a talk during the Burmese
programme to South East Asia,
timedfrom 1115t01215.

Ghana

Accra on 3366 at 0546, OM with a
sermon in English, choir with hymns
in the English Service radiated on
this frequency from 0530 to 0800
{Sunday until 0900) and from 1530 to
2305. The power is 10kW.

China

Radio Beijing (formerly Peking) on
6860 at 2022, oM with
announcements in the German
transmission to Europe, North and
West Africa, scheduled from 2000 to
2100.

South Africa

SABC Meyerton on 3250 at 0205,
light orchestral music in the
European manner in the Al Night
Service, timed on this channel from
2200 to 0300. The SABC (South
African Broadcasting Corporation)
Verwoerd Station at Meyerton also
radiates the Radio 5 Programme
from 0300 to 0545 and from 1530 to
2200 on this frequency. The power is
100kW.

Afghanistan

Kabul on 4740 at 0217, orchestral
music in the ‘dreamy’ style, YL with
announcements in a Home Service 1
presentation. This service is on the
air from 0125 to 0330 and from 1230
to 1930.

Senegal

Dakar on 4890 at 2025, OM with a talk
in French in the National Service
which is in both French and
vernaculars. The schedule is from
0600 to 0800 and from 1800 to 2400.
Also logged at 0610, OM with quotes
from theHoly Quran.

Gabon

Franceville on 4830 at 2032, OM with
a talk in French in the Regional
Network, scheduled on the air from
0430 to 0700 and from 1600 to 2300.
The poweris 20kW.

Nigeria

FRCN (Federal Radio Corporation of
Nigeria} Lagos on 3326 at 0553, OM
with announcements in vernacular,
OM’s with songs in the Channel 1
Service timed from 0430 to 1000 and
from 1700 to 2310 with a power of
50kW.

Somalia

Radio Mogadishu on 6790 at 1616,
YL with announcements in Somali,
orchestral music in the European
style in a Domestic Service
transmission.

Pakistan

PBC Rawalpindi on a measured
21756 at 1150, YL with songs then YL
with announcements in the Burmese
programme for Burma, scheduled
from 1100to 1200.

Morocco

Rabat on 15360 at 1143, OM with
announcements in Arabic then a
following programme of local-style
music and songs in the Domestic
Service which may be heard on this
frequency from 1100to 1615.

Kuwait

Radio Kuwait on 17650 at 1140,
Arabic music, YL with songs in the
External/Domestic Service 1st
Programme which is on this channel
from 0730 to 2210 (until 0015 during
Ramadan).

Lesotho

Maseru on 4800 at 1842, OM with a
talk in Sesotho in the Home Service
transmission which is on this
frequency from 0400 to 2155. The
power is 100kW and the address for
reports is  Lesotho National
Broadcasting Service, P.O. Box 552,
Maseru 100.

Namibia
Windhoek on 4965 at 1854, YL with
folk songs in Afrikaans, pips time-
check at 1900, OM with station
identification and a newscast in
English.

m R&EW

From Mount Waverley in Victoria, Robert
Copeman comments that despite a recent
improvement in the Australian SpE DX
season, the overall results have been very
disappointing. In fact this year’'s reception
has been the worston record at his location.
Robert's DX-TV colleague Todd Emslie has
experienced similar conditions in Sydney.
On the plus side, troposheric conditions
have been unusuatly good.

During recent enhanced trop conditions
in Europe, Robert Hanke (Kaarst, West
Germany) successfully resolved the FuBK
test card from RTL-Luxembourg on channe!
E7. The 100kW transmitter is located at
Dudelange. The sound accompanying the
test card was from the multi-lingual RTL FM
community radio service on 92.5MHz. He
was surprised to note that RTL have
changed their VHF transmission system
from C/PALto B/PAL.

Whilst on the subject of RTL, Hugh Cocks
(Robertsbridge, East Sussex) reports that
they have, at times, reverted to the old
system C standard (625 lines, positive
vision modulation and AM sound) on

Figure 1. The FuBK test card received
during March from the E9 transmitter at
Hornisgrinde.

channel E7. During such periods the E27
outlet radiates on reduced power.

Leeds R&EW reader Mike Allmark has
updated his DX-TV gear with the addition of
a Plustron TVR5D multi-band monochrome
portable. We understand that these are no
longer in production. His other receiving
equipment includes dual-standard Bush TV
161s and a Decca 30 colour receiver. A
Sanyo 9300 VCR is used for recording DX
signals. By using the Plustron, Mike can get
Belgium and the Netherlands in Band Il on
a daily basis. The Italian private television
test card which we featured in the April
column looked familiar to Mike. Apparently
he received a similar pattern on channel E4
in 1979 with "TELEOR CAN B,UHF”
identification from a low-power outlet.
There are several enthusiasts in the Leeds
area interested in DX-TV and a CB hotline
has been established for passing on
information.

Roger Bunney (Romsey, Hampshire)
found the troposheric opening of early
March very rewarding as it produced West
German Band Il reception during the
afternoon of the 7th. The following day was
more spectacular with the Austrian second
network on channel E24 radiating the test
card {ORF FS2) from 0850. Suddenly at
1000, BBC-2 Rowridge came on the air and
that was the end of ORF! Other reception
that day included Luxembourg using
system B on E7 and East Germany on E6
and E34.

Highlights of the month from Clive
Athowe (Blofield, Norfolk) include the late
evening Sporadic-E opening to
Scandinavia on the 2nd as previously
mentioned, a glimpse of the Rumanian
monoscopic test card via meteor shower
during the morning of the 19th and various
OIRT countries via SpE on channels R1,R2
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and R3 on the 25th. The latter opening
produced the Russian news programme
BPEMR and Polish programmes in SECAM
colour using his JVC CX610GB portabie. A
long list of trops for the 8th include the East
German second network on E31, E33 and
E34 showing the electronic colour test
pattern, and the Swiss FuBK test card from
the La Dole transmitter. Both the French
(SSR) and German (SRG/DRS) language
services were noted on channels E31 and
E34 respectively. There were also excellent
signals from RTL- Luxembourg received in
PAL colour on channel E27. A few West
German trops were in evidence with
Saarlaendischer Rundfunk from the
channel E2 Goettelborner Hoehe
transmitter and Bayerischer Rundfunk on
E2 and E3from Gruenten and Kreuzberg.
Finally, a mystery PM5544 test card was
tlocated on UHF from a south-easterly
direction at 0920 CET on the 9th. The pattern
did not carry any identification although a
digital clock insert was included to the right
of centre. A tone was present and the
sound-vision spacingwas 5.5MHz.

- -
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Figure 2. An Iltalian pirate television test
card. This one is radiated in Sicily. Photo by
courtesy of Anthony Briffa, Maita.
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i«mss FROM THE PAST

Readers often complain to us about their dealings with unscrupulous
service and repair agents. This story, from Centre Tap just after
the war, puts things into perspective.

In the early days of the war, a certain
enthusiast, at that time a humble NCO,
was stationed in a fair-sized country
town and in his spare time he set to
repairing a few portables and midgets
belonging to his buddies. The need for
components took him to the local
dealer who, incidentally, did not
normally stock them for re-sale. After
two or three such visits the proprietor
asked him if he would undertake some
repairs for his Service Dept, as his
regular man had been called to The
Forces. The enthusiast was a very
competent radio engineer, and Army
pay being as it was at that time a few
shillings a week, he agreed to putin a
few evenings when he was free. The
proprietor suggested a flatrate of three
shillings and sixpence for all repaired
sets which our friend thought quite
fair.

The "Servicing Dept’’ turned out to
be little more than a large cupboard
under the staircase, while the
equipment consisted of a DC
Avominor with a cracked glass, a
cheap soldering iron of Japanese
origin (retailed at one shilling and
elevenpence pre-war), a small
screwdriver and a larger one which
evidently came in for many other uses
such as levering open packing cases!
The dealer was amazed our friend
should require more than that — why,
his regular man who, he hinted darkly,
completely understood wireless, could
find most fauits without even having
recourse to the meter!

i Plenty of Work

The first evening he put eight sets
in workingorder. it happened there
was nothing more complicated
than replacing valves, electrolytics,
line-cords, etc. He drew his twenty
-eight shillings, less two shillings
for the fish and chips that the

\ proprietor's wife fetched for his
‘-\supper, cup of tea and bread and
\ butter. The next evening he re-
paired six sets (only one sticky

one) and upon paying him

\ the dealer assured him there
i would be plenty of work com-
\ ing in as he had advertised
his Service Dept was
carrying on. At

i
\

that time there was plenty of work and
within a few days the passage was
stacked high with waiting sets.

When the waiting repairs became
embarrassing with the passage way
completely choked and overflowing,
the dealer asked him if he had a friend
who would care to come along on the
same terms. As a matter of fact he
hadn’t, so in order to speed up the turn
around he suggested that if the dealer
himself did the removal and refitting of
the chassis from the cases, he would
be free to spend more time on repairs,
pointing out that the dealer was there
in any case doing nothing in particular
most of the time.

This arrangement resulted in a slight
increase of turn-around and the dealer
hinted that in view of this new
arrangement, the rate of payment
should be revised. This was naturally
resented by our friend especially as his
supper bill had recently risen with the
‘cost of living’, and the equipment now
in use was his own. The fact that he
was earning about £4 a week for spare-
time work must have irked the dealer,
but our friend felt confident that even
if, as the dealer put it, he was on a
‘Good Thing’, he knew perfectly well
that the dealer himself was on a still
‘Better Thing'.

Consequently, there was a certain
amount of feeling on both sides, which
most evenings resulted in words,
especially as the dealer was not only
greedy, but a rather ill-natured fellow.
After a run of lengthy jobs which
meant three shillings and sixpence
hard earned, he ran into three of the
simplest repairs imaginabte. The first
was a receiver which had been ‘spring-
cleaned’ by its owner and two valves
had been wrongly replaced. The
second was a similar case of spring-
cleaning but a grid cap of the opentype
had been replaced upside-down and
was just fouling the metalising of the
valve, whilethe third was a simple case
of aloosened grub-screw onthe tuning
drive. It must have touched the dealer
on the raw to see someone earn ten
shillings and sixpence in less time than
it took him to replace a chassis in a
cabinet and it provoked him to more
words and ili-concealed hints of easy
money, which in turn drove our friend

to check up on the charges that were

being passed to the customer. The sets

for delivery went into the garage and

those for collection by the customer
went into the shop. it was on the latter

he was able to check, as he knew there

was no other cost chargeableto them.
The bills for the three sets quoted,

varied from twenty-five shillings to

thirty-five shillings, apparently based |
on the value of the set or the estimated .
means of the customer. The colossal
rate of profit (or profiteering if you will)

took his breath away, buthe saveditup
until the next time there was ‘words.’
Even then the dealer tried to justify the
prices by claiming he had to average
out costs and that on some of the
expensive repairs, such as burn-outs,
etc, he actuaily lost. He couidn’t, he
explained, take an amount of perhaps
half the cost of the set for a repair.
Couldn’t he? A quick check revealed
some that ran into seventy shillings or
more!

The Final Blow

There was nothing much our friend
could do about it, at least not without
a lot of bother, and he was a little bit
nervous when he suddenly
remembered that he hadn't declared
his spare-time earnings for Income Tax
assessment. In any case, he was
expecting to be moved shortly but
before they finally parted company
there was a further incident.

A family evacuated from London
took an expensive radiogram with
them and they had wrecked the mains
transformer and almost started a fire
by connecting it to DC mains. The
dealer warned them it would not only
be an expensive job but that they
might have to wait many months for
replacements. As they were expecting
to move again they finally sold itto him
in despair, for £10. After repair, it was
sold to another dealer for £40.
Reckoning the cost of transport at £1,
replacements at £2, there is still £27
left, of which our friend’s share for
doing the job was three shillings and
sixpence!
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R&EW BOOK SERVICE

ZX81 BASIC BOOK

By Robin Norman

1982; 168pp; 215 x 130; Paperback.

Stock No: 02-11785 Price: 5.85

If you have a ZX81, or are thinking of
buying one, this book will tell you all you
need to know to get the best from it.

This book covers the basic 1K version, the
additional facilities offered by the 16K
expansion RAM, and how to use the ZX
Printer. There are 14 original programs for
you to run on the machine (for 1K and 16K
versions), and for those confused by
computer jargon {(and who isn't?) there is a
glossary of technical terms.

Robin Norman assumes no initial
computing know-how, and his
undemanding writing style is a perfect
beginner’s introduction.

THE SPECTRUM BOOK OF GAMES

By M James, S M Gee, & K Ewband

1983; 146pp; 155 235mm; Paperback
Stock No: 02-20479 Price: 6.50

Here is a selection of twenty-one exciting,
high quality games written specially for the
ZX Spectrum. These games make full use
of the Spectrum’s facilities, and are fully
tested and crash-proofed.

Among those included are variant of
popular arcade games such as Spectrum
Invaders, Rainbow Squash and Mighty
Missile;, board games such as Capture the
Quark; a compelling adventure game
Treasure Island; a conversational game in
which the Spectrum answers you back;
and a commando game for you to test
your skill. Each program is presented to
appeal to all Spectrum owners, no matter
how old or young, whether you are
completely new to computing or fairly
experienced.

Each program is accompanied by an
explanation of how to play the game and
how the program works, including tips on
how to modify or ‘personalize’ it for your
own special use.

Normally games of this quality are only
available individually on cassette. This
book therefore gives you remarkable value.

THE SPECTRUM PROGRAMMER

By S M Gee

1983; 142pp; 155 x 235mm; Paperback
Stock No: 02-20258 Price: 6.50

The appearance of the Sinclair ZX
Spectrum in 1982 was a major event in
personal computing. This book takes the
Spectrum user in easy stages from his first
steps in programming to a good level of
competence.

Early chapters give a brief history of the
ZX range, and give advice on how to set
up the machine and use the keyboard.
Subsequent chapters describe one’s first
steps in BASIC, looping and choice,
handling text and numbers, and functions
and subroutines. There are three chapters
on graphics and sound while the final
chapters is devoted to logic and other
advanced topics.

The book includes many programming
examples, and most chapters contain at
least one complete program listing, mainly
for games applications. it is clearly and
logically written, and will be invaluable to
all spectrum users, in the home, education
and small business.
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INTRODUCING SPECTRUM MACHINE CODE
By lan Sinclair

1983; 152pp; 230 x 155mm; Paperback.
Stock No: 02-20827 Price: 8.50

GET MORE SPEED AND POWER FROM
YOUR ZX SPECTRUM! Many of the things
you want, like fast moving graphics for
games, cannot be achieved with slow-
acting, high level languages such as
BASIC. Also, actions which have not
already been provided for by your
Spectrum’s in-built BASIC interpreter are
just impossible. For instance, you won't be
able to use ZX81 cassettes, you cannot
renumber a whole set of lines quickly you
cannot send serial printer signals to the
cassette output, etc. All these, however,
and many others can be accomplished by
programming the Spectrum directly in
machine code. Sooner or later, all
microcomputer users feel the need to get
to grips with machine code.

Unlike most books on machine code, this
has been written specially for the beginner
who is carefully shown what to do in easy
stages, step by step. A knowledge of
machine code will enable you to really
master your Spectrum and open up a
fascinating range of extra facilities you
would hardly have thought possible!

THE ZX SPECTRUM AND HOW TO GET THE
MOST FROM IT

By lan Sinclair

1982; 130pp; 155 x 235mm; Paperback
Stock No: 02-20185 Price 6.50

This book is written for the Sinclair
SPECTRUM user who is a beginner or has

used other machines, particularly the ZX81.

It covers the setting up and operation of
the machine in detail but from the
viewpoint of the beginner, highlighting the
difficulties and illustrating how the
machine responds to incorrect commands.
The beginner is guided through the
difficult early stages until he or she feels
confident enough to start designing and
entering BASIC programs. The book has
also been designed to be used as a
reference guide for the more experienced
user.

Stock No.

Please supply the following books:

ZX81 USER’S HANDBOOK

By T J Terrell & R J Simpson

1982; 138pp; 215 x 135mm; Paperback.
Stock No: 02-12234 Price: 5.85

The ZX81 is a fascinating machine that has
brought the power of the computer within
everyone’s reach. But the user is often
bewildered by the many facilities offered
by the ZX81, and after mastering some
simple BASIC programming, finds himself
asking questions about the machine:
What is a string and how is it used?

How can | create moving graphics?

How can | interface external hardware?
Why use machine code?

The ZX81 User's Handbook sets out to
answer these and many more questions,
covering the structure of the ZX81, binary
and hexadecimal arithmetic, flow charts,
logic, graphics, the Z80A microprocessor
work and machine code.

Original programs illustrate these topics
(all running on the standard 1K version),
and a glossary of over 100 terms is
included.

PROGRAMMING WITH GRAPHICS

By Garry Marshall

1983; 120pp; 155 x 235mm; Paperback.
Stock No: 02-20215 Price: 6.50

Computer graphics is a fascinating field. It
has also become highly topical, as so
many of the new personal computers have
high-resolution graphics.

This book provides an up-to-date treatment
of the subject, covering the three major
methods of graphics production. After
introductory chapters describing the
background to graphics and the principles
of its production, there are three chapters
devoted to block, pixel and line graphics.
The final chapter considers topics such as
colour, movement and three-dimensional
drawing, and the Appendix summarises the
graphics facilities of various micros.

The book is readily understandable by the
non-mathematical user, and has the great
advantage over most books on this subject
of being machine independent. It will
therefore be of great interest to all
personal computer users who use or wish
to use graphics, whether in the home, in
education or in business.

Quantity Price £.p

Postage is included in the book prices shown. Packing is charged Packing
at a flat rate of 60p. Please quote stock nofs). of book(s) ordered. Charge

ADDRESS . .. ... ..

0.60

Total:

I herewith enclose a cheque/PO*

made payable 1o Radio & Electromcs World
v Please debit my ACCESS*/BARCLAYCARD" no

..POSTCODE
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To: R&EW,200,North Service Rd,Brentwood, Essex.CM14 4SG
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PF1 CONVERSION

Steven Ibbs explains how to transform the PF1 into a 70cm base station.

The PF1 consists of a pair of boxes, one
containing the transmitter with a small
spring loaded aerial, and the other the
receiver. Formerly used by the police,
they have been largely replaced by the
PF70 and are therefore cheap and easy
to come by. The PF1 is a basic single
channel rig, built in transducer
microphone, with a small grill acting as
a receiver aerial. However with a
modest amount of attention, they can
be converted to become surely the
cheapest way onto 70cms.

The Receiver

This requires 9 volts and consists of a
double superhet receiver with a first [F
of 10.7MHz and a second IF of 100kHz.
It has an automatic battery economiser
which operates in the absence of an
incoming signal. Some have a
transducer output, others incorporate
avery small speaker.

When a battery is inserted and the
unit turned on, a ticking sound should
be heard in the speaker, showing the
economiser circuit is working. Take out

the battery, undo the case screws and
remove the circuit board.

The next job is to change the crystal,
but NOT the one that is immediately
visible (this isthe 2nd oscillator crystal,
operating at 10.8MHz, and attempting
to put an 84MHz crystal will upset the
receiver). Instead, remove the metal
screening can by undoing the small
nuts. A second crystal location will be
found. Insert the appropriate crystal,
check that no solder joins have been
made on the very compact track side,
and replace the screening-can.

It is usually easier to disable the
squelch when tuning; accomplished
by temporarily linking the base of Q14
to earth via a short piece of insulated
wire. Connect a voltmeter between the
base of Q11 and earth. Inject a signal
and adjust C2,C6,C11,C18,T2,T3forthe
best quieting, reducing the input level
to achieve optimum sensitivity — the
voltmeter is helpful here because the
capacitors can be initially adjusted for
maximum dip.

Once this has been done, all sorts of
adjustments are possible using crystal

NC
. REGULATOR |f————p 9V TORx 18V
POLE ‘A
+18V
[ —
NO
> Tx RELAY
coiL
e 3 Rx INPUT l
POLE ‘B’ '
T PTT SWITH
COAX TO NO i cH
AERIAL SOCKET
» Tx OUTPUT

Fgure 1. Receive/transmit switching.
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{TAP ON L11)

+18V 7808

+
220n
T TANT
ov O~ _ ——

Figure 2. Regulated receiver supply.

+9v2
l +
1u0
T TANT

- 0V

IF oscillators etc. However, probably
the best course is to make small
changes towards the highest quality
audio — it may not be very accurate,
but it works.

Disconnect the temporary link wire
and check that the squelch circuit
operates properly. The economiser
circuit holds the receiver on for a
couple of seconds before switching it
to economiser mode. If all is
satisfactory, receiver modifications are
complete.

The Transmitter

Operating on 18 volts, it consists of a
phase modulated signal which goes
through four stages of multiplication
(x3,3,2,2) before being boosted by a
2N3866 PA in common base mode.
The conversion usually proves to be a
much simpler affairthanthe receiver.
First, remove the battery, the
retaining screws, and the top half of
the case. Disconnect the lead to the
aerial and connect a co-ax lead to
either a terminated power meter or a
dummy load via an SWR bridge. Insert
the 12MHz crystal, connect the supply
and press the PTT switch. The meter
should show some deflection and

RADIO & ELECTRONICS WORLD
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tuning consists of peaking the various
stages for maximum RF out. Do not,
however, adjust L1, which is furthest
away from the PA. Capacitor, C17, (by
L1) adjusts the frequency and should
be trimmed with reference to a
frequency meter or other reliable
source. In troublesome PF1s, a simple
sniffer (2-3 turns of 18- 20SWG wire, a
diode and a 50uA meter movement) is
extremely valuable. It can be moved
along the transmitter strip and is a
good means of finding, say, a useless
PA stage or a low gain multiplier — a
“healthy transmitter should produce at
least 100mW!

A Combined Effort

Having finished the conversions to
both units, the ‘icing on the cake’ is to
fitbothinto a single case. The two units
are mounted, each resting in one half
of its plastic case, into a metal cabinet.
The receiver volume control is
removed and leads run to a panel-
mounted 5k log volume control. The
power supply and aerial connections
are fed from an 18V relay. This relay is
mounted using double-sided sticky
pads in the receiver battery

"
¢_,;/5~Wf’,M .

compartment. The two units are then
sited so that the Tx PA is close to the
relay to keep co-ax leads short. The
regulator — a 7808 with 2 diodes in
series in the common lead — is
secured via a small piece of veroboard
in the case. The receiver grill aerial is
discarded and a co-ax lead run to the
relay pole B.

Disconnect the transducer from the
transmitter, and run a screened lead
from the audio input position to a
standard 4 pin mic socket on the front
panel. The unit will then need to be
retrimmed, but there should be no
problem with this, and the final result
is a very useful base rig.

® Norihampion

& Commumcatt O
6MTR — 2MTR = 70CM
CONVERSIONS/TRANSVERTERS
FOR CB RADIOS

2 MTR TRANSVERTER KIT
RX UNIT KIT ONLY
HARDWARE FOR ABOVE
{i.e: case, switches, etc)
< COMPLETE ASSEMBLED UNIT
> TXUNIT ONLY FOR RX UNIT

6 MTR CONVERSION KIT
ASSEMBLED UNIT inc. RADIO
70 CM RX UNIT KIT

70CM TX UNIT KIT

Available soon repeater shift for all kits.

Above equipment works on all modes ie: AM,FM,SSB, & CW.
HOT LINE PROBLEM SERVICE (Technical)

Northampton (0604) 38202

TUESDAY & THURSDAY 14.00 hrs. to 17.0Q hrs.

ASK FOR: EVAN G8 KHC or COLLIN G3 VMU

Trade enquiries by headed letter only please 3 r

Attn. G. Austin GE NYH.

All TX Kits above are sold subject to purchaser holding
current Amateur Radio TX Licence.

Northampton Communications Limited
76 Earl Street, Northampton.
Telephone: (0604) 33936
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£129.95
easss = | TALK TOTHE WHOLE WORLD
- Study now for the
RADIO AMATEUR'’S \
EXAMINATION 3
We have had 40 years successful experience \L AT e
in training men and women for the
G.P.O. Transmitting licence. ;
= FREE R.A'E. brochure without obligation from:— ]

| British National Radio & Electronics School /
READING, BERKS. RG1 1BR
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The “CORDEX’’ Patent Self-
Binding Case will keep your
issues in mint condition. Copies
can be inserted or removed with
the greatest of ease. Royal Blue
finish, gold lettering on spine.
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The specially constructed Binding
Cords are made from Super Linen
of great strength, very hard twisted
and twice doubled. They are attached
to strong RUSTLESS springs under
tension, and the method adopted
ensures PERMANENT RESILIENCE
of the Cords. Any stack that may
develop is immediately compensated
for and the Cords will always remain
taught and strong. It is impossible to
overstretch the springs, as a safety
check device is fitted to each.

Price in UK £3.90 including
postage, packing and VAT.

Overseas readers please add 30p

Available only from:

R&EW Publications,
45 Yeading Avenue,

Rayners Lane,
Harrow, Middlesex HA2 9RL
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NEW PRODUCTS

Precision PSU

A 10A precision laboratory
power supply {type NTLO5)
from PTM Elektronik is now
available in the UK. With an
output power of 150W, a voltage
range of 0-50V and a current
range of 0-3A, this unit
outpowers and outprices the
competion. The unit employs
the Motorola voltage and
current regulator, MC1466L, to
achieve high voltage and

current stability in both voltage
and current control mode. An
automatic two-stage dissipation
control enables cool operation
over the entire power range.
Two 3-digit LED displays meter
current and voltage and can also

be wused for independant
external measurement during
normal power supply operation.
The outputs are fully protected
against short circuits and
reverse voltages, making the
unit very suitable for the
workshop and laboratory in
schools and industry. The PSU
is priced at £253, and a version
may be purchased with fully
calibrated DVM modules and
detailed assembly instructions
foronly £184

FREL Ltd.,

Holmbush Industrial Estate,
MIDHURST,

West Sussex,

GU299HX.

Keeping A Low Profile

Now available from Kemo is a
British designed and
manufacturered low-frequency
communications receiver, using
solid-state  digital filters to
achieve a high degree of
frequency discrimination.

The new Metcom receiver
operates over a frequency range
of 0.1kHz to 100kHz, and the
output is arranged so that the
demodulated signal is in the 0-
10kHz range, with either upper
or lower sidebands demodu-
lated in this range. Resolution is
+1Hz and accuracy is =10 parts
in 10% (x1Hz). The receiver
functions as a frequency-
selective voltmeter with
variable bandwidth, and —3dB
bandwidths of 250Hz, 1kHz,
4kHz and 8kHz are availablie.
Qutput signal/noise ratio is
typically 60dB, and the circuit

techniques used eliminate
phasejitter.

An internal crystal-controlled
oscillator provides a reference
frequency, so that received
frequencies can be accurately
indicated on a 5-digit LED
display. An amplitude-
modulated signal demodulator
and local-oscillator beat-
frequency detector permit the
centre frequency to be adjusted
without altering the main tuning
and LED display.

Three outputs are available:
1VRMS into 2k; =10V into 100R;
and an audio output compatible
with a low-impedance headset
with volume control.

Kemo Limited,

9-12 Goodwood Parade,
ElmersEnd,
BECKENHAM,

Kent,

BR330Z

RADIO & ELECTRONICS WORLD
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Patterns On Your TV

A robust, compact and low-cost
PAL colour television pattern
generator, aimed at the
travelling service engineer, has
been introduced by Philips Test
and Measuring Instruments.
The PM 5503 provides standard
grey scale, cross hatch, red
pattern and colour bar, as well
as a one hundred percent white
pattern.

The instrument is tunable
between 189 and 205 MHz in the
VHF band and between 567 and
615MHzfor UHF. Itis availablein
versions compatible with PALB,

G, H and | television systems.’

Accurate tuning and checking of
a television’s sound
performance is facilitated by the
inclusion of a 1 kHz sine-wave
source, while a video output
allows the instrumentto be used
for making adjustments to
monitors and closed-circuit

Pitips

]
A

television systems.

Five test signals provide
information for adjustment of
the vast majority of television
parameters. A one hundred per
cent white pattern  with
alternating burst assists beam
current adjustment and s
essential for checking the white
setting to guarantee optimum
colour performance. Centring,
vertical/horizontal linearity and
dynamic and static convergence
can be adjusted using the cross
hatch, which consists of 15
vertical and 13 horizontal lines.

An eight-step grey scale is
provided for verifying
luminance amplifier linearity,
for focus setting and to check
the grey scale adjustment of

colour televisions.  Overall
colour  performance, burst
keying, delay colour versus

luminance and PAL delay line
circuits can be checked with the
colourbar.

Twice as Nice?

The ‘budget
mains

range’ toroidai

transformers
manufactured by Cotswold
Electronics Ltd, are now
supplied with 120+120V dual
primary windings in addition to
the previous single 110V, 220V
and 240V primaries. Although
classified as ‘budget, the
transformers are constructed to
the same materials standards as
used in professional electronics
telecommunications and
electro-medical etc. Protracted
tests have shown that
transformers constructed in this
manner can be operated at 120
degrees Celsius without
deterioration, for short periods.
Each transformer is subjected to
a 2.5kV peak flash test as an
insulation check.

The power ratings include 30,
60, 100, 230, 330 and 530VA
types, all of which have single
hole fixing using a dished
washer, protection pads and nut
and bolt provided. The range of
dual secondary windings
includes combinations of two x
6,9, 12, 15, 18, 22, 25, 30, 35, 40,
45, 50, 110, 220 and 240V RMS
windings, depending on the
core size selected.

JULY 1983

The transformers are supplied
with an information sheet which
gives details on operation and
installation at a specific load,
regulation and temperature
characteristic; the budget range
can be operated under ‘derated’
conditions at a lower
temperature rise with improved
regulation.

Cotswold Electronics Ltd.,
UnitT. 1.,

Kingsville Road,
Kingsditch Trading Estate,
CHELTENHAM

GL519NX
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GAREX (csz2v1)

THE
SUPREME
SCANNER

13

BCANMNG MONIFOR REGEIES
S |

T

OMPARE THESE FEATURES

SPECIALLY DESIGNED FOR EUROPEAN MARKET
MICROPROCESSOR CONTROLLED 32,000 CHANNELS
AM & FM ALL BANDS

WIDER COVERAGE: 26-58, 58-88, 108-180, 380-514MHz:
includes 10m, 4m, 2m & 70cm Amateur bands.

S5kHz & 12%kHz FREQUENCY INCREMENTS

16 MEMORY CHANNELS WITH DIRECT ACCESS

2 SPEED SCAN/SCAN DELAY CONTROL

2 SPEED SEARCH UP AND DOWN

SEARCH BETWEEN PRESET LIMITS UP AND DOWN

3 SQUELCH MODES inc. CARRIER & AUDIO

RELAY OUTPUT FOR Aux. CONTROL

INTERNAL SPEAKER

EXTERNAL SPEAKER & TAPE QUTPUTS

LARGE GREEN DIGITRON DISPLAY BRIGHT/DIM
AM-PM CLOCK DISPLAY

12V DC, 230V AC OPERATION

12 MONTH WARRANTY FACTORY-BACKED SPARES
& 'KNOW-HOW’ AND THE ALL-IMPORTANT PRE-
DELIVERY CHECK BY GAREX THE

* ¥ ¥ ¥

ok kk KRR X KK ¥

MAIN SERVICE & SALES AGENTS £299.00 inc VAT Delivered

*NEW* ¥ REVCONE ¥# “NEW*

A new top quality 16-element, all British made, VH F/UHF

broadband fixed station aerial from Revco.

Ideally suited to SX200 and other VHF/UHF Receivers.
PRICE £24.95 inc

A A N NN N N S N <A AR NN N N N N N N NN O D

SR-9 monitor: 2m FM with 144-146 MHz fu!!l coverage VFO + 11 xzal
controlied channels; ideal for fixed,/M,/P use. 12V DC operation £47.50
Marine Band SR-9, 156-162MHz, same spec. and price.

CRYSTALS FOR NR-56, SR-9, SR-11, HF-12, TM-568 Ali 2m

channels from(Q(145.00) to 33(145.825}. Also 144.80, 144 825,

144.85 Raynet at £2.46 (+20p post per order). Over 40 popuiar marine
channels at £2.85 {(+20p post).

RESISTOR KITS a top-selting line for many years. E12 series, 5% carbon
film, 1082to 1M, 61 values, general purpose rating %W or %W (state
which}

Starter pack 5 each vatue (305 pieces) £ 3.10
Standard pack 10 each value {610 pieces) £ 555
Mixed pack, 5 each %W + %W (610 pieces) £ 5,55
Giant pack, 25 each value {1525 pieces) £13.60

NICAD RECHARGEABLES physically as dry cell: AA(U7) £1.30;
C{U11) £3.35; PP3 £5,55. Any 5+: less 10%, any 10+:less 20%.
CRYSTAL FILTER 10.7MHz, 12%kHz spacing, ITT 901C £6.90
10.7MHz, 25KHz spacing, type 914B or 8098 £6.90

HT TRANSFORMER multi-tap mains pri.; 5 secs: 36V 200mA, 115V
150mA, 50V 500mA, 150V 300mA, 220V 300mA £5.50

PYE RADIOTELEPHONE SPARES (s.a.e. full list) Ex. equip., fully
guaranteed. Cambridge AM10

10.7MHz |.F, £3.65 2nd mixer £3 455K Hz block filter 12%2KHz
£9.40 ditto 25KHz £3. 455KHz AM IF £4.95 Audio bd. £1.95
WESTMINSTER W15/W30 AM Rx RF 68-88MHz or 148-174MH2
£6.95 10.7MHz IF linc. 12%KHz xtal. filter} £8.25 2nd Osc £2.10
455K Hz IF £6,65 455KHz block filter (12%KHz) £7.35 Squelch
£1.45 QQ206-40a (quick-héat) RF tested £11.95 Aerial relays £1.50
PYE SPARES ARE OUR SPECIALITY -

COMPLETE UNITS ALSO AVAILABLE

GAREX FM DETECTOR and squelch conversion for Pye R/T equipment
Ready assembled, full instructions. Tailor-made, easy-fit design, replaces
existing squelch board, with minimum of modifications. For AM
Cambridge £6.30; for Vanguard AM25B {Valve RX! £6.10; for Transis-
tor Vanguard AM25T £6.95

MAIN DISTRIBUTOR OF REVCO AERIALS & SPECIAL PRODUCTS
{trade enquiries welcome}
PRICES INCLUDE UK P&P and 15% VAT

GAREX ELECTRONICS
7 NORVIC ROAD, MARSWORTH, TRING, HERTS HP23 4LS
Phone 0296 668684. Callers by appointment only.
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Tomorrows

Televnsmn Today /)
-

A HANDBOOK ON
SATELLITE TELEVISION RECEPTION

Receive Satellite Television at home NOW.
Low Noise Amplifiers, Down Convertors,
Receivers, Dishes & Feeds explained in detail.
Full information on Television Broadcasting
Satellites over Eurupe.Complete listing of more
than 20 T.V.Channels on these Satellites.

A5 140p Fully lllustrated. £9.85p + 65p pap.
YOU COULD BE WATCHING SATELLITE TELEVISION TODAY

RS S e T RS- T - SR E— SEEEETTY
i ]
! i
| Please send me i
: Today.

1 | enclose cheque for £

copies of Tomorrows Television

I Post to:— M. Stone, 47 Filton Avenue,
Horfield, Bristol.

Intermedial Ltd.

3, Beech Avenue, Eastcote, Ruislip, Middx. HA 4 8UG, Tel.018664641

S

PRECISION LOCATORSET

With the accuracy of a computer program
{tolerance less than .5%), this map and ruier
cannot be compared with ordinary locator
maps.

*Ruter can be fixed at QTH »Size 30 x 42%
inches, scale 1:3 miilion sPrinted in 4 colours
on washable plastic sMetal top and bottom
strips *Approved for contests e Futi directions
*Dispatched in sturdy cylinder. £9.90

PLL TRANSCE!VE
V.F.0.

oscillator signal 10.7MHZ below signat frequency.
600K Hz repeater shift *Suitable for other | F.’s
sExtension for digitai dispiay eKit includes a!l
components {exc 3 Xtals and varco) *8 pages

of directions.£ 17,15 {directions only £0.95}

Converts any surplus radio telephone into a con-
tinuously variable F.M. transceiver. Microphone
is connected to unit and a stable 2 metre F.M.
signal is avaitable for driving the amplifier
stages. On receive the unit produces a local

XTALS 46.56 MHz 46.36MHz 43.00 MHz £11.50

C.W.0. All prices incl. VAT, p&p (within UK.)
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NEW PRODUCTS

Out Of The Unknown

A microprocessor-controiied,
fully automatic RCL meter with
nine measuring modes has
been introduced by Philips Test
& Measuring Instruments. In its
normal mode, RCL Auto, the PM
63003 identifies the dominant
resistive, capacitive or inductive
characteristic of the component
under test, indicating the
magnitude, dimensions and
also the effective equivalent
circuit on a large liquid crystal
display.

The microprocessor
eliminates the need for time-
consuming manual tuning to
obtain the final value, providing
results instantly with four-digit
resolution and an accuracy of up
to 0.25 percent. Optional
accessories, including a test
fixture which provides fast
connections for components of
all shapes and sizes and a
shielded four-wire test cable,
further increase the speed of
componenttesting.

In addition to RCL Auto, the
measuring modes available on
the instrument’s menu include

quality and dissipation factors,

parallel resistance,  series
resistance, total impedance,
parallel capacitance or

inductance, series capacitance
or inductance and 2V biased
capacitance. Furthermore the
instrument can be fully
compensated to allow for
parasitic capacitances.

All measuring modes produce
an equivalent circuit graphic, a
feature unique to the PM 6303.
For example, the symbol for an
inductor with a Q factor of less
than 500 is an inductor in series
with a resistor, while a capacitor
with a Q factor between 1 and
500 is depicted as a capacitor in
parallel with a resistor.

The meter can be used for
two- or four-wire
measurements  while batch
testing is simplified by using the
special test fixture. This is
specfically designed to provide
rapid and low impedance
connection to the instrument
whatever the shape and
dimensions of the component
under test. The four-wire test
cable is ideal for in-circuit
component testing.

——————

Interesting Switches

An interesting range of panel-
mounted switches and push
buttons is available in different
versions from Contarnex Ltd.
With a body in strong grey
plastic, the iluminated switches
will accomodate T5.5 miniature
bulbs, which push fit from the
rear. No part of the switch
mechanism is accessible from
the front. Fixing of the switches
and push buttons is by means of
built-in panel grips, and the
minimum panel hole
dimensions needed are 21mm
square or 17.5mm round.
Maximum overall depth behind
the panelis 30mm.

Wiring  connections are
suitable for screw, soldering or
Amp fixing. Contacts are rated a
1 Amp 60V AC (resistive load) or
1/2 Amp 48V DC (maximum
voltage), and are arranged for
make/break, make/make or
break/break.

Lenses of illuminated push
buttons and rocker switches are
availableinred, yellow, green or
white and can be engraved if
required. The button colour of
push buttons can bered, grey or
white.

Contarnex Limited,
252 Martin Way,
MORDEN,

Surrey,

SM44AW
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Coaxing Microwaves

The new HP 33311B-C04 Coaxial
Switch provides a ‘cross-bar
intersection’ switch action. It
either connects both crossing
lines together with low loss, or
passes both signals through the
intersection with at least 90 dB
or isolation. By combining a
number of these switches with
standard SPDT switches, a
designer can configure more-
complicated signal matrices
operating from DC to 18 GHz.

A novel feature of the new
switch is that terminal 4 reverts
back to a 50 ohm termination in
its cross-connection mode, so
that short, unused segments of
connecting coax cable cannot
resonate and draw power from
signal paths.

The actuating mechanism

e
e
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TEST EQUIPMENT CENTRES crt'sxonsien

RETAIL ¢ MAIL ORDER © EXPORT o INDUSTRIAL @ EDUCATIONAL

DIGITAL MULTIMETER

HAND HELD aWith fres carry case
KD25C=13 range 0.2A 0C 2 meg ahm £24.95
KD305a16 range 10A 0C. 2 meg ohm £29.95
KD30C=26 range 1AAC/0C 20 megohm  £34.95
KD35Cu28 range 10A AC/0C 20 megohm  £39.95
6010+ 26 range 10A AC/0C 20 meg ohm £34.40
7030+ As 6010 but 0.1% basic. £41.30
KD6 1516 range 10A 0C.2 meg plus Hie tester £39.95
189M 30 range 10A AC/DC. 20 meg plus Hie

tester £69.95
HAND HELD AUTO RANGE
DM2350s21 range 10A AC/0C 20 meg ohm
{Miniature) £49.95
WD30 16 range 0.2A AC/0C 2 meg ohm £41.95
HWD30/8 As abave plus cont. buzzer £44.50
HD31 22 range 10 AC/DC 2 meg ohms plus cont.
buzzer £58.95
+0ptional carry case £2.95

(UK C/P Free)

BENCH MODELS

TM353e 27 range LCO 2A AC/DC £86.
TM355 29 range LED 10A AC/DC £86.
TM351e 29 range LCO 10A AC/DC £113.
2001 28 range LCO 10A AC/DC plus § range

Cap. Meter with case £108.|
TMA451 4% digit LCO avery facility (0.02%) £171.
1503a 4%, digit LCO every facility f0.05%) £171.
1503Ha 0.03% basic version of above £189.
*0ptional carry case £6.84

BEGKMAN HAND HELD
T100 34 range 10A AC/0C 20 meg ohm £56..
T110 As above plus Cont. test etc. £67.

FREQUENCY COUNTERS

»
@
]

only the centre conductor to
provide excellent repeatability
of less than 0.03 dB even after
one million switchings.
Insertion loss and SWR are
low, so multiple switches may
be assembled. For example,
insertion loss of six switch
passages in tandem is typically
less than 2 dB at 18 GHz (using
short semi-rigid coax-
connection segments).
Similary, composite SWT is
typically 1.8 for six tandem
switches.
Hewlett-Packard Limited,

momentarily requires 24V DC  King Street Lane,

with magnetic latching. The WINNERSH,

coax switching action uses the  Berkshire,

‘edgeline’ principle, moving RG1715AR

COlOUl‘ MOIlltOl‘ monitor, or build special
Reflex Limited, specialists in interfaces, to meet the needs of

computer -peripherals, an-
nounce the availability of the
Electrohome ECM 1302 high-
quality, thirteen-inch colour
video monitor for the first time
in UK.

The ECM 1302 monitor is
available with either medium or
high resolution, allowing the
customer to select a unit that
best suits the video
performance of the computers.

The Electrohome colour
monitors will be available to
end-users via the established
dealer network. Reflex also have
the capability to modify the
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system manufacturers.
Reflex Limited,

44 Gallys Road,
WINDSOR,

Berks

SL45RA

LPE'D"m 200 MHZ hand held packet 8 digit

81104 8 digit LED bench 2 ranges 100 MHZ £77.00
86108 9 digit LED bench 2 ranges 00 MHZ £113.85
80008 9 digit LED 3 ranges | GHZ

TFO40 » 8digit LCD 40 MHZ

TF200 = 3 digit LCO 200 MHZ

®(Oplional carry case £6.84

Prescalers - Extended range of most counters
TPBOO0 500 MHZ .
TP1000 t GHZ £74.00

£67.50 | T61020.2HZ - 2 MHZ

ELECTRONIC INSULATION TESTER
YF 501 500 V/0-100m with carry case £63.00

SIGNAL GENERATORS
1220/240v AC) e

e

]

" .1
O

FUNCTION : All sine/square/triangle/TTL. et
TG100 1 HZ - 100 KHZ £90.00
£166.75

PULSE

TG 105 Various lacilities S HZ - § MHZ
AUDIO : Muttiband Sine/Square
LAG27 10 Hz 1o | MHz

:;iZ!lZA 20 Hz to 200 KHz (List £94.50)

SE402 100 KHz lo 30 MHz {liat £79.50)
LSG17 100 KHz to 150 MHz

AUDIO e RF ® FUNCTIDN ® PULSE

MULTIMETERS (ux c/p 65p)

KRT 100 1K/V 3
12 range pocket £5.95 \
£1485 38

HM102Z 20 K/V

22 range & cont buzzer

ETCS000/5001 21 ranges. 50K /V.

Range daubler. 10A OC. £18.95

TMK500 23 ranges 30K/V. 12A 0C plus

cant. buzzer. £24.75
NH56R 20K/V. 22 range pocket £10.95
ETUID214range 2K/V pockst £6.50

830A 26 range 30K/V. 10A AC/DC averload
pratection. etc.

360TR 23 range 100K/V. Large scale
10A AC/0C plus Hfe

AT 1020 18 range 20K/V. Deluxe plus Hfe
tester £18.95

YN 3BOTR 19 range 20K/V plus Hie tester  £15.95

£23.95

£39.95

VARIABLE POWER
SUPPLIES vk c/p £1.00)

PP2410/12/24v.0/1A.
£35

_PP243 3 amp version £59.95
PS 13078 8/15V 7 amp twin meter £24.95

OSCILLOSCOPES

Full specification any model on raquest. SAE by post.
‘WM’ Series HAMEG: ‘SC' THANDAR:
‘CS' TRIO: *3' CROTECH ‘DT Safgan

SINGLE TRACE UK C/P £3.00

3030 15 MHZ SmV. 35mm tube plus companent
tester C/P £3.00 £177.10
S$C110A= Miniature 10 MHZ batterv portable

Past free £
HM103 15 MHZ 2mV. 6 x 7 display pius

companen! tester C/P £3.00

®(ptienal carry case £6.84 AC adaptor £6.69

Nicads £12.50
DUAL TRACE (UK C/P £4.00)
DT 520 Dual 20 MHZ
HM203/4 Dual 20 MHZ plus component
tester
CS 15624 Dual 10 MHz [List £321.00)
3131 Dual 15 MHZ + component tester
CS1566A Qual 20 MHZ Altfacilities (List £401.35)

HM204 Qual 20 MHZ plus component tester £349.50

sweep delay. £419.75
CS 1820 Oual 20 MHz with axtra facllities

OPTIONAL PROBE KiTs  (List £508.30) £485.00
X1£7.95 X1- XI0 £10.50 X0 £9.45 X100 £16.95

DIGITAL THEHMDMETER%
TH301 LCO -50°C to +750° with

thermocoupie £88.43

HIGH VOLTAGE METER
Oirect reading 0/40 KV.
20K/Valt. (UK C/PBSp} £23.00

AC CLAMPMETER
$7300 0/300A: 0/600

VAC. 0/1 Kohm 9 ranges

With carry case [UK C/P 69p)

DIGITAL CAPACITANCE
METER

0.1 pl to 2000 médt LCD 8 ranges
DMB013  £52.75 (Carrycase £2.95)

LOGIC PROBES

LP10 10 MHZ £28.50

LDPO76 50 MHZ with carry case
nd accessories £71.30

AUDIO €LECTRONIC

TRANSISTOR TESTER
Biract reading PNP- NP, eic.

TC1
UK C/P 65p}

Cubegate
Lirnited

301 EDGWARE ROAD. LONDON W2 18BN, TEL: 01-724 3564

ALSO AT HENRY'S RADIO

404/406 EDGWARE ROAD. LONDON W2. TEL: 01-723 1008
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FOR THE BEST IN AMATEUR RADIO

116 Darlington St. East
Wigan, Lancs.
AMPLE PARKING FACILITIES
Dear Fellow Amateurs and SWL's,

Fed up with not hearing good signals on LF namely 160-80 and 40,
because of all the noise. Why not use open feeder {balanced)? Too
much hastle, too heavy? Not any more. Have you not tried the
revolutionary unique, clip on feeder space, fitted in seconds? Make 80
foot of feeder in minutes at a cost of only £10.00 for a packet of
twenty. Not only that, you get a bonus — two spacers double for your
end insulators and one for your centre tee piece.

Send PO or cheque for £10.00 + 99p for postage and packing plus all
our other technical information.

We also stock baluns and ATU's for the SWL, QRP or QRO amateur,
aerials. New 2 metre transceivers and HF transceivers, power supplies
and ali accessories, aerial wire etc.

For all information on feeders, aerials, ATU’s, baluns please send
0.85p to above address.

We can supply most of your needs, so why not ring us, JACK for
transceivers and TONY for feeders and aerials.

STOP PRESS

We also provide G5RV fuli size aerials. It is a complete kit containing
240 ft of aerial and feeder wire. To make full size G5RV with 69 ft of
feeder wire plus bag of 20 spacers, 2 double as end insulators and one
for centre piece leaving 17 for the feeder, all for only £14.75.

For kit plus full instructions send PO or cheque for £14.75 plus £1.09
for postage and packing.

TONY JOHNSTON

G40GP

For feeder spacers, Baluns and ATU's
Tel: Tony 0695-27948

JACK STEPHENS

G3LRB

For Yaesu, HF and VHF, PSU accessories
Tel: Jack on 0942-497609

COOTCOOOOTOOIOOIOOOOO

XTAL'S

MANUFACTURER IN AND
EXPORT OF PIEZO-ELECTRIC
CRYSTALS

We havea two
working dayservice
smallorders accepted »

e
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TEL. (0)14-54.78.63 TLX. 72470 XTAL J

BELGIUM

NEW PRODUCTS

High Speed Z80

Zilog has just introduced a new
high-speed version of their Z80
8-bit microprocessor. Known as
the Z80H, it runs at an 8MHz
clock frequency and joins the
25, 40 and 6.0MHz versions
currently available. In addition
to offering high-speed
operation, the new processor is
supported by Zilog's 28500
family of peripheral circuits,
which were primarily designed
for use with 16-bit

microprocessors.

The Z80H takes full advantage
of the 28500 peripherals, to
enhance system throughput by

a factor of between four and six
times over comparable systems
based on the 4MHz Z80A. The
combination also provides
more efficient data handling
than slower Z80s with their 8-bit
peripherals. The Z80H is
supptlied in a 40-pin dual-in-line
plastic package and is
electrically and pin compatible
withthe slower 280 CPUs.

Zilog (UK) Limited
Zilog House
Moorbridge Road,
MAIDENHEAD
Berks

SL68PL

Catching Glitches

Philips announce the first
compact 35 MHz digital storage
oscilloscope to offer four
channels, 8-trace memory and
glitch capture. With a 4096 word
memory, the PM 3305 excels at
capturing slow  single-shot
phenomena, up to 250 kHz, such
as electro-mechanical and
analytical events. However the
high frequency 10ns glitch
capture can store fast transient
events on these slower signatls.

Stored signals can be
expanded by up to 40 times, and
a compare mode is available to
check new signals against
previously recorded reference
signals. Such a breadth of
performance stands alone inthe
market at a very competitive
price of £3162.50.

In conventional {(non-storage)
mode the PM 3305 has a two-
channel input and provides 35

MHz real time direct display with
sensitivities from 2mV to 10V
per division and timebase
speeds from 100ns to 0.5s per
division. Triggering is very
fiexible, with a choice of A, B,
composite or line sources.
Trigger modes include
automatic, DC and AC.

In  storage operation, the
instrument has an 8 K memory
— 4096 8-bit words are used for
display and the remainder for
pre-trigger facilities. There is
also a timebase extension to 5s
per division and two additional
input channels. The two extra
channels are floating and can be
adapted to 2mA or 20mA inputs
for signals from mechanical
transducers.

Pye Unicam Ltd.,
York Street,
CAMBRIDGE,
CB12PX.

COOOOOOOCOOOOIOTOOOOO
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Optimised And
Preamplified

MuTek Limited announce
availability of their SLNA 145sb
Transceiver Optimised
Preamplifier for the Yaesu
FT290R. The unit provides the
definitive solution to ‘deafness’
problems associated with this
transceiver. The premplifier has
been engineered to fit neatly

within the transceiver and
provide a sensitivity
improvement  sufficient to

ensure that external noise is the

limiting factor, whilst
minimising dynamic range
degradation. Additional

benefits include much improved

front-end selectivity, and an on-

board low-loss nitrogen filled

antenna transfer relay which

eliminates the losses inherent in

Yaesu's diode antenna switch.
The SLNA 145sb retails at

£24.90 (inc. VAT).

MuTek Limited,

Bradworthy,

HOLSWORTHY,

Devon,

EX227TU

Compact Sounds

A new range of compact stereo
systems, which can be stacked
on a bookshelf, but which also
provide high quality stereo
sound, has been launched by
Pioneer.

Pioneer’'s Shelf Compos are
self-contained, stackable
stereos featuring an amplifier,
tuner, cassette deck, turntable
and speakers which, when
stacked, measure just 35 x 21 x
32 cm — no deeper than an
average sized book.

The turntable is front loading
— it slides forward to receive full
sized LP’s or singles — and can
form a highly attractive and
practical addition to a living

room bookshelf without
infringing on ‘valuable’ floor-
space.

There are three models to
choose from: the S-33, with 23
watts of music power and
‘Music Search’ facility; the S-55
with 35 watts of music power
and quartz synthesized tuner;
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and the S-77 — 55 watts, auto
reverse cassette deck, ribbon
Sendust heads, Dolby B & C,
Music Search —and Index Scan,
which lets the enthusiast
preview the first five seconds of
eachtrack.

Bass, treble and volume
controls are calibrated as
opposed to push-button

controls for those that prefer
fine-tuning, and three optional
extras will also be available
adding to the units’ versatility.
These include a Sound
Processor, which combines a
graphic equalizer with
microphone facilities; a doubie
cassette deck; and the PX-L9
turntable, which can be
programmed to play selected
tracks in any order, or to search
outindividual tracks.

Prices startat£439 complete.
Pioneer High Fidelity (GB) Ltd.,
Field Way,

GREENFORD,
Middlesex,
UB68UZ.

SUPPLIERS &

SERVICES
INDEX

@dular Pow?r]

Power Supplies
and dc-dc converters
WE STOCK FOR YOU
ASK US FIRST!
PHONE: (0992) 719458

THIS
SPACE
ONLY
£20.00

Gieroic
A ACORN

Atom & BBC

Your local Fruit and Nut

NORTHERN COMPUTERS
Churchfieid Rd, Frodsham,

Warrington WA6 6RD.

0928 35110

Save money on drawer sets with

*BITSABOX

12 drawer
while

pench set
for your
bits and

Cheques/PO to.
DMW Bozes

81 Somerset Road London E17
Prop R E Davidson

PERSONAL CALLERS & TRADE ENQUIRIES WELCOME
——

cardboard

ANGLIN
COMPONENTS

»
Jé‘/ FROM
5 STOCK
74

BURDETT ROAD, WISBECH,
CAMBS., PE13 2PS
TEL. 0945 63281

CONTACT

JOHN
WHITE

0277 . 213819

ASCIli Keyboards

W Upper & Lower Case
pius Controt

8 Low Power
Consumption

®Shift & Aipha Lock

® Autorepeat (Model 777}

B Paraliel Data OQutput

B Metal Mounting Frame

® Suitable for Tuscan,
Tangerine etc.

Model KB756A 56 key £4450
KB710 NumericPad £ 7.50
KB771 72 key £57.50
KB777 77 key £65.00

Accessories available inciude:-

Metal Case £15.95
Edge Connector £ 225
DC to DC Convertor £ 550

{for operation off single 5V supply)

High Performance
Monitor

MONITOR

12" Green P31 Phosphor
SMULLARD CR.T
@380 Character

Line Capability
@ 24MHz Video Bandwidth
® 240V AC input

® Toroidal Transtormer

® Compostte Video input

mideat for Apple, B.B.C
Micro, Gemini, Nascom,
Tuscan, Newbrain etc.
MODEL 101 £89 50

/\ R
/;‘% WBrain
ey o.s
Rocln
Gglag.Ca /
& -4 «

-7 LT 4T Q & %/
Qoslaglegla
s'@@ggﬁﬂ:zacg'ﬁz’

¥y /

8 80/40 Column
W 640/256 Pixe! Graphics
8280 with 32K RAM
BPrunter Port

B ldeal with abave Mon:tor

®Expansion Port Tor CPM,
Floppies, Winchester and
up 10 2M Bytes RAM.
MODEL A £229.00

ZX Spectrum Series2-CP48
32K Memory Extension

Gives total of 48K, Simply fits internatly with
no soldering. Similar to competitors but only £20.95.
Also of fitted by us £29.95.

U K. Orders add 15% VAT on order total.
Overseas orders add £6.50 to cover part
cost postage and docu mentation.

FULL DATA SHEETS ON REQUEST

Citadel Products Ltd
Dept. REW, 50 High Street, Edgware
Middlesex, HA8 7EP. Tel: 01-951 1848
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“TV FAULT FINDING"

{more than 200,000 copies sold)

REPAIR THAT OLD BLACK
AND WHITE TV

with the aid of the best seller

“TV FAULT FINDING"”

132 pages

Over 100 illustrations,
inciuding 60 photographs of
a television screen after the
appropriate fauits have been
deliberately introduced.

Comprehensive Fault Finding
Guide cross-referenced to
methods of fault rectification
described at greater length in
the text.

5th Edition
Edited by J R Davies

Price ONLY £1.50 (inc P&P)

Make remittance payable to:
RADIO & ELECTRONICS WORLO
DATA PUBLICATIONS

45 Yeading Avenue,

Rayners Lane,

Harrow, Middlesex HA2 9RL

ZILOG 28000 DEVELOPMENT
MODULE Cost £1350. Will accept
offers near half price. Phone: 01-794-
7024.

INTRODUCTORY OFFER: Solid state
relay 240V AC @ 25 amps. List price
£14.95. Our price £2.95 or 2 for £5.00.
150 top quality IC’s in manufacturers
tubes (complete with data) plus 10 red
LED’s and 2 opto-isolator IC's (worth
£2.50 alone) for only £6.00. Prices
include VAT and UK postage and a
copy of our 50 page catalogue No.20,
packed with thousands of mechanical
and electronic bargains. J.A. Crew &
Co., Spinney Lane, Aspley Guise,
Milton Keynes, MK17 8JT.

ZENITH TRANS OCEANIC RECEIVER,
1974 American model, with manualsin
original box, suitable enthusiast. £35.
Tel: Burnham (06286) 61704.

RADIO AUSTRALIA, Peking, Canada,
Voice of America. A Vega 206 (6 x SW/
MW/LW) pulls these and dozens more.
£23.45. Year's guarantee. Return
despatch. Radiowatch, Building 108,
Prestwick Airport, KAS 2RT.

SUSSEX MOBILE RALLY. A day by the
sea with the family for £1. Brighton
raceground. 17th July 10.30am—
5.00pm. Free car parking. Good
catering. Under cover.

FOR SALE: Racal R17 rx, MA197B pre-
selection unit, RA98 sideband adaptor,
relevant manuals, good condition,
£250. Tel: 0623-29289 after 6pm.

QSL CARDS PRINTED at competitive
rates for SWL and licensed amateurs.
Send stamp for details. Sigma Print
(REW), 62 Newark Lane, Ripley,
Woking, Surrey.

HEATHKIT OSCILLOSCOPE Mode! 10-
103 with Heathkit Electronic Switch
Model 1D-101. Offers? Phone: 01-794-
7024.

SCARBOROUGH. Derwent Radio for
Communications receivers, new, se-
cond hand. Good trade-in. Thousands
of components, books, magazines. 5
Columbus Ravine, Scarborough. Tel:
0723-65996.

TRIO R1000 receiver, 200kHz —
30MHz Complete, leads, manuals, etc.
Original packing. Very little use.
£275.00 plus free 40 channel CB
Phone: Telford 606451 evenings.

ZX81 & SPECTRUM SOFTWARE.
Q.R.A. Distance/Bearing and Log.
Complete with full contest score, grap-
hic map of both Southern & Northern
Europe all on one programme, only
£4.95 inc. P&P Alan Parrott, 72 God-
stone Road, Kenley, Surrey, CR2 5AA.

FOR SALE. Pair Hi-Fi stereo head-
phones, Howland West Audio CIS-550.
£10.00 o.n.0. Box No. 36.

LIST-A-RIG. A service offered by
G3RCQ Electronics to introduce buy-
ers and sellers of used amateur equip-
ment. Buying? It’s free, just send an
s.a.e. Selling/Wanted? Send s.a.e. for
details on how to join the fast-growing
list. List-a-rig is sent and updated daily;
no waiting, no deadlines. LIST-A-RIG
(REW) 65 Cecil Avenue, Hornchurch,
Essex, RM11 2NA.

OSCILLOSCOPE. Telequipment D52
dual beam + manual + new probe kit
(worth £15). V.G.C. £90 o.n.o. Phone:
021-236-3583.

PRINTED CIRCUIT BOARDS NAME-
PLATES AND LABELS. Designed and
manufactured. Short and long runs.
Prototype PCB'’s. Artwork and photo-
graphic services. We'll try to beat any
genuine quotation, G.N. Slee, 78 Derry
Grove, Thurnscoe, Rotherham, South
Yorkshire, 563 OTP. Tel: (0709) 895265.

POWER SUPPLIES TRIPLE QUTPUT.
Lambda Linear +5V 3A + 12to 15V 1,A
£25 each. Also TV Monitor 15inch high
resolution picture or Data, cased
£45.00. Ring 0279-504212.

Ant Products, All Saints Industrial Estate, Baghill Lane, Pontefract, West

Yorkshire. Tel: 0977 700949

AMATEUR ANTENNA

Silver 70-70cms 16 dbd Gain Beam
Tiger LY6 9 dbd 2 Metre Beam
Tiger LY8 11 dbd 2 Metre Beam
Tiger LY10 14 dbd 2 Metre Beam
Two Year Guarantee on Above.

ZL12 Mk2 13 dbd Gain Beam Antenna
ZL8 Mk2 9 dbd Gain 5’-7"" Long Boom

£31.95
£12.95
£19.50
£32.95

£32.95
£19.95

All Above have Stainless Steel ParasiticElements

Norcone 512 Wide Band Discone Antenna

Securicor DeliverylExtra) -

£25.95
£4.00

Send cheque or money order today, made payable to ANT PRODUCTS or write

enclosing SAE for full details.
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CLASSIFIED ADVERTISEMENTS

Advertisements must be prepaid and all copy must be received by the 4th of the month for insertion in the
following month’s issue. The Publishers cannot be held liable in any way for printing errors or omissions,
nor can they accept responsibility for the bona fides of Advertisers.

Underline words required in Bold type. Your name, address, and/or telephone number, if to appear, must
be paid for. Telephone numbers count as two words. Please use BLOCK CAPITALS. Advertisements are
accepted on the understanding that the details stated comply with the conditions of the Trade Description
Act, 1968. — Cancellations must be notified by telephone or in writing by the 6th of the month preceeding

publication.
WORLD.

is normally required.

Replies to Box Numbers should be addressed to: Box No. - RADIO and ELECTRONICS

Where advertisements offer any equipment of a transmitting nature, readers are reminded that a licence
Rate: 12p per word. Minimum charge £2.00

Send your copy to RADIO & ELECTRONICS WORLD, Classified Ads., 45 Yeading Avenue, Rayners Lane,
HARROW, Middlesex. Tel: 01-868-4854.

Box No. 30p extra

WANTED. Loan or buy. Service man-
ual, Rigonda. M.A. Haddy, 33 Bolton
Lane, Bradford, Yorkshire, BD2 1DR.
NATIONAL PANASONIC. Auto stop
stereo cassette deck RS-260USD.
£35.00 0.n.0. Box No. 37.

INTERESTED IN RTTY? You should
find the RTTY Journal of interest.
Published in California, USA, it gives a
wide outlook on the current RTTY
scene. RTTY-DX; DXCC Honour Roll;
VHF RTTY News;, and up to date
technical articles are included. Speci-
men copies 35p from The Subscription
Manager, RTTY Journal, 21 Romany
Road, Oulton Broad, Lowestoft, Suf-
folk NR32 3PJ.

AERIAL BOOSTERS. Improve weak
radio and television reception, (indoor
types) from £7.00. S.AE. Leaflets.
Electronics Mailorder, Ramsbottom,
Lancashire, BLO 9AGR.

DIGITAL WATCH REPLACEMENT
PARTS. Batteries, displays, backlights,
etc. Also reports, publications, charts,
S.A.E. for full list. Profords, Copners
Drive, Holmer Green, Bucks. HP15
65GF.

FOR SALE. GSC 2001 Function gen-
erator, and Maxi-100 frequency coun-
ter. Virtually unused. £80 each. Phone
05402-677.

THE BRITISH AMATEUR ELECTRO-
NICS CLUB. For all interested in
electronics. Four Newsletters a year:
library of technical books and mag-
azines: help for members by experts:
annual exhibition. Subscriptions only
£4.50 per year, UK & Eire, if joining
before 1st July 1983. Details from the
Hon. Sec., J.G. Margetts, 113 South
Road, Horndean, Hants., PO8 OER.

RACAL RA17. Professional communi-
cations receiver. 0.5 to 30MHz. Very
good condition. £145.00. G8JDE,
QTHR, Telephone: 095-279-375.

7
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If you want to be sure of getting your copy of Britain’s
most informative Radio/Electronics magazine, PLAY
SAFE & SUBSCRIBE.

Fill in the form below and send to: R&EW Subscription
Dept., 45,Yeading Avenue, Rayners Lane, HARROW,
Middlesex. HA2 9RL. Tel: 07 - 868 - 4854

Jake me to your

cNewsagent!

Nev\/sagents often run out of copies of R&EW simply because it

is the best value for money electronics magazine around. To make
sure you don’t miss a single issue, why not fill out the coupon and
your newsagent will reserve a copy of every month’s magazine ready
for you to pick up at your leisure. Fill out the coupon NOW and

drop it in when you pick up your morning paper.
B you B B g PaR | would like to subscribe to Radio & Electronics World for a year

(12 issues). Please start my subscription from the ................. issue.

r
NEWSAGENT: Please reserve me a copy of the JUNE 1983

RADIO & ELECTRONICS WORLD
and every succeeding issue until further notice.

SUBSCRIPTION RATE UK

Overseas
| enclose a cheque/postal order/International Money Order*® to
the value of £

£13.00 per 12 issues
£13.50 per 12 issues

Sp—

NAME!, 44 eseseosasesesososssonsssssnsscssacsansanssonsns

ADDRESS: 1\ 14 seuesnsnenernrneneenssesnsnssnssesssssnseel

ceveesscccsesesssssssasssseseseavcscscssccceal

'_

-------------------------------------- for my order Of £ .......occovcnirrnrens
ﬁ ; W b *Delete as applicable
Back issues of R&Eque available from: R&EW Back Please use BLOCK CAPITALS and include postal codes.
Numbers Dept., 45, Yeading Avenue, Rayners Lane, NAME (Mr/Mrs/Miss)eseoseeossesssssssssssssssscasassasnsans
HARROW, Middlesex HAZ 9RL. Tel: 01 - 868 - 4854 ADDRESS ¢+ veenenssnnnssnnonnnnnns

All issues, with the exception of January 1982, are still
available. All orders must be prepaid, the cost of each
issue being £1.00 inclusive of postage and packing.
Photocopies of specific articles can be provided. The
month(s) in which the article appeared must be stated.
Due to the high staffing costs involved in providing this
service we regret that we must charge £1.00 per article.

§ 2 POST CODEceseescosccssvsssasccsnsecsoasss cssssssssns
Again, all orders must be prepaid. — e = e e e e — _}<_ —

Overseas Agents: Holland Electronics, 071 - 218822. Postbus 377, 2300 A. J. Leiden.
U.S. Project Pack Agents, Box 411, Grenville, New Hampshire, NHO30408. U.S.A. J

“sesessescsscesssnsnesessnsnns

I SIGRIBLUIE: cavevaeecvvvevvasirasscssssasssisssssssssittmssmatesnssesseesssrssssesessses

ettt ettt b
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|
PARTS PROFILE X

Last month, a few readers were confused as to the |
raison d’etre behind this set of component listings
for R&EW projects. Well, it's quite straightforward

— tick the components you require (in the space

above the dotted lines), look up your supplier's I
prices, add it all up and send the complete list with
a cheque to cover the cost (including postage and l
VAT). l
It is hoped that this will not only make life easier
for those buying components, but also for |
companies supplying them.
RADIO AMATEUR’S TX10-RGB I
TEST CARD Resistors
Resistors 680R______ a7k(4) ak72)____ . I
15k{2)._____ 10R______ Tk
5) 2k2(6). ... K7
10(l(5_) L 100R((§)) ,,,,,, gegn ______ 10k- - 150R(3}. 75R(7)-. -
47R(8). . 75R_____ Capacitors I
Capacitors 150 16V{3)______ 100n{3)______
33p.. . 10n._____2u2 16V(15)__ __ Semiconductors |
22016V 2u235V__ BC213LB. BC183LB._____
Semiconductors IN4148(2) I
ING148(2) IN4OOT .
0A47(4)______ BC212(2) .
BC182(3)  74LS169 SsB l
74LS368______ 74LS393(2).____. Resistors
74L5298(3) . 7418166 100k______ [ a7k
7418377 HEF4051. 18k 100R Tk l
7805 330R 3k3._ 33k
. Potentiometers I
DTMF (Receiver) 100k(centre click)______ 50k lin______
Resistors Capaciteys
2M2(2) 270k 4Kk7._____ 330p. ... 2000p______ 680p._ .. I
Capacitors 1000p. .. 30p(2)._____47n(3)______
10n______100n{2)______ 680p{2)______ L{T— I
33u 0V Semiconductors
Semiconductors BF224/TIS88____ . BC108__.
MV8B65 .. MV8862._____ BA102(2)._____ BZYS8C5V6 . l
TIL31T
CENTRAL HEATING DCM l
CONTROLLER Resistors
Resistors Mo 27k{2) . 470R______ I
10k(5)_____ 330R_.____ 470k __ 820k . __ 100R(%W) 220k _____
WOM. k(2o 240R(4-MF)______ M3 33 10k . 68R.____ l
Potentiometers Potentiometers (presets)
1k{2-cermet)_____ 4k7______ 470k ______ 100k{2)______
Capacitors Capacitors I
100U 25V______ 220u 16V______ 22p(2) 10n(2) .. 1000
W3V 33p(2). .. 100n(3)______ 330p(2).. .. 100p.__.. 4700 __ l
Semiconductors 47 220n..... 22016V
MC146805E2P______ ICM7611A__ Semiconductors
ADCOB04L___ TC5514/uPD444______ 4049 __ ICM7556__ __ 4023
4070 4023 . 4011 ICM7555______ 40106 401
4052 . 74HC373._____ 78L05 ICM7217C____. 7805 I
ULN2003.___ LM334Z(3)
IN$14(10)______ 50V 1A Bridge______ l

PLEASE SEND ME THE ABOVE, TICKED COMPONENTS
FOR USE IN R&EW PROJECTS.

*I ENCLOSE £ cococcecesersr, |
*PLEASE DEBIT MY * ACCESS/BARCLAYCARD ACCOUNT I

SIGNATURE w.ooee e eeeeoveeese s sesesoene e oo |
NANME: e T e e S e I
ADDRESS: oeoveee oo reesveoeesee e eesessssss s sossssensseseseeoee |

* PLEASE DELETE AS APPROPRIATE |

o8 I
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Intelligent EPROM Programmer

ensure

——
correct 1C | ehrom
o entation | PROGRAMMER

The new PROM 1 from P.M.S. offers the user an intelligent,

easy to use EPROM Programmer, capable of programming a
wide range of common EPROM types. The unit has its own
CPU with a 4K memory buffer and communicates to the
user's Computer/Terminal over a standard R.S.232 link.
Full on-screen editing facilitatey easy modification of
machine code programs.

The PROM 1 offers the following functions:-

1. Disk to Buffer. Allows a file to be copied from disk into the PROM 1's internal 4K buffer.

2. Buffer to Disk. Allows contents of buffer to be stored on disk.

3. EPROM to Buffer. Allows contents of EPROM to be stored in Buffer.

4. Buffer to EPROM. Programmes EPROM with current contents of the Buffer.

5. Display Buffer. Displays contents of the Buffer on screen and allows full screen editing of the buffer contents.

6. Check EPROM Status. Checks the status of the EPROM plugged into programmer socket i.e. EPROM type and whether it
is blank, equal to or not equal to the buffer.

The PROM 1 can be used with just a terminal but functions 1 and 2 will not apply.
The unit is supplied with full operating instructions, including CP/M routines for system configuration.

R.R.P. £349.00

envrry | data
systems

The 16~bit Micro

160 with 8-bit compatibility and colour graphics
serié ;!crocomp\'xter

Features 8088 and 8085 processors, 128K user RAM expandable
System from Zenith

to 768 kb, 2 x 320kb drives, 2 serial ports, 1 paraliel port, light
pen socket and 4 - S100 bus slots for add on options. Disk
controller supports 4 - 8" drives and 4 - 5.25"" drives. High
resolution graphics (640 x 225 pixels, 8 colours). Supplied with
MSDOS, CP/M 85, 16-Bit Microsoft Colour Basic with FULL
GRAPHICS implementation and complete documentation.

The Z-100 comes in two basic forms:-

Z-120-22 With integral monitor (as illustated) and 1 colour

plane ram set fitted .............ccoveesvvnnnn £ 2,590
Z-100-22 Low profile version with full colour
RAM set ....... A e e B w oo £2,576

Twin 8" Drives (as illustrated), suitable for the Zenith Z-100 series computer with no extra

interfacing. Capacity 1.2 Mb Per driVe ........coeeeoueeeeereeeeeeeees oo £ 1,050
Colour Monitor. Zenith ZVM-134 high resolution 13" RGB monitor - Special introductory
OFFBE PIICE tooiii ittt e e e et £ 400
Zenith ZVM-121 12" green screen monitors . veee. £ 85

Ceo ) Send for our current list of Ex-demo and second user equipment at low low prices.

—— mPMSEE—
| —=Uevelopments=a=

22 Tarsmill Court Rotherwas Hereford HR2 8JZ
Tel: Hfd 265768, 50848 (STD 0432)
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