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4001 1 3p 4025 1 3p 4069 I  3tr
4 O O 2  1 3 p  4 0 2 6  9 0 t )  4 0 7 0  1 3 p
4 0 0 7  1 3 p  4 O 2 l  2 8 p  4 0 1 1  1 3 p
4009 30p 4028 45D 4072 13p
4 0 1  1  1 3 p  4 0 2 9  5 0 p  4 0 8 1  1 3 t )
4012 1 3P 4040 55p 4093 36tr
4 0 1 3  2 8 r )  4 0 4 1  5 5 r )  4 5 1 0  6 0 1 r
401 5 50p 4042 55r) 451 1 60r)
4016 28p 4043 50p 4518 65t)
4O1 1 4 7p 4046 90r) a520 60p
4018 55r) 4049 25o 4528 60r)

F U L L  D E T A I L S  I N  C A T A L O G U E !

4O2O 50r) 4050 25rt
4022 50r; 4060 80p
4 0 2 3  l 3 r ; 4 0 6 6  3 0 p
4024 40r )  4068 13 t )

L F 3 5 6  8 0 r r  N E 5 3 1  9 8 t r
L M 3 O l A N  2 6 r r  N E 5 5 5  2 3 p

.  I  M 3 O 8  6 9 1 ,  \ r  5 5 6  6 0 r ,

^ 1 . -  i , " , l : ^  L v 3 I 8 N  7 5 r '  \ E  5 6  /  l o o l
'  ' "  

. v 3 2 a  4 5 r ,  R C 4 1 3 6  1 0 0 r ,
7 0 9  3 5 r )  L M 3 3 9  4 5 p  S N 7 6 4 7 7  2 3 0 o
t 4 1  1 6 D  L M 3 7 8  2 3 0 r r  T B A 8 0 0  7 0 r )
l 4 l  4 5 p  L M 3 7 9 S  4 1 0 p  T B A 8 1 0 S  1 0 0 r )
7 4 8  3 0 r )  L M 3 8 0  7 5 t )  T D A 1 0 2 2  6 2 0 D
7 1 0 6  B 5 0 r )  L M 3 9 0 0  5 0 1 ,  T L 0 8 1  4 5 Q
1 1 0 1  9 O 0 p  L M 3 9 0 9  6 5 p  T L 0 8 4  1 2 5 p
C A 3 0 4 6  5 5 n  L M 3 9 1  1  1 0 0 r )  2 N 4 1 4  B O r r
C A 3 0 8 0  7 0 r )  M C l 4 5 8  3 2 r )  Z N 4 2 5 E  3 9 0 r )
C A 3 1 3 0  9 0 p  M M 5 7 1 6 0 5 9 0 p  Z N l 0 3 4 E  2 0 0 r )

CHRISTMAS SPECIALS*L -
A  r a n g e  o f  s p e c i a l  o f f e r  i t e m s  v a l i d  f f i f 1
d u r i n g D e c e m b e r . A l l  o r d e r s p l a c e d l  l l  I  l l  I
f o r t h e s e i t e m s m u s t b e r e c e i v e d  I  l l  I  l l  I
durinsDecembEi- -- l  |  |  l )-)

Murata Ultrasonic Transducers, p., .  pr)V"zaop

PCB etch k i t .  Contents:
5 assorted sheets Al fac.  Pound of  Ferr ic
Chlor ide.  Dalo pen.  Fibre glass PCB. +75F

Resistor  Development Pack.
10 of f, each %W value f rom 4.7Q to 1 M {'7fi0

Polyester  Development Pack.
5  o f f ,  each  va lue  f r om 0 .01uF  t o  2u2 .  f f i o

Texas sockets.  Must  be in mul t iDles of  100.
I  p i n ,  pe r  100

14  p i n ,  pe r  100
16  p i n ,  pe r  100

Pack  o f  10  x  NE555
Pack  o f  10  x  PP3  c l i ps
Pack of  10 crocodi le leads (20 c l ips)
Pack  o f  6  x  C106D thy r i s t o r s
Pack  o f  70  x  1N4148

Expo  Re l i an t  d r i l l
Expo  T i t an  d r i l l

LEDs ,  Pack  o f  10  x  0 .2  Red
10  x  0 .2  G reen
10  x  0 .2  Ye l l ow

A Y 5 1 O 1 3 P  U A R T
2114 Low Power 300nS
2708  EPROM
SS-2 Breadboards

750p
900p

1 000p

W 200p
-6Bp 45p

+4ff 90p
2100 22Op
f4O6 100p

S65p 55Op
)W 890p

*3Vp 290p

-36€p 325p
5W 450p
tEgF 590p

xO85F 990p

Z T X 5 0 0  1 6 p
2 N 6 9 7  1 2 t )

A C  1 2 1
A C l ? 8
A C 1  7 G
A D 1 6 ]
A D 1 6 2
B C r 0 7
B C l O B
B C  1  0 8 C
8 C 1 0 9
8 C  1  0 9 C
a c l  4 l
B C 1 4 8
a c l l )
8 C 1  7 8
8 C 1 7 9
8 C r 8 2
B C 1 8 2 L
8 C 1 8 4
8 C 1  8 4 L
B C 2 1  2
8 C 2 1  2 L
8C214
t s c 2 r 4 L
BC47 7
BC4 78
8 C 5 4 8
B C Y T O
B C Y T ]

B C Y  t 2  1 4 p  2 N 3 0 5 3  1  8 r r
8 D 1 3 1  3 5 r ,  2 N 3 0 5 4  5 0 r )
8 D 1 3 2  3 5 r )  2 N 3 0 5 5  5 0 )
8 D 1 3 9  3 5 r r  2 N 3 4 4 2  1 3 5 p
B D t 4 0  3 5 t ,  2 N 3  7 0 2  8 r )
U F Y 5 0  1  5 r )  2 N 3 7 0 3  B t )
B F  y 5 1  I  b r )  2 N 3 7 0 4  8 r )
B t Y s 2  1 5 r )  2 N 3 7 0 5  9 D
M J 2 9 5 5  9 B r )  2 N 3 7 0 6  9 0
M P S A 0 6  2 0 r )  2 N 3 7 0 7  9 P
M P S A 5 6  2 0 r )  2 N 3 7 0 8  8 r )
T l P 2 9 C  6 0 1 )  2 N 3 8 1 9  1  5 r )
T l P 3 0 C  7 0 r )  2 N 3 8 2 0  4 a t r
T 1  P 3  1  C  6 5 r )  2 N 3 9 0 4  B r )
T l P 3 2 C  8 0 r )  2 N 3 9 0 5  8 t )
T 1 P 2 9 5 5  6 5 r )  2 N 3 9 0 6  8 r )
T  P 3 0 5 5  5 5 r )  2 N 4 0 5 8  1 2 r )
Z I x l A t  1 4 p  2 N 5 4 5 1  3 2 p
Z T X I 0 B  1 4 r )  2 N 5 4 5 9  3 2 p
Z T X 3 0 0  1 6 1 1  2 N 5 7 7 7  5 0 r r

D I O D E S
I  N 9 ' 1 4  3 D  1 N 4 0 O 6  6 p
I  N 4 0 0 1  4 p  1  N 5 4 0 1  I  3 p
1 N 4 0 0 2  4 p  E Z Y S $ 5 9 7  9 1 ;
I T T  F u l  s t ) e c  D r o d u c l
1 N 4 1 4 8  t r  4 0  r o o

1 4 1 3  2 O t )  1 4 1 4 1  5 5 1 )
t 4 1 4  2 2 o  1 4 1 4 5  a s t )

7 4 0 0  l 1 r  t 4 t 5  2 5 t )  7 4 1 4 8  g O D
7 4 0 1  1 O p  ) 4  / 6  2 0 ' )  / 4  1  5 0  5 5 r ,
1 4 0 2  1  0 r ,  7 4 8 5  5 5 t )  1 4 1 a 1  4 O p
1404 12p 1486 2Op t41aA 65p
7406 22p 7489 1351) 74151 AOD
1 4 0 8  1 2 p  l 4 9 o  2 5 o  / 4 1 6 4  S 5 p
7 4 1 0  1 O p  7 4 9 2  3 0 r )  7 4 1 6 5  5 5 r )
j413 22r,  7493 251, 141t0 lOOt)
1 4 1 4  3 9 r r  7 4 9 4  A a t )  / 4 1  1 4  5 5 ,
l42O 12e 7495 ' . \ ' ra 

741 l l  'Ot '
7 4 2 J  2 O p  t 4 9 6  4 5 r )  7 4 1 9 0  5 O p
7 4 3 0  1 2 p  7 4 1 2 1  2 5 r )  7 4 1 9 1  5 0 r )
1 4 3 2  1 8 a  1 4 1 2 2  3 5 p  7 4  1  9 2  5 0 r )
1442 38p 14123 3Br) 74 1 93 50r)
7 4 4 7  4 5 p  1 4 1 2 5  3 5 ' ,  7 4  1  9 6  5 0 p
1448 5Oo 14126 35p 74 1 97 50p
1 4 5 4  1 2 o  7 4 1 3 2  4 5 r )  7 4  1  9 9  9 0 D

L E D s  0  1 2 5 r n  0 2 , n  e a c h  l 0 0 r
R e d  T l  L 2 0 9  T l  L 2 2 0  9 p  7  5 p
G r e e n  T l  L 2 1  1  r T l  L 2 2 1  1 3 p  1 2 p
Y e l l o w  T l L 2 1 3  T l L 2 2 3  1 3 p  1 2 9
C l r p s  3 p  3 p

D I S P L A Y S
0 1 7 0 4  0  3  r n  C C  1 3 0 p  1  2 0 p
D 1 7 0 7  0  3  r n  C A  1 3 0 p  l 2 0 p
F N O 5 0 0  0 . 5  I n  C C  1 0 0 p  8 0 p

TANTALUM BEAD
0.1 ,  0 .1  5 ,  0 .22 ,  0 .33 .  0 .47 ,  0 .68 ,
1 & 2 . 2 u F @ 3 5 V
4 . 7 , 6 . 8 . 1 0 u F @ 2 5 V  .  .  .
2 2  @  1 6 V .  4 7  @  6 V ,  1 0 0  @  3 V
M Y L A R  F I L M
0 001 ,  0 .01 ,  0 .022,  0 .033,  0 .047 3p
0 . 0 6 8 , 0 . 1  4 p
P O L Y E S T E  R
Mul la rd  C280 se fes
0 .01 ,  0 .01  5 ,  0 .022,  0 .033,  0 .047.  0 .068.  0 .1 .  5p
0.15 .  O.22
0.33 ,  0 .47  .
0 .68
1 . 0 u F  .

C E R A M I C
P l a t e  t y p e  5 0 V .  A v a i t a b l e  i n  E 1  2  s e r i e s  f r o m
2 2 p F  t o  1 0 0 0 p F  a n d  E 6  s e r i e s  f r o m  I S O O p F  t o
0 . 0 4 7 u F  2 p

R A D I A L  L E A O  E L E C T B O L Y T I C

S p r n  8 p  1  S p j n  1 4 p  2 4 e t n  1  8 p
1 4 p , n  1 0 p  2 0 p  n  1 6 p  2 8 p , n  2 2 p
1 6 p l n  1  1  p  2 2 p t ^  1 1 p  4 o p , n  3 2 p
3  l e a d  T 0 1  8  o r  T 0 5  s o c k e t .  1  O p  e a c h
S o l d e r c o n  p i n s :  1 0 0 : s o p  1 O O C r 3 7 0 p

71,fixu "

PANEL METERS
High quali ty 2" wide view meters.
Zero adjustment. Back i l lumination
wi r ing .
Available in 50 uA, 100 uA, 500 uA,
1 mA, 100 mA, 500 mA, 1 A. f4.75 ea.
VU meter similar stvle. €1.40 ea.

SLIDE POTENTIOMETERS
Good qual i ty  60mm
travel  s l ider wi th
80mm f  ix ing centres.
Available from 5k - 500K
in log and l inear. 55p each.
Suitable b lack knobs 6p ea.  Coloured knobs 10p ei l

V E R O A O A R D
S r z e  r n  0  1 r n  0 . 1 5 j n .  V e r o
2 5 x 1  1 4 p  -  C u i l e r 8 0 p
2 . 5  x  3 . 7 5  4 5 p  4 5 p
2 . 5  x  5  Y p  , A p  P i n  I n s e r t , o n
3 . 7 5  x  5  6 4 p  6 4 p  t o o l  1 0 B p
3 . 7 5 x 1 7  2 0 5 p  1 8 5 p
S r n g l e  s r d e d
p r n s  p e r  1 0 0  4 0 p  4 0 p
T o p  q u a l r t y  f r b r e  g l a s s  c o p p e r  b o a r d . S r n g l e
s i d e d .  S r z e  2 0 3  x  9 5 m m . 6 0 p  e a c h .
' D a l o  p e n s  7 5 p  e a c h
F r v e  m r x e d  s h e e l s  o {  A l f a c  1 4 5 p  p e f  p a c k .

low noise 57o
E 1 2  s e r i e s .  4 , 7  o h m s  t o  1 O M .  A n v  m i x

each 100+ 1000+
0.25W lp 0.9p 0.Bp
0 . 5 W  1 . 5 p  1 . 2 p  1  p
Special  development packs consist ing of
10 of each value from 4.7 ohms to 1 Meg
ohm (650 res) 0.5W €7.50. 0.25W €S.70.
M E T A L  F I L M  B E S I S T O R S
Verv high stabi l i ty,  low noise rated at %W
1 % .  A v a i l . b l e  f r o m  5 1  o h m s  t o  3 3 0 k  i n
E 2 4  s e r i e s .  A n y  m i x :

each 10O+ 1000+
0.25W 4p 3.5p 3.2p

J A C K  P L U G S  A N D  S O C K E T S
screened unscreened s@ket

2 . 5 m m  9 p  1 3 p  7 p
3.5mm 9p 14p 8p
Standard 16p 30p 1 5p
Stereo 23p 36p 18p
D I N  P L U G S  A N D  S O C K E T S

p l u g  c h a s s i s  l i n e
socket socket

2pin 7p 7p 7p
3 p i n  l 1 p  9 p  1 4 p
s p i n  1 8 0 "  1  l p  1 0 p  1 4 p
S p i n  2 4 0 0  1 3 p  ' l o p  

1 6 p

1 m m  P L U G S  A N D  S O C K E T S
Sui iable for low voltage circui ts,  Red & btack.
Plugs: 6p each S@kets: 7p each.

4 m m  P L U G S  A N D  S O C K E T S
Avai lable in blue, black, green, brown, red, white
and yel low. Plugs: 1 1p each Socketsr 12p each
P H O N O  P L U G S  A N O  S O C K E T S
Insulated plug in red or black 9p
Screened plug 13p
Single socket .  7p Doubte socket 10p

We now offer one of the widest ranges of components at
the most compet i t ive pr ices in the U.K. See catalogue for
fu l l  detai ls .  We welcome cal lers at  our shop in Col lege Rd,
Bromley,  f rom Mon-Sat,  9am-6pm (8pm on Weds and
Fr idays).  Specia l  of fers a lwavs avai lable.
We also provide an express telephone order service.
Orders received before Spm are shipped same day.
Contact  our sales of f ice now wi th your requirements.
TE L EPHON E : 01 -464 2951 1577 O.

WE WISH ALL
OUR CUSTOMERS

A MERRY CHRISTMAS
AND A

HAPPY NEW YEAR

www.americanradiohistory.com
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quf l  l i t

Yes. it 's here i lt lasi - the fl l l  Dew Part Three Catalogue. Fun lor all the farnily. and the usual uPdate on all that is uew. worthwhile and
e x c i t i r r g i r r t | r e w o r l d o f R a d i o a n d c o m l n u n i c a t i o n s . A b i g s e c t i 0 | r o n L u 9 ' l s . y - s y l ' l ! ] 9 ! i
cualit i trarrsmitter systems. More rrew products than ever. RADIO CONTROL parts. crystal f i l ten. cerarrtic f i l ten for 455kHz xnd lhe new rangequalitf trarrsmitter systems. More rrew products than ever I RADIO COXTR-OL prrt.s. crystal f i l te*. cerarnic fi l ten lor 455kHz xnd lhe new range
,if TOXO CFSH low tempertture coefficient types for l0.7MHz. Detri ls on new rndio lCs, including tlre new HAll2-25. the C43lti9E lookalike
with 84clB signal to rroise. arrd adjustable mutirig threshold. Radio corrtrol lCs - lrr<i an updated veniorr of the RCM&E 8 channel FM receiver -

pg!g!_qv.M-y{ lonly !19.45 each + VATI. the new 5 decade resolutioll
d isp lay  to  lokHz reso lu t ion  on  VHF.  l kHz on  SW.  A lkHz.HF syg l le j
Post nublicflt ion urice is 60o (inc PP etcl. The Drevious two
And ilon't nriss our spot th'e gibbon conle\1. tolether with r
circuil diasrnnr of one of our competitor's tunes.

Updatod RCME FM radio control RX kit

8 Clrannel RC recsiver (FMl
* Single lC RF/lF/Detoctor
'  Single lC decodor
r 27MHz c6ramic l i l t€r input
1 FET RF l togo with doublo

tun€d bandpas! f i l tsr
* Dual coramic t i l tor lF
'  Baled on RCM&E FM syl tom
* Bsst qual i ty SLM servo

connsctor block
r  O N L Y  f 1 6 . 1 0  i n c  V A T  ( k i t )

{ includes new SLM calsl

Now sot i6t  ol  radio modulos in ful ly 3crooned cansr

for L

t re
t0 see if you 'can spo l  the

THE PRRT THREE TRTR1OEUE 15 PUB1ISHEII
& IIIE HRUE MOUEII TO BIEEER PREMIsEs.

O O E S  Y O U R  O N E  G L O W  G R E E N  I N  T H E  D A R K  ? ?
Our DFM4 doss, s inco i t  u3€! 6 vacuum f luorotent di !
of  MW/LW/FM. Bet ical ly tho samo a! tho DFM2, {LCC
Tranl lorm6r with al l  noetsaty windin$ for DFM4 '  Ei

Nol i l lu l t ratod here -  but also now
version of our immontoly popular D
39.999MH2. and l0kHz to 200.00M
are avai lablo vi8 diodo programming

There is a danger - when advertizing in some
magazines - that because we do not f ind
space to l ist everything we sell in every ad.,
that some readers forget about half the ranges
we stock. So to summarize the general ranges:
TOKO Chokec co i l s  to r  AM/FM/SW/

MPX,  Aud io  f i l te rs  e tc
F i l te rs :  Ceramic  lo r  AM/FM,
LC {or  FM,  MPX e tc .
Pblyvaricons
lCs  fo r  rad io ,  c lock  LS l ,  rad io
control, MPX decoders etc

fMicrometals Dust iron cores fo; toroids
for resonant and EMI fi l ters
Toroid mounts

Hi tach  i Rad io /aud io /mpx l inear  lCs
100W MOSFETs,  smal l  s igna l
FETs,  MOSFETs and b iPo la r

And the following groups of products from a
broad range of sources:
Semiconductors -specializing in radio devices,
P lessey  SL1600.  EUROPE's  bes t  se lec t ion  o f
AM/FM and communications devices. Power
NIOSFETS,  WORLDT LOWEST NOISE AUDIO
small signal transistors, BAB graph LED drivers
fo r  l inear  and log .
CD4000 series CMOS, TTL/LPSNTTL, standard
l inears  (741,  301,  3080 e tc ) .  MPUS,  memor ies .
Smafl signal transistors from AEG BC237l8/9
families etc. (1000 off BC239C : 5.2p ea)
LEDS:  AEG 3mm/5mm round,  2 .5x5mm f la t .
red, greem, orange, yellow. The best prices
you wil l f ind for quality products.
MOSFETS tor RF sional plg!e!s!!!g, including
the  8F960 UHF dev ice ,  and 3SK51 fo r  VHF.
Var icap  d iodes  to r  17 :1

OUR LATEST MOVING EXPERIENCE : :  A t  las t ,  we have moved to  the  address  be low.  There  is  car  park ing  to r  cus tomers  approach ing  v ia

North Service Road (an extensron oi North Road Avenue, entrance opposite tlre Brentwood Fire Station,) Pedestrian access from the High Street

i i iongri, l" 117 High itreet). fne niw building is six t imei bigger thari our Gresham Road of{ices, and we wil l b_e_ins-tall in-g lmuch expanded salas

coun i -e r  in  the  fu t iness  o f  r ime.  NEW TELEiHoNE NUtv tBEi {  (0277)  230909,  TELEX NUMBEB (as  be fore)  995 '194 AMBIr  G.  se€ vou there  I

200 llorth Seruite Roud, Brentuood,EssElt.
JANUAt tY.  1980 259

clock/timer modules - the rrefltest and best LCD
with LCD readout. The DFM6 with fluorescent

the l ist is endless. Get your copy of the catalogue lrow.
m a co.mplete piclure, I!!!_!4:-!1llg-pgil. All J, tl.50.
'f the drtlerences between r neolrtllrc cave ornwlng anc a

( * Yes, we sti l l  hrven't leamt how to spell '  )

i t  u i€!  6 vacuum f luor6t6nt dirplav Jor dir6ct roadout
ly tho samo a! tho DFM2, {LCD Versionl.  e24.45 ki t ( inc vaTl
retsary windin$ for DFM4,f2.50 inc VAT.

30 now avai lablo i3 th.  DFM6. This i !  a vacuum t luorescont di3play

opular DFM3 {LCD). Resolut ion i3 100H2 to 3.9999MH2, 1kH2 to
2OO.O0MHZ+; al l  l tandard lF otfsois { inc, 10.7MHz on lhortuavel

UMl181 VHF band 2  VARICAP TUNERHEAD
5 tunod circuit, w[h imago/tpurii b€tler than -80d8, bufl.rad LO

;u tour .  MOSFET RF n .o i ,  FET lF  p roamP,  lund w i th  on lv l% to  8v ,
-s , ia -  S 'a  odor  in ta rco t i ,  lo t f  p r ic .  f12 .00  inc  VAT l looo f f /  OAI

911225 FM lF  s t r ip  w i th  a l l  mod cons  fo t  the  H iF i  tunet :

A l l  rvo6s  ur6  go+da S/N H i rach i  l c ,  w i lh  mut ins ,  AFC,  AGc,  motar

ou ipu ts  lo r  s igns l  l€ve l .6nd c€nt ro  zoro .  IF  p tssmp s lago
'A '  Dua l  l inoar  phar€  coramic  l ihors ,  w i th  MOSFET {AGC'd)  lF

Droamp and a 3rd nrrrow lilt.r wilh DC tilt€t tolocrion. Dual
tunsd FM dotetor sttgo, €2395 inc vAT (builr)

'B' Duat caramic filtorr, .ingls lunad dot€ctor si6gs f14.95 inc VAT
(A l l  'A '  s€r i$  un i ts  a re  io t  up  w i th  a  spec t rum .na lvzsr  fo r  b$ i  THDI

91072 AI\4 RADIO TUNER I\4ODULES . DC TUNED
and DC SWITCHED Availsble February'80
Al l  inc ludo bu f fo rd  LO outpu t ,  moch.n ic6 l  lF  f i l re r  ITOKO CFMOI

l - lov  tun ins  b ia . ,  sw l tch ing  by  a  s ing lo  po ls  to  ear th

A MW/LW {150 to  350kH2 LW .ans ,  w i lh  te r r i t .  rod  an ! .nn .

B A 'A' but atso includins SWl or SW2 {rpscilY.}
i l l  =  1 ,8  to  4MH2 SW2 = 5  to  10MHt

c Wiih both Su rlngss

Pric$ .one otf INC VAT
'A' 214.43 'B' f,15,90 'C' e17.50 {Cusrom tvp6 oAl

FREOUENCY READOUT LSI  { rom OKI  w i th
a one-chip answer to most digital frequency
display needs (and various modules)'
Crvstal and ceramic ladd€r l i l ters from leading
manulacturers. ferrite rods. various ferrite beads
and a range of crystals for 'standard froquencies
and both AM and FM radio control at 27MHz.
Trimmer capacitors.
N]ETERS a new range of l inear movement
ivE6,, ptrs many ' indicator' types for VU, all
types of tuning indicators etc.
SOCKETS - a new range that are better quality
than Texas low profi le, y€t better priced.
Modules for AM/FM/STEREo, complete kits
for tun€rs, audio amplif iers from Larsholt.
SWITCHES .  comple te  low cos t  DIY sys tems
l5iE$-6itton arrays, keyboard switches.

ffio#:.fi:"'

www.americanradiohistory.com



GitrIEEI\TVT'ELtrI
443G Mi l lbnook t r load Southarnpton SO1 OHX

All pricds include VAf at 15% - Just add 3Op pox
Strip-fix Plastic

PAIIEL $t6,11$

*SET3-Wording-WHITE
* SET4-Wording- BLACK

Over 1,000 words and symbols,
covering more than 300 terms, in

_ each set

l l lust rat ion of  actual  s ize :  RADIO

* SET 5.  DIALS
6 sheets conta in ing one Large and
two Medium scales,  Large Hor izonta l
Tuning scale,  Frequencieq 12 Contro l

Panels

6 SHEETS IN EACH SET

PRICE: SETS 3 & 4 fl per set inc. VAT
SET 5 f 1.50 per set inc. VAT
p.&p. 9p per set.

To DATA PUBLICATIONS LTD.,
57 Maida Vale, London, W9 lSN

Please supply Panel Signs 8s fol lows: Set 3

I  enclose cheque/crossed postal  order for . . . . . . . ' . . . . ' . . . . . '
(Tick which set is required)

N A M E  . . . . . . . . . . . . . .

A U U h E J D

BUY A COMPLETE
RANGE OF

COMPONENTS AND
THESE PACKS WILL

HELP YOU
' S A V E  O N  T I M E  -  N o
delays in waiting for parts to
como or shops to oponl
'SAVE ON MONEY - Bulk
buying means lowest prices
- just comparo with othorsl
rHAVE THE RIGHT PART-
No guesswork or substitution
necessary |
All packs contain Full Spec,
Brand New, Marked Devices
- Sent by return of post.
V.A.T. lnclusive Prices,
KOOI 50V coramic olate c.Dacitors, 5 . 1 0 of
each val!€ 22pF to 1OoOpF. Total  210.e3.69.
KOO2 Extended range. 22pF to o.1uF. 330
values C5.53
l(0O3 Polvestor capacitors. 10 €8ch ot these

ra\\es. 0.Q\ 0015, 0022 0033, 0o4]

for f14.66
KOOT Electrolytic capacitors 25V working,
smal l  physical  s i t€.  10 €ach of th€so popular
v a l u e s  1 , 2 . 2 ,  4 , 7  ,  1 0 , 2 2 ,  4 7 ,  1  o o u F ,  T o t s l  7 0
for f3.69
KOOS Extend6d range, as above, also inciudinO
22O.47O a^d 100OuF. Total  100 tor f6.O6
KO21 Miniaturo carbon f i lm 5% rosistors, CR25
or simi lar,  10 ol  €ach value lrom 10R to 1 M.
E12 series. Total  610 resistors. f6.15
KO22 Extended range, total 850 rgsistors from
1 R  t o  1 0 M  f 8 . 5 0
KO41 Zenner diodes,400mW 5% 82Y88 etc.
1 0 of each valu6 from 2.7V ro 36V, E 24 sor i6s.
Total  28O for €16.37
KO42 As above bul 5 of e€ch value e9.31

f l  BARGAIN PACKS
K 1 0 1 -  . 1 6  B C 2 3 9 B  N . P . N .

Low Noise
K 1 0 2 -  . 1  5  B C 3 4 9 B  N . P . N .

Low Noise
K 1 0 3 - - 1 0  8 C 5 4 6 8  N . P . N .

80 Volt
K 1 0 4 - . 1 8  8 C 1 8 2 8  N . P . N .

60 Vol l
K 1 0 5 - . 5 0  1 N 4 1 4 8  S i l i c o n

Diode
K 1 0 6 -  1 8  B C r 8 4 L  N . P . N .

Low Noise
K 1 0 7 - . 1 8  B C 2 1 3 L  P . N . P .

General  Purpose
K 1 0 B  8  2 N 5 0 6 0  3 0 N  . 8 A

SCR
K 1 0 9 -  1 5  B C 1  l 4  N . P . N .

Low Noise
K 1 t 4  1 5  X K 6 1 1 6  { 8 F 2 4 1 }

N . P . N . 2 0 0  M H z
K t 1 5 -  1 8  S P 1 2 1 8  ( 2 N 3 7 0 2 i

P . N . P .  G e n .  P u r p o s e
K 1  1 7  1 0  8 F 4 5 0  P . N . P .

T . V .  l F  A m p .
K 1  1 8  1 6  M E 4 1 0 1  N . P . N .

6OV Low Noise
K l 2 4 -  5 0  . 0 2 u F  D i s c

Ceramics
K 1 2 5 -  2 O O  r k  5 ' %  t W .  C F

Resistors

VU METERS
Voo2 Twin tvoe. 2 meters 4ox4omm
and driver board, supplied with circuit
and connexion data. f3.6O
Voo3 New type, just in. Twin type
moulded in one piece. SOx4Omm (No
driver board but suitable circuit suppliad)
e2.w

INVERTER
Preoare for the Power Culsl  Readv bui l t  in-
ve(er.  24V DC 290x55x37mm in, wi l l  power
6x8W f luoroscsnt tubes. Circui t  suppl i6d. Onlv
e2.90

THE NEW I98O
GiFTEENVI'ELtrI

CATALOGUE
FEATURES INCLUD€:
O 6Op Discount Vouchors
O Ouantity prices for bulk buye6
O Bargain List Supplement
a Reply Paid Envelope
O Priority Order Form
O VAT inclusive prices

PRICE 4Op + 20p POST

VERO OFFCUTS
Pscks ot l OO sq ins of g@d size pieces
about 4 x 3" in the following typ6s:

K54 ' !  O.1"  copper  c lad  .
K542 0.15" copper clad
K 5 4 4  0 . 1 "  p l a i n  . . . . . . . . . . . . . . . . . . . . . . f l . 1 O

Also pisces 21x1" - I O/fl.2O 1OOA9 
'

17x3f"x0.1" shs€ts - 1o/flC.lO

Large range o{ Standsrd Veroboard and
b o x e s / c a s e s  i n  s t o c k .  D € t a i l s  I n
ca ta logus ,4Sp

SCOOPI Verobox tvoe 2522, unused
but has 3 |" holes in ons end 8nd 1 l"
ha\e the other, so instead ol t3.96, we

trr s\\r\\ws t\tl.U

3W AMP MODULE
Readv built and t€sted, tfi: -lirl

I KoAeTw*radryrw. to&d $e
' tu&tratW @ v, A r'5 @?2, Att, A17, 0.68, 1,
.2,2 33.4-1 SS al! ? V 10y'25 15/16,
22 /16 .  3311o.  47 /6 .  1o1 l3 .  Tora l  170 I
for €14.66 |

.--,'.,.)-r- .-tr.-**'42.'ebt M

be -@. ,.last nqviivs f7Y ac
murce (and 8R spkr) as bridge r€ct and

smmthing cap are mounted on the PCB.
frv 4 trffiirtor circuit p@vides enough
sens i t i v i t y  fo r  most  app l i cs t ions .
Supplied complete with circuit dlagrsm
a n d  w i r i n g  d e t a i l s .  O n l y  f 1 . 7 5 .
Suitable transformer f'2,?l),

BUZZERS & MOTORS
2401 Powerful 6V DC, all motal con-
struction. SOmm dia x 2Omm lop
2402 Miniature type, 3-9V, only 22x-
15x16mm.  Vsry  noat  C lp
2450 Miniature 6V Oc motor, high
quality lype 32mm dia x 25mm hlgh,
w i th  12mm sp ind le .  On ly  f l
z451 12V high torque motor 30mm di8
x 4omm high, with lOmm spindle. t lp
2452 6V DC motor with gesrbox giving
final shafr speed 7OO rpm. Spindle is
threaded OBA. Ex-equip fl
2453 As abov€, bur 3OO rpm and un-
rhreaded spindle fl.

CLOCK CASE BARGAIN
7412 Oval format, ov€rall size 13Ox-
68x87mm deep, with built in stand. Rear
oanel dri l led to accaDt 4 switchas and
alarm OOp

74 SERIES PACK
Select ion of boards containing many'di f l€rent
74 ser ios lC s 20 for €1; 50 for f2.20; 100
for e4.

P C  E T C H I N G  K I T  M K  I I I
Now conta ins  2O0 sq .  ins .  coppsr  c lad  board ,
l lb  Fer r ic  Ch lor ido ,  DALO e tch- res is t  pen,

abras ive  c leaner ,  two min ia tu re  d r i l i  b i t s ,
e lch ing  d ish  and ins t ruc t ions  f4 .85

1A 4OOV RECTIFIERS
Plast ic,  l ike 1 N4004, type 388F these diodes
have preformed leads for hor izontal  mntg
{ ' l  smm FC). Sup€rsv€r pr ic€ -  1OO lor €2.30;
500/c10 1000/€18.

POWER DARLINGTON
PAIR

Plast ic power (TOP66 cass) transistors typ€
B D695NB D6964. Just look at the spec I  |  7OW
8A 45V - Hre 750 at 4A! Speci€l  low pr ics

f1.20 per pair .

l ,OOO RES|STORS f2.60t l

New stock iust arr ived - Carbon Fi lm
2o/o and 5oA, |W and |W, al l  brand new,
but have pre- lormed leads. ideal for PC
mntg. Enormous range of popular mixed
values for just €2.50/1,OOO, fl 1/5,qx,
f50/25,000.

f '1.00

€1.00

€1.OO

f l .00

f  1 .00

f  1 .00

f  1 .oo

f 1.00

fLoo

f  r . @

f 1.q)

f l .00

€1.00

f  1 .oo

f  t .00

i i i o g

:d 
*ft'i

#.*;h'"Hp_."b,fr""-ti
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illffi H
16160 - 24 -  3 of each valu€ - 22Pf I
27pr 33pf 39pf qzof 68pt 82ptfo.Eg I  f9191
1 6 1 6 1  -  2 4  -  3  o f  e a c h v a l u e  -  1 0 0 p f  I  l : : l :
t z o p r  1 5 0 p f  l 8 0 p f 2 2 0 p f 2 7 o p f 3 3 O p t  I  i i l l l
3 9 0 o r  f 0 . 6 9  l ; : ; ; ; "
f t taz -  zq -  3 ol  each valu€ - aTopf I  ; ; i ; i ' '
56opl 680pi 82001 1o00pf lsoopf I  la i t2
2200pf 3300pf fO.69 |  lctzs
161 63 24 .3 of each value - 47OOpf I  Acr28
6 8 O O p r  O l u f  O l 5 u f  0 2 2 u f  0 3 3 u f  I  a c r 2 7

a c 1 2 8

ACl 32
ACt 34
AC1 37
4 C 1 4 1
a c l  4 1  K

tirst quality. mixcd valua mlnlmn i l!
AC1 42
AC1 42X

olmtrclytios. A C 1  5 l

l t
fo.z6 I 40162 to.i|o I
fo.2r I  A0161/182 f0,81 I
CO.B I ADTI4O fO.B I
fo,3r I AF124 fo.l6 |
to. tr  |  4F125 C0.31 |
fo.* I  AF126 fO.3! ,
fO,tC I  AF127 fO.37 I
fo.2t I  aFl39 eo.o I
fo.2l  I  AF178 fO.Cg I
fo.2t I  AF179 CO.lg I
ro. t8 |  AF18o t0.t9 |
m.r |  4F181 fo.a7 |
€0.23 |  4F186 m.t I
co.23 | AF239 fo.{ I
€O.A I  AL1o2 el . i l  |
fo-24 |  AL1o3 Cl.3l  I
fo.35 |  AUlu f1.31 |
fo.23 I  AUIIO f l . l r  l
f ,O.38 |  AUl 13 Cl.al
€o.23 I :9191^ :9.9

10.25 I  Bc44r 10.36 |  BF16s ao.t"  I
co.23 | Bca6o fo.{ | BFr67 co.28 I
co.29 | Bc46r co.{ | 8F173 ro'a I
to.z I ssa77 ro.23 i 8F176 eo.'r4 i
fo. l2 I  8c478 e0.23 |  BFlzz eoso I
fo. l2 I  Bc4?9 co.2: l  I  BFl78 €0.32 |
f9. !? |  8c5a7 fo. lz I  sp17e €o.3t ]to,lo | 8c548 m.l2 I BD239t
co.r I iis+i to.rz | 

'2-ffiijp 
cr.rs I

fo. la I  Bc5so C0.1C I  BF18o €0.33 |
€0.14 |  8c556 8o.rc I  s6161 fo.3t I
fo. lo I  Bc5s7 f0.16 |  BF1B2 f0.351
fo. l2 I  Bcsss f ,o.r4 |  BFts3 ro.3t I
fo. lo |  8c559 f ,0.11 I  BF!8a €o,23 |
eo. lo I  Bczlo co.Gg |  8F185 t0.23 |
fo. lo I  Bczr l  fo.s I  BF1s6 co.3ol
fO. lO I  Bcz12 fO,CO I BFts? fO.SOl
fo. l7 I  Bori5 co.!a I  BFISB fo.at l
to.ao I  BDrlo ao.u I  s519a eo.r2l
€ O . l a  I  B o 1 2 t  f o . t a  I  B F 1 9 E  f o . t 2 ;
fo. l l  |  80123 ro,7t |  8F196 ro,r2
s. l t  I  80124 fo.8l  I  BFl97 fo.14
€0.29 |  69131 fo.4o I  BF19g €o,ta
fo. lo I  BDl32 €0. ' lO I  sp199 tO.tC
f 0 . 2 6  |  9 p 1 3 1 7 1 3 2 y p  I  u l E 3 l o  e
fO.lO I  fO.92 |  s;s2q55 C1.0i t
E o . r o  I  l ; : ; ; ; ;  r o . 6 e
fo.ro |  80133 ro.s |  - : : : : : ""
;o:io I ;;i3; ao:n I Il=91 co'{
;o:io I ;;i3; io.{o lill?99 m0
io:; | ;ii;5; io:.o I lll l99 rort
io: i l  I ; ; i :8 io: i i  | l l l :91 ror
;o:ia I ;;i3, ao:ai I IlIl99 fo'{
il:ii | ;;ifi io.ii i li l lg! ro'rl
i6 . i i  I  i6 i is / r+oui-  I l t l l l  ro0
ie:ii "" * --fo.s2l+i:ll8 

[Hi
fl ' l l I errrs co.26 | +i;:i; co.'r.
:X:;  !  8F152 10.29 i  1P328 m.{
; ;  i i  I  BFr53 c0.29 I  rP32c ro.rr

il::E I 3il31 [3:i3 I ]lillt f3:ll
; ; ; ;  |  8F1s6 10.32 |  1P41c CO.rr
; ; ' ;  |  8F157 f0.32 |  rrP42a fo.5i
; ; i ;  I  BFr58 eo32 I  2N7o6 f0.12

c 1 5 1
c l  5 2
c1 53
c1 54
c1 57
c 1  5 g
c 1 5 9
c 1 6 0
c  1 6 1
1 c 1 6 7
r c 1 6 8
r c 1 6 9
rc1 69C
t c l  7 0
t c 1 7 1
tc172
] c l  7 3
tcl  74
! c 1 7 5
t c 1 J 7
t c l 7 8
l c 1  7 9
3 C r 8 0
B C 1  8 1
B C r a 2
8C1 821
BCl 83
acl 83t
BCl 84
BCI 841
8 C 1  8 6
8 C 1  8 7
8C207
8C208
8C209
8C212
BC212L
8 C 2 1 3
8 C 2 5 1
B C 2 5 1 A
8C301
8C302
8C303
8C304

N1 305 fo.2r
N1300 fo,29
N1307 fo.29
N1308 C0.31
N1309 co.36
Nr71 1 fO.23
N2219 fO.23
'.N2221 C0.23
,.N2222 €O.23
rN2389 80,1C
rN271 1 fO,25
iN2712 f,O.2!
rN2714 fO.26
rN29& €O.21
rN2905 f0.2t
lN29o6 eo.18
tN2907 fo.23
tN2923 fo.t7
tN2924 eo. l7
1N2925 ro.r7
tN2326G fo.ro
tN2926Y CO,09
N29260 f0.09
tN2926R co.m
rN29208 €0.01
rN3os3 rar. i8
tN3054 co.rlt
tN3055 fO.S
tN3€2 €0.24
2N3403 fo.24
1N3404 €0.33
2N3405 co.38
2N3702 fo.og
2N3703 €0,o
2N37il eo.oa
2N3705 fo.o
2N3708 CO.m
2N3707 fo.oe
2N3708 €0.06
2N3709 fo.oc
2N3710 fo.6
2N37r r  fo,oe
2N3772 f1.84
2N3773 f2,5S
2N3919 f ,O.21
2N3820 fo.i|o
2N3821 fo.Gt
2N3823 eo.!g
2N3903 f0.t2

|/lanutacturo.3'Fall Od!' which includt
unctional and pan functional unis'
fhese lre cla$os as 'out-ot-!pac' ftom
:ho makoB vory .igid rpacilicationa' but
rre id€sl for l€arning sbout l.C'. and .x-
)erim€ntal work.
1 6224 - 1OO Gates assoned 7400 01 04
1 o  5 0  6 0  € t c  f l ' 3 8
1 6226 30 MXI asso(6d typos 7441 47
l o  1 5 4  e t c .  € 1 . 3 8
1622'l - 30 Assoded Linear types 709
7 4 1  1 4 1  7 4 8  7 1 0  5 8 8  e t c  f t . O O
16228 - I Assoned types SL4O3 7601 3
76003 etc f , l '16
1 6 2 2 9  -  5  l , C  s  7 6 ' l  1 0  E q v .  t o
M C 1 3 1 3 0 P  M A 7 6 7  f 1 . 7 3

t. 7,1.', l , ' ,  I t t :

ffi \c1 53
\c1 54
\ c 1  5 5
\cl  5t
ac1 5l

"  H : f i I ; - - r  ; o : i o
:3t1lE8lil' ;J;
ao- | BcrosA fo.oo
eo.2g I  BCIO88 CO.IO
fO.23 I  8C1O8C fO.12
CO.A |  8c109 fo.o
fo-B I  BCIO9B €O.1O

I fO.29 |  8C1O9C fo. l2
I  tO.23 |  8C1 13 fo. l l

co.2g I  8Cl 14 f0.14
I fo.2i  |  8c125 fO.2O
'( COJO | 8c126 fo.2t
r  fo.29 |  8c132 fo.2l
I  fo,29 |  8c134 f0.21
) fo.23 |  8c!35 fo. l t
)K f0.32 I BC1 36 fO.21
I co.23 |  8c137 to.2t
tK fo.32 |  8039 ro.3t
r  fo.2l  I  Bc14o fo.3l
rK fo.r  |  8c141 fo. l2
I  fo.2t |  8c142 €o,21
tK eo,32 |  8C143 eo.2l

I .1".',Tl BSli? i3:s
i  fo.86 I  Bcras fo.G
) fO.Gt I  8C149 fO.C
r €O.0 |  8c150 tO,23

16223 - Approx 200 picc.! r.tort d lrll
out intogratod circuils including Logic
74 sories Lina!.  Audio.nd DTL M.nY
codgd dovic€3 but lomo unmarkcd you
to idenrify f1.44

I 62 1 3 -  60 mixed *w 1 0O ohms - 82o
ohms tO,Og
1 6 2 1 4  -  6 0  m i x e d  * w  1  K  o h m s  -  8 2 k
ohms eO'09

AC1 6(
qc l  6 i
A C l 6 l
ACl8 l
a c 1  7
AC1 7 t
a c l  7 l
A C 1  7 r
ACl  7 t
ac1  8 i
a c 1 a l
A C 1 8
A C r  8
a c  1 8
A C 1  8
A C 1  I
A C 1 8
A D  1 4
A O  1 4
A q 1 4

A D 1  6

l l , ' , l t l l
i l , ' I

f0.89
1 6 2 1 6  '  6 0  m i x e d  l w  1 0 O K  o h m s  -
82OK ohms fO.69
1 62 1 7 -  40 mixed !w I  00 ohms - 920
ohms fO.69
1 6 2 1 8  - 4 0 m i x o d  l w  l K o h m s - 8 2 K
ohms 

- 
f0.69

1 6 2 1 9  - 4 0 m i x o d  + w  l O K o h m s - 8 2 K
ohms €0.E9
16220 '  40 mixocl lw 10OK ohms -

820K ohms 
- 

€0.E9
1623G-60 mlxod +w 1 Mog 1O M6g
ohnrs €O.09
1 6 2 3 1  4 0  m ; r o d  l w  I  M o g  -  1 0  M o g
,i l ,nrs f0.69

1 6222 Transistors G€rm 6nd Si l icon Rec_
ri f iers Diodes Triacs -  Thyristors lc 's and
zencrs. ALL i , lEw & CODEO Approx 1OO
pieces. Offer ing the amateur s fantsst lc
b a r q a i i l  p a c k  a n d  a n  o n o r m o u g

f2.50

l l , ' l  I  1 . I

r l , ' l l : l :
8C328
8C337
8C338
8C440

fo.17
€0.17
fo. l t
fo.3t

aF160 €0.36
BF1 e2 fo.3t
BFl63 eO36
8F164 €0.t1

2N708 eo. la
zNr302 fo. l t
zNi303 fo.21
2N1304 t0.21

fo,ae

f0.o
c0,o
m.t
c0.r
to.d

fo220
fr.3t
ft.ll
ct . ! l
e l  3l

1 78 pl.slic

1 6 1 4 0  2 5  P N P  T O 3 9  2 N 2 9 O 5 . l l l @ n
1 6 1 4 1  3 0  N P N  T O 1 8  2 N 7 0 6

it'lilTt ^t" t*uo tt
16143 30  NPN P l l t i l c  2N39O€. l l l con
16144 30  PNP o l ! ! i l c  2N3906. l l lon
1 6 1 4 5  3 0  G o r m  O C 7 1  P N P

15146 l5  P l . l t l c  Fw. r  2N3O55

1614? 10  To3 m. t . l  2N3055 NPN

16149 10  1  .mP SCB TO39

16150 a  t  3  amp SCF T066 cas

15130 1@ G.m Oold &ndd oM7 dlod..fo.at

t6 la i  1ao Germ-@ln t  @nt td  loomA 0A70 8 l
^;a- CO.GC

id i i z  rm s l tcon  ara . .2ooma oA2( [co .a '

!6133 l60  Sn lsn  h . t  s [ch  d ld  2 lm^ l i l4 l
;; no.ao
rirrn so st t tcon.cclncn t@ hit  26hAto.ae
14135 20 sillcon rocilntd nud tYts 3 .mpCO.!
is i ie so lm ow r.n.r  oo7 c.5 to. !
161 37 30 NPN l i tnl l t ton BCIOT a pl lnlcto.-
r 6 1 3 8  2 5  N P N  T O 3 9  2 N E 9 t  2 N 1 7 1 1
qraon CO 

"i i i . s  s o  P N P  t . s n 3 i 3 i o r i  B ' 1 ' 7 7

x i l , ' . t l t l 1 ,  I

744A fo.aa
7450 fo.13
7451 f0.t3
7453 €0,13
7454 !0.13
7460 fo. l3
7470 e0.2t
7472 fo.23
7473 eo.zt
7474 f0.29
7475 80.33
7416 f0.29
7480 fo.Et
7481 eo.ot
7 4A2 e!.ta
7483 m,G7
7184 €l.ol
7485 fo.t!
7486 fo.2l

f l .s I
€0.37 |
m.7a I
fo.o I
fo.3r I
s.al I
m.r6 |
fo.s I
eo.ss I

I
m.4E I
m.{ I
c0.28 I
fo..r I
s.l7 |
e!.n I
f l.3C I
00.28 |
m..! I

7489
7490
7491
7 492
7493
7494
7495
7498
7 4 i m

74104
74105
74107
7 4 r  1 0
7 4 i 1 1
7 4 1  1 6
7 4 1  1 9
74121
1 4122

fo.€
co.o
€o.G:t
€o.Gt
f0.tt
f!.t6
to.t6
m.94
eo.tt
m.a
to.la
40.4,
fo.tr
f0.tt
s.7t
o.tl
m.rt
fo,90

74123
7 4 1  3 6
74141
74145
741 50
7 4 r  5 1
7 4 1  5 3
7 4 1  5 4
7 4 1  5 5
741 56
1 4157
7 4 1 6 0
7 4 1  6 t
74162
7 4 1  6 3
7 4 1 6 4
7 4 1  6 5
7 4 1 6 6
7 4 1 7 4

j4175 S.71
74176 fo.ct
74177 m.at
7 4 1 8 0  C l . E
74181 eo.G?
141A2 m.l1
74184 f,!.41
74190 €o.r8
74191 fo,71
74192 fo.at
74193 €o'17
74174 fo.t l
74195 fo.t9
7 4 1 9 6  e l . 2 i
74197 f1.2r
7 4 1 9 8  e . l 3
74199 f2.13

' J t $ i

16164 .20O Rssistor mixed value 6p_
orcx (Counl by weight) €0.69
16165 150 CaPacitors mixed valu€
approx (Counl by weight) fo.ag
16166 - 50 Precision rosistors. Mix€d
vahres fO.Ag
1 6 1 6 7  8 0  ! w  r s s i s t o r s .  M i x e d
valuos f0.69
16168 - 5 Pioces aseonod forr i t€
6ds fO.69
16169 2 Tuning gangs MW LW
vHF eo.09
1 6 1 7 0  1  P a c k  w i r s  5 0  m o t r e s
assortcd volours sinqlo strand fO.69
16171 - lO Reed si t i tches €O.89
1 6 1 7 2  - 3  M i c r o  s w i t c h e s  € 0 . 6 9
1 6 1 7 3  -  1 5  A s s o d € d  P o t s  f O  0 9
16174 - 5 m€tal  iack sockots 3 x

7400
740 1
7 402
7 403
7 4a4
7405
7406
1 407
7408
7409
7 4 1  0
7 4 1  1
1412
7 4 1 3
7 4 1 4
7 4 1 6
7 4 1 7
7 420

fO.lL
fo. l3
fo.13
fo.r3
f0.r3
fo.13
f!.2t
fo.25
f,o.1t
m . t l
f0.13
€o.20
fo. l7
fo.28
fo.6a
f0.26
fo.2a
€o.t3
fo.23

a22 fo.t8
,423 m24
t425 fo.22
.426 fo,2a
t4L7 fo,2a
1428 fo.30
/430 fo. l l
t432 eo.2E
7433 CO.3a
7437 fo.24
?438 fo.2a
7440 €o.14
1441 fo.6t
7442 co,ac
7443 00.!1
7444 fo,lt
7445 m.7!
7446 f,o.at
7447 m.6l

1 61 ?5 - 30 Paper condenssrs -  mix€d
vnhres f0.69
1 6 1 7 6  2 0  E l o c l r o l v t i c s  t r a n s
ryoes eO.Eg
1 6 1 7 7  I  P a c k  a s s o d e d  h a r d w a r o  -

Ni l rs.  bolrs.  gromsts etc €O E9
1 6 1 7 8  5  M a i n s  s l i d e  s w l t c h o s
assoiled t0.09
16179 - 20 Assod€d tag str ips and
panels f0.69

1 6 1 8 0  -  1 5  A s s o r t € d  c o n l r o l
knobs f0.69
1 6 1 a 1  3  R o t a r v  w a v e  c h a n g e
swirclr6s fO.69

I r e  r g z  -  2  R a l a Y s  6 - 2 4 v
l,are'ar l rq f0.69
I 16143 - 1 Pak CoDOer laminAt€ approx
| 2oo so rncnes eo 89
I  r e t a a  .  t s  A s s o r t e d  F u s e s  1 o 0 r A  5

I amn eo.69
I r6185 50 mot.es PVc sl€eving
I rssrrr ,r l  s ize and colours fO.69

' . i l | i I I l
r . ; ;

m.2o , ; i;;
ro.2o :i:;
eo.zo . illi ',
ro .2o  i ; ; r ;
ro.2r I ;;;;
€ r . 2 7  i ; i ; ;

ii,ii

r5v eo.ll
r5v to.t!
lsv oo.l!
|6V f0.11
|5V co.2l
r6v c0.21
rsv e!.2i
r6v co.zl
r6v fo.t!

iFI

l M F O
I2MFO
ITMFD
I .2MFD
I ,4MFD
r .3MFO
I O M F D
22MFO
33MFO

TmtrE

co4m fo.t6
cD4ml fo.23
co4@2 f,0.18
co4m6 f1.s
co4m7 fo.20
cD4008 e1.06
cD4m9 fo.ul
cD4010 f0.65
cD40r 1 f0.23

cD40r 2 €0.22
co4013 fo.s
cD401 5 t0.94
cD4016 fo.s
co4017 to.s
cD40l8 €O,94
co4019 fo.aa
cD4o20 f l .0a

fo.s
to.94
6.2i2
co.tl
fo.2
f1.38
€o.tr
fo.t8
€o.s

cD402r
cD4022
cD4023
c04024
cD4025
co4026
co4027
co4028
cD4029

fo.3t
f2.30
ft .3l
c l ,04
f1.o1
fo.e7
€0.8:t
c1.0t
fo.g

co4030
c04031
cD4035
c04037
co4Go
cD404r
cD4il2
c04043
co4044

ft .al
f r . s
f t . m
eo,rl
fo.at
er.27
f t . t t
f l , ta
fo.20

cD4g5
cD4g6
cD4g7
cD4q9
cD4050
co4054
cD4055
cD4056
c04069

cD4070
co4071

co407 2
cD4081
co4082
c 0 4 5 1 0
cD451 1
c o 4 5 r 6

r!!11
LM39m to.3-7
MC1303L co.ga
MCr3g f2.t9
M C 1 3 1 0  f t . m
M C 1 3 1 2  f 2 , l e
MC]350 fr .38
MC1 352 el .Gl
MC1469 f3.39
MC1496 f l .oa
NE536 €3.OG
NE550 f1,09
N€565 f0.20
NE556 fo.cs
NE565 f13a
NE566 f l . t3

ill[
N€567 f1.9a I
UA7O2C fO.A I
72702 fO.A I
uA7o3 to.2t I
ua709 fo.29 l
727os co.a I
709P S.29 |
UA71oc fo.irt I
72710 Eo. l t  i
uA71lC e0.37 I
72711 m.37 l
uA723C fo.l2 I
72123 fO.U
uA741C fO.2A
12741 €0.28

I
741P m.23
ua747c fo.tg
72741 fo.ag
uA748 fo.llo
7274A fo.s
748P f0.0
sN76013N f1.97
sN76023N C1.97
sL4l4A e2.2a
TM55oB fo.{o
TM621A f2.30
TM62rB C2.84
TM66t f1.73
TADjoo €t. to
T8A540 f2-c

T8A8 r OS
T8A81 0
T8A820
TBA92@
TCA270S
1 BAAM

c!.to
f0.rt
co.ta
co.2e
oo.$
f0.20
to.22
fo.23
fo.3l

fo.a5
f l . 1 3
f0,81 l
f2.s
f2.3O I
s.e2 i

1  6 1 2
1  6 1 3
1 6 1  4
1 6 1  5
1720
1  7 2 1
1  7 2 2
1 7 2 3

SPin  DIL
14 P ln  OIL
16 P in  OIL
24 P in  DIL
2a P ln  DIL
la  P in  DIL
20 P i .  OrL
22 P in  OIL
40 P i^  DIL

3Oonrw 40PIV lminl  s!m-min FULLY
TtStED l , leal  for Organ bui lders. 30 tor
6AD. lOO f i rr  €1.85, 500 for f6.75'
1 O ( \ O  f i t r  f 1 O . 3 5 .

f l . 1 2
f1. l !
co.rt
f t .s
fo.t2
f t , 6 1
f t . t !

f .73
€2.13
f0.ar
f l .g
e1.27
el.73
f l . t3
f2,s

cA301 1
cA301 4
ca3018
cA3020
cA3028
ca3035
c43038
ca3&2
cA3043
cA3046
c43052
cA3054
cA3075
cA3081
cA30a9

a3090 f4.14
ca3123 f2.t9
ca3r30 f l .ot
il3140 €o.81

1M301 f0.33
tM3S f1.84
1M308 f1.16
1M309 f1.73
LM3to'sv f l  73
1M320-15V f ! .73
1M320-24V f l . t3
LM32o-r 5V- ct .n
1M380 fo,ta
LM38r f l .Gt

' , l l t - \ l1 l
;r.l:ITIi r l : l :

16204 Containing 50 m€tst foi l
capaci lor l ike Mul lard C280 sories -

C o m D l e t e  w i t h  i d 6 n t i f i c a t i o n

: 1  l i l t r : r : ,  I  1 :
fo. l t
fo.G
€o.G
fo.to
fo. l t
fo.12
€o.3t
fo.17
€o.i 4

M 1 2 0
M 1 2 9

N l 3
a a t @
8A1 02
8 A 1 4 8
BA] 54

8 A 1 7 3
B B 1 0 4
B A l :
B S l f
B Y l C
B Y 1  O 1
8Y1 0 !
B Y l  I I
B\ 12t

f0.17
€o.{
fo.0a
€o.6
fo.26
co.25
f0.25
f0.26
fo.26
ao.17

fo. l l
fo.1t
€o.20
eo.2a
eo.l9
€0.43
fo.36
f0.62
fo.n
fo.6

B Y I 2 7
8 Y 1  2 8
BY1 30
8 Y 1 3 3
BY1 64
BY1 76
BY206
BYZlO
8YZ1 1

8 W 1 3
BYZl6
BYZl 7
aYzl8
8Y219
oa5
o A  1 0
o447
oa70

fo.46
eo.at
fo.41
m.a1
fo.4r
fo.a9
fo.{
fo.0t
co.oa
fo.i 2

oA81 fo.12
oA85 co.12
oaso fo.t2
oA91 €0.r2
oa95 fo. l2
oar82 fo. l l
oA2m f,o.@
oa202 fo.6
solo co.o?
sD19 S.O7

lN34
IN344
t N 9 t 4
t N 9 1 6
r N 4 1 4 8
ts44
rs920

fo.c
fo.m
€o.ot
fo.ot
fo.o7
f0.s
fo.o7

' t
i.ots sit L. ?!-?-o9,8_ _B-1Yl_,21^sJf

16190 - 6 sl id6r mlxod tu.og
16191 - 6 sl ider 47O ohms €0.69
16192 - 6 sl ldor ' l0K ohms l in€O.69
16193 - 6 sl ider 22K ohms 1ineo.69
1 6 1 9 4  -  6  s l k i e r  4 7 K  o h m s  1 i n e o . 6 9

c l i i o .  a 7 K  l n d  C O  A q

A L S O  a v a i l a b l e  i n  P N P  ! i m i l . r  t o
2 N 2 9 O 6  B C Y 7 O , 2 0  l o r  6 8 P . 5 0  f o l
f1.15. 100 tot t2,O7, 500 for €9.20,
lOOO for f l6.10. Whon ordering pl€as€
s r a l , r  N P N  o r  P N P .
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LOOK?

DO YOUR PROJEGTS LACK THE
PROFESSIONAL

rF SO,
TRY OUR HB RANGE

INSTRUMENT CASES

Gauge
1 6
1 8

1+ 62p
2 72p
2 81p
3 94p

6 4
o +
8 6
U O

2 f1.27
3 el .43

Instrumont ca36s to give any projoct a profeilional look'
The four separato top, bottom and end- panels ar€ mads
of blsck p.v.c. coated stool. Front pan€l and top 8nd bot-
tom tr im are satin anodised aluminium for a neatf inieh;
back panel is in plain aluminium. The whole c436. in-
cludin'g screwa, iomes in a flat packag€ and may be
assembled in minutos.

D I M E N S I O N S  I N  I N C H E S
Width Dopth Hoight Prico

9 6 3 f4.87
9 6 4+ f5.27
9 6 6 e5'63

12 I  3  f5 .98
12 8 4+ f6.80
12 8 6 f7.26

BC Range cons is ts  o f  b lack  P.V.C.

coated steel top cover with bevellad

front edge, u-shaped aluminium chassis

and two fixing screws.
Mode l  Length  Wid th  He igh t  Pr ice

BC1 6  4+ 2  f1 .61
BCz 6 4 3+ t1 '74
Bc3 I  5*  2+  €1 .99
BC4 10 6+ 3 f2.0o

(Dimensions in inches)

SHEET ALUMINIUM
4 x 6  6 x 9  8 x 1 2
29p 57p E1 .O2
2Op 42p 69P
'l7p 32P 52P

Modol
H B l
Ht32
H83
H84
H 8 5
H 8 6

1126v 4p
2.2163v 4p
3.3/50 4p
4.714W 4p
1Ol25v 4p
15/16v  6p
22/1Ov 5p
22116v 5p
22/25v 5p
33/35v 6p
33/6Ov 5p
47125v 5p
47t16v 5p

4?l50v 6P
aolz6p 5p
1OO/1OV 5p
10O/16v  5p
1OO/63v Ep

AXIAL CAPACITORS TTL
7438 19p 7494 43o
7440 12P ?495 37o
7&1 60P 74101 2Op
744.2 38P 74121 28o
74{'6 51P 74122 34p
747 43P 74123 42p
7450 12P 74132 48p
7461 12P 74141 56e
7470 26p 74151 38p
1472 22P ?4153 38p
7474 23p 74154 6Op
7476 24p 74160 45p
7476 19p 741e4 60p
7485 50p 74174 55p
7486 21p 74175 55p
7489 f1.25 74192 48p
7490 32o 74193 48p
7491 30p 74194 4ilp
7492 30p 74196 48p
7493 25o

125l10v 7P
150l25v 0P
160l26v 0P
22Ol1Av 8P
220.l25v 8P
220l63v 9P
330/1Ov 9P
33Ol25v 9P
33O/63v 12P
47ol6.3v 9P
470l16v 12P
47Ol4Ov 15P
680/6.3v 12P
1OO0/6.3v 15P
10OO/l6v 2OP
15OO/25v 2Op
22OO/1OV 2OP
33OO/16v 269

260

22QlSOv
22Ol63v
330h0v
33Ol25v
330/50v
330/63v
47O/e3v
47Ol16v
47Ol25v
1 OOO/1 6v
1 OOO/25v
1 000/35v
22OOl1Ov
33Oo/6.3v

74oO
7401
7402
740,4
7406
7404
7&A
7409
7410
7411
7412
7414
7416
7420
7421
7427
7430
7432
7437

l o p
12p
12p
12p
12p
269
l 4 p
14p
1 o p
1 5 p
1 o p
42p
22p
120
2Qp
20p
1 3 p
1 7 p
1 8 p

47OO/1 Ov

4p
4p
4p
4p
6p
5p
5p
6p
6p
0p
6p
0p
8p
6p

TRANSISTORS
RADIAL CAPACITORS

.4715W
1 /s0v
2.2126v
1 0/4Ov
I O/sOv
1 5/1 6v
22/25v
22l5'Ov
33/63v
47/16v
47135v
1 OO/35v
22Ol16v
22Ol4Ov

9p
9p
8o
8p
9p
9p
8p
9p

l o p

ADlAllZ BC182LB 9P 8F194 129

MP 75e Bc183A lop !1191 1?P
BcloT s; Bc2o7B 11p 91199 l :p
Bclosa 16 Bc212L lop !1399 72e
8C148 7; BC213LB 10p l.F-7^5-O- 1:p
BC149C 8;  BC3O8 lop T|P32B 45p
BC149S 9;  8C338 10p 2N29O6 19p
Bc17 iB  1o ;  8c547  l 1P  2N29o7  18P
Bc172a io; 8D183 9op 2N3055 45P

8F137  l l p
2Op l,---

3lI I c28o PoLYEsTER cAPActroRs23p I
2so | 25Ov

5p .47uF 8P
.O22uF 4p .irF 4oov 7p .68uF 129
.o33uF 4p .1suF 6p .68uF 63ov lop
,o47uF 4p .Z2uF 6p 1 .orF 15P

24o 
| .o1uF 4p .oo8uF 5p .33uF 8P

.O15uF 4p .1uF

CAN CAPACITORS
125O/5Ov 50p
25OO/35v 70p

10,OO0h0v 6Op
15,00oilOv 6Op

15.000/16v 76P

ALUMINIUM BOXES
Aluminium box wi th l id  and screws'

Model  Lsngth Width Height  Pr ics
A 1 1 3 2 1 5 2 P
A t 2 4 3
A 1 3 4 3
AL4
AL5
A L b

AL7
(Dimensions in inches)

Single sided, copper clad, printed circuit
uoa ia .z$  x  s1  Pr ice :  1OP

a l x g  P r i c e : 2 5 P

25 Mixed Rubber  GrommetsPr ic€  16P

16mm screw-on cab. feet. Set of four
Price: 5p

14mm square self  adhesive feet. Set of
four Price: 1 5P

Din  P lugs  5  p in  180"  Pr ice  1OP
Din Sockets 5 pin 18Oo. Standard metal

Magne t i c  ea rp i eces  w i t h  3 .5mm p lug
Price; 12p

Reed Switches Pr ice:  5P
Wire Neons 90 vol ts Pr ice:  4P

75mm d iam.  15  ohm SPeake r
Pr ice:  6Op

125mm x  78mm Ova l  50  ohm Speake r
P r i c e : 7 5 p

Price: 1 Op
P r i c e : 1 2 p
Price: 6p

Price: 25p
P r i c e : 2 8 p

P r i c e : 8 p
Pr ice :  12p

SEF 6 ,OMB
P r i c e : 2 O p

4 . 4 3 3 6 1 9 M H 2
Price: 9Op

Latchswitch 2p 2w
DPDT Sl ide Switches
Green Phono Plugs
Br idge Rect i f iers
WOOS 5Ov  1A
WO4 40Ov 14
Red  L .E .D .s  . 2  i nch
Green  L .E .D .s  2  i nch
Ceram ic  F i l t e r s  6MHz ,

Colour T.V.  CrYstals

PP3 Battery connecting leads Price: 6p
20mm chassis mounting fuse holders

Price: 6p
20mm Pane l  Mount ing  F /H Pr ice :17p
DL5OO Displays Common Cathode
5 inch displays
1 p  1 2 w  R o t a r y  S w i t c h e s  P r i c e : 4 1 P

7p
7p
3p
2p
3p
5p
6p

DIODES

8ZY88c 6v2 7p BZYBBo 22v
BZY83c 6v2 7p BZY79c 68v
BZY88c 7v5 7p 1N914
BZY88c 8v2 7p 1N4148
BZX79G gv'l 7p lN415O
BZY88c 15v 79 |N4OO4
BZY88C 2Ov 7p |N4OO5

SUB-MIN  PRESETS
Horizontal: loo() 22oO 47oO lk, 1k5, 2k2.

4k7,'tok, 22k, 47k' l00k'
Verticaf : 470() 2lr2, 4k7'

All Prlca: 5P

All prices include V.A,T' and Post and packing' Send.for {ree pamphlet on all -our
;;'J;:il;ft;i.non*t". o5?H:il,'!lS"'"Sil1T:iT3t'ieil."'"''' as rorrows: ordors

HARRISON BROS. P.O.  Box.  55,  Westc l i f f -on-Sea'

Essex .ssoTLo .Te |ephone :Sou thend-on -soa (0702)32338 .
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The opportuni t ies in  e lect ronics,  today,  and for  the
future are l imi t less -  throughout  the wor ld.  Jobs for
qual i f  ied people are avai lable everywhere at  very h igh
salar ies.  Running your  o\ /n business,  a lso,  in  e lect ronics
-  especia l ly  for  the serv icrng of  radio,  TV and a l l  associated
equipment  -  can make for  a var ied,  in terest ing and h ighly
renumerat ive career .  There wi l l  never  be enough specia l is ts
to cope wi th the ever  increasing amount  of  e lect ronic
equipment  coming on to the wor ld market .

We give modern t ra in ing courses in  a l l  f  ie l  ds of  e lect ronlcs
-  pract ica l  D.  l .Y.  courses -  courses for  Ci ty  & Gui lds exams,
the Radio Amateur  l icence and a lso t ra in ing for  the new
Computer  Technology.  We spqcia l  ise onlV in  e lect ronics and
have over  40 years exper ience in the subiect .

A l l t he  t r a in ing  can  be  ca r r i ed  ou t  i n  t he  comfo r t  o f  you r

own home and at  your  o\ in  Pace.
A  tu to r  i s  ava i l ab le  t o  whom you  can  w i te  a t  any  t ime

for  advice or  help dur ing your  tucrk.

COURSES AVAILABLE:-

O crw & culLDS cERTlFlcATEs
IN TELECOMMUNICATIONS AND
ELECTRONICS.

O naoto  AMATEUR L lcENcE.

O cotupurER TEcHNoLocY wlrH
HOME TRAINING COMPUTER.

O o tc t rR l  ELEcrRoNlcs .

O aEctt !NeRs PRAcrlcAL couRsE.

O neoto  AND TELEVISIoN sERVlcE.

O aruo MANY orHERs.

WE ARE AN INTERNATIONAL SCHOOL
SPECIALISING IN ELECTRONICS
TRAINING ONLY AND HAVE OVER
40 YEARS EXPERIENCE IN THIS
SUBJECT

A l l  s t uden t s  en ro l l r ng  I n  ou r  cou rses  rece l ve

a  f  r ee  c i r cu i t  boa rd  o r i g rna t i ng  f  r om  a  compu te l

and  con ta i n i ng  r r uny  d i f f e ren t  componen ts

tha t  can  b  used  I n  expe r r  men ts  and  p rov i de

an  exce l l en l  examp le  o {  cu r ren t  e l ec t r on i c

oract  ice.

F ree32 page
Colour  Booklet ,

acareer.

I
I

! runvr
!  nooRESS .  " " " "  I
r !
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;  Pos t  now,  w i thout  ob l ig t ion ,  to :  I

igrursH NATIoNAL RADloond i- ^ . .  I  c e  t ^ . " ^ . ,  I

JANUARY, 1980
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PAY A VISIT _ THOUSANDS MORE ITEMS EELOW WHOLESALE PRICE.
CALLERS PAY LESS ON MANY ITEMS AS PRICES INCLUDE POSTAGE.
PRICES INCLUDE VAT  AND ADDIT IONAL  D ISCOUNT IN  L IEU  OF  GUARANTEE.
GOODS SENT AT  CUSTOMERS R ISKS UNLESS SUFF IC IENT  ADDED FOR
REGISTRATION OR COMPENSATION .FEE POST.
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Car  t ype
and key

7p
1 1 p
1 3 p
1 3 p

BO)(ES - Grey polystyrene 6'l x'112 x 31mm, top securod by 4
self tapping screws 57p clear perspex sliding lid, 46 x 39 x
2 4  m m  l O p ,
ABS, ribbed inside Smm centr€s for P.C.B., brass corner inserts,
sc rew down l id ,50  x  1OO x  25mm orange 6Ep;80 x  15Ox bOmm
black  97p;  110 x  190 x  6Omm b lack  f l  .82 .
DIECAST ALI superior heavy gauge-with sealing gasket, approx 6|"
x  2$"  x  lN"  €1 .55 ;  3 f  x  2 f "  x  1$"  99p.

V A R I A B L E  C A M M  P R O G R A M M E R  1 0 ,  1 2  o r  1 5  p o l e  2  w a y ,
50VAC motor -.-  series with 1mfd, or 3k lOW or 15W pygmy bulb
for mains operation. Ex equipment f3,10,

p a n e l

Trans fo rmer  9V  4A
f3.30

Aluminium Knobs
tor t" shaft. Approx.
*"  x *"  wi th indicator- 

Pa-ck of 5 95p

OFFERS CORRECT AT 22/11179

VALVE BASES
Printed circuit 87G
Chassis B7-B7G
Shrouded Chassis B7G-BBA
B12A tube.  Chassis B9A

TAG STRIP-6-way
9-way 4]p Single

JAP 4 gang min.  sealed tuning condensers

ELECTROLYTICS - Hundreds moro in cataloguo
Valu6^y'oltags
Tant Bead .22, .47/35v 6p. .1, 1/35v, 47l6.3v 8p.
.22/2ov, 3.3/1 6v, 4.7/35v, 1O/25v, 22/16v 9p.
4.7/18v,  l0 l3v 1Op. 3.3/35v 12p.

Wir6 End
63v 2.2,  4.7,  10,  33,  5p.  2.5 3p.  1.5,  22,  47 6p.
1oo, 22o 8p. 1 5O 7|p. 33o 9p. 47Q 1 7|p. 1 0OO
29p .25v  6 ,6 .4 ,  10 ,  12 ,  16 ,22 ,25 ,30 ,33 ,40 ,47 ,
50,  64 4p.  1O0, 150,  160,  330 6p.22O 7p.25O,
3oo. 47o 8p.  1OOO 11*p:  22/16,  1O/5O 4p. .
1OO/1o. 47/16 5p.  1O0/16 lOO/35.220/16 6p.
470 /6 .3 ,  1O /350 ,  47Q/16  ap .  lOOO/16  10p . i
1500/6.3 7lp.  22oo/1A 2Op. 47OOl1O 30p..
15/16o 7p.  CANS 25OI3OO,45p. 300/450 9Op..
1OO/275 14p. 2000/1OO 82p. 1O0O/1OO 7Op..
8+8/450 9p.  1O,OO0/16 SOp. 20OO/5O 35p. Ful l ,
range in catalogue.

I RS 1OO-O-10O micro amp null Indicator
I  A-^,^- t"  v l "  a l ' .A p p r o x .  2 "  x  I "  x  f "  . . . . . . . . . . . . , , . . . . . . . . . . . . f l . 8 6

Tv MAINS DROPPERS
5 assor ted  mul t ip le  un i ts  fo r  . . . . . . . . . . . . . . . . . . . . . . . . . .  45p

1 OOpF air -spaced tuning capaci tor . . . . . . . . . . . . . . . . , . . f  1,3O
5I" x 2*" Speaker, ex-equipment p ohm 65p

2 Amp Suppression Choke.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1Op

;*-,'i I I:') PAXoLTNE '3 [l?33
t r t i i l o n  

- c t i p  
o n  M E S  b u l b  h o l d e r  . . . . . . . . . . . . . . . . . . . .  4 p

VAwE RETAII{ER CUP. adlustable 5 for 15p

Sub-miniature TransistorTransformer 35p
Valve type output transformer 9OP
POT CORES with adiustor
142508-142519 43p per pair
16 Watt Power Amp. Module
35v 1A power required, giving 16 watt
R M S i n t o B Q  f 3 . 4 5
REGULATED TAPE MOTOR
Grund ig  6V approx . ,  3 "  x  1  ! " ,  inc .  shock  absorb ing
car r ie r ,  o r  Jap  9V,  1 : "  d iam.  f l  .O5

2Omm fuse holder - chassis 4p, panol l7p.

Fane 8  ohm 3"  so .  heavy  du tv  communica t ions

Bulgin D676 red,  takes M.E.S. bu|b. . . . . . . . . . . . . . . . . . . .38p
12 vol t ,  or  Mains neon, rsd pushf i t . . . . . . . . . . . . . . . , , . . . .23p
R.S.-Scale Pr int ,  pressurs t ransfer  sheet. . . .^-- -12p
CAPACITORS: up to 5O0v: Ceramic up to .01 2p,
to .1 5p. to .68 8p. Silvermica up to 50O0PF 5p,
t o . 0 1  2 1 p ,  P o l y ,  e t c  u p  t o . 1  2 p ,  t o . 2  3 p ,  t o
.47 5p,  to .66 7p:
.1 , .22/9OOv 15p. .3/6O0v 4p. .97/16Ov 7*p.
lmFd up to 25Ov 1Op,2.2mFd up to lOOv 14p.
4/16v 25p.  6.8/63,  25/50 19p.  8/2Ov 4Op.
CAN 1 /350  12p .  8 /66O vac  f 2 .  3 / 660 ' vac
f l . 7 5 . 5 / 1 5 0  7 O p .
Pufse Tube: 8-12kV, 10,  47,  56,82,  32OpF 2p
each' Hundredc ol others in cataloguo

SONNENSCHEIN /POWERSONIC  DRI -F IT  RE-
CHARGEABLE SEALED GEL (LEAd ANt iMONYI
BATTERY, 6 Volt 6 amp. hr. l4$" x 2" x 3") f4.25
Ex-eouiDment, little used.

CONNECTOR STRIP
Bell ing Lee L1469, 4 way polythene. 9p each
1] glass fuses 25O m/a ot 3 amp (box of 12) ZOp
Bulgin 5mm Jack plug and switched sockot (pair) 40p

T""o s
PP9 Bat te ry  1eads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ' . . . . . . . . . . ' . . . . . . . .  Ep
Aluminium circuit tape, { x 36 yards-self
adhesive. For window alarms, circuits, etc.95p

speaKer
RS neg. volt regulator
MPC9OO) 1OA, 100 walt
sort circuit

f1 .60
103, 306-099 (equiv.

4-3O volt. Adiustable

4f"  d iam. 30 ()  C1.76.  4"  d iam. 80 f l .OO
2*" d iam.8 ()  75p or  32 f1.07

5 x 5OpF or 1OOO +
3OOpF trlmmers 35p

> k
U :
Y o
( J g

b gq
X o q

o E
v o

1 k horizontal preset
with knob 10 for 4Op

3" Tape Spools 5p
l  "  Terry Cl ips . . .  5p
12 Vol t  Solenoid 4Op

1 2 
'  Ftush Wal l  Wh. Rocker . .38p

6  2  S t i d a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 4 p
2  1  Ro ra ry  Ma ins . . . . . . . . . . . . . . . l a }p
2  A l t e rna t i ng  M ic row i t h ro l l o r . . . . . . . . , . . . 3Op
2  2  Sub -M in  Togg te . . . . . . . . . . . . . 62p
2  1  T o g g l e . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 O p
1  2  Sub -M in  To99 te . . . . . . . . . . . . . 67p
2 Alternating 2A Mains Push (f" hotel4ilir
1  3  S t i d e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 O p

S.P.S.T. 1O amp 24Ov. white rocker switch with
neon . .  1  "  squa re  f l ush  pane l  f i t t i ng  . . . . . . . . . . . . . . . . .  3gp' l  pole 2-way lO amp oblong c l ip in mains rocklr
app l i ance  sw i t ch  . . . . . . . . . . . . . .  . . . . . . 36p
Standard thumb-wheet swi tch O-9 in 124gN dr
B.C.D. or  Comp. 1242 also 2p co . . . . . . . . . . . , . . . . . . . . . . . .gbp
Standard Levar Key swi tch D.P.D.T.  locking plus
D.P.D.T.  and S.P.S.T.  Heavy Duty non tatchingT3p
1 pols 2-way Micro; button, roller, lever or hair-
t r i g g o r . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . 1 8 p
Push to make 15p To break l7p
4 -bank  o f  2PCO rndependen t  . . . . . . . . . . . . . . . . . . . . , . . . .  4Op
S-bank of 2x2PCO, 4PCO, 6PCO, interlock plus
2  P C O  i n d e p e n d e n t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8 p
6-bank of  4x4PCO+6PCO+2PCO inter locking.  58p

COMPUTER &  AUDIO  BOARDS/ASSEMBL IES
VARYING CONTENTS INCLUDE ZENER, GOLD BOND,
SILICON, GERMANIUI\4,  LOW ANO HIGH POWER TRAN-
SISTORS AND DIODES, HI STAB RESIS] 'ORS, CAPACI-
T O R S ,  E L E C T R O L Y T I C S ,  T R I M P O T S ,  P O T  C O R E S ,

CHOKES, INTEGRATED CIRCUITS, ETC,
3lb for  f2.3O 7lb for  f4.30

ENM Ltd. cased 7-digit  counter 2{ x 1} x 1}"
approx. 12V d.c. (48 a.c.) or mains f l  .1O

Auto charger for 12v Nicads, ex-new
equipment f3.95

RESISTORS

r-{-}  wat t  1}p 10 same
va lue  lOp
1  w a t t  . . , . . . . . . . . . . . . 1 * p
1 or  2/o same or ice
Up to 15W w/wound
1Op, 10 same value 75p

=

o i *
t r e' 6 x

E ,
o
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O o

P >
€ ;
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u 6

R E [ A Y S
RS/A lma reed re lav .  1K12v
or  3k  O 18-3ov  d .c .  co i l .
normal ly  op€n. . . . . . . , . . . , . . .36p
12v d .p .c .o .  heavv  du ty
o c t a l ^ . . .  . . .  . . .  . . . t l
600 f| 4 o/co min sealed
75p.  Base 10p.  D. l .L .  3 .7 -
1 2 V  S . P . . . . . . . . . . . . . . .  f l . O O

- o
9 0
= r t

> =
a :
3 E
to '5

o P
r d

:+ {
E O

E

POTS
Wirewound 38p. Log or Lin
rotary 22p, or slide 3Op.
With switch 4Op, Dual 46p
Oual  sw i tch  55p 1 .5m
Edgetype 10 tor 40p.

Skoleton Prosot!
Slider, horizontal or venicsl
standard 5p or submin 4p

THERMISTORS
and V.D.R 's

c z 1 / 2 / 6 / 1 1 / 1 4 ,  K R 2 2 ,
K T  r  5 0 ,  V A  I  0 0 S / 6 / 8 /
1010/1033/4h /8/9 1040/
1 0 5 3 / 5  / 1 0 6 6 / 7 /' t o 7  4 1 6 / 7  /  1 0 8 2 / 6 /
1091/6/7/8 / 1100/3/8/
8 6 O 2 .  R o d  w i t h  s p o t
bluefawn/green,
E2990DP120 / 21A / 224 /
338 / 340 / 350 / 352 .
Y F 0 2 0  E 2 2 0 Z Z / O 2
K R l 5 0  E 2 3  g l a s s  b B a d '
Y G l 5 O - S 5 3 4  b e a d . K B l 3
E 2 9 9  D H P 2 3 0 ,  1  1 6 - 1 2 1
40r  (TH7.  VA1104,  OD10)
R53 Glass All 7p osch
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Miniature 0 to smA d.c. meter approx *" diameter f l  .25
RS Yellow Wander Plug Box of 12 . 4Op
18 SWG mult icore solder . , .  3|o foot
SAPHTRE STYLll .  1O dif ferent; dual and i ingle point, current and
hard to g€t types. My mix fl
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zr, i i  soz 18p I r  Hst o b'
2N22lg tli: I inreoog 9p
inzlz2awznzlor 36it | 1N4148/1Ns14 llp
2N24',1227i2N248328o | 8A145 1cp
2N2go4/5iet7/7A gp I Cedercel . ?!p ,
tN:d;i'- 

- ';' rii I ezyil6m4a/ol81 !?e 
'

ili:g:-:.L..1. 1?; I BBllS Y,liTi",,*ffl2N3133/4O62 21o | :
iiiiz6g 

--- 
zii I BAlszBB lo3 variepop'2ffilsopzru+orz 
!{f, | ?}}'rtJt"?..r""n lfii2N371-6 -2.3P I BZi6l Tr-"ort 

- 
f-ob'2N4si8 _ i i ip I  grgg lop AAr rg i i

21tp1q+Ter Pp. I izvgoc rov 34pt
2N-6385 Pwr Darl 51c | 

'orro.^ 
a?r/ ^. r R\, ?4^

2N7O6A 13p '2N918 12p | 4vzcv l 'rrJvc.'r ool'

2Ns2e 18p 2N987 46D I -4o1tj..-- ^.^^=2-3"
i r .ncea '  e r : rc  |  

-  
OTHEROIODES- . .1

zr, i isoz 18p I rHstl i  ao'
AC I 2811 76 1 6p
ACY2O 30p ACY29 22p
AD,t61/2 match pr. '  ?Op
AFI  16  21p
AF124/6/7 27e
AF139 23p
AFl 78/80 35p
AF181 33p AF239 35P
ASY27/73 360
A U 1 1 0 f 1 . 5 1  A U 1 1 3  g a D
BflOT/a/9+NB|C 6p
8C147/8/9 + NB/C 6D
a9157/e/9 + A/B/C 6o
BC1 7  r  B /1  73  6P
sc178A/8  l79S 149
R.1  g? / t  84C/LC 50
B C r 8 6  2 3 p  8 c 1 8 7  8 0
aczo+ t7c aerTg cp
sc213u2148 5p
8C238/338 6p
ac327l8/337 8p
8C547/a + NB/C 5p
8C556/7/7a/A/9 5D
B q W 7 l  R  1 P
8Cx32/36  16p
BCY31 69p
BCYaO 31p BcY56 rOi
acY70,l1l? 0D

-sc2rr  
szp 8D113 57p

BDi 15 ai tp
tD1 i6 (BRc l16T )  s4o
so1a1l2 

_l to 
,

8D133/5/6/7/8 35P
BD137i8 matqh Pr 60I,,

33;;3 tzr aot+z frcg-sOTolfzhl4 
8ip

8D232 52b6D2ta 13o
eoi{5/i 46p
so igg  zgp BDX77 97P
8D437 35p 8D438 28P
'BF/ t ' t5 /167/173 18p
B F 1 7 A / 9 2 3 p  8 F 1 8 1  E P '
8F18o/2/3/4/5 18p
8F194/5/6/7 Dp
BFl94A.  l95g - . . . -5P
BF2OO 13p 8F258.17p,'aF324 

15psF262/3 29p
BF33ri 31p sFV:!_Bn_

BFS28 Dua l  Mosfo t f l -15
6-Ff6 i .oe
BFwlo/1 I F'E.T lCA
BFW30 f l . lE
BFW57/58 21c..
BFX12 239.

tufi ?.c. h Mdlnd rts, .dr.r h !ti.*
rirxzg 15p
BFX3g/.3ir 16P-

BRtot 3/ro BSV64 36p
65V707so r.e.r.s cop
8SV81 MoEfat ,qp
BSX2O/21 10p
BSY40 30; BsYgSA i4t
Efzoa + Mount Kit 7€i-
eu20g f1.85
cv7042 lOC41i44

ASY63) 129
9!!_!_L/ril " 16o
MA393 26p
MJE371 40p

#4rrrbTil"a #
oc45(ME2) t3p.
0N222 ?tl.
R1039(201o) i lp
Hz@8Fg:!oF201os 79P
TiF5 tzn 1P48-33L
TfP31 24P
irs?-3 (2N2646) zzp
pA78O5 Res.TO3 69P.
211486  c1 .16
zTX300/341 9p
26509-- 30t
Itrsss {Megsg) 35pi
2N456A 67P

o o a A A o o g
*a+..H+!
6 a s a D O S

r eP 66ih
r FH FPiriH
=i fe6=33
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tur6 wirs, 19/0.16, minus'
5 5 o  t o  1 0 5 o C .  6 O 0 V
34, whito, blact 9r red'

PVC OUALITY TAPE
Llsso 'lom x 1 smm gteY

38p
33m x 33mm green

f 1 .13DFerromao C core. Scrgood 95_
. r os- r r s=- r zs-zoo-z2o2cov
i n o u t  o u t p u !  1 7 v  I A  x
2  +  2 4 - O - 2 4 v  1 O 4 A + 2 O v
1mA, 

-rh6ss 
cur.q' i  . i l lnq!

can be salolv cicodd nY
50%. tr,oo

,Casselle Dynamic Micro-
ohone with switch and twin,
p lug  e  1 .35
Telsphons Pickup, sucker
with lead and 3.5 plug t2P

Amp Vol i
+ 1,600
I  140
5 rod
0 . 6  1 r 0
5 400
2+ r0o

3* I OL,

ERIDG€ RECTIFIERS
8YX10 3rlp
osH0l :200 300
Ex Equip 73p
EC433 2Op
Texas f l . l  0
l.R. a8o
84OC 32OO .6te

type 3-3OpF lop
10-8OpF 10p
3o-140pF . 239 '

GARRARD
GCS23T Crystsl Slo160
Certridge Ct.2!
Mono {Steroo comDstiblt l
Ceramic or cry3tal C1 ,' l4

'o
3

o

o

N

N o

N
P F

=

o
E

o

o

5

o

.9
Io

3

o

6

r
N

M 1
1 N4002
1 N4004/6/8
1 N4007/8YX94
sYr03
s R r 0 0
SR4OO
BEC53A
LT1 02
sYx22-200
BYX38.3OOR
BYX38-600
BYX38-900'8YX38-1  

200
BYX49-300R
BYX49-600
BYX49-900
BYX49-1 200
8YX48-3008
BYX48-600
8YX48-900
BYX48-1  200R
BYX72-  1  50R
8YX72-300R
BYX72-500R
BYX42-300
1 N5401
r  N5402
M R856
BYX42-900
BYX42- 1 200
BYX46-300R
BYX46400R
BYX46-5OOB

6 o i
3p

3*p l
+lp
219
9p

lop
lcp
tEp
26P
4 E P '
6?,9
top
clp
?8
rlilp
17e
toP
a7c
top
top
g2P
Ap
a2g
tEp
3tp
13p
16p
21P.
ezg'

e  1 .o7 ,
e l . 1 9
f  1 . 7 5
c2.oo
f2.30

,2P
e2.05
e2.90

/tEp

f3.oo
f5.0()

a2p

2 a2p
. 2 q
.  lop
. 9op
. 1 0 p

6A
50/1 00
4l6l6od

1 250
1,500

100
400

1,250
30

300
300
600
900

r.200
300 .
600
900

1.200
300
600
900

. r ,200
1 5 0
300
500
3@
100
2o0
600
900

1.200
300
400
500
600
200
300

1.200
1 ,250

1 . 5
1 . 5
1 . 5

| ,
2 .5
2 .5
2 .5

J

3
3
3
6
6
6
6
1 0
1 0
1 n
' t 0

3

l 0
t 0
1 5
l 5
1 5'| 5
z a
40
40
r . 2 5

Amp Voh TRIACS
25 900 BTX94-900
25 1 200 ,B'IX94- 1 ?O0
,Ditrle Characterislrc, Equrv., and

Subsrirution Book
Transistor equivalenls and'subs t i tu t ion  

Book 1  38p B@k
Ctrrome Car Radio facia
Rubber Car Radio gasker
OLI Pal Dslavline
Relav Socket 4PCO or 2PCOr
DIL sockets low profi le:
gap. 164p, 2422p

,Fer r i le  rod  7-8"x l  d iam

Ncw unmr*id, or markad
amplc lcrd .x n.w rqulpm.nt

ACYIT-2O lop r  t tC+a l?p
ASz2o lop |  2G24O t1.17
ASZ21 35p I  zcgoz 6p

Bc1B6 rsp I ?91?l oP

iijjs;# ii: i 3illl;' ':3
"^Y',\"f i' i'- l zNseslg 8p
?. ' ^ ' , ' ^ " : :  . I l  l z t r tog t  lop
I9lgl:  '1! |  ztt tsoz roP
I : : :Y :  : I  i  rNreoT 11. t t
hutu/v re 

I  Germ. cl iode 2p
178/9 4p I zueOSs 26p
M3 !?o I rru +oor 3p
oA81 z l9 I  GET120 tACt28
OA47 4p I  in 1 '  sq.  hear
OA2O0-2 -!l I sinr 22p
oc23 ?7P I Cetstz 16i
oc2oo-5 ?4o 1 tarato }ao
cro6 THY lop I  Tts43 15p
BUY 121'ti 5OP I eovgO 35p

MII{ IATURE EOGE METERS
I OO/A f.s.d., scalsd O.5. 12v llluminatsd
blue peripex front, 35mm x 14mm f,3.45

2OOrlA lgvel meter, claar front'
lO x t8mm 66P

1  2 4 o  B T x 1 8 - 2 o o  . . . . . . . . 1 ! 9
r  4 o o  B T x r 8 - 3 o o ; . . . . . . , . . . , . . . 1 1 P
t zio grisozol
4  s b o  . 4 o s o 6  . . . . . . . . - . . . .  . ' . . . .  .  '  i . - ' - 6 ! P .
J5 5OO 

'BJIO7 . .  f l :go'
o.s soo 8T1O9--5-00R/scR957/8RC4444'.'..'-"71Pt i . 5  5 ( r '  O I r V Y - o w n / o w n

,o  660 Erwb i ' tqoRM . . . . ! ! . !Q, ,
ia 8oo BTx95-8008 PulsJylodulrt.d ra.7l.

PHOTO SILICON CONTROLLEDpwITcH
b F i o o i w P H  1 o a m p  .  .  .  .  .  1 1 . 1 8

!" rod 7 s€gm€nr L.E.O. 14
D. l .L .  0 -9  +  O.P.  d lsp lay  1 .gv
1 9 m / a  s g o m s n t ,  c o m m o n
anqd€ 

- 
55p

HP ,rt3 In vcllow f1,60
RS O.6in. sroon ii. i i '
M in i t ron  0 .3 in  3015F
f i lamont  .  . f1 ,2 t
l n t r a  r € d  t r a n s m l t  d l o d e g
COYI18 or LD27 Hlgh Pow€r
1.6-2v or 3-3.5v Pulae 63P
H158 Photon couolod iaolstor
LR. diod6 & NPN Photo-Dar-
l inoron  amo f  1 .O l
Daia Sheei loo

14trl6t7-2n4Ed-d4|g6---'5f
5406 15p 5486 14p
5476 2Op 5490 25p
54AO 22p 54123 35p

M.O.S. .nd Schotct y taa
C.tatoguc

- D|GITAL l.c. ',r
74oo/1t2t4 lp
i { to  !D
74t20./30t60161 9p
1ao6 tuD
7414 30p

7417126 16p 7432 13e
7442 2ao

7431/38154 12P
t445 a2o 7" t .116 2q
1473 ,t6e 7474 lgo
.7490/828U 26,
7482 36p 7493 46p
7486 14p 7495 fgi
7 4 1 0 7  1 E e  t  7 4 r 1 8  7 t i
14122 260 74123 3?r9
14132 4p  14141 42p
74151 32p 74165 6 lp
74154/164/175 35p
74167 23o 74173 Ug
74192 33p 74193 38p
74196 3Ep 74293 8Oo
744eo €r::!0
74H s;ri€s dil?FD-
oo/o1/10/40/50ni 

- '

t  4  t 2 D  l o p
3 ;  r o i  c P  l r l P

plaslic switchaf
1 1 + P  m e t . l

i  t7p 2OF 16P
Sre'eo 26*p zOP 24P
SDanker 79 7P

3witched
3 O l t v  l l e  l O P  

-  
l ' l P

5 D l N  1 8 0 '  l o o  l o '  I t t P
S D | N  2 4 0 '  1 3 D  8 P  l l p
Photro 6p 6P . lqP
Twin Socl.r 9p. Triplo 2op, 4mm Plug or
socket 9p, TV coax plug 9p, Sockol 8p, Linr
.onnector 99, Surfaco oullet bor 4Op.

L I N E A R  l . C . ' !
cA3001 86p
CA3O28 6 o 76p
cA3O44 b I €1.2O
cA3046 '€'!i 4Op
cA3054  0  g  f 1 .10
CA3086 >iI 50o

3i3ii3 g= u;t1
cA306s c r .m
CA3083 05p
CA3183 8Oa
jOZ 62p 741 16p
71Ol72O 28p 724 2Op
7805 (TO3) 55p
210273e 709 15i,
825129 fo .O i )

LM3O0 86p LM3O9 6Op
LMl303 97P
1M1458 32p
LM3e00 40b
L M 9 3 t ' t  e 1 , 0 2
MC13O6P 40o
MC1307P 35+b
M C 1 3 1 2 P  4 0 ;
144263 ,60
f A A 5 5 0 Y o r G  2 3 ;
I+4ISS cr.do
I  M J z v  f  l , 1 6

TAA700 f2.30
MT3OO/3O5 8p Y.rl Ep
AY583OO 30D
c500 tGtMT4)
Calculator chip 37p
sN76396N 351;

Swivcl !.r i! l  6+ to 30" . ...........".. lOP
Mul t i core  So lder  |kg .  16  or  18  or  20
s . w . o .  . . . . . . . c 6 . 2 0
3 inch 8Q)spcak6r.  . .  .  .  .  C! . ld

sil
t E l
i p
sl
El
B . o

d +
o o

Ei
a !

- 5
E 3

Ei
is
C t

EE
- o

o

ter t
J r o

!F
i 9

I
E
o
o
xo
5
o
E
a
a
o
o
o
3
a
c
a
o
o
.g
J
c
G
5

o
!
t
o
E
6

o

o
6

o

VEROBOARD
.1 5 striP apProx 6"x4"O5P

sf"i1" scp 4i"x3*" 44p
Plain .1 4x4!" 36P
3*"x2i" 26P
3* x3" 31P

Mirlralur€ Aisl L88d FlnIt '
Choke formec 5 lor t3P

o
3
o
rO

o
lJ)
N

g3"l3,ttt'oo' t*rii8

:8p.fJl i?9,"d 
*.'n' ,ro_

Pp
p
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MARCO TRADING
To obtain a fr@ copy of our 35 pago lisi simply 3and a 2Op postago

stamp or a large SAE. Thi3 advortiremont lhows only a part of our langs'
(Our now list includes Tanis' Electrolytict, Di3i ceiamica, etc.)

TRAT{SISTORS

A C 1  2 8
A D 1  4 9
A D ] 6 J
A O 1 6 2
8 C l  0 7
TO5 leg)
B C 1  0 8
B C 1  0 9
B C 1  2 5
8 C 1 2 6
8 C 1  4 7 8
B C 1  4 9
B C 1  5 3
B C l  6 1
8 C 1  7 7
B C l  7 8
8 C 1  8 2
B C 1  8 2 1
8 C 1 8 3
B C 1  8 3 8
8 C 1  8 3 1
8 C 1 8 4
B C 1  8 4 1
BC21 2
BC21 28
B C 2 1 2 t
BC2l'2tA

B F , I 1 5
8F121
B F l  5 9
8 F 1 6 4

8 F 1 6 7
8 F 1 7 8
B F 1 8 0
8 F 1 8 2
8 F 1 8 3
8 F 1 9 4
B F 1  9 4 A
8 F 1 9 5
B F 1  9 5 C
BF2OO
B F 2 2 4 J
8F241
8F257
8 F 2 5 9
8F262
I  F 2 6 3
8 F 3 3 7
BFT41
BFX84
B F X 8 9
8 FY50
B F Y 5 l
B F/52

32p BFyii zze
99P BRror  g2D
7?P BRY39 s2i
::P BsYs2 35b
77P 8U105/02 €1.58
:gp  8u  I  08  f1 .8O
:?p au124 e1.82
l :P  BU 1  26  f l .50
:lp BU2O4 €1.46
: t^P 8U205 f1 .35
lYp 8U206 f1 .76
: :p  8u208 €1 .76
ruP GET872 llD
12p GET881 15p
z8p oc4s 3oe
15p oc?1 26p
15p oci2 35p
2ap oc76 32p
3op lP29A uo
3op lP3 lA  360
3op IP32A N;
3op rrP32c 7oo
3op lP33A 6s;
22p TIP41A 45;
65p rtp{ZA /top
2op rP3o55 85p
2oP Trs43 34P
2op 2N3o55 48p

fiffi1ffi
l;l gffii .,ili

4{Dm./w ZENER DIODES Low Prlcc
3V, 3V3, 3v6, 3v9, 4v3. 4v7, 5vr. sv8, gv2, ov8, 7vs, gv2, 9v1, iov, I tv, t2v.

1 3V. 1 3V5. 1 5V, 1 8V, 1 8V, 20V. 22V, 24V, 27V. 30V, 33V.
Prico: 8p ..ch 1OO any mlr €6.00

8
1 4
1 6
1 8
20

24

40

1 watt
ZETUER DIODES

3V3 to 20OV Ful l  rang6
Price: l5p .ach 100 anv mix f12.6O

BRIDGE RECTIFIERS
1.5Amp sOV 32P

400v 4:lp
8o0V 58P

2.oAmo 50v. 3ED
rluv $zP
4oov 6oP

6.oAmo 50V 7OP
2oov 7sP
4oov a5p

O. lW SUB.  MINIATURE
PRE-SETS

1OOQ to lfueg v.nlcol or Horlzontal
Prico: 6p.rch, lOO 6ny mlx f4,60

LIIUEAR IC'T
c A 3 o 1 8  . .  . . . . , . . . . . . 6 7 p
c A 3 0 3 5  . .  . . . . . . , . . . f 2 . 3 0
c A 3 0 4 6  . . .  . , , . . . . . .  7 o p
c A 3 0 4 8  . .  , . , . . . . . . . € 2 . 1 8
a Y 1 0 2 1 2  .  . . . . , . . . . . € 5 . 4 o
A Y 1  1 3 1 3  .  . . . . . . . . . . f E . 6 0
A Y 5 1 2 2 4 A ,  . . . . . . . . . f 2 . 5 0
A Y 5 1 2 3 0  .  . . . . . . . . . € 4 . 4 0
A Y 5 8 1 0 0  .  . . . . . . , . . . f 5 . 6 0
Ful l  rango of Pan6l lV!gtors svoi lSblo

f6.26 €ach

O I L  l o p
D I L  1 3 p
D I L  1 6 p
D I L  1 8 p
DIL 22p
DIL 23p
DIL 24p
DIL 2ap
DfL 4Op

VEROBOARD
(Copper Clad)

Sizo Inch
2 , 5 x 1

Voro wir ino Psn ( including spool of
w;rel t2.54

COtTIUECTIlTG CABLE
Black, Blu€, Gr€en, Gr€Y, Orsng6, Pink,
Red. Whit6, Voi lot ,  Yel low, Erown
Singl€s 5p p€r metro
7/0.2mm 50 psr metr€
1 6/0.2mm 8o oer metr€

ROTARY POTg
LOG: 4K7, 1OK, 22K,4'tK, IOOK,22oK,47OK' 1M' 2M2 27p !.9!
Ll N: 47ocl. 1K. 2K2. 4K1 . 1 oK. 22K, 47K, 1 OOK, 220K, 470K, t 

"i"2ll"Tro"lrlt$?i:$
RESISTORS Low lllolrc 5% Hlgh St blllty

+w ar 4oc.-]/3w qr 7oc. E r 2 series only Lo. 2.2d1. 2.7 n 3.3 o 3.9 o, 4.7 o, 5.61r)
6.6 ( l  8.2(2.  1o(2 erc.

All  at  2p . !ch. 10 of one valuo fo.  16p, ' I ,OOO mLed In lO0'!  fE.OO
our w€l l  known 'sp6clal  Dovslopmen('  pocI.  Sp6cl6l  Pr lc€: t6.OO

{This oack consists oi 10 off €ach valu€ 2.2 f,)lo 2M2. 730 16!l!10.!)
1w rosistors avai loblo. E' !2 s6r i6s only.  2.2 t l to lOM 6p .ach
2W roglgtors aval lablo. E12 sori68 onlv.  lo l l to 10M Ep alch

DIODES
oA47 1op,  OASl  r4p ,  OA9O 1Op,  OA9t  lOp,  OA2OO 6p,1N4148t lp .1S447p,  1N914
lFormed Leads) 3p, 1N4OO1 6p, 1N4OO4 Cp, 1N40O7 7p. 1N6392 1lp, 1N64Ol l6p,
1N5404 18p,  tN5408 27p.
Many. many morc itcmr In ctock includlng our nN rrng. ot 03V polycar
bonaio cloac tolerancc crpaclton. In 63V wc !r. now rbla to offcr f%,
1/o,2% and 5%. In 44OV thr nngc lt ttlll th. .!mc. Full d.t!il! In oul
FREE ll3i.

SPECIAL OFFERS
Powsr Amplif ier Sanyo STKo1 5 Brand Now Full Sp€c stc. 1O Watts into I (1.
Fr€e soec shest with evory ordor. Our Drlca: f2.5O crch.
Radio Spares Edge Meter Type MR I 00" (259-562). All naw 8nd box€d. RS
prics over e4.O0 each. Our prlcc: t2.50 cach.

Send your orders to:
DEPT. DP12, MARGO TRADING,

THE OLD SCHOOL, EDSTASTON,
Nr.  WEM, SHROPSHIRE SY4 SRJ

Tel: Whixall (O948721 464/85
Ploa.s .dd 25p po3t.9. .nd plcklng to ..ch ord.l .nd ldd 15% VAT to Your tosl
qdor. Expon .dd NO VAT but .dd po.bg. Alt/E.. !t cod.

o - ' 1 "  o . 1 5
2op N/A

46p 5Op

,.AR

Our computer has already
selected thousands of our
customers to whom our
new catalogue has
automatically been sent. lf
you would like a copy too,
simply send us your name
and address. lt's

FREE
(You don't even have to pay postage )

a We glve dllcountr O We rtablllr prlcec.
on C.W.C. ord€rs, excspt tor by keeping to our printed
a lew it€ms market Net or N pric€ lists which appear but
in our price lists. three or four times a year.

sx 8?oolofR,5t""t"
tqslfll"aiiivarue ; ffi:"THHnew,,€an
Not applicabld on Accass or and mak€r's sp€c. No
Barclaycard purchase orderc. seconcts, no surplus.

a Appoint€d distributors for
SIEMENS, VERO, ISKRA,
NASCOM and manY
otherS.

a Wo pay portrgo

in U.K. on orders lisl valus c5
or ov€r. lf under, add 30p
handling charg€.

OUR NEW CATALOGUE NO 10
Over 120 pages. Thousands of items. lmproved
classification for easier s€lection. Valuable working
information. llluslrations. Separate quick-ref price lisl.

HEAD OFFICE (llall Orders)
28(A) St. Judes Road, Englefield Green, Egham, Suney
TW20 OHB. Phone: 33603 (London prefix 87. STD 0784)
Telex2W75.
}IORTHERN BRANCH (Perronal Shoppers Only)
680 Burnage Lane, Burnage, Manchester M19 1NA
Phone: (061) 4324945.
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AEROSOL SERVICE
Alos.  sERvtsoL

Sw. i t ch  C leane r  2269m
6Op. Freezer 2289m 7Op.
S i l i cone  Grease  2289m
7Op, Foam Cleanser 37Ogm
6Op, Plastic Seal 1459m
80p, Excel Polish 2409m
47p. Aero Klene 1 TOgm
55p, Aero Duster 2o0gm
70p.

TOOLS
SOLDER SUCKER, plunger
tyPe, high suctlon, toflon
nozzle, €4.99 (sparo nozzlss
69p cachl.
Good Ouality snub nosed
oli6r3, insulated handles, 5"
f  1.45.
Antex Model C 15 watt
sold€r ing l rons,  24OVAC
€3.95
Antox Mod6l CX 17 wstt
solder lng i rone,  240VAC
e3.95.
Antex Model X25 25 watt
soldor ing l rons,  240VAC
f,3.96.
Antex ST3 iron stands, sultt
a l l  above models e l .C6.
Antex h€at  shunts 12P
eech.
Servisol Solder MoP 6OP
each.
NEon Tester Screwdrlverg
8" long 43p cach.
Miyarna lC t6Et c l lps 16 pln
f  1 .95 .

MOTORS
1.5-6VOC Model  Motors
22p, Sub. Min.  'B ig lnch'
1 I SVAC 3 rpm Motors 32P.
1 2 V D C  5  P o 1 6  M o d o l
Motors 37p.  I  t rack 12V
R€placemont Motors 65p.
Cassotte Motors 5-8VDC
ex. equip.  7Op. Geared
Mains Motors (240V) 2.5
rpm 75p, 1 15VAC 4 rPm
Goarod Motors 95P.

SEMICONDUCTORS
c106D 400v 2.5A SCR
2 0 p .  2 N 5 0 8 2  1 0 O V
800mA SCR 18p. 8X504
0 p t o  l s o l a t o r  2 6 p ,
C A 3 1 3 0  9 5 p .  T B A 8 O 0
50p. 741 22p.74lS 359.
723  36p .  N8665  24P .
1M3400 4Op. AD161/2
70p .  2N3O55  38p .  2N414
75p. 8D238 28p. 8D438
!tp.  lN40O5 10 for  36p,
TlL305 alpha numorlc d l3-
plays f2.5O. TlL2Og Rad
L e d s  8 p  e a c h . 0 . 5 "  7
s e g o m e n t  L e d  d i s p l a y .
Comm. Cathode, green,  fu l l
spec.  85p each,

PROJECT BOXES
Sturdv ABS black Dlast ic
boxes with brass inserts and
l i d ,  75  x  56  x  35mm 65p .
9 5 x 7 1 x 3 5 m m 7 5 p . 1 1 5
x  95  x  37mm 85o .

A M P  M U L T I W A Y  I N -
L I N E  P L U G S  A N D
SOCKETS, 3 way 35p,  6
way 45p, 1 2 way 55p, por
pair .

J U M P E R  T E S T  L E A D
SETS

' l  O  pa i r s  o f  l eads  w i l h
var ious coloured croc c l iPs
each end (2O cliPsl 9r0P Pct
3at.

TRANSFORMERS
A l l  2 4 O V A C  P r i m a r y
(postage per t ransformer is
s h o w n  a f t e r  p r i c e ) .
M IN IATURE RANGE:  6 -0 -
6V 1O0mA, 9-O-9V 75mA
and  12 -0 -12V .  50mA a l l
7 9 p  e a c h  ( 1 5 p ) .  O - 6 V .
2 8 0 m A  f  1 . 2 O  ( 2 0 p 1 .
12V 5O0mA 99p l22pl.12V
2 amp f2.75 (45p1. 15-O-
15V 3 amp Transformer at
f2.85 (54ol. 3GG30V 1
amp  t2 .85  (54p1 ,  20 -O
2OV 2 amp f3.65 (54p1, O-
12-15-2O-24-3OV 2 amo
e4.75 (54p1. 2OV 2'5 amP
f2.45 (54p1.

TR IAC/XENON PULSE
TRANSFORMERS

1 : ' l  ( gpo  s t y l e )  30p .  1 :1
o lus ' l  sub .  m in .  ocb  moun -
t ing lype 6Op each.

CAR STEREO SPEAKERS
Shel f  mount lng in b lack
plastic pods with 5" 5 watt
speaker avai lable ln 4 or  8
ohms only €3.95 pcr pelr.

MURATA MA4O1'40kHz 
Transducere.  Rec. /

Sender €3.6O palr.

.,-;;trrc'A. 'tE^,ts
13 amp 3 pin p luga plast lc
27p,  rubber 62p,  13 amp
rubbor €xtenSion Eockott
42p, 12 way flexible ter-
minal blocks; 2 amp 2Op,5
amp 249, 10 amp 33p, 15
amp 47p. Standard bEtton
(8C lampholders 27p.

M ICROPHONES
Min.  t ie p in.  Omni,  uses deaf
a i d  b a t t e r y  ( s u p p l l e d ) ,
f4.95,  ECM1OE low cost
c o n d e n s e r ,  O m n i , 6 0 O
ohms, on/off swltch, stan-
da rd  j ack  p l ug ,  f 2 . 95 .
E M 5 0 7  C o n d e n s e r ,
u n i .  6 0 0  o h m s ,
30-18kH2.,  h ighly pol ished
m e t a l  b o d y  f 7 , 9 6 p .
DYNAM lC st ick microphone
dual  imp.,  600 ohms or
2OK, 7O-17kh2.,  at t ract ive
black motal  body f7.75p.
EM506  dua l  imPedance
condenser microPhone 6O0
o h m s  o r  5 0 K ,  h e a v Y
c h r o m 6 s  c o p P € r  b o d y ,
f 12 .95 .  CASSETTE re -
o l a c e m e n t  m i c r o o h o n e
with 2.5/3.5 p lugs f l  ,35.
INSERT Crys ta l  r ep lac€ -
m e n t  3 5 X 1 0 m m  4 O P .
GRUNDIG oloctr ic  inserts
with FET preamp, 3-6VDC'operat ion 

€1.O0.

PUSH BUTTON Tv
TUNERS

U H F ,  n o t  v a r i c a P .  t r a n -
s i s t o r i s e d  n e w  f 2 . 2 5 '

PANEL METERS
Ferrant i  0-600VAC 3.5"
square f ,2.95.  Japaneee
tvoo 60 x 47 x 33mm clear
plastic type; 50 micro, 100
micro,  lMa, 2 amp, 25
volts, 30O VAC, 'S', 'VU', 8ll
f5.25 .tch, Largor tYPe
1 1 0  x  8 2  x  3 5 m m ;  5 0
micro, 100 mlcro e0,35
each.

SURPLUS BOARDS

No .  1 ,  t h i s  has  a t  l eas t  11
C106 (50V 2.5A) p last ic
SCR's,  ona ra lay a uni junc-
t ion t ransistor  and tantalum
capaci tors f  1.95.  No. 2 l .F.
Boards, thsse aro a com-
olete l .F.  board assembly
m a d e  f o r  c a r  r a d i o s ,
465Khz, fu l l  sot  of  l .F. 's  and
osc i l l a t o r  co i l s .  t r immers
etc. ,40p each.  No,3 Board
with two BDY60 Power
Transistors,4Sp each.

POWER SUPPLIES

SWITCHED TYPE, plugs in-
to 1 3 amp socket ,  has
3 -4 .5 -6 -7 .5  and  9  vo l t
DC out  at  e i ther 10O or
40 OmA, swltchablo f3.46,

, H C 2 4 4 R  S T A B I L I S E D'SUPPLY,  
3 -6 -7 .5 -9  vo l t s

DC out  a l  400mA max.,
with on/off switch, polarity
r e v e r s i n o  s w i t c h  a n d
vol tage sefector  swi tch,  fu l ly
r e g u l a t e d  t d  s u p p l Y
exact voltaqe from no load
to max. curiant f4.96.

swrTcHES
S u b .  m i n i a t u r s  t o c g l e S ;
S P S T ( 8 x 5 x 7 m m )  6 2 P .
D P T ( 8 x 7 x 7 m m )  6 2 P '
DPT centre of f  12 x 11 x
9 m m  7 ? e .  P U S H '
sw l  tCHES.  16  x  6mm,  red
too .  push  t o  make  14P
each, push to break version
{ b l a c k  t o p )  1 6 p  . a c h .

T E L E P H O N E  P I C K  U P
cotL

Sucker type wi th lead and
3.5mm plug 62P'

MrcRo swrTcHEs
Standard button operated
28 x 25 x 8mm make or
b r e a k ,  n e w  1 5 p  e a c h ,
Rol lsr  ooerated vers ion of
the lat ter ,  New 19p each.
Light  act ion micro,  3 amp
make or break 35 x 20 x
7mm, 129 oach. Cherry
prunger op€raleo mrcro, z
normal ly  open, 2 normal ly
c losed,  p lunger 2Omm long
(4O x  3O  x  18mm)  25p
each.

G.P.O, Telephone handsots
f 1 .95D. Electrolytlc CaPs,
can tvpe, 2,200mfd and
2 . 2 O O m f d  5 O V D C  3 5 P

photo cell for automatic
switch on when dark f4'50

REI.AYS
Plast ic  Encap. Reed Relay,
0.1 matr ix .  1kO coi l ,  9-
1 2VDC normal ly  open, 35P.
M i n i a t u r e  a n c a p s u l a t o d
re€;d re lav 0.1 matr ix  moun-
t i no .  s i nq le  bo le  make , ,
ooe-iares 

-on 
i 2vDc sop'

each. Continental series,
sealed plastic case rolays,
24VDC 3pole change over
5 amo contacts,  new 65p.
Pr int€ id c i rcui t  Mtg. ,  Reed
relav.  s inole make. 20mm x
5mm, 6-9VDC. coi l ,  33p
each. Metal Cased Reed
Re lav .  5O  x  45  x  17mm,
has 4 heavy duty maka

LIGHT DIMMER I  i iVOC 3bp each.  Magnets
/AC 8O0 watts max.  '  l '  long *"  th ick wi th f ix ing24OVAC 8O0 watts max.  '  l '  long *"  th ick wi th

wal l  mount ing,  has bui l t  in  r  .6ole,  10 for  4Op'

' I reed inserts, oporat€s on

R I B B O N  C A B L E
8  w a y  s i n g l e  s t r a n o
miniature 22p pcr mctrc.

C H A N G E O V E R  R E E D
SWITCH 2{"  Long 35p.
Glass Mercury Switch +" x
1".  long leads,  35p.

AMPHENOL
CONI{ECTORS

(P1259l, PLUGS 47p. Chageis
s o c k e t s  4 ? p ,  E l b o w s
P1259/SO239 9Op. Double
i n  l i n€  ma le  connec to r
( 2 X P 1 2 5 9 )  6 5 p ,  P l u g
reducers 13p,  P1259 Dum-
mv load, 52 ohms I watt
with indicator bulb 95p,

MULT IMETERS
NH55  2 .0OO o .o . v .  IKV
AC:/DC. lOOma DC current ,
2 resistanco ranges to lmeg.
€ 5 . 9 5 .  M O D E L  7 2 6 0 6
20,000 opv 1,OOO voltg
AC/DC.,  2Soma DC curront ,
r os i s t anse  3  r anges  t o
3meg, d imensions 127 x 90
x  3 2 m m .  m i r r o r  s c a l e
€,1 1 .75p.  HANSEN AT2l  O
1  0 0 , 0 O 0  o p v  1  . 2  K V
ACIDC., 12 amps AC/DC
cJrrent ,  resistance to 2O0
m e g  i n  4  r a n g e g ,
capacitance 20Opf-O.2mfd,
1,OOpf- lmfd. ,  decibel  range,
internal  safetv tuse,  d imen-
s i ons  160  x  105  x  5omm,
a n  e x c e l l e n t  m s t e r ,
f34.50p.

PUSH BUTTON UNITS
6 way, 3 DPDT,3 4 pole c/o
5 5 p , 8 w a y , 5 D P D T , 3 4
pole c/o 7Op, RANK ARENA
magnet ic cart r idgo pre-
amDlifier modules, now with
connect ion detai ls  f l .95p.

BUZZERS

MINIATURE SOLID STATE
B U Z Z E R S , 3 3 i 1 7 x 1 S m m
white o last ic  case,  output  at
three feet 7odb (approx),
l o w  c o n s u m p t i o n  o n l Y
15mA, four vol tage types
a v a i l a b l e ,  6 - 9 - 1 2  o r
24VDC, 8Op .!ch. LOUD
12VDC BUZZER,  C ream
Dlastic case, SOmm diam. x
3Omm h igh  83p ,  GPO
OPEN TYPE BUZZER, ad-
iustabl€ works €-12VDC
27p. 12YoC siren, all metal"
rotarv tvp6, high pitched

wail, f?.50.

Dalo 33PC Etch Resist
Drinted clrcuit maker Pon,
with spare tip, 79P.

TERMS:
Cash with Order (Ofticial
Orders welcomed from

SPEAKERS I  col leges etc) .3Op portage
5" Round 8 ohms 5 watts i please unlo$ otherwire
f1.35. 6" round 6 watt 8 | shown. VAT inclusive'
ohms wi th cambric sur-  |
round €2.75. Elac 8" I e[61 | S.a'e. for illustruted lists.
long throw speaker,  18
watts twin cone f4.75.
Mid-Range 5" speaker 850-
7k z 20 watts f l .45,

TAPE HEADS
M o n o  c a s s B t t e  € 1 . 7 6 .
St€reo cass€t te €3.9O,
Standard I  t rack stereo
f  1 .95 .  BSR MN 1330  +
track 50p.  BSR SRP9U ;
t rack €1 .95.  TD 1 O tape
h - . a d a s s e m b l v - 2 h e a d s
both * track R/P with built
i n  e r a s e ,  m o u n t e d  o n
bracket  f  1.2O.

MORSE KEYS
Beg inne rs  p rac t i ce  ksy
f1.O5. Al l  metal  fu l ly  6d-
justablo typa. f2.6O.

rVT-TNTATUSE LEVEL
M E T E R S

1  C e n t r e  Z e r o  1 7  x  1 7 m m
7 5 p .  2  { s c a l e d  O - 1 0 )  2 8  x
2 5 m m  7 5 p .  3  G r u n d i g  4 0  x
27mm f ' l  .25 .

J V C  N I V I C O  S T E R E O
CASSETTE MECHANISM.
Music centre type.  Rev.
counter, remote operation
f ' l 3 . 50  and  f 1 .OO p&p .

STEREO FM/GRAM TUNER
A M P L I F I E R  C H A S S I S ,
VHF and AM. Bass,  t reble
and volume contro ls,  Gram.
8-track inputs, headphone
output jack, 3 watts Per
channel  wi th power supply.
f 14 .95  and  f 1 .2O  p&p
(CCT suppl ied).

PROGRESSIVE
RADIO

31 CHEAPSIDE, LIVERPOOL 2.
ALL ORDERS DESPATCHED BY RETURN POST
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PROJECTS IN RADIO
ELECTRONIC PROJECTS IN THE
HOME
by O. Bishop Price €2.5O

ELECTRONIC PROJECTS IN AUDIO
by R. A. Penfold Prico f2.5O

OP-AMPS THEIR PRINCIPLES & APPL.
by J .  B .  Dance Price f2.5O

PRINTED CIRCUIT ASSEMBLY
by M. J.  Hughes Price f2.1O

ELECTRONIC SECURITY OEVICES
by R. A. Penfold Pr ice €1.66 by J. M. Frost
UNDERSTANDING DIGITAL
ELECTRONICS
by Texas lnst. Price f4.(X)

UNDERSTANDING MICRO-
PROCESSORS
by Motorola

THE FIRST BK OF MICROCOMPUTERS
by P. C.  Graham

WORLD RADIO TV HANDBOOK

110 SEMICONDUCTOR PROJECTS
FOR THE I{OME CONSTRUCTOR

Pricc f2'2o RADto coNsrRucrtoN FoR

Price f2.3O

Price f3.2O

Price f5,(X)

by R. Moody Price €3.35

HOW TO BUILD YOUR OWN SOLID
STATE OSCILLOSCOPE
by F. G. Rayer

THE OSCILLOSCOPE IN USE
by L R. Sinclair
AMATEUR RADIO TECHNIOUES
bv P. Hawker

AMATEURS
by R. H.  Warr ing

MAKING TRANSISTOR
BEGINNER 'S  GUIDE
by R. H. Warring

Price f2.8O
RADIOS A

Prlce €2.9O,
Pricc f 1,7O

Price €2.85 BEGINNER 'S  GUIDE  TO D IG ITAL

Price f3.80
TECHNIOUES
by G. T.  Rubaroe Price f  I  .10

1979 THE RADIO AMATEUR'S H/B
by A.  R.  R.  L. Price f7.86

* PRICES INCLUDE POSTAGE *

we have tho Finest select ion of Engtish and Amoric.n Radio Books in the country
le-21 PRAED STREET (Dept RC) TONDON tY2 tNp

Telephone: Ol4O2 9176

IIODERN BOOK CO
AND ELECTRONICS by t .
THEORY & PRACTICE OF MODEL
RADIO CONTROL
by P. Newell Price f4.EO

REPAIRING POCKET TRANSISTOR
RADIOS
by l. R. Sinclair price f2.EE

MAKING & REPAIRING TRANSISTOR
RADIOS
by W. Oliver

by R. M. Marston

HAM RADIO
by K. Ullyett

Price 89.25
PROJECTS IN RADIO & ELECTRONICS
by l .  R.  Sincla i r Price f2.5O
ELECTRONIC PROJECTS IN THE HoME by P. J. Guv
by O. Bishop Price f,2.5o A GUTDE To AMATEuR RADIo

Price €4.3O SIMPLE C IRCUIT  BU ILD ING by P. Hawker

R. Sinclair, Price f2.SO
UNDERSTANDING SOLID-STATE
ELECTRONICS
bv Texas Inst. Price f 1.8O

A S IMPLE  GUIDE  TO HOME
COMPUTERS
by S. Di t lea Price f4.0O
HOW TO BUILD A COMPUTER-
CONTROLLEO ROBOT
by T. Loofbourrow prlce fE.3O
THE CATHODE-RAY OSCILTOSCOPE
& rTs usE
by G. N. Patchett price f4.(X)
HOW TO GET THE BEST OUT OF
YOUR TAPE RECORDER

Price €1.9O

Pricc t l .7O

LF BINDER
adio & Elec'tronic$ Gonstructor"

The "CORDEX" Patent Self-Binding Caso wii l keep
your issuos in mint condition. Copies can be
inserted oi removed with the greatest of ease. Rich
maroon finish, gold lottering on spine.

Specially constructed Binding Cords are made from Super
Linen of great strength, very hard twisted and twice doubled.
They a.re attached to strong RUSTLESS Springs under ten-
sion, and the method adopted ensures pERMANENT
RESILIENCE of the Cords. Any slack that may develop is im-
mediately compensated for and the Cords will always re-
main taut and strong. lt is impossible to overstretch the
springs, as a safety check device is fitted to each.

PRIGE f 1 .95 incrudins v.A.r. p&p.4Ep

Avai lable only frorn;-

Data Publications Ltd. 57 Maida Vale, london Wg I SN
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APEL P@WER6U PP LOE6
S T A B I L I Z E D  P O W E R  S U P P L I E S  W I T H  E L E C T R O N I C  S H O R T  C I R C U I T  P R O T E C T I O N

l t t t l
ono lrQlono o!:

STOCKISTS
Alpha Sound seryice,
50 Stuart Road, Waterloo, Liverpool L22 4QT
England.

Anson Electrcnics,
1133 Hessle High Road, Hull, England.

Amateur Radio Shop,
13 Chapel Hil l, Huddersfield, HD1 3EO.
England.

Brent Electronics,
Seaview Street, Cleethorpes,
Lincolnshire, England.

J. Eirkett.
26 The Strait, Lincoln, England.

Bradtord Consuhsnts Limited,
25 Regent Parade, Harrogate,
Yorkshire, England.

F. Brown & Co. Ltd.,
44146 George lV Bridge Street,
Edinburgh, Scotland.

N. R. Bardw€ll Limited,
Sellers Street, Shetf ield, England.

Casey Brothers,
235 Boundary Road,
"Saint Helens,"
Lancashire, England.

Electronic S€ruies Limited,
33 City Arcade, Coventry CU11 HX, England.

A" Fanthorpe Limiled,
6 HeDworlh Arcade, Silver Street,
Hull, England.

G. w. M. Radio,
Portland Road, Worthing, Sussex

Leeds Amaleur Radio,
27 Cookridge Street,
Leeds LS2 3AG, England.

Target Electric Llmlted
16 Cherry Lan.e, Bristol, England.

New Cross Radlo,
6 Oldham Road. Manchester,
England.

Prooresaive Radlo.
93 Sale Street, Liv;rpool L2 2JD.
England.

R. E. Pitt Eleclrlcal S€ruices Limlled,
60/04 Bath Buildings, Mont Pelier,
Bristol, England.

Peats Electronlcs,
Parnell Stre€t, Dublln.

R. F. Potts,
68 Bobbington Lane, Derby, England.

Brian A. Pearson Lamited,
66 Moncur Streel, Glasgow, Smlland.

RMESupp l i$L imi ted ,
143 Stockwell Street, Glasgow, Scotland.

Stephan Jrmes Limltsd,
Warrington Road, Leigh, Lancashire.

Stewarts Radlo,
4 Chance Slredl, Blackpool, England.

The Radio Shop,
16 Cherry Lane, Bristol BS 3NG,
England.

O. C. Tradlng,
1 St. Micheals Teracs, Woodgre€n M22 4Ff,
Enoland.

Stan Wlllet3 Llmlled.
37 High Strst, West Bromwich.

M/S Waltons.
55a Worch€stor Strost,
Wolverhampton wV2 4LL, England

A L . 1  P 5

,
..
\\

A L . 2 1 2  P S

f  18.00
T VOLTAGE 220 V ac +,10'/" 50-6(

AMPEROME

AL.315 P2

22O V ac I 10'/.50-60 H2

W F I G H I  4 . 1 4 0  K q

SALE LTD
Chopel Lone, Pornell St,Dublin l,lrelond

JANUARY, T98O

P HONE 7477 46-7 4067 8-7 22845.TELEX 31787.
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15
METRE
DELTA
BEAM

By F.C. Smith
Fig. | . The | 5 metrc delta beam anay.
Note the transposed connections, at top

and bottom, to the coaxial cable

connected to the inside ends of the bottom wires. It
is important that the end connections to the coaxial
cable be transposed. At the top the coaxial outer
.connects to the right hand side wire, as shown in
the diagram, and the coaxial inner connects to the
left hand side wire; at the bottom the coaxial outer
connects to the left hand bottom wire and the coax-
ial inner to the right hand bottom wire. Also con-
nected to the antenna at bottom centre is a 72 s>
flat twin line. This can have any length and it con-
nects to the aerial tuning unit.

C O N S T R U C T I O N
- The loop requires L6 yards of wire, and this may
be 16 s.w.g. copper or ilastic covered flex.

The supporf cane ehplovs two 8ft. lone *in.
bamboo c-ahes. Having tfeaied these for we"ather,
they are made a tight fit into a 2ft. aluminium tube
of 1in. diameter, as shown in Fig. 2. Push each cane

Fig. 2. The support cane consists of two
8ft. bamboo canes inserted, at the centre,

in a 2ft. aluminium tube

RADIO AND ELECTRONICS CONSTRUCI'OR

15lt support con.

Hcight obde
corth 22ft

I
I
I

=

A 'DX - Grobbing' onlenno which requires little outside spoce

The quad antenna is too well known to need
description here. The delta loop antenna, although
not so well known, is a worthy companion to the
world-renowned quad. Both aniennas- can be space
demanding, a condition which the writer, 

-like

manv other town dwellers. is unable to satisfv.
N6vertheless. the 15 

'metre 
delta antenna

described here requires verv little soace and is a
real "Dx-grabber". Costing only a feri, pounds, this
driven delta will work reafDx 

-and 
is equivalent to

a 3-element Yagi in performance. The writer has
built quads over the years and finds the delta an
improvement on the quad because of its greater
bandwidth and sharper directivity. The delta lirst
constructed by the writer was a single loop. Now, a
single quad loop has a small gain"over the dip<ile
and, sirice the electrical param"eters of the delta are
similar to those of the quad, it follows that the delta
also has a gain over the dipole.

PHASED ARRAY
The writer wanted to irnprove the performance

of his delta loop without the addition of a space-
demanding reflector and, after some thought, he
came to the conclusion: why not make it a phased
array? The result is the antenna shown in Fig. 1.

The two sides of the delta are each 16ft. 6in.,*and
the bottom side has two 7ft. 3in. lengths, to give a
total length of 14ft. 6in. Connected at the topio the
side wires is a 23ft. length ofcoaxial cable ofveloci-
ty factor 0.66, this being a physical half-wavelength
at 2LBMHz. The lower end of the coaxial cable is

270
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well home to ensure that there will be no sag when
the arrav is in the air. The total overall leneth of
the canes should be 15ft. Cut ofl' equal excess
Iengths at the ends to give this overall'length.

Measure out 16ft. 6in. of the wire, fix its end to
an insulator at the top and secure the measured
end of the wire to the^support cane near one end.
Run 14ft. 6in. of the wire along the cane, holding it
in place with tape or small plastic curtain rings
passed over the cane. Ensure that the 14ft. 6in.
length of wire is centrally disposed on the cane and
secure it at both ends with tape to prevent the wire
slipping. The remaining length of wire is now taken
back up to the top insulator. Check that the length
of this second side wire is also 16ft. 6in. and cut off
anv excess wire at the top.

The connections to the^ coaxial cable at the top
and bottom are made bv means of two 2-wav
barrier strips. The 14ft. 6in. bottom section is cut at
its centre and the two inside ends connected to the
bottom barrier strip. The 23ft. Iength of coaxial
cable is longer thari the distance beiween the top
and bottom of the arrav. Coil un the excess at the
bottom and tape the coiled cable to the aluminium
tube. Then connect the coaxial cable bottom end to
the bottom barrier strip, makins certain that the
connection is transposed as ius"t described. Also
connected to the boitom barrier strip is the 72 s>
flat twin line which passes to the aeridl tuning unit.

The aerial is then readv to hoist.
An important point to observe is that the bottom

of the delta should be a half wave above the earth
to obtain best results. A height of 22ft. will be
satisfactory. Measurement of resonance can then
be made with a g.d.o. or antenna bridge, which
should put the antenna at 21.3MHz in the 15 metre
band. The writer's antenna measured almost spot-
on and needed no adiustment.

The circuit of the author's a.t.u. is shown in Fig.
3. The two 140pF variable capacitors are widely
spaced physically and are ganged by way of an in-
sulated shaft couplins.

P E R F O R M A N C E

When first employed with the author's 150 watt
"Vicerov" transmitter. the antenna produced a
marked improvement dver the previous single Ioop,
which had been in use for some three months. First
to be noted were Dx contacts in Japan who gave the
writer signal reports two S-points up on previous
reports. The new antenna also has an increased low
,JANUARY, 1980

angle vertical lobe. Single CQ's brought back KH6,
W6 and W7 contacts which liad preiiouslv needed
to be called several times. Also. this was it a time
when the 15 metre band was in poor condition.
Stations at 6,000 miles were worlced dailv with
reports ranging from Q5-Sb to Q5-S8/g. The writer
has not measured the gain of the new antenna but it
.should be at least 3dB over the delta Ioop in its un-
phased condition. Just as important is the increase
of low angle vertical radiatioh given by the phased
array.

Fig. 4. Dimensions for a phased delta
beam intended for working at 28.8MHz

The antenna is very simple to construct and can
be airborne in a couple of hours. The results should
satisfy the most critical Dx chaser.

Finally, Fig. 4 gives details for another driven
delta, this being dimensioned for 28.8MHz in the
10 metre band. I

2ir

Fig. 3. The a.t.u. employed with the delta
beam

C o o x . t o T X  P A .
---------E_3

2- tu rn
l ink

6 turns
J  O t O

3/a" tong

T -

I 4
To ontcnnq

t / - z  c o o x r o l

72a llot l inc to A.T.U
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NEWS AND
NANOCOMPUTER DESIGNED FOR
EDUCATION
SGS-ATES are entering the training *arket in a

6ig way with their Nanocomputer(*' Training
Svstem.-"ttie 

total system consists of a cgrpple-tg
microcomputerl baqe-d -on the powerful 280
microproc6ssor, a solderlees experlment station,
soecidllv written educationally oriented user
.6ft*ate, many optional-peripherals and, of prime
importance, a three volume senes or eBpecrauy
written training books.

The modulir construction of the Nano-
computerG) allows it to grow with the student or
alternatively allows the student to e4t-e1 the course
ai a level c6mmensurate with his ability.

The course caters for: students with no
knowledge of computers or digital electronics -
booli o"6 with the basic micro-computer;,students
wiftr a knowledge of digital electr-onics - book two
and the experiment station; etudents wlth a more

"au""c"d 
Tnowledge - book three plus the

-iciocbmputer. the-experiment station, and ad-
aitionat sbftware. At the verv highest level of
education it is possible to upgade the Nanocom-
puier to a full industrial microcomputer, thus-atio*i"g 

individual research programs tb be carried
out.

For ful l  information contact: SGS-ATES
ru;iftd Kinsdo*) Ltd., Planat House, Walton
Street, Aylesbury, Bucks.

SUMMARY OF IBA ENGINEERING PIANS FOR
THE FOURTH CHANNET

Simultaneous launch in all ITV Unite-d Kingdom
resions: 30 hieh-power transmitters to be ready by
N5vember 15821 Over 80 per cent population
coverase from switch-on day; 18 more high-power
transmlitters to follow at mohthly intervals; Priori-
tv to Wales: 6 main and 80 local relays from start;
I-BA's bissest buv: 016-million contracts already
awarded;-"All 48 high-power transmitters to come

from Marconi and Pye; Contracts hel!.firms pl.an
;;ed;tt;; outi ffi1-vear term; First major
iretwork to use high-eff ic ien-cy. k lystrons;
f;;iliiddeliverGs"to begin in Qpring leQf ; Ex-
fr*i6ii- 6t iTVl network to continue .at 70 new
iiiii'i'"l"ut; ou"i 1,000- IQA transmitters to be
;il;i."id-iidm four hocs; IBA-aims at ultimate
99^per cent coverage by Fourth Channel'

TONDON'S PERMANENT ELECTRONICS EXHIBITION
The National Microprocessor and Electronics
C"tttt., lias just pubtished its schedule of mini-
exhibitions.--ih;;; 

-itti-s:ftihitions are held in parallel with
th;;;nh;6ixpanding permaneqt exhibition which
a[ present, corisists of 

-dispfays 
from over 50 com-

Danres.-*The-centre's 
mini-exhibitions last fo-r Sdays and

arJ staged at least once every fortnight. They are
deliberately restricted to. a single product area so
that visitois have a chande to see a comprehensive
rlt".tiott of similar products in one place at one
time.

Mini-exhibitions scheduled for December and
January are:-

December 4th to 6th - Bench - Top power
supplies." - i lec" ' t "ber  18 th  to  2Oth  -  App ly ing
Microprocessors and Oscilloscopes.

Janirarv 8th to 10th - Logic Analysis
J;;;ti' istt to 1?th - Sol-dering aird Desolder-

rng.'^'T"rr"rl.u 
22nd to 24th - Plotters and Chart

Recorderi.-- 
ti,J N"tional Microprocessor an4--Electronics

Ceirlie.-it 
-tiiuated 

in 
^the 

Lo4don- World Trade
C;;ft: ciose to the Tower of London. It is open
M;a;u 6-Fridav between 10.00 to 16.0-0 hours'^ -iil"d"^ 

ittieteitea should contact the ME Cen-
tt".-io"aon World Trade Centre, Europe House,
London E1 9AA.

PANTN AND ELECTRONICS CONSTRUCTORwww.americanradiohistory.com



COMMENT
A HELPIIUG HAND

Under the above heading we give news from time to
time of organisations connected with radio and
electronics whose main concern is with helping
others.

Second to none in this sphere is The Radio
Amateur Invalid and Blind Club (R.A.I.B.C.)
which was founded in 1954 and has been
celebratine its Silver Jubilee durins 1979.

Verv brieflv. the Club is made up of invalid and
blind inembeis interested in the hobbv of Amateur
Radio; their Local Representatives who undertake
to helil members by visiting them, assisting with
repairs to and advice on equipment, and generally
extendine friendship: eupporter members whose
financiafcontributi6ns eriable practical help to be
otil; 

sole condition of membership in any of the
above categories ie an annual subscription of a
minimum oTsl.00 for 'Radial', the club iews-letter
which is issued every 6 weeks.

Some idea of the scope of the Club can be gained
from a list of its officials - Chairman. Vice ehair-
man, Secretary/Editor, Treasurer, Membership
Secretary, Tipes Minager,  Technical  Aids
Organiser, Net Controller.

There are three club nets. G4IBC 80m. Cheshire
Homes and the Birmingham Group. Each year a
number of the handicapped members pass the
R.A.E. and in due course acquire their call signs.

Glancing through 'Radial' one cannot but be im-
pressed by the friendly and helpful nature of the
Club as expressed by the activities reported and
the news given of individual members.

The foregoing can onlv be a sketch of the good
work done. Readers who would like to become
associated with such worthwhile activitv ehould
write to the Honorary Secretarv at the Club's HO. 9
Rannoch Court, Ad6laide Rorid. Surbiton. Suribv
KT6 4TE.

3M ELIMINATES STATIC BUG IN
CBS CASSETTES MANUFACTURE

The recently opened highly automated 25,000
sq. ft. factory plant of C.B.S. Manuf'acturing,
Biidgend, rec6gnised as one of the most modein
cassette production centres in Europe, had a
problem.

With 13.2 million standard cassbttes a vear to be
produced the elimination of any detrimerital lactor
is of paramount importance. 

-

In this instance the problem was an invisible one
- static electricity. A build-up oI' static on the
leader tape, where a length of 2? inches is used for
e-ach cassette, was resulhng rn the tape sticking
during assembly procedure"and slowing down thb
proddbtion line.

-.Following--c_onlact with 3M United Kingdom
Limited, a 3M '210' static eliminator bar wis in-
troduced to the 'Rockford automatic assemblv
machine'. The static eliminator was positioneil
above the leader tape, this effectively n6utralising
any static.charge present in the atmosphbre prior tb
lts enfrv lnto newlv manutactured cassettes.

The 3M '210' static eliminator, is now giving a
considerable saving ̂ in materials cost and 61i'erihg
gealer production efficiency and has been in use at
the Eridgend, Glamorgan, irlant fbr the past 1bur
months.

Positioned above the leadar tape at C.B,S. Manufacturing,
Bridgend, prior to it being incorporated into each newly
produced cassette, the 3M Static Eliminator (markad
'replace guard') which prevents the tapa sticking frcm static

alectilcity build-up during assembly

CAJTiV
QAiF I

"O.K, Doctor Spock beam me down to earth"

o n q

Seaso nal Greetings
to all our readers
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USING
CMOS 555's

By G. A. French

The  CMOS 555  has  now
become available on the home
construclor market, Known. more
properly as the 1CM7555, it is ful-
ly pin-compatible with the well-
established bipolar 555 i.c., but
d raws  a  much  l ower  supp l y
curront. lt is suitable for supply
voltages from 2 to 18, and its out-
put  can dr ive both t . t . l .  and
CMOS devices. The trigger and
threshold pins have much higher
input impedances than do the cor-
responding p ins in  the 555.
Whereas the 555 is capable of
sinking or sourcing 2O0mA, the
lCM7555 is specified as being
able to sink IOOmA with a supply
of 18 volts.

Bearing in mind the widespread
usage of the 555 the advent of the
lCM7555 is of considerable interest
to the electronics experimenter, and
the author obtained a batch ofthese
devices as soon as they first became
available from Maplin Electronic
Supplies. lt is always helpful to ob-
tain practical experience with new
i.b.'s and he then proceeded to carry
out a number of experiments to find
out how the lCM7555 performed in
s i m p l e  c i r c u i t s ,  l t  m u s t  b e
emohasised that ths results describ-
ed in this article are not taken'from
any manufacturers' data: thoy are
instead the outcome of tests carried
out with a random batch of the
devices under home-constructor
conditions. In all cases the circuits
were powered by a 9 volt battery,
since this is probably the most usual
source of supply likely to be en-
countered in amateur applications.
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SINK AND SOURCE
The first check to be made was of

sink current performance. and the
lCM7555 was consequently wired
up in the circuit shown in Fig. 1(al.
Pin 8 of the i.c. is connected to the
positive rail as also. following usual
practice. is the reset pin, pin 4. Pin 1
is the negative supply pin. Pin 2 is
the trigger input for the internal
comparator which responds to one-
third of the supply voltage and pin 6
is the threshold input for the com-
parator which actuates at two-
thirds of supply voltage. The output
is  at  p in 3.

When the slider of the 10k O
potentiometer in Fig. 1(a) takes pins
2 and 6 above two-thirds of the
supply voltage, the output at pin 3
goes low. The output current sink
performance at  var ious output
currents can then be found by ad-

t cM7555
Top view

(o)

justing the variable resistor (actual-
ly, two variable resistors switched in
as required to cater for tha lower
and higher currents). Output curr€nt
is indicated by the current-reading
meter between the variable resistor
and the positive rail. the correspon-
ding voltage between pin 3 and the
negative rail being monitored by the
voltmeter,

Fig, 1(b) shows the results ob-
tained with the lcM7555's checked
by the writer. As sink current is in-
creased from zero to sOmA, the
.voltage between pin 3 and the
negative rail r ises in fairly l inear
manner from zero to about 2 volts.
Above SOmA the rate of voltage rise
increases considerably, and the
voltage is approximately 8 volts at
7OmA, With a supply of 9 volts the
useful sink current is therefore

30

mA

( b )

Fig. l(a). A test circuit for checking the sink current
characteilstic of the lCM7555 when its output is in the low

stafe
b), Sink current-voltage curue for the devices checked by the

author

j*:
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Fig. 2(a). The circuit employed for checking source current
(bI. Source'curent capability was found to be lowar than sink

currdnt caPabilitY

microseconds and in consequenc€
will offer gain at very high frequen-
c ies,

The current drawn bv the device
was approximately SOpA before and
after the output transition, rising to
a short-l ived peak of about 2mA
during the transition itself , The
writer would Euess that this peak'is
not a switching glitch, but cor-
responds to a period of r.f. instability
as the threshold comparator passes
through a l inear state.

Since the circuit functioned quite
satisfactorily the effect was not in-
vestigated further, but it would
seem advisable, when using the
lCM7555 in the monostable mode,
to have fairly Short wiring to the
timing capacitor and to have as l itt le
metal area as oossible in contact
with pin 2. lf the device is wired up
on Veroboard it would be wise to
cut the appropriate copper strip at
the two holes immediately on either
side of the hole to which pin 2 con-
nects.

ASTABLE CIRCUIT
Next checked out was the stan-

dard astable circuit of Fig. 4. As
with the 555, this has a frequency
of oscil lation which is equal. in Hz,
to 1.46 d iv ided bv (RA + 2RB)C,
where RA is  the upper t iming
resis tor  (1Ok o in  F ig.  4)  and RB is
the lower t iming res is tor  (1Mi)) .
This calculates as O.O73Hz, and
with a frequency as low as this it is
possible to observe changes in
currents and voltages with ordinary
meters. lt wil l be noted that the cir-
cuit causes both pin 6 and pin 2 to
be coupled to the negative rail via
the t iming capaci tor .

The circuit was perfectly stable in
operation and oscil lated at the cor-
rect frequency. Input current to pin
8 was about 50uA when the output
was high and about 40!A when the
output was low. At the output tran-
sit ion from low to high the input
current merely increased to the

4  5  6  7  I  I  t O  t l

mA

( b )( o )

about  SOmA maximum, which
would seem to tie in with the max-
imum of  100mA at  a supply of  18
volts,

The circuit of Fig. 2(a) was next
employed to find the source current
charactsristic. The output of the i.c.
goes high when pins 2 and 6 are
taken below one-third of supply
voltage, and the variable resistor.
can then be adjusted for different
current readings whilst the voltage
between pin 3 and the positive rail
is indicated by the voltmeter.

The curve of Fig. 2(b) i l lustrates
source current performance. The
current available is much lower than
the sink current and the voltage
dropped in the i.c. is about 3 volts at
SmA, rising to about 7 volts at
1OmA. This low sourc€ current
availability is perfectly acceptable
for driving t.t. l . and CMOS logic.
Although t,t. l . devices need a logical
"O" input current of 1.6mA max-
imum per input, the input curr€nt for
logical "1" is a matt€r of mlcroamps
only. At th€ sam€ time, CMOS
devices require extremely low lnput
currents for both the "0" and the
"  1 "  s ta tos .  Nevc r the less ,  ex -
perimenters who have become used
to the high output curr€nt capabil ity
of the 555 in both tho high and low
output stat€s will need to remeinber
that a high current is offered by the
lCM7555 in the low output state
only.

ONE.SHOT
Ths t€st circuit shown in Fig. 3

followed. This is a standard on€-
shot monostable application com-
monly employed with th€ 555. lf
the capacitor is discharged at supply
switch-on, th€ output at pin 3 is
high. As the capacitor charges the
output goes low when the voltsge
across the capacitor reach€s two-
thirds of supply voltage. Also, the

JANUARY, 1980

discharge pin, pin 7, then dis-
charges the capacitor. The time
delay in  seconds is  equal  to  1.1
times RC, where R and C are in
ohms and farads, or megohms and
microfarads. The current drawn bY
the device in Fig. 3 is monitored bY
the current-reading meter, and the
output state is indicated bY the
voltmeter which is returned to ths
positive rail. Any voltmeter current
(which becomes significant in com-
parison with the tiny supply currsnts
drawn by lCM7555l)  is  taken f rom
the negative rail and should not
have any significant effect on the
current drawn by the i.c. from the
positive rail,

The circuit behaved as it should,
but it was found that it was rather
"l ively" insofar that device input
current increased very noticeably if
the author's hand was placed on or
near the timing components or the
i.c. itself. This effect is ascribed to
the fact that the trigger pin 2 has no
ci rcui t  connect ion made to i t ,
whereupon this very high imPed-
ance input pin can Pick uP random
noise or couple capacitivelY into
other  par ts  of  the c i rcu i t .  The
lCM7555 is capable of working in

Fig.3. The tCM7555 emPloYed
as a monostabla multivibrator

Fig. 4. An astable multivibrator
with a low running frequency
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higher value but at the transition
from high to low the input current
rose momentarily to a very brief
proximately 6O;iA.

The timing capacitors employed
in the circuits of Figs. 3 and 4 were
plastic foil. They could iust as well
have been el€ctrolytic components
with low leakage currents.

The a.f. astable circuit of Fig. 5(a)
was next made up, and this has a
calculated frequency of 695H2. The
circuit performed exactly as it
should and the current drawn from
the 9 volt supply with no connection
made to the output at pin 3 was ap-
proximately 60pA.

An old dodge for checking the
operation of a 555 a.f. multivibrator
is to hold an a.m. radio tuned to
medium or long waves close to the
multivibrator wiring. The radio wil l
then pick up the transition pulses
and reproduc€ the oscillation as an
audio tone from its loudspeaker.
This test not only shows that the
multivibrator is running but also in-
dicates its frequency. A 555 was
fitted in the circuit (which employed
an 8-way i.c. holder) and a medium
wave receiver was set up such that
the tone was just audible from its
speaker when the receiver ferrite
aerial was a foot away from the
multivibrator wiring. The 555 was
t h e n  r e m o v e d ,  t h e  l C M 7 5 5 5
refitted, and the check carried.out
again. This time it was necessary to

Fig. 5(a). ln this circuit the i.c.
runs at an audio frequencY

(b), Coupling a loudspeaker to
the output of the a.f. mul-

tivibrator
(c), Performance is con'
siderably degraded if a series

capacitor is added

bring the receiver aerial some 4 in-
ches away from the wiring before
the tone could be heard. This effect
is obviously due to the lower
currents f lowing in  the CMOS
device during transitions. The wiring
in the author's circuit was not kept
particularly short. and it is possible
that if an lCM7555 a.f. multivibrator
is connected up with very short wir-
ing it may prove difficult to use the
a.m. receiver test.

SPEAKERS
555 astable multivibrators run-

ning at audio frequencies are often
employed to drive speakers in
bleeper circuits and the l ike. and it
was decided to investigate the per-
formance of the lCM7555 in this
application. Since the available sink
current is much greater than the
source current the speaker was con-
nected, in series with a 1ko wire-
wound variable resistor, betwe€n
the outout of the i.c. and the
posi t ive ra i l  as in  F ig.  5(b) .  A 15O
speaker was used, and the r€st of
the circuit was as in Fig. 5(a).

It is usually necessary to include
resistance in series when a 555 out-
put is coupled to a speaker, as the
speaker inductance on its own can
upset multivibrator .operation. The
same is true for the CMOS version.
With the lCM7555 it was found
tha t  t he  speake r  was  d r i ven

satisfactorily for all values of series
resistance inserted by the variable
resistor down to some 20Oo .
When the resistance was taken
significantly below this value os-
cil lation became very erratic and, at
low res is tance levels,  ceased
altogether. Also. the current flowing
into pin 8 increased by a very large
amount, rising to well over SOmA. lt
follows that, for a 9 volt supply, the
lCM7555 can dr ive a speaker
provided that there is also a series
resistance of about 2OOQ or more.
This is reasonable when it is con-
sidered that the direct current flow-
ing in 2OOo from a 9 volt source is
45mA. There was no change in
operat ing f requency when the
lCM7555 output was coupled to
the speaker and a suitable series
resistance.

When replaced by a 555 it was
found that a much louder output
could be obtained from the speaker.
This is merely because the series
resistance with a 555 can be reduc-
ed to a considerably lower value
before oscillator operation becomes
erratic,

Finally, with the lcM7555 back
in use, the effect of inserting a high
value electrolytic capacitor in series,
as in Fig. 5(c), was tried. This caus-
ed an a lmost  surpr is ingly  h igh
degradation in oscil lator perfor-
mance, since it not only reduced the
audible output but also altered os-
cil lator frequency very noticeably as
well. Presumably, the effect is due
to the fact that the presence of the
caoaci tor  causes current  to  be
drawn from the i.c. when its output
is high whilst, without the capacitor,
current is drawn by the speaker only
when the output is low. The circuit
of Fig. 5{b} is much to be preferred.

Summing up, it can be seen from
these simple experiments that the
lCM7555 is a very welcome new-
comer to the array of i.c. 's available
to the home constructor, its chief
advantage being its very low suPPlY
current requirement. Although it is
fullv pin-compatible with the 555 it
cannot be fitted directlv into all 555
ci rcui ts ,  but  the d i f ferences in
cha rac te r i s t i cs  can  be  read i lY
catered for in init ial circuit design
work.

The lCM7555 appears to be as
electrically robust as the bipolar
555. lt is supplied in polYstYrene
foam in the same manner as bipolar
devices and without pin short-
circuiting material. The lCM7555
devices checked by the author were
subjected to fairly rough electrical
handling during the tests and were
not in any way damaged as a
result. I
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ULTRASONIC
REMOTE

CONTROL
Bv

R. A. Penfold

Sequential on-off switching

Exceptionally low receiver consumption

Portable hand-held transmitter

This ultrasonic system was designed to meet the
need for a remote control system-which could be
used to provide on-off switching for small batte-ry
po*ered equipment. The main requirement was for
ilie ultraso^nii receiver to have a veiy Iow stand-by
current. as it would need to be continuously con-
nected to a 9-volt batterv and a current consump-
tion of even just a few- milliamps would gteatly
reduce the lif6 of this batterv' A current consump-
tion of about 50aA or lesi was called for, and
previous home bonstructor designs which the
author has seen would seem to be totally unsuitable
in this respect. It was also necessary to be able to
switch the load on bv momentarily operating the
ultrasonic transmittei, to switch it off bv momen-
i"ritu o*t"ting the transmitter once more' and so
;. il{;Jtiliui"ous systems switch the load on onlv
;hit;-;;fial is beirig received from the transmitter
ana neea?aditional circuitry or a sultable acttrator
to provide sequential operation. The present ar-
;;#;;i ieiitlt in a iow power demand at the
trarismitter as well as at the receiver.

Fis. 1 shows in block diagram form the stage
line-up finally adopted in the receiver. The output
from [he recdiving-transducer is amplified by a 3-

JANUARY, 1980

FiS. l. Block diagram illustrating the
operating principle of the receiver. After
the 4OkHz input from the receiving
transducer has been amplified and divided.
a square wave at a frequencY of O.4O7Hz
is a.pplied to the VMOS switch. Thc
amplifier, logic and switch gating circuits
consume a total current of about 3QtA

onlY
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A close view of the receiver board. The two CMOS i.c.'s were plugged into soldercon
connectors

RECEIVER

Resistors
(All * watt 5% unless otherwise stated)

R1 10M a l0%
R2 270k a
R3 10M o 70%
R4 180k o
R5 390k o
R6 6.8M a r0%
R7 390k rr

Capacitors
Ct Z.Z4F electrolytic, 10 V. Wkg.
C2 680pF ceramic plate
C3 680pF ceramic plate
C4 100pF electrolytic, 10 V. Wkg.
C5 0.1pF type C280

TRANSMITTER

Resistors
(All fixed values * watt 5% unless otherwise stated)

R1 470 o
R2 100 o
R3 8.2k o
R4 22k o Pre-set potentiometer. 0.1 watt
horizontal
R5 1.8M a 70%
R6 4.7k o
R7 680 o
R8 680 o

Capacitors
Cf O.OZZrrtr' ceramic plate
C2 820pF polystyrene
C3 1,500pF ceramic plate

Semiconductors
IC1 4020
IC2 4018
TR1 BC65O
TR2 BC179
TR3 BC65O
TR4 VN88AF

Transducer
MICl 40kHz transducer (see text)

Miscellaneous
9 volt batterv
Phono plug (see text)
2-off 16-way i.c. holders or soldercon connectors
(see text)
Materials for printed board
Wire. solder. etc.

Semiconductors
TRl TIS43
TR2 BC1O9
TR3 BC109

Transducer
LS1 40kHz transducer (see text)

Switch
51 miniature push-button, ptess to make

Battery
BYi 9-volt battery type PP3

MiscelLaneous
Verobox type 75-1799-E
Battery connector
Phono plug (see text)
Materials for nrinted board
Wire. solder. ritc.
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transistor common emitter circuit which is design-
ed to have a very low current drain. Normally a 2-
stage amplifier would gjve adequ-ate gain, but the
low* colleitor currents fhat must be used result in
the transistors having far lower gains than usual.
Furthermore, the use of low collector currents
tends to cause a greater loss ofgain at high frequen-
cies than at d.c. and low frequencies. Although the
operatins frequencv of 40kHz is not particularly
high, being n6t fai above the upp.er limit of the
au"dib freqirency spectrum, -it is quite high enough
for this fa'ctor tb significantly reduce the gain. Cir-
cuitrv having two stages therefore proved to give in-
suffiiient gain, whilst a 3-stage circuit operating at
a total culrent consumption of about 33pA was
found to have adequate sensitivity.

The 40kHz outpul from the amplifier drives a 14
staee CMOS binarv divider, which divides the fre-
oudncv bv 16,384 

-times. 
The output of this stage

fbeds i divide-by-six CMOS counter, giving. a total
division of 98,304 times. This last stage gives- an
output. therefore, of 0.407H2, which is applied to
the- gate of a VMOS power device used in a
switc"hing mode. The VMOS device turns on when
its eate e-oes positive and if the 40kHz input signal
weri miintained continuously it would be turned
on for slightly more than a second, off for slightly
more tha-"n a second, and so on. In practice of
course. the transmitter is only turned on long
enoush to switch the load from the off to the on
statei or vice versa, as appropriate' It would be
possible to include circuitry which prevented the
ieceiver from cycling back tb its original state if the
transmitter weie aciidentally operated for slightly
too long, but this does not seem to be a proble.m
when tf,e svstem is actually being used and no cir-
cuitrv of this kind is fitted to the final desisn'

The use of CMOS i.c.'s to perform the logic func-
tions and a VMOS device to act as a switch means
that no significant current is consumed by these
stages in the receiver circuit.

R E C E I V E R  C I R C U I T
Fis. 2 shows the complete circuit of the ul-

trasrinic receiver. Apart 
-from 

the high resistor
values that are needed to'produce the required low
collector cutrents, the amplifier is a fairly conven-
tional 3-stage capacitively coupled arrangement in-
corporating"one p.n-.p. arid wo n.P.n. devices. The
iransistors" are high gain low noise types which
work well with low iollector currents. A direct
coupled amplifier was also -t{9d, byt it gave in-
feribr perforhance and reliability wl1e.n co-mpa1e4
with the a.c. coupled circuit. TR3 is biased bv RG
so that onlv a low collector voltage is produced un-
der quiesc6nt conditions, causin! the input of IC1
to be in the low losic state. Any reasonably strong
input sisnal from-the transducer will produce a
iaige endugh voltage swing at TRB collectbr to drive
IC1 reliablv.

IC1 is the binary counter and all its fourteen
stages are used, thaoutputs from the stages of the
device before ihe last bne being simply ignored-
The reset input at pin 11 is tied to the negative rail
as it is not neededin the present application. The
divide-bv-six stage uses a 4018 "divide-by-N"
counter ionnected-in the appropriate manner. This
drives the inexpensive VMOS device, TR4, which
is emploved as a common source switch. TR4 and
the lo'ad"will be switched on when IC2 output is
hish. and will be turned off when it is low. TR4 can
na?dle curtents of up to about 200mA or so with lit-
tle voltage drop, but for higher current loads, or a.c.
loads, ifis ne66ssary to have TE4 operatq a rglay
whicli in turn contr6ls the load. If this is done it is
essential to incorporate a protective- diode across
the relav coil. as 

-shown 
in Fie' 3. The diode sup-

presses 
-the 

high reverse vo$age.which would
btherwise be seierated across the relay coil as it is
de-enersisedl and which could damage lhe
semicon-ductors. The relay can be any type having
a coil energise voltage of 6 to 9 volts' a corl

TR2 R6

e ,%-;i
\-el"
BCl79

Leod -outs

r-a'-ql-s

lo -JEg
8C650

L?od-outs

VN88AF
Leod-outs

Fig. 2. The circuit of the receiver unit. TRI, TR2 and TR3 form the low consumption amplifier

and are followed by tC\, a 14 stage binary divider, and tC2, which divides by 6' TR4 is the

VMOS switch
279www.americanradiohistory.com



Fig. 3. lf the load switched by TR4 is a
relay coil it is essential to add a prctective

diode across the coil

The rdceiver assembly,
The receiving transducer
connects to the printad
board via a short length

of screened cable

resistance of about 100o' or more and contacts of'
adequate rating to control the intended load. If the
relay contacts switch an a.c. mains circuit, the
relay insulation, must be adequate for mains
voltages, and the negative sufply rail of the
receiver must be connected to th-e-niains earth. As
is desciibed at the end of this article, TR4 mav also
c.ontrol d.c. lo,adspo-wered from a supply othei than
the receiver 9 volt batterv.

The 8C650 and VN88AF transistors required in
the receiver circuit are available from Mapiin Elec-
tronic Supplies.

TRANSMITTER CIRCUIT
An efficient transmitter is essential in this svtem

because the low current consumption requireinent
of the receiver inevitablv makes it sliehtlv less sen-
sitive than normal, and a transmittei of mediocre
performance would give totallv inadequate results.
A number of circuits were tiied. m6st of which
proved to be ineffective. A pulsed 6imal was found
to give very poor resulti, a mo-re substantial
waveform such as a sawtooth or square wave giving
a much better performance. Ultrasonic transmittei
circuits often drive the transducer from anti-phase
outputs so that a peak-to-peak voltase swihe of
almost double the supplv rail potentiaf can be*ob-
tained. In practice, cifcuits of-this tvpe work onlv
marginall5r better than do sinel6--ended onej.
Indeed, .best resulls were obtaine-d with a single-
ended circuit having a low output impedance- so
that loading by the tiansducer doee not iimificant-
ly reduce the-peak-to-peak output voltage swing. A
double-ended low impedance-output circuit ian
offer a small further improvement ih range, but not

by enough to justify the increased cost and com-
plexity involved. The circuit of the transmitter
finallv emploved appears in Fie. 4.

Thb 40kHz simal is seneratedbv a standard un-
ijunction -relaxation oscillator inc6rporating TRl.
This can be tuned by means of R4-to the lrecise

B l ( o  o o J E

82
Trs43

Lcod-out6
BCtO9

Lrod-out3

Fig. 4, The circuit of the transmitter. A
near-sawtooth wave appaars at the
emitter of TRI and is amplified bV TR2,
with TR3 producing a low impedance out-
put. R4 is adjusted to bring transmitter
frequency to the peak level for tha pair ol

transducers employed
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freouencv at which the responses of the transmit-
line' and" receiving transddcers are tptimised. A
waieform which is approximately a sawtooth is
avaiiaUte at TRl emitier, and thisis coupled to the
6om-on emitter amplifier, TR2. TRt clips the
signal to give what is.virtually. a square wave oI

"6out 
7.6 volts peak'to-peik amplitude. R7

piouiaes negative f6edback,boosting the input im-
bedance of- TRZ in order to prevent excessive
loadine on TR1. TR3 is in an emitter follower out-
put bu?fet stage which gives a low impedance drive
[o the 40kHz"transmit--ting transducer, LS1. The
iiatt*ducers are both piezlelectric devices which
have verv hieh resistances, and which do not
therefore-requ-"ire series d.c. blocking capacitors.
Various mak-es of 40kHz ultrasonic transducer are
avaitabte at present and, although not checkedby
the author, dny of these should work well in this
Jntt"-. Some irtpes have identical transmitting and
r6ceivine units.-brut with others the two transducers
are slieh"tlv different and optimum results will not
be oblain6d if they are {ransposed. Where ap-
oropriate. the retaiier's literature should make it
it"di *tti"tr transducer should be used in the
transmitter and which in the receiver.

The transducerg used in the author's prototype
were obtained from Ace Mailtronix Limited'
Tootal Street, Wakefield, West Yorkshire, WFl.

RECEIVER CONSTRUCTION
Apart from the transducer the receiver com-

po"6nfJ atJall mounted on a printed circuit board,-as 
detailed in Fig. 6. Other fbrms of construction

"o"id 
be used if'breferred, but the layout of the

a*piiner section'of the uiit is inevitdbly rather
critical. and a well conceived component layout is
essentiil if instability is to be avoided. IC1 and IC2
are CMOS devicei and the normal handling
orecautiottt should be observed when dealing with
these components. If desired, they may be fitted
into i.c. hdlders or soldercon connectore. The con-
nection to the receiving transducer is-made viq a
rcte"nea te"d. Some tr*ansducers are fitted with a
nhono socket at the rear, the connection to the com-
bo"e"t then being madb by way- 9f- a phono -plug'
bthet. simply haie two pin-s to which soldered con-
nections are made.

The receiver printed board can be housed in a
suiiable plastic or metal cabinet, o1 i.t pgr be fitted
i" itt" same 

"ase 
as the circuit which it controls.

C5
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Fig.5.
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The receiver is assembled on a printed circuit board with the layout given here'
The board is reproduced full size for tracing
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The 9 volt batterv can be anv tvpe which the con-
structor feels will be adequite- for the particular
application involved.

TRANSMITTER CONSTRUCTION
Most of the transmit ter components are

assembled on a small printed circuit board, the foil
pattern an4 component layout for this being given
in Fig. 6. The component iayout of the traniriitter
is not particularly critical and other forms of con-
struction should be quite suitable. but a verv com-
pact layout is essential if the speiified Vero hand-
held plastic control box is used as the case.

The layout of the transmitter can be seen from
the photograph. The only minor difficultv here is
given by the mounting of the transduCer. This
necessitates the filine of a flat surface across the
fr-ont of-the box, sincdthe surface is slightly angled
where the two halves of the case meet. if aiuitible
area is filed flat the transducer will fit flush against
the case, and can be slued to one half of the case
after a suitable mounling hole (or holes) has been
drilled.

ADJUSTMENT
It is possible to adjust the transmitter for op-

timum range by trial and error, the transmitter and
receiver transducers being placed close together
and pointing at one another, and R4 being slowly
adjusted from one end of its track to the other until
a settins is found which causes the receiver to con-
tinuouslv cvcle. The transmitter and receiver are
then moved further apart until the receiver ceases
cyclihg, and R4 is adjusted slightly either side of its
present, setting in order to find a better setting
which re-establishes the link with the receiver. This
procedure is repeated until an acceptable range is
obtained.

There is a much quicker method if a multimeter
having a sensitivity of 20k or per volt or better is
available. This is set to a 10 volt range (or some
similar low volts range) and is connected between
TR3 collector and the negative supply rail at the
receiver. R4 is then simply adjusted for maxirirum
meter reading. For this adjustment the transmit-
ting and receiving transducers should be positioned
about 1 or 2 metres apart and not aimed directly at
one dnother, so that only a fairlv modest input

282 RADrO AND FII,F:CTRONICS COruSrnrrcrnp

R1

s$
' -h toA

'H|[
!s€$
\ c-_o o-- '{t/

www.americanradiohistory.com



sisnal is obtained at the receiver. Otherwise the
reieiver will be saturated even with R4 well ofT
tune, and there will be no setting which produces a
definite peak.

The range of the system is reasonably large, be-
ing up to about 5 metres before the phyiical align-
miint^of the two transducers becom-es'too critidal,
but ultrasonic systems are normally used only for

short range applications. The range should in con-
sequence be adequate for most requirements. If felt
necessarv. the sensitivitv of the receiver can be

boosted by reducing the value of R5. and it can
even be replaced by a linli wire ifthe highest possi-
ble sensitivitv is re-quired. A reliable raiee ofup to
about 10 meires cair then be obtained. rihich ii as
good as virtually any other ultrasonic system.
However, the current consumption of the receiver
wfl! b_e substantially increased, being about 90p,.{
with R5 at zero resistance.

ALTERNATIVE SUPPLY
In the circuit shown in Fig. 2, the load switched

on by TR4 is powered by the receiver 9 volt
battery. There will be applications where this
method of control is unsatisfactorv, either because
a load supply voltage other than 9 volts is required,
or because the load supply current is high and
prevents the use of a small battery for the low con-
sumption receiver circuits.

All that is then required is to use the alternative
circuit shown in Fie. ?. Here. the load is powered bv
its own batterv, tlie neeative terminal bf wnicn ii
made common with "the negative rail of the
receiver. The current drawn 

-from 
the receiver

batterv then stavs at the same verv low level
reEardless of whether the load is switch6d on or off.

The voltage of the external battery supplying the
load will pro-bably be less than some 2O votti, which
is well within the drain-source voltage rating of the
VN88AF.

T

Fig, 7. lf desired, an external battery can
ba employed to power the load switched
bV TR4. The output circuit is then modified

as shown here
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LOGIC TESTER
Bv

Dieital techniques involve two, voltage levels,
often called "highrt and "lowt'or "1" and "0". The
use of onlv two levels gives logic circuits a high
degree .of 

-noise, 
immunity, particularly in the

transmlssron oI data.
When building logic circuits of any complexity,

some method of testing the designs becomes a
necessitv. Possible chec-kins instruments are the
oscilloscbpe and the testmetir. The oscilloscope is
very expehsive for the purpose and is not always
the best method for measuring d.c. voltages, par-
ticularly if its calibration is in doubt. However, it
can show a train of pulses very nicely. On the other
hand a meter can indicate static high or low logic
levels but not a train of pulses. Nor can it give re-
liable readings of high or low levels in the presence
of pulses.

What is required is an instrument that gives a
definite readirie of hish or low as well as indicating
the presence of*as little as a single pulse. Ideally, it
shorild also include some form of protection against
excessivelv hish or low input voltages. Such an in-
strument, intended for checking t.t.l. circuits, is
described here.

CIRCUIT OPERATION

The circuit of the logic tester appears in the ac-
comnanvins diasram. A flvine leaillerminated in a
crocbdil6 cfip iiconnecteii to the "OV" point and
this clips to the earth of the circuit being checked.
The "Input" point has another flying lead and a
test pro<i for ionnection to the logic circuit being
checked. Switch 51 selects a supply for the instru-
ment. When set to "External", the instrument can
obtain a 5 volt supply from the equiqment bging
checked or from a suitable power supply unrt. Set-
tins 51 to "Batterv" cause-s the instrument to be
suinlied bv its own internal batterv.

Iit is an input limiting resistor and !t serves the
dual purpose-of input piotection and limiting the
curreirt through ttre overload warning indicators,
LED1 and LdD2. If the input voltage exceeds the
nominal VCC supply potential of I volts by lhe
forward voltase drbris bf Dl and LED1 in series,
LED1 liehts up. Shbuld the input go negative of
earth bvinore than the forward voltage drops in D2
and LED2. LED2 turns on. Diodes Dl and D2
nrotect the'overload indicating l.e.d.'s from reverse
voltases which may exceed the specification of
somJdevices. The value of Rl should not be in-
creased to sive added protection as this would pre-
vent the relt of the ciicuit from responding to the
various input voltages.

The logic tester employs three inverters, these

RADIO AND ELECTRONICS CONSTRUCTOR

Peter Roberts

PORTABLE
TESTER DETECTS
OVERLOAD. LOGIC

STATE AND PULSE

VOLTAGES IN T.T.L.
clRculrs.

The prototype logic iester. One of the
three test points on the front panol con-
nects to the positive supply and the other
tl,no to the negative supply. Switch Sl is
on the side opposito the turo oxternal

supply terminals
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/
T.st prod

Extarnol

\eutsc'

'OErlood -

ICr
pin 7

The circuit o-f the logic testor. LEDl and LED2 indicate overload whilst LED3 and
LED4 show logic voltage state. LEDS lights up in the presence of one or more pulsos

"l
, \
\

consisting of 2-input NAND gates with their inputs
strapped. The three gates are part of a quad NAND
gate type 7400, no connections being made to the
unused fourth gate. If the "Input" test prod con-
nects to a logic point which is high, the output of
the first inverter at pin 3 of the 7400 goes low and
LED3 lights up. Connecting the test prod to a lorr
logic level causes the pin 3 output to go high and the
output of the second gate at pin 6 to go low. This
time LED4 becomes illuminated.

The second i.c. is a 74\2L monostable multi-
vibrator which is triggered to give a high output
for a short period at its pin 6 when a positive-going
pulse is applied to its pin 5. The third NAND gate
inverter changes the high output to a low voltage
which causes LED5 to light up. Since the pin 5 in-
put is derived from the first inverter, the
monostable fires for a negative-going pulse at the
"Input" test prod.

The length of the monostable on period is
governed by C1 and R5, and the monostable can be
fired bv a single pulse at the "Input" prod. A train
of pulsbs spaced at less than the inonoitable period
causes LEDS to remain alight virtually continuous-
lv.

The internal batterv can be a 4.5 volt torch
battery or a 6 volt bat[ery made up from four 1.5
volt cells in series. A sood choice consists of fbur
HP7 cells, which mav'be fitted in a small batterv
holder. Current consumption is of the order oi'
25mA.

The author's losic tester is assembled in a plastic
box measurins about 4 bv 3 bv 2*in.. and lias the
five l.e.d.'s mbunted on the front'panel. The "In-

Continued on Page 287
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LED2

D2
tN9t4

Reslstors
(All f watt 10%)

R1 220 o
R2 220a
R3 220o
R4 220o
Rb 18ko

Capacitor
Cl 10pF electrolytic, 10V. Wkg.

Semiconductors
ICl 7400
lc2 74r2L
D1 1N914
D2 1N914
LED1-LED5 red l.e.d.'s

Switch
51 s.p.d.t. slide or toggle

Battery
BY1 (see text)

Miscellaneous
Case (see text)
Test prod
Crocodile clip
3.5mm. jack plug
3.5mm. iack socket
Insulated terminal, red
Insulated terminal, black
5 panel-mounting bushes

(for LED1 to LED5)
Wire. solder. etc.
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FOR DX LSTENERS
By Frank A. Baldwin

Clandestine stations have alwavs interested the
writer and together with other feliow Diers much
time has been spent lossine such transmissions.
For the information of readdrs. details of some of
these stations are shown below.

' VOICE OF TIIE MALAYAN REVOLUTION
This one operates in various lanzuages such as

Chinese (and-Chinese dialects). Malav-and Tamil
but also in English. The English transinissions are
from 0930 to 1015, 1450 to 1530 on 1188O and
16?qq. _ The programme content is pro-Peking,
anti-Malaysia-and Singapore Governments. Tht
transmitters are thousht to be located near
Changsha in Hunan Pro-vince, China.

. VOICE OF THE PEOPLE OF BURMA
This station is pro-Pekins in policv and is the

voice of the Burm-ese Comriunisi Paity. Thought
to be located on or near the Burnia/Chin6se
border, it-operates in Burmese, Standard Chinese,
Shan and Jingpaw from 0030 to 0130 and from
1200 to 1300 on 6110 and from 1030 to 1130 on
6304 (in Burmese only) but the timinss of this
latter transmission vari-es according to a- monthlv
pattern, that shown being correct-for Februari.
April, June, August, October and December. Iden-
tification in Burmese is "Myama-pye Pey-Thu Ah-
thant'.

O RADIO 8.1
Radio 8-1 ("Ba Yi") has been reported on

L2l2O at various timis from 1230 to as late as
1630 with transmissions attackine the policies of
the -Peking go.vernment, particulaily with respect
to Vietnam. The transmitter is thouiht to be orie of
the_ Russian 'black' clandestines oplrating on the
Chinese border and purportine t6 repreient the
views. of the Peoplels Liberation Aimy. Such
broadcasts are usually of 10 minutes duiation in
order to dodge the jammers!

O HUNGARY
Radio Budapest on 720O at 1930. OM with sta-

tion identification at the commencement of the
German programme for Austria, scheduled on this
phannel from 1930 to 2000.

O CZECHOSLOVAKIA
Radio Prague on 7246 at 1911, YL with iden-

tification after the news in the English programme
for Europe, scheduled from 19001o tggO.
2rJ6

O EAST GERMANY
Radio Berlin International on 7260 at 1840,

news of sportins events and achievements within
the Republic in [he English programme for Europe,
scheduied from 1800 6 1845. 

-

Radio Berlin International on 73OO at 1915. OM
with identification at the commencement oi the
Portuguese programme for Europe and Central
Africa. scheduled from 1915 to 2000.

O CANADA
Radio Canada on 718O at 1902, OM with the

Iocal news in Enslish for Europe. scheduled from
1900 to 1930. Thil is a BBC reliy from Daventry.

O INDIA
AIR (All India Radio) Delhi on 11620 at 2000,

OM with the local news in English after identifica-
tion in the English programme for North and West
Africa, West Europe and the U.K., scheduled from
1945 to 2045.

o u.s.s.R.
Radio Moscow on 726O at 1830. OM with a

newscast in Enelish in the World Seivice. Also in
parallel on 718-6 and 728O, the latter channel be-
ing best for reception here in the U.K.

O ISRAEL
Jerusalem on 11666 at2030, YL signing off the

English programme for Euroire afte-r the news
headlines, this beine followed bv the French
programme. The English programnie is scheduled
from 2000 to 2030. 

-

O CLANDESTINE
Voice of the Malayan Revolution on 16790 at

1400, military musii, YL announcer in Chinese.
This is a pro-communist transmitter - see opening
paragtaphs.

O WEST GERMANY
Deutsche Welle on 7286 at 0128. OM with iden-

t i f icat ion after a n€wscast i r i  the Engl ish
programme for Asia, scheduled from 0120 to 0220.

O ALBANIA
Tirana on 7L2O at 0134. YL with a newscast in

the English programme' for North America,
schedule? from 0t-30 to 0200.

O ITALY
Rome on 7276 at 2025, YL with identification

and news in the Arabic programme for Morocco
and Algeria, scheduled frbm?OZS to 2045.

RADIO AND ELECTRONICS CONS'I'RUCTOR
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O BRAZIL
Radio Tabajara on a measured 4797 at 0040,

YL with a love song, local pops, after it by OM in
Portuguese.

Radio Difusora, Londrina, on 4816 at 0044,
Brazilian pops, OM announcements in Portuguese,
The schedule is from 0900 to 0400 and the power is
just 0.5kW. When logging this one, don't get con-
fused with the more powerful Colombian Radio
Guatapuri. The latter station varies in frequency
from 4816 to 4818 and tends to increasingly'block' Radio Difusora as the morning hours
progress.

Radio Clube do Para, Belem, on 4866 at 0054,
OM with an excited sports commentary in Por-
tuguese. The schedule of this one is from 0800 to
0400 and the power is 10kW.

Radio Cultural da Bahia, Salvador, on 4896 at
0102, YL with pop song, OM announcements in
Portuzuese. This one is irrezular and operates on
special occasions 

'onlv. 
fhe schedrile, when

operating, is from 0800 to 0400 and the power is
10kw.

Radio Anhanguera, Goiania, on 4916 at 0107,
OM announcer with recorded local pop music. The
schedule is from 0900 (Sunday from 1000) to 0400
and the power is 10kW. Signal mixed with that ot'
R. Dif. de Macapa, another Brazilian.

Rhdio Borborema, Campina Grande, on 6O26 at
0113, OM announcements in Portuguese, Brazilian
discomusic. The schdule is from OA'SO to 0400.and
the power is lkW.

O DOMINICAN REPUBLIC
HISD R. TV Dominicana, Santo Domingo, on a

measured 6966 at 0138. OM with announcements
in Spanish, including local addresses, OM pop song
and-local pops. The schedule is from Oggd to OaOd
and the power is 50kW.

O COLOMBIA
La Voz de los Centauros (HJOQ), Villavicencio,

on 6966 at 0133, OM announcements in Spanish,
short excerpts lieht orchestral music - but mostlv
talk! The ichedule is around the clock and th'e
power is 5kW. The frequency of this one is apt to
vary up to 6960.

O GUATEMALA
Radio Mam, Cabrican, on 4826 at 0047, OM

with a sports commentary in Spanish. This one
operatesin Spanish and virnacular and is on the
air from 2200 to 0300, the power being 1kW.

O SURINAM
SRS Paramaribo on 486O at 0050, YL with pop

song, OM with announcements in Dutch. The
schedule is from 0815 to 0330 and the power is
10kW. Reported closing sometimes as late-as 0530,
laqguages used are English, Dutih, Spanish and
Indonesian.

O VENEZUELA
^-Badio Libertado-r, Caracas, on B24E at 0020,
OM anlquncer in Qpanish with recorded local pop
music. The schedule is from 1000 to 0400 and-th'e
power is lkW.
^-Bu4ig F-arcel-gna, Barcelona, on 3886 at 0046,
OM with identification in Spanish, YL with ballad.
The schedule is from 1000 to 1200 and from 2100 to
0400 and the power is 1kW.

LaYoz de Carabobo, Valencia, on 478O at 008?,
local-style dance music, OM with commercials in
Spanish. The schedule is from 1000 to 0400 and the
power is 1kW. This one also identifies as ,,Onda
Nueva" on occasions.
O CHINA

PLA (People's Liberation Army) Fujian Front
on 34OO at 2054, YL in Chinese in a Network 2
programme directed to Taiwan and other Offshore
Islands. Sim-off at 2101 without National Anthem.
The schedule is from 1131 to 2100 on this channel.

Radio Peking on 3360 at 2110, YL in Chinese
(Amoy) in the Taiwan Service, scheduled here
from 1000 to 1900 and from 2000 to 0130.

Lhasa on 476O at 2318. YL with instructions lbr
phvsical training. This transmission was thought at
first (early July) to emanate from the CPBS Hulun
Boir, Heilongjiang, station which is only rarely
repoited. Nort thiiught to be Lhasa in agreemerit
with other Dxers.

Nanning on 4906 at 2028, Chinese opera
replayed from Radio Peking Domestic Service 1.
The schedule is from 1100 to 1735 and from 2000 to
2300.

O EQUATORIAL GUINEA
Radio Ecuatorial, Bata, on a measured 4926 at

2130, OM identification "La Voz del Partido",
anthem and sign-off after programme of local
music. The schedule is frorn 0430 to 0630. 1000 to
1600 and from 1700 to 21.{0 iSaturdavs until 2300).
The power is 5kW.

. NIGERIA
NBC Benin Citv on a measured 4932 at 2335.

local-style music dnd songs - very rhythmic! The
schedule is from 0430 to 2305 in both Enelish and
vernaculars but has been reported closing"as late as
2345. The power is 10kW.

VON (Voice of Nigeria) Lagos on 499O at 0430,
sign-on in English, time-check, programme review
and religious service. The schedule is from 0430 to
1000 and from 1700 to 2305 in English and ver-
naculats. The power is 20kW.

O NOW HEAR THIS
Radio Alfonso Padilla Vega, Padilla, Bolivia, on

348O at 0147, OM's with a local-style pop song.
Schedule varies ftom 2275 to 0245,2315 to 0315.
Frequency varies from 3478 to 3488. The power
is 0.3kW.

LOG I C TESTER Continued from page 285

put" and "OV" test leads connect to a 3.5mm. jack
ilug which fits into a jack socket on the panel. hlso
provided are terminals on one side which allow
connection to the external supply, and test pins on
the front panel (not shown inihe iircuit) foriupply
voltage mbnitoring and similar purposes. Construc-
JANUARY. 1980

tion and layout are not at all critical, and any
reasonable rirethod of assembly may be bmployed.

The test prod was made fr6m a stylus used tbr
writing on duplicating stencils. It should be
available from most good stationers very cheaply.

t
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7

'RING OFLED's'
PRNTTIMER

By P. R. Arthur

O ldeal attention-catching presentation.

O Unique display indicates 8 segments
of timing period.

This timer is designed to provide accuiate
tiTing fgr the devefopment of photographic
print!. It is primar-ily intended for distr
d-eve_lopmen!, but there is no reaeon why it
ehould not be used with other equipm6nt,
such ae colour drums, if required. 

-

Resistore
(All fixed values I watt 5%)

R1-R4_4.7Mo pre-set potentiometer
B! 6.81e (see text)
R6 3.3k d
R 7  l k o
R8 100 o
R9 18k o

Capacitors
Cl 0.1s.F tvpe C280
C2 1.5pF tvbe C280
CB 0.0'a7p,.F type C280

Semiconductors
IC1 555
ICz 4022
D1-D8 T1L209 with panel-mounting bushes

Switches
51(a)(b) 2-pole 2-wav miniature rotarv
52 l-pole 4-way miniature rotary

Miscellaneous
9 volt batterv. PP3 or PP6
Battery connector
Verocase tvpe 75-1238-D
Veroboard. b.lin. matrix
2 control knobs
_1_Q;way d.i.l. socket (if required)
Wire. solder. etc.

288

The unit is unusual for a photocraphic timer
because it does not simplv sive in auiiible or visual
warning at the end of theiiming period but has, in-
stead, a rine of eieht l.e,d.'s whidli lieht successii'elv
in clockwisi order durine the pdri6d. The rins of
l.e.d.'s displav is easilv seen inboth sood and D]oor
lighting cohditions, The required devdlopment time
is indicated by one complete lap, or "r-evolution",
of the light around the rinc of l.e.d.'s and this avoids
the confusion which can- occur when timine bv
watching the sweep second hand of a clock.'On6
may, in the dark, be unsure whether the second
hand is on the first or second time round. The
prototype gives nominal timing periods'of 1. 2. B and
4 minutes, but these periods cbh be modifi'ed'to suit
individual requirem6nte.

.The ring display hae the further advantage,
when compared with conventional electronic
timers, of indicating the approachins end of the
development time. fhis enables one td prepare for
the neit processing stage. After the set tiine the dis-
play continues to cycle until the unit ie switched
off, _a4d the subsequent cycles, can, if desired, be
used for timing.lat-er.processing staies.

In use, the timer is verv convenient and eives
good results. Like most oth6r timers it has posiible
applications other than its intended one. it could
for.instance be employed for timing STD telephone
calls, and there ire-without dorlbt manv'other
applications

T H E  C I R C U I T
The circuit of the timer is shown in Fig. 1, and it

consists basically of a clock oscillator, ICl, feedine
a divide-by-eight counter, lC2, whii:h drives th6
elght l.e.d.'s in-thg ring. The '0" to "7" outputs of
the counter go high successively with each p,isitive-
going input pulse edge from the clock.

The clock oscillator employs a 555 in the astable

RADIO AND ELECTRONICS CONSTRUCTOR
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The ring of l.e.d"s appear€ on rho front paner of the timer. The top l.e,d. rights up at,J._:alT of the timing. period,-then extinjuishes as the next r.e,d. turns on. The r.e.d.,sDocome iltumanated in turn in clockwise order and the timing period is at an end
when the eighth l.e.d. gives way to the first one in ihe ring

-
5g6 On

1

\

a
U N

A

/G\ rrL2oe
L3J 1ss6-6g1e

c

D1-Dg -  T IL  2O9

Fig' I '  The circuit of the ring of l.e.d.'s print t imer. Each of the eight l ight-emitting diodes is i l-
luminated in turn by tCZ

JANUARY, I98O

t 6

tcz
4022

7  t l
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+od.e, the four timing periods being slected by 52.
As is normal with a 555 oscillator the timing
capacitor, C2 in Fig. 1, is charged by way of the
resistance coupling 

-it 
to the poslitive iail intil the

voltage across it reaches two-thirds of the supplv
potential. Pin 7 of the i.c. then goes low and th-e
capacitor discharges via the resislance coupling it
to this pin until the voltage across it is one-fhird of
the supply voltage. Pin 7 then goes open, allowing
the capacitor to charge once more in the following
cycle. With a normal 555 circuit, in which the
capacitor is returned to the negative rail, the first
charge period is longer than all the subsequent
charge periods, because the capacitor has to charge
from zero volts to two-thirds of supply volta[e
whereas in the later periods it chare66 from one-
third to two-thirds oisupplv potentful.

In -many instances th-e-ciniequently elongated
initial cycl-e raises no difficulties, but in the present
applications it would obviously reduce fhe ac-
curacy and usefulness of the unit. The problem is
overcome by takine the earthv side oT C2 to a
potential divider formed bv hS and R6. The
voltage at the junction of theire two resistors is ap-

proximately one-third of the supply potential, so
that the tiniine circuit conditions aie efTectivelv'the
same for the first cvcle as for those which foflow.

Anv large errors'in the initial clock cvcle are
therebv eliminated. Althoush there mav slill be a
small discrepancy it will 

-be 
of an insignificant

proportion.
52 switches in four pre-set variable resistors to

provide the timing cycles of 1 minute, 2 minutes, 3
minutes and 4 minutes. To obtain repeatable and
consistent results, a non-electrolvtic capacitor is
used in the C2 position. It will still be neiessarv ro
trim the time constants of the circuit to obtain ebod
accllracy, of course, and this is why pre-set vari-able
reslstors are emplovect.

The output pulsis from pin B of the bbb are
applied direct to the clock input, pin 14. of the 4022
divider. The output of ICl will'sb positive as soon
as the supply is switched on bv SI1(b). This will not
be counted by IC2, however, because at switch-on
its reset pin, pin 15, is momentarilv taken hieh bv
the discharged capacitor C3, causirie the divider t"o
leset to zero. The first l.e.d., Dl, .i;ill then be il_
luminated. The next positive-going pulseedg" fio*

l l r ,  , : , i

l : :

liiii

1t;

tr+
.:Lttl'L

:iiiilirl
ri ir,.ti.::'
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Flg.2, Most of the tlmer components are arsembled on a Veroboard panel. Layout details are
given here

IC1 will cause Dl to extinguish and D2 to light up.
The l.e.d.'s will then lishtlp in sequence untit DZ
is turned off and Dg-beccrhres illuminated. The
followine clock pulse will extincuish D8 and cause
Dl to li{ht up a}ain, aqp the siqqe4c.e will repeat.
r ne preclse enc ot tne umrng perrocl l8 nven when
D8 extinzuishes and .Dl lishts up for 

-the 
second

time. Thls, each l.e.d. is alilht for-ohe-eighth oI'the
overall timing period. No connection is made to pin
12 of IC2, which is the "carrv out" Din.

The timer is switched off b! movirig Sl(a)(b) to
the "Off i position. S1 (a) then-short-ciicuit's CZ'via
J A N I I A R V : 1 q R n

the low value current limitine resistor R8. No
residual charge will in consequlnce be left in C2
when the unil is switche{ on again and good ac-
curacv will be maintained

Thi average current consumption of the unit is
about 16mA, and this can be piovided bv a 9 volt
battery such as a PP3 or, if the unit is to b6 used ex-
tensiv6lv. a PP6.

en tlie components are readily available. The
rotary switches can be miniature types with ad-
justable end stops, and the small nrimber of ways
selected by each makes it possible to employ typ-es
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The range selector switch is to the left on
the front panel, and this selects overall
timing periods of 1 minute, 2 minutes, 3

minutes or 4 minutes. The legends and
numbers are taken from "Panel Signs" set

No.  4

having either the same number of poles as are
switched or more. Obviouslv. no connections are
made to the unused switch iigs. The four pre-set
potentiometers are the larger type of vertical
skeleton pre-set having 0.4in. spacing between
track tags.

CONSTRUCTION
A Verocase tvpe 75-1238-D, with dimensions of

153 by 84 by 59mm., makes a good housing for the
unit. The eight l.e.d.'s are mounted at the centre of
the front panel with 52 to the left and Sl(a)(b) to
the rieht. Dl is at the top and the other l.e.d.'s
follow"in sequence in a clockwise direction. The
four pre-set potentiometers are mounted direct to
the tags of 52, one of each of the potentiometer
track tags being soldered to the appropriate switch
tag.

The remairting components are assembled on a
0.1in. Veroboard having 18 strips by 25 holes, using
the lavout illustrated in Fis. 2. A lead from the
board connects to the cathoiles of all eight l.e.d.'s,
whilst eight separate leads connect to their in-
dividual anodes. A wire from hole H7 on the board
connects to the arm of 52, and another wire from
hole G7 connects to the slider tag of Rl. Wiring
around the outer tags of 52 then follows the circuit
diagram of Fig. 1.

Since IC2 is a CMOS device which can be

damaged by high static voltages it must be handled
with some care. It should be the last component to
be soldered to the board, and a solderins iron with a
reliablv earthed bit must be used. The slfest wav of
dealin! with the component is to initially sold6r a
16-way i.c. holder to the board and to plug the i.c.
into this after all connections have beeir ni-ade. In-
cidentally, it is in order for pin 9 of ICl to be con-
nected to the positive rail as this is an "NC" pin.

When wiring to the front panel components and
to the battery clip is complete, the board may be
mounted in the case. The specified Verocase has
four mountinq plllars, and the board is secured to
two of these b,v means of small self-tapping screws.
The board is positioned behind St(a)ft).

ADJUSTMENT
Initially the unit should be tested with 52 in the

1 minute position. A clock or watch having a
seconds hand is used to provide a reference against
which R1 can be adjusted to produce increments in
the display at intervals of about 7.5 seconds (i.e.
one-eighth of 60 seconds). Rl is then finelv trimmed
to produce one lap of the display every minute wrth
the desired level of accuracv.

Then R2, R3 and R4 are ddjusted, in that order,
in the same manner for lap times of 2, 3 and 4
minutes respectively.
- If timing periods shorter or slightly longer than

the specified ranges are requireil it-mav-well be
possible_to_obtain them within the range irf adjust-
ment of the pre-set potentiometers. lt musl be
borne in mind that, aiart from R4, the resistance
inserted by each pre-set potentiometer appears in
the timinf circuit fo1 t[e longel period^range or
ranges. If, for example, R1 is adjusted for a ihort
timing period on the first rang-e, the maximum
available timing period will be llmited on the other
three ranges.

If it is necessary to alter the timing component
values, the overall timing period(one complele lap)
is approximately 11 times- CR where C isthe value
of C2 in I.F, R is the resistance in M o between
pins 6 and 7 of ICl, and the period is in seconds.
The timing resistance should not exceed 20M o . It
is advisable to avoid the use of electrolvtic
capacitors for C2 because, apart from the quesiion
of leakage current, tolerancei in R5 and R6 and in
IC1 could cause the capacitor to be reversed biased
by a smail voltagg d.yring the oscillation cycle, giv-
lng reduced rellablllty rn trmrng accuracy. t

The four prs-set potontaometers are
mountod by having one track tag soldered
to the appropriate tag of switch S2.A sin-
gle wire connects togsther all the cath-
odes of the l.e.d.'s and individual wires
run from the component Panel to the

anooes
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really explains
*

microprocessors
series
No.6 By lan Sinclair

The Accumulator
In this, tho sixth articlo in our | 2-part sorios on
microprocosrors, w0 tako a look at ths alF
important accumulator.

In part 4 of DATABUS, we met some of the
registers that are used in a microprocessor CPU, and
discussed the 2-byte program counter and data
counters. The other important register is a one-byte
register called the accumulator. This is a register
that is used for storing and working on numbers, so
it can be connected by gates to the data input/out-
put lines whenever required by a program.

ACCUMULATOR REGISTER
What makes the accumulator register so impor-

tant is that all data numbers, as distinct from in-
structions, pass through the accumulator. lt 's true
that some CPU chips allow the use of more than
one register in this way, but so far as the simpler
types of CPU are concerned there's just one ac-
cumulator, and every number that is acted on has at
some time to be placed in the accumulator. This is a
feature of calculators and computers generally, so a
few rules aro worth noting.

First of all, when a number byte is loaded into the

Bit No.
4 3 2

1 110100 1 0 1
1 1 0 1 0 I 1 Numbertobeentered

I  t  t l
bits which chongc whcn
new numbcf is entered

Fig. 1. Accumulator 6ntry. When a new
number is entered into the accumulator,
several bits will be changed so that the old

number is no longer storod

accumulator register, the byte which was in the ac-
cumulator before it is lost. You can see why if you
remember that the accumulator is a register with
parallel loading - each flip-flop in the register is be-
ing set to 1 or 0 by each new bit of data, A LOAD ins-
truction to the CPU means that the byte of data which
is referred to by the nerct byte of the instruction will
be loaded into the accumulator in this way; and if
the byte which is already there is needed for some
purpose, it must first of all be stored in memory -
this sort of procedure will be familiar to readers who
have followed the recent "Tune-ln To Programs"
series.

There are several load instructions, depending on
where the byte of data is coming from. LOAD
IMMEDIATE means that the next byte in the
program is a number which has to be loaded into
the accumulator, so that the instruction must carry
the coding which sets up the CPU to treat the next
byte in from program memory as a number rather
than as an instruction. Suppose we want to load in a
byte taken from some part of memory which lies
outside the part in which the program is stored. A
different sort of load instruction then has to be used.
For the simpler types of CPU this is a two:byte in-
struction, with the first byte carrying the load part of
the instruction, and the second a displacement
number. As described in Part 5, this displacement
number causes a new address number to be
generated, equal to the sum of the number in the
program counter and the displacement number
itself. The byte which is loaded into the accumulator
is therefore taken from the memory position whose
address is given by the program count number plus
the displacement.
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Numbcr stored in occumulotor

0
+
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0 0 1 A
I 0 1 0 1 Numbar storcd in occumulotor

ADD immediotc numbcr

R€sult storcd in occumulotor

Fig. 2.  The ADD BINARY |MMED|ATE
operation. The number which follows the
ins t ruc t ion  ADD IMMEDIATE in  the
memory is added to the number in the ac-
cumulator, and the result is stored in the

accumulator

The simpler types of CPU may use just these two
basic types of load instruction, usually with the op-
t ion of incrementing or decrementing the number in
an index register at each load instruction so that
oach load is from a different address, one higher or
Iower than the previous one. Such indexed and
auto-indexed arrangemsnts have been dealt with in
Part 5,

The more eleborate types of CpU use many other
load instructions whlch can make some types of
program easier to devise. Keeping at the moment to
accumulator loading instructions, these CpUs can
load th6 accumulator from any address in memory,
so that two bytes of address need to follow the ins-
truction code. These two bytes are loaded into the
data counter or address register (according to the
design of CPU) and form an address to memory
from which the data byte will be taken to load the
accumulator. In addition, however, it is usually pos-
sible to load other registers, or to shift data bytes
from one register to another. The 280, for example,
has a total of 21 different single byte load instruct-
ions, and more than 14 double-byte load instructions,
B Y T E  T R A N S F E R E N C E

Now what else? Obviously, if we can load a data
byte from m€mory into the accumulator, we ought
to be able to stor€ a byte that is in the accumulaior
into some part of memory. Once again, ther simpler
types of CPU will offer one main method of doing
this by the use of a displacement number relat ive t6
the program counter or to an index number in some
other register. As before, the instruction code (a
store instruction this time) will be followed by a
displacement number which adds to the number in
tne program counter or other register. This new
number is now used as the address of a chunk of
memory which will be employed to store the data
byte that is in the accumulator, This does not
remove ths data byt6 from the accumulator, it mere_
ly copies it into the memory location, As before, it
qay be possible to use a modified instruction so
that the index number is incremented or decre_
mented each time the instruction is carried out, so
that data bytes can be stored into consecutive
memory locations. Note, however, that all relative
displacemen_t will operate only over a limited range,-128 to +127, which is equivalent to half  of  an-g_
bit memory "page" in each direction.
29,1

Another method which is available on some
simpler CPUs is to copy the byte from the ac-
cumulator into var ious other registers, using a
different instruction code for each different destina-
t ion. The more advanced CPUs wi l l  a lso permit  the
contents of the accumulator to be copied into any
place in RAM memory, using the address directly
rather than by having to calculate a displacement.
The addressing can also be impli'ed, taken from a
pair of bytes which themselves are stored in two
consecutive memory addresses.

Al l  this means that any CPU wi l l  have quite a
large number of possible instruction codes just for
the operations of loading the accumulator from
memory or fbr storing the contents of the ac-
cumulator into memory. In general ,  di f ferent CPUs
will have quite different binary codes for the same
instruction - the only exceptions being the 8080
and the 280, which share a large number of codes.
This is the roason for using what are called
mnemonic instructions - groups of letters which
are shorthand for an instruct ion and which
"translate" to a different binary code for each
microprocessor. For example, the mnemonic (the m
is si lent,  l ike the p in bathingl)  LDI usual ly means
LOAD IMMEDIATE, which on one CPU may be
binary 1 1000100, and on another 100001 10, but
which will always mean the same thing to the user.
An assembler is a circuit or program (to be describ-
ed in Part 12l. which does this "translation"
automatically for a given CPU, so that the letters

Number stor€d in
occumulotor

imm.diotr numb.r

Corry
Result stored in
occumulotor

F-lco..r 
bit or ttos

Naw numbcr loodad
into occumulotor

N.w ADD immcdiotc

Fl.lult rtor.d in
occumulotor - tha
corry bit ho6 b€.n
oddcd in

Fig. 3. The carry bit. An addition with a
carry out of the eighth place causes the
carry bit (or f lag) to be set (to logic 11. Thie
logic 1 is automatically added in to the
least significant place of the next addition
unless the carry bit is reset to zero by a

program instruction

0 1 0 a
I 1 0 Î 1

I n 0 I 0 0 0 0

1 0 0 1 1 0 1 0

1 1 0 1 0 1 1 4
I

0 1 1 1 0 0 0 .l
I

0 0 0 1 0 1 1 0

0 0 0 0 I
I 1 0 0

0 0 1 0 0 0 1 1
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LDI could be tapped out on a keyboartd which is
connected to the assembler,.and the correct binary
code then is put out to the CpU.

INSTRUCTIONS
What else can be done using the accutnulator?

It's like asking what can be done with electricity!To
start with, there will be a set of IMMEDIATE instruc-
tions, all of which must be followed in the program
by a data byte. The instruction, ADD BINARY
IMMEDIATE, for example, causes the byte that
follows the instruction in the program to bb added,
bit by bit, to ths byte that is already in the ac-
cumulator. The result of the addition is then held in
the accumulator awaiting the next instruction.
Sounds simple? lt is, but there are complications.
One is that when we add two eight-bit numbers, the
result may very well need nine bits, and we can fit
only eight bits into the accumulator. This problem is
solved by using a bit from another register, called
the status register. This bit, called the carry bit, is set
to 1 if there is a carry from an addition; bits such as
the carry bit are sometimes referred to as "status
flags". When such a bit is at logic 1, we say that the
flag is set. The reason for such a pictorial description
is that this bit can't be ignored; it is part of the sum,
so that its existence has to be signalled. lf the addi-
tion is extended into a second byte, as it will be
when we add two sixteen-bit numbers, the carry bit
can be added in again (Fig. 3). There's another
status flag, called OVERFLOW, which indicates
another sort of carry-out - this one isn't so slmple
and we'll leave it for the moment.

Numbcr in occumulotor

Numbcr to bc AND-cd

Result stored in occumulotor

'l nruo 'l = 'l , ol other AND's givc Q

Fig. 4. The AND IMMEDIATE oporation.
Each bit of a byte in the accumulator is
separately ANDed with the corresponding
bit which is fed in from the memory place
following tho instruction. The result is

stored in the accumulator

Staying with immediate instructions for now, we
will find instruction codes for subtracting, AND-ing,
OR-ing and XOR-ing the next data byte of the
program with the byte that is already in the ac-
cumulator. Some CPUs also offer decimal addition.
treating each byte as two decimal figures in BCD,
and some Texas CPUs offer the luxury of multiply
and divide instructions as well. In every case,
though, when an IMMEDIATE number is added to,
subtracted from, OR'd, AND'd or XOR'd with the
number in the accumulator, the result is stored in
the accumulator and the original number that was in
the accumulator is lost, unless it exists somewhere
JANUARY. 1980

1 ,l
I 0 1t1 0 1 1

Number in occumulotor

Numbcr to b€ OR -.d

Rcsult storcd in occunulotot

1 - C = l  , : r t y Q e l Q s i v c s Q

Fig. 5. The OR IMMEDIATE operation.
Each bit of a byte in the accumulator is
separately ORed with the corresponding
bit of the byte fed in from memory by the
immediate instruction. The result is, as

usual, stored in the accumulator

in memory. All the operations which are carried out
by the instructions are carried out inside the CPU,
u s i n g  w h a t  i s  c a l l e d  a  m i c r o p r o g r a m .  A
microprogram is a set of instructions built into the
CPU, and not alterable in any way. For immediate
addition, for example, the microprogram has to
guide the bits stored in the accumulator and the bits
read in from the program into dn adder, then gate
the result back to the accumulator, and place any
carry bit into the status register, Microprogramming
is an activity which is solely for the CPU designer, so
don't be tempted to buy books on microprogram-
ming under the impression that they deal with the
programming of microprocessor systems I

U S E  O F  M E M O R Y
There is also a set of instructions, similar to the

IMMEDIATE instructions but involving the use o{
memory. We can, for example, add the byte con-
tained in some memory location to the bytb in the
accumulator, storing the result in the accumulator
as usual. The other operations of subtraction, AND,
OR, XOR can also be carried out using bytes taken
from memory rather than from program. As you
nright expect by now, the simpler CPUs will locate
the correct memory address by using a displace-
ment number, so that the number of the byte follow-
ing the instruction is added to the number of the
program counter or an index register. The more

Numbcr in occumulotor

Numbcr to bc XOR-cd

Rcsult storcd in occumulotor

J x o a l = Q  ;  0 o . 0  
-  

Q ,  o t t o t h e r s ' l

Fig. 6. The XOR IMMEDIATE oporation.
This is similar to the OR, but gives a zero

result for 1 OR 1

1 1 0 0 1 0 1 0

1 v 0 1 0 0 0 1

1 1 0 0 1 0 1 0

1 0 1 1 1 I 0 1

1 0 0 0 1 0 0 0

,|
I 1 0 0 1 0 1 0

1 0 0 I 0 0 0 I

0 1 0 1 1 0 1 1
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".Ifi?:ii iff iD'cimor2e
___-J---------

Btnoryf-odd 
ffi 

occimor53

[1:ffiiJ,""1 WD:cimor82- +

Fig. 7. BCD addition. Eadh byte i3 treatod
as two four-bit BCD numbers, 3o that th€
laws of addition are rather different from

those used for binary arithmetic

complex CPUs will fetch a byte from memory using
a memory address which has been loaded into the
data register in two steps.

In addition (sorry about thatl) all of these
operations can be carried out using bytes loaded in
from other registers and using, of course, different
instruction codes, ln every case, any carry from an
addition will "set the carry flag" by dumping a 1 bit
into the carry part of the status register. The carry
bit may also be used in a subtraction operation, Are
we finished yet? Not quite I There ar€ two other sets
of ingtructions which can be carried out on the ac-
cumulator - the shift and rotats instructions.
SHIFT A one bit means just what it says, that each
bit in the accumulator register is shifted by one
place. Some CPUs allow only right shift, others per-
mit left or right shift; a few allow another bit to be
shifted in from another register, such as the carry bit
from the status register to fill up the empty bit on
one side of the register. The ehift instruction is used
in some CPUs as a method of shifting data out or in
bit-by-biu thie is referred to as a serial input or out-
put. Other CPU8 need a separate chip to convert 8-
bit bytes into serial outputs for recording or for dis-
plays,

1l t l0 l1 l0 l l R.gl.i.r cont.nta

The rotate instruction is found on most CPUs -
it means shift each bit along one place, and move
the bit which "falls out" of one end of the register
back Into the other end of the register. A few CPUs
allow only right rotation, othors permit left or right
rotation. Each type of rotation needs a different in-
struction, and only one step of shifting is carried out
for each program instruction. No data byte needs to
follow a shift or rotat€ instruction, and there is, of
course, no displacement.

L O G I C  U N I T
What does it all amount to? Well, this chapter

shows how the microorocessor CPU can be used as

Fig. 9. The ROTATE operation. Each bit
shifts one place along at each ROTATE in-
struction, and the bit which ig forced out at
one end of the regieter ia fed into th€ other

end

a universal logic unit. Operatlng on eight bits at a
time. we can instruct the CPU to add, subtract,
AND, OR and XOR. One set of bits to be operated
on must be in the accumulator, the other can be in
the program (using immediate instructions) or in a
momory. By making use of the shift or rotate along
with add or subtraCt, w€ can also devise programs
(using blood, sw€at and tears as well) to carry out
multiplication and division in binary. Whatev€r com-
bination or sequence of inputs we require to
produce a desired output can be made to do so by a
suitable program in ROM, rather than by wiring up
logic chips.

There's one problem we haven't dealt with yet.
Up to now, we've assumed that the CPU can mum-
ble away to itself, crunching away at number bytes
stored in program memory or in data memory
(both, of course, might be in the same chip)' lf we're
going to use the CPU for any logic jobs, we need
some way of getting data in and out. That's for next
t ime.

(TO BE CONTINUED)
RADIO AND ELECTRONICS CONSTRUCTOR

1 0 0 0 1 0

0 0 0 0 1 1

1 0 1 0 0 1 0 1

Input  f - - -

loPut r---
\\s

0l1 l0 l1 l r l0 l1 l0 Atter llrrt rlght lhitt

0l0 l |0 l t  l i l0 l1 Att?r r.cond right shift

Fig. 8. A right-SHIFT operation. Each bit
in the register ie shifted by one place at
e a c h  S H  I F T  i n s t r u c t i o n .  S o m e
microprocessors permit a new bit to be
itritteO in for an input, odrers simply allow a
zero to be shifted in at each instruction
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WIRE GAUGE
MEASUREMEI{T

By C. P. Finn

ffiir$tiij}-+ifirf
:: I L{iiiiiiilffi ili'riililijii#ljliifilil ffi

There are manv occasions when the constructor
needs to find the diameter of a piece of copper qi-re
but does not have a micrometei screw gauge. The
author orieinallv described the measurement
method to 6e discussed here, which requires only a
flat household ruler and a small strip of wood, in
the December 1966 issue of thie iournal. This
previous article dealt with s.w.g. sizes only but,
iince those davs. metrication has arrived and wire
is now gauged iir millimetres according to a new
British 

-Sta-ndard, 
BS 4391. In cons{uence the

measulement method hag been updated and revis-
ed, and the present article applies to the new metric
wire sizes whilst still including details of the earlier
s.w.g. sizes.

THE METHOD

A small sample. sav 50mm.. of the wire to be
measured is cut off and bent inio an 'L' shape. The
lonser arm of the 'L' is sandwiched between the
rul6r and the strip of wood, as shown in the accom-
panvins diaprram. The wireis placed over one of the
inai-n divisio-ns of the ruler with the short projecting
arm pointing downwards.

With the aid of the wood strip, the wire is then
rolled along the ruler for a convenient distance (say
10mm. or 

-50mm.) 
and the number of turns and

oart turns throueh which the wire passes is counted
by observing the protruding armbf the 'L'.

Ftom this number, and the distance travelled,
the diameter of the wire may be readily calculated

from the equation:

D
d-_

7(N

STANDARD WIRE SIZES

IMPERIAL METRIC

s,wG. Dia rrn.
HrttOnlc.
(Rl0 t.d.d

llh. nrn.

Slcond
Ghoio

(F20 trdl
Dh. nrn.

1r tol

45
44
43
42
4t
40
39
38
37
36
35

34
33
32
31
30

29
28
27
26
25
24
23
22
2 l
20
19

18
t7
16
15
t4

.071

.081

.091

.L02

.112.

.t22

.L32

.r52

.173

.193

.2L3

.234

.254

.274

.294

.315

.345

.376

.417

.457

.508

.559

.610

.7LL

.813

.914
1.02

r.22
L.42
1.63
1.83
2.03

.080

.100

,L%

.160

,:t

.250

:
.315

.400

.500

.630

.800

1"00

t.25

130

2.00

.071

.090

,IL'

.140

t3t

.224
_
,:t

,tt

.450

.560

.710

.900
-

t . t2

L40

1.80

45 (10)
40
35
32
28.4
25.5
22.7
19.9
L7.7
15.9

14.5

t2.7
11.4

r0.1 (10)

44.8 (50)

39.8
35.4
31.8
28.4
25.3
22.4
19.9
L7.7
15.9
L4.2
L2.7
11.4
10
I
8 (50)
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Setting up the wire for diameter measuncment. Att that is required is to rolt the wire along the ruler for a fixed
distance and obserue thc numbar of rcvolutions it makes

where d is the diameter of the wire, D is the dis_
@nce rolled and N is the number of turns ;ad;.
Both d and D are in mm.

..I.n .many cases the wire will be enamelled and
wlll rn consequence have a diameter sliehtlv
greater than the bare copper wire to whicli'th-e
elgmel ̂ is applied. In the ivriter's experience iiie
eltect of the enamel thicknesses, in most instances.

CAN ANYONE HELP?
Requests for information aro inserted in this
feature free of charge, subject to space being
available, Users of this service uridertake to
acknowledge all letters, etc., received and to
reimburse all reasonable expenses incurred by
correspondents. Circui ts,  manuals,  service
sheets, otc., lent by readers muet be returnod
in good condition within a reasonable period of
t ime.

Ferrit Rod Assembly - P.W. "Regency" - R.
q. Phi lpol ts,  7!_Church Street,  Highbridge,
Somerset TAg 3HT - To purchase.
'Radio Constructor '  M-ay 1968 - D. M.
Wallace, 23 Lyndon Head, Sandridge, St. Albans,
Herts - To bbrrow or purchase. "

Bennson CR,z Lg77 Car Radio - R. L. J.
{indley, 88 Rugby Road, Binley Woods, Coventry
CV3 2AX - eiicuit oi Manual to borrow or
purchase.
F r e n c h  C o m m u n i c a t i o n  R e c .  R M H Z B
Ser.No.R/37 - L, A. Pearce, 2 The Ridgeway,
Fleetwood. Lancs - Circuits and other 

-detaiis

needed on loan, all expenses paid.
Jennings Org'an, U6ael Nb. .11600 and Car
Radio Marc NR47F6 - J. S. Fazackerlev. 75
Queens Avenue, Kidlington, Nr. Oxford, OX5 2JJ.
Circuit diagrams required.
Cyclops article 'R.&E.C.' September 1972 -
M. Clemence, Old School House, Moor Road,
Bestw.ood Village, Notts. NGO 8TL - Copy re-
qurred.
'R.&E.C. '  June 1972 issue - M. Levers,
Haywin, Independent Hill, Alfreton, Derbyshire -
To-buv'or boirow issue.
Circuit for dropping 24OV a.c. to llOV a.c. for
l 5 O O W  a p p l i a n c e ,  w i t h o u t  u s e  o f
t r a n s f o r m e r  -  J .  M .  R .  K e n n e l l v .  1 4
Southbourne Drive, Bourne End, Bucks SLil'5RZ
- Circuit or information required.
JANUARY. 1980

is to increase the overall diameter bv not ouite one'gauge'. For example, a 0.400mm. wire with an
enamel coating may measure about 0.440mm.

For convenience, a table is siven showine the
comparison between the old s.;v.g. sizes anil the
m.elriq wire diameters_ (as per BS 4391) together
with the calculated values for N, using D as-10 or
50 as appropriate. I

Please mention Radio &
Electronics Constructor

when replying to
advertisements
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VMOS POWER DEVICES
Part 2

By John Boker

TWO CLASS A AMPLIFIER
DESIGNS - A VMOS
STABILTZED SUPPLY AND A
LINEAR SCALE RESISTANCE
METER.

In last month's article we described the basic
operation of VMOS devices in the VN46AF,
VN66AF and VN88AF range, and showed how they
can be particularly useful in switching applications
where they are driven by circuits having low output
current capability. They can, for instance, be
driven direitly Uv CIttOS togic. We look next at the
use of VMOsirahsistors in ludio amplifier output
stages.

CLASS A AMPLIFIER

VMOS f.e.t.'s are perfectly suitable for linear
circuits and are not restricted to switching
applications. Their fast operating speed permits
their use in r.f. as well as a.f. amplifiers. Apart
from the three devices just mentioned, there are
JUGFET depletion VMOS transistors such as the
2SJ50 (p ch-annel) and the 2SK135 (n channel)
which are specifically intended for use in a.f.
amplifying applications, and these two devices can
be used as complementary output transistors in
high power very high quality audio equipment.
Unlike high power bipolar transistors, which tend
to have rather low cut-off frequencies and mav
thereby introduce slewing dist6rtion, the VMOS

Fig. 4. Class A a.f. amplif ier incorporating a VMOS transistor in the output stage. All
resistors are * watt with the exception of R6, which should be a 1 watt component

RADIO AND ELECTRONICS CONSTRUCTOR

transistors have hish operating speed and conse-
quently high slew rates. However, bmplifiers incor-
porating the 2SJ50 and 2SK135 are rather complex
and expensive, and fall outside the scope oflhis
present article, which is intended to ileal with
simpler applications.

The circuit of a Class A amplifier usins a VMOS
transistor in the output stagi is shown 

-in 
Fig. 4.

TR3 is a common source output transistor having a
constant current load formed- by TR1, TR2, R5 a"nd
R6. It is driven bv a Texas JFEf operational
amplifier which sives low levels of noise a'nd distor-
tion. (The TLO61CP is pin compatible with the
741, and the pin numbers shown iri the diagram are
for an 8 pin device). R4 and Rl provide negative
feedback between TR3 drain and the non-inverting
input of IC1, and they set the closed loop gain of
thb amplifier at abouf 12 times. C3 is a d.c."block-
ing capacitor. Note that the feedback is taken to
the non-inverting, and not the inVerting input of
ICl; this is because of the phase inversio.-n if TR3.
R7 and R3 bias the circuifand keep the quiescent
output voltase central between th-e sup6lv rails.
and- they ar6 fed from the positive riil i'ia ttre
decoupling network consisting of R2 and C6. The

'Ao

\r.

+ t8  v

T R r

8FY5I

R4

f"-E-1- s
I  O  l F - c
L^-*-J-F-o

VN66AF
Laod -Outs

r_"]:L_b
I O lF-_-.
L^--J-F-e

r l 9 4  t a
L(46  -Out t

B F  Y 5 I
Laod - Outs
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R7
Rr 2 '2kn

4.7kn

Rg

4'7krr

C 5
loorrF

TRs
T I P 4 I A

network gives the circuit good rejection of hum and
noise on the supply lines.

The amplifier has a current consumption of
about 700mA, and gives an output of 2.7 watts
r.m.s. (4 watts peak). The input impedance is of the
order of 2Skoand annroximatelv 375mV r.m.s. is
required at the inpuf fo produce inaximum output.
The distortion is less than 7% up to the onset of
clipping, whereupon the distortion rises rapidly. It
should be noted that TR2 and TR3 require sub-
stantial heatsinking. The heat tab of TR3 is con-
nected internally to its drain.

SOURCE FOLLOWER

An obvious application for a VMOS device in an
a.f. amplifier output stage is as a source follower,
where its very high input impedance and large
current drive capability can be readily put to use.
The VMOS device has the disadvantage, however,
of having a substantial voltage drop of some 4 to 6
volts from its gate to its source when it is employed
in this way. This is, of course, considerably higher
than the voltage drop from input base to output
emitter of an emitter follower stage employing two
or even three bipolar transistors.

With the a.f. amplifier application this large gate
to source voltage drop need not be too much of a
problem, as bootstrapping can be used to effective-
lv increase the drive voltage to the gate. Bootstrap-
ping is employed in the a.f. amplifier circuit shown
in Fig. 5, which has a performance similar to that of
Fig.4, apart from the fact that the input impedance
is slightlv lower. TR4 is the source follower tran-
sistor with a constant current circuit as its source
load. TR1 and TR2 are in a conventional two stase
common emitter direct coupled circuit, with H4
providing 700% d.c. negative feedback from the
output source to TR1 emitter. At a.f., capacitor C5
exhibits a low impedance and brings R6 into the
feedback loop, giving an overall a.f. gain of about
12 times. R2 and R3 bias the input voltage, with R1

and C3 decoupling the supply to these two resistors.
The bootstrapplng is provided by giving TR2 a

split collector lbad,"RZ ind R8, arid"coup'line the
output to the junction of these two resistois via C0.
The junction of the resistors is taken more positive
on positive output excursions, and on large excur-
sions will actually be taken positive of the positive
supply rail. Thi'i gives the required high drive
voltage for TR4 gate, and gives a considerable im-
provement in the performance of the amplifier as
compared with a circuit which does not include
bootstrapping. Again, TR4 and TRb require sub-
stantial heatsinking.

TRa
VN66AF

C7
22OOpF

Tt
(5OOmA
sec . )  D t

tN400l

BZY8BC6V2

Fig. 6. Variable voltage power supply with
a maximum output  current  rat ing of
5OOmA. The gate of TR2 imposes virtually
no loading on the output of lC1 . R1 and

R3 are f, watt and R2 is 1| watt

"/t\o\r.
BCrO9 BCt79

Lcod-outs

Fig. 5. In this a'f. amplif ier the VMOS device functions as a source follower output
transistor. Again, all resistors are I watt except for the 1 n resistor, R I o, which should

be I watt

4

TRr
BCrO9

i

I
24ovl
A.C. i

moins I

i
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POWER SUPPLY

Bootstrapping cannot be employed in d.c. cir-
cuits which incorporate a VMOS source follower.
In these, the high gate to source voltage drop may
be catered for by using a higher supply voltage than
would be needed by a bipolar emitter follower or by
using a separate higher voltage supply for the gat-e
drive circuit. The more practical of these two alter-
natives is probablv the first. provided that the con-
sequent hisher driin voltaee does not produce ex-
cedsive disiipation in the VUOS transistor.

The circuit of a simple variable voltage power
sgpply having a sourc-e follower outpuistige is
shown in Fig. 6. Apart from the use of a power f.e.t.,
this is a conventional design having a reference
voltage fed to the non-inverting input of an
operational amplifier, ICl, and a negative feed-
back loop connected between the output and the in-
verting input of the amplifier. Zener diode DB
provides a reference voltase of approximatelv 6.2
volts, whilst VRl taps off-the oritbut voltae6 fed'
back to the inverting input. When VR1 slide; is at
the upper end of its track the power supply output
is connected direct to the inverting input of ICl,
and the output stabilizes at the refeiencie voltage of
6.2 volts. Taking VR1 slider down the track in-
creases the output voltage needed to give 6.2 volts
at the inverting input, whereupon VRl functions as
an output voltage control. The maximum output
voltage, with VR1 slider at the bottom end of its
track, is approximately 15 volts.

The unit will give an output current of up to
500mA. The use of a source follower power f.e.t.
has the advantage that there is negligible loading
on the output of IC1.

TR1 and R2 form a conventional current limit
circuit. In the event of a severe overload or output
short-circuit, the voltage dropped across R2 is suf-
ficient to turn TR1 on and its collector pulls the

output of IC1 negative. This prevents the output
current from exceeding more than some 5b0mA irn-
der short-circuit conditions.

The maximum power dissipated bv TR2 under
normal working conditions is- about ? watts, this
rising to about 10 watts with the output short-
circuited. It requires adequate heatsinkiirg to meet
tnese requtrements.

L INEAR RESISTANCE METER

The unique characteristics of VMOS devices
permit their use in circuits which do not have
bipolar transistor equivalents. An example is siven
by_ the linear scale resistance meter circriit of Flg. Z.
A^blnoJg_tlqngigtgr could not be employed in place
of the VMOS ddvice because an essentiil featrile of
the. design is that the transistor be voltage operated
rather than current operated.

TR1 is fed from a constant current source con-
sisting of TR2, TR3, R10 and R11. The test,resistor
is connected between the drain and gate teiminals
of TR1. With zero resistance betw6en these two
qoi-ntq the_ gate ald drain will be at the same poten-
tial, this being the gate voltage required to-cause
the drain to draw the constant current. The gate
voltage is stabilized at this level bv a neeative f6ed-
back action. A higher sate voltae6 cannlot be eiven
as this would re-duce-drain vo-itaee. similailv a
lower gate voltage cannot be applied as it wouldin-
crease dratn voltage.

R9 is adjusted for a slider voltage which is equal
tb TR1 dr-ain voltage when the test terminals-are
connected togethdr. This gives zero voltage across
the meter circuit consisting of Ml, D1, RO and R7,
and results in a zero indication in the meter. The
purpose of Dl and R6 is to protect the meter from
beins subiected to severe overloads.

If the short-circuit is taken off the test terminals
and a resistor is connected between them. TR1

l A  l - ;
l \ - /  l - e|  ^  r u - n

VN88AF
Leod-out6

Fig. 7. A l inear scale direct reading ohmmeter. The moter gives an f.s.d. indication
when the resistance undor test is equal to the range resistor (R1 to R5l selocted by S1

R ANTN ANN NI,E:CTPONINS (.:ONSTRITCTNR

R r a

4,7k^

L I '  
l H 2

O'lrrF aCrOiC

R l

R g

8.2kn

R9
4.7k^
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.l,tqil. voltag-e goes positive until the circuitstabilizes with the sarire _ate df;;; a. o""urredbefore. This is beg-r19e,,ihEt y;i;""c".iJ ;h;;;;;voltage needed to cause the drain to pass the cons_tant current. The drain voltage i,li;;""trolled
by.the poJential cirvrder. consisting of the testresistor and the resistor switcledinii""iiirii Uv"Si,and the increase i" a""in-uo-r.t-ig"'*"irTf"" drrecuvproportiona-l to the value of tlie te'st,;;ffi;. tir;i"1creases.in drain voltage is inaic-a-ie<i'l""ifr" meter.R7-is adjusted so that th.e meter indicates full_scaledeflection when the ,"..irto" 

""d;ffi; 
equal invahrS to the range ,".i.it, .ef"&"a"ilSi It onlvneeds to be set u[ wi911 o-ne test resistor;;;;;r"

13199_as its se.tfrSs wil ihenle;;;;;i"-i". all theother ranges. (After the-circuit has 6een as."_Ui"JR7 shoul-d be adjusted ." id;-it;l"wal,s insertsm aximum resistance into- ;ir;uil. tlil rl&.trr,"" i trnserts is-only reduced *tren ttre'timJ ci"mes tor ittp ]e .adjust-ed, as just aescri[ed'i#'iutt_scale
deflection in the -ete.). Ait* Rii".t"ir.."t upthe circuit functions a. a 1i"e", ,"ljJilr,.r"n."meter with a zero meter indication-io;rffi;";ai;;
to zero test resistance and 

""-?.;:d.;;rdrng cor_responding to a test resistance 
"qu"i 

io1ir. ,r.,g"resistance selected by sr.
., A slight flaw in the circuitdcsign is that part ofthe constant current from TR2";"d tRd fid;;through the test resistor 

"na-it.-."'i;til 1ail;resi.stor. Since the current p".."a 5y1-tiii""ru.r.ror.varies with different test rSsisiir.?"iliilaifferent
ranges there is a correrponaft-;t[";il in the

nominal constant current which has to be passed
Fv.thq drain of TRt. Thi;. p;;bi.-'il..iu.ed to aninsignificant level by m;-kil; til;.o*,il"t currenttrom TR2 and TRslarge inie-ta;iil;il;ffiil'J;current drawn by the tE_st ana rineu-iu;rrror..
,^.Tl: lll*e resistors irf;.tra, pi;i?;ffi, h"u" ,row tolerance on value. 51 shou,ld Ue a S_way rotary
:y_it"l, h?uhg a - 

"lie 
-6ef,;;:b;;-""#on to en_sure .that .TRl gate is always- c"ri,]a t; ;h;negative rail by oie or -o.. oiif,""."ui"gir".i.torr.

The resistance meter. ,.quir.. 
-i"?lrv 

stable
:ygply. voltage, and this i. p=."ia.aiyiwo o voltbatteries. in series 

"onrri,ciing-1{"a" tz voltmonolithic voltage regulator. Any 12 volt nesative
l11l_\.tv,p"regula-toriiJriiai jre.l'tt;i"#h;h?;i;;
clrcurt has good thermal stability, whe.eupon ttieset zero control, Rg, can De a pre_set tvpu 

"iia 

-aoei
not have to be a Danel.controt.iifi#fijfilt"d;;
the.circuit with iro test resrstor connected tne meteris deflected bevond f .^q:*i;t ti,;-ii.ii.'pru..i.,gagainst its end-stop. Uver _a period of trme tnrscould damage the nietei, qpt 

",igi'i&Juta 
r,uu" r,oeffect in the short t"1r". ite-i;il;ilfihereforehas a non-locking push_to_makJpre#fi;;" as theon-.o{f switch. T1ris rs only operated when a test

:::tl"lgt .has been 
"or,r,""["d-i,it"-ii*iiit and areacllng is re-quired, and it ensu"es thafilie meter isnot overloaded for'long perioas. "

(Concluded)

BOOK REVIEW
T'v '  REPAIRS MADE EAsy '  Edi ted bv F.  c-  Tunbr idse,  B.sc.  146 pases.  24s x
]9.0.T. (8{ x 7}in.). pubtished by TV iecnnic publications.
Price f5.3O inclusive of postage & packing

This book gives servicing-details for specific faults in Korting hybrid supermatic andVienna television receivers.korting transiJtli i."o IJ""lJ;il;i l"rs (inctuding precision-in- l ine tube and delta-gun tube mo?els),  Kuba Florence television receivers. Grundig soloand 6o1o television receivers and Zanussi 110 degree t" t"uir ion receivers.
The information given wi l l  be of value to_ service engineers handl ing these part icularsets.  Each fault  symptom (e.g."Too Much Red,, , , ,No R"_y,, . . ;Str iat ionJ,,)  is tot ioweJOydetailed instructions stating the cqmponent or components to suspect. together with anyother information, such as vol tages, etc. ,  which wit t  assist  in tocat lng the faul t .
I t  is expected that engineers employing the book wi l l  use ful l  s ize circui t  diagrams asgiven in service manu.als, but the puotiitreis state that due to requests from their readersthey have decided to include circuit diagrams in-this ooo[. liuv 

"xplain 
that the diagranrsare.difficult to reproduce when reduced io book format size. This has proved to be the caseand whilst some of the diagrams in the book resolve small details such as component valuesclearly other diagrams do not.

The address of the pubrishers is 76 church street,  Larkhai l ,  Lanarkshire, MLg 1HE.
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It had to happen.
By the time these notes appear in

pr int  a lmost  everybody wi l l  be
aware that the new CMOS version
of the 555 timer i.c. is with us, This,
the 1CM7555.  is  p in-compat ib le
with the old bipolar 555, uses the
same formulae lor frequency and
timing cycle in the astable and
monostable conf igurat ions,  but
draws currents (apart from output
sink and source currents) which are
measured in microamps rather than
mi l l iamos.

Indeed, one has to think seriouslY
about the current drawn bY the tim-
ing resistors, when compared with
the very low currents drawn bY the
1CM7555.  l f ,  in  the astable mode,
the upper timing resistor is 100k o
and the device is producing a near
square wave, the current drawn bY
that 1OOk o resistor on its own is at
least SOpA with a 10 volt suPPlY,
which is  comparable wi th that
drawn by the device itself '

So, out goes the poor old 555.
When did it f irst appear? The i.c,
w a s  o r i g i n a l l y  i n t r o d u c e d  b y
Signetics, and my Signetics data
book on i t  is  dated 1973.  At  a rough
guesstimate, therefore, the first
555's were appearing around late
1972,  whereupon i ts  usefu l  un-
challenged life has been about
seven years.

Seven years is a long time in
electronics.

s .R .B .P .
There  must  a lways  be  new-

comers to any hobby. Inevitably,
they f ind dif f iculty in understanding
terms and methods of functioning
which the more experienced take in
their str ide.

One recent query we received
was concerned w i th  the  te rm
"s . r .b .p . "  What  in  heck ,  our  reader
asked, rs s.r.b.p.? The answer is that
"s.r.b.p." is the present unlovely

description for what used to be
known by trade-names such ag
"Paxolin". Indeed, you may sti l l  oc-
casionally f ind it referred to as "pax-
olin". lndeed, you may sti l l  oc-
casionallv f ind it referred to as "Pax-
olin" now and again. The letters
stand for "synthetic resin bonded
paper", and it is the brown in-
sulating material which is used in
Veroboard, in most tag strips and
tag boards, and in most printed clr-
cu i ts .

Another  ind igest ib le p i l l  for
beginners is the direction of f low of
an electric current. After having
learnt at school that an electric
current consists of a flow of elec-
t rons moving f rom negat ive to
positive, the newcomer finds that
electronic texts refer to current as
flowing from positive to negative,
Surely something must be wrong
here?

Something is indeed wrong, and
the error dates from the early days
of electricity. In those times nobody
had even heard of electrons, but
they did know that they could make
up electric cells and batteries of
which one terminal produced one
sort of electricity and the other
produced another sort of electricity.
Connect the two terminals together
and a current f lowed, An arbitrary
decision was made to name one ter-
minal of a cell or battery "positive"
and the other  "negat ive" .  No
problems so far. Next to be settled
was the direction in which electric
current f lowed. Their luck here was
eouivalent to mine with a one-
armed bandi t .  and they chose
precisely the wrong direction, From
positive to n6gative.

All subsequent engineering work
proceeded on this assumption and,
when the mistake was eventually
brought to l ight, it was too late to
set things right and alter all the
work that had been done.

You see, so far as mathematical
treatments of the effect of current

are concerned, it doesn't matter if
you arc working to an incorrect con-
ception of the direction of current
flow provided you stick to that con-
cep t i on  a l l  t he  way  th rough '
Nevertheless, it can be irritating at
t imes,  as when one sees that
current consists of actual electron
movement (say, from the negative
cathode to the positive anode of a
cathode ray tube) to still keep referr-
ing to current as flowing from
positive to negative. We ratify the
situation as best we can by deecrlb-
ing the supposed flow from positive
to  nega t i ve  as  " conven t i ona l
current" f low. The term "conven-
tional" arises because th€ convsn-
tion is accepted that the flow is
from positive to negative.

VERO TRANSFORMERS

Did you know that Vero Elec-
tronics supply mains transformers?
They certainly do and two of them,
standing on the odd sheet  of
Veroboard (what elae?), can be
seen in the photograph,

These transformers are com-
petit ively priced high quality com-
ponents, conforming with B32214.
All the transformers are fitt€d with
fu l l  sh rouds  and  a re  va rn i sh
protected, The primary congists
of two 120 volt windings which
may be connected in series or in
parallel for operation at 50 or 6OHz'
There are also two secondary win-
dings on each transformer, again
suitable for series or parallel work-
ing. Various output voltages from O-
3 to O-2O are available within a
range from 1.2VA to SOVA'

F u r t h e r  d e t a i l s  o n  t h e
transformers, which are handled by
the Verospeed branch of Vero Elec-
tronics, are contained in the current
cata logue avai lable d i rect  f rom
Verospeed, Barton Park Industrial
Estate, Eastleigh, Hampshire, SO5
5 R R .  E n q u i r i e s  a b o u t  t h e
t rans fo rmer  shou ld  quo te  t he
reference "Transformers AB 075",

RH AND TEMPERATURE

The neat anC unusual looking in-
strument in the second photograph
measures RH (relative humidity)
and temperaturo. Introduced by
Kane-May Inst rumentat ion.  th is
pocket-sized instrument has the
type number KM 5OO1,

Kane-MaY consider  that  th is
hand-held digital instrument, offer-
i n g  t h e  b e n e f i t  o f  R H  a n d
temperature readings in one unit, ie
a valuable tool in the field of humidi-
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MORSE
IMPROVEMENT

-C90 Cassttes {A) 1-12 w.p.m. with simple
exercrses, Suitablo for R.A,E. prepsration.
lBl 12-24 w.p.m. comput€r produced
pro fess iona l  leve l  opsra tor  mats r ia l
including int€rnational symbols.
Price eachi complete with instruction and
exercise booklets f4.75 including postage.
Morse Key and Buzzer Unit suitable for
sending practice and OIV tape p.spara-
tion.
Prics e4.76 includlng postsge
Overceas Airmail f | .5O extra.

MHEt ELECTROIIIGS (0cpt. R)
12 Longshore  Way,  Mi l ton ,
Por tsmouth  (UK) ,  PO4 8LS

Two of the lange of Vero-
speed mains transformers
which are currently avail-
able. Suitable for SOHz or

60H2, the primaries constsf
of two | 2O volt windings
which may be connected in

series or in parallel

THE

MODERTU BOOK CO.
Largest sol.cction of English &
Anerican rrdio ond tochnlcol

books in tho county

19.21 PRAED STREET
LOtrDOt w2 tlIP
Tel: Ol4O2 9176

* r *  l fOWQl l l  r r * \
CASSETTE TAPES

ACADEMY C6O - Suoer-Low Noioe/Hl-
output, cassette Tapes (Ferrlc Oxlde) 2 x 30
m i n s ,  R e c o r d i n g / P l a y l n g  t i m o  -  6  f o r

f3.0O PaP includeo

A.T.Z, C6O - 'Chromium Dioxide'very Low
Noiso /H i -ou tou t ,  Coseet ts  TsDes o f  h loh
quality 2 x 30 mins, R€cording/Plsying timo

s tor f 5.0O PaP included
Buy now at lower than prc-Eudget pricas

.  S IGTRONIC  ELECTRONICS
* 27 Malvcrn 9trxt, Et p.nhill

8ufton-on-Trcnt, SLtt . OEll OOY

Humidity and temperature measurement in the palm of your hand,
This RH and temperature measuring instrument is pocket-sized
and offers readings of high accuracy by way of a digital readout

ty measurement. Weighing only
25O grams,  the  KM 5OO1 measures
RH from zero to 1OO% with a
resolut ion of O.1o/o and an accuracy
of 2%o. The temperature range is
from -1O to 95oC, with a resolut ion
of O.1"C and an accuracy of 0.5"C.
The rectangular window at the end
near the sensor contains a 3-digit
l .e.d. display with a character height
of 7.6mm. There are connection
ar rangements  wh ich  a l low fo r

JANUARY. 1980

greater f lexibi l i ty in the posit ioning
of the sensor.

The manufacturers, Kane-May
L i m i t e d ,  B u r r o w f i e l d .  W e l w y n
Garden City, Herts, have world-wide
outlets for their exist ing range of
oocket thermometers and other
temperature measuring devices, as
w e l l  a s  i n s t r u m e n t s  f o r  t h e
measurement of pH and rotary mo-
t ion .

I

For the convenience of lrish
eethusiasts we iupply:

Also a posial seNice
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"Smi thy . "
" H a l l o  l "
"What do you think is the worst

thing that has arisen from modern
technology?"

Smithy surveyed the contents of
his disreputable t in mug. Even he
had quaffed sufficient tea to satisfy
his post- lunchtime thirst.

"The worst thing?" he repeated.
"Shopp ing  bags  on  whee ls l "

"What7"
" S h o p p i n g  b a g s  o n  w h e e l s , "

repeated Smithy f irmly. " l 've only
got to venture down our local High
Street to get a l i t t le shopping done
and I  am immedia te ly  assa i led  on  a l l
quar te rs  by  shopp ing  bags  on
wheels. Horrible tatty things they
are ,  w i th  nas ty  c la t te r ing  l i t t le
whee ls . "

"Come on, Smithy. Be serious."
" l  am being serious. As soon as

any woman trundl ing one of those
bags spots me the l ight of batt le
gleams in her eyes l ike a beacon." A
tone of bit terness entered his voice.
"They've al l  got the same technique,
you know; they go for the ankles
every t ime. Those shopping bags
are scaled-down versions of the old
Roman chariots which had knives
sticking out of the wheel centres.
Only the bags haven't got knives,
they've got bits of sharpened wire
poking out at ankle height instead. l f
i t  wasn't  for fast footwork on my
part l 'd have had my ankles str ipped
down to the bone scores of t imes
before now."

D ick  s ighed.
"Al l  r ight then." he said, "think of

306

some of the good things that have
come out of technology."

Smi thy  pondered.
"Well ," he said eventual ly, "there

are  a l l  manner  o f  good th ings  com-
ing up al l  the t ime. New integrated
c i r c u i t s ,  i m p r o v e d  t y p e s  o f
testmeter, Teletext transmissions,
precision-in-l ine colour TV tubes. Al l
sorts of things."

Not  fo r  the  f i rs t  t ime.  D ick
reflected on Smithy's way of l i fe. So
far as he could see, Smithy existed
solely for the servicing of electronic
equipment, sal lying forth into the
dangerous outside world only when
sustenance was necessary to main-
tain that existence. A scene arose in
h is  mind  o f  a  fu tu re  Smi thy ,  s lowly
and gradually being transformed
without resistance into a potential
decay unti l  on completion of his l i fe
cycle he shuff led off his mortal coi l ,
to be received into that great big
Workshop up in the sky.

SAW FILTERS

"Ouite an excit ing new develop-
ment  has  come out  recent ly , "
remarked Smithy, obviously con-
t inuing his review of the latest good
things to arise out of technology,
"and that is the SAW television i . f .
f i l ter."

Dick pricked up his ears.
"What's that?"
"l t 's a new frequency selective

device for the i . f .  stages of a TV set.
One SAW fi l ter can replace nearly
a l l ,  i f  no t  a l l ,  the  i . f .  tuned c i rcu i ts  in
a television receiver, and i t  doesn't

have any inductive or capacit ive
parts whatsoever."

"B l imey,  tha t  rs  newl  What  does
the word 'SAW' mean7"

"The three letters stand for 'sur-

face acoustic wave'.  Sometimes the
f i l te r  i s  re fe r red  to  as  a 'sur face
wave f i l ter ' ."

"How does i t  work?"
Smithy looked at the avid expres-

sion on his assistant 's face and
gr inned.  " l f  ever  there 's  anyone
who's completely committed to
electronics i t  has to be you. l 've
never met anybody who asks as
many questions about i t  as you do."

"What, me committed to elec-
t ron ics?"  rep l ied  D ick .  as tounded.  " l
just have a passing interest in elec-
tronics, that 's al l .  Give me some gen
on these SAW fi l ters, Smithy!"

"Oh a l l  r igh t , "  chuck led  Smi thy .
"Well ,  to start off  with, a SAW fi l ter
is f i t ted in the i . f .  stages of the new
Ferguson colour receiver type TX9.
Th is  f i l te r  i s  in  the  P lessey  SW150
range. l 'm rather surprised you
haven't heard about i t .  incidental ly,
because there's been plenty of
publ ici ty about i t  in the trade press.
Basical ly the SAW fi l ter idea is fair ly
s imp le  a l though there  must  have
been a fantastic amount of develoo-
ment complications involved in get-
t ing i t  to work in practice. Come on
over here and l ' l l  see i f  I  can show
you how it  works."

As Dick picked up his stool and
carried i t  over to Smithy's bench the
Serv iceman pu l led  a  ba l l -po in t  pen
out of his breast pocket and drew
his note-pad towards him. With
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Dick watching, he proceeded to
draw out a sketch. (Fig. 1.)

"Wha t  we  have  he re , "  sa id
Smithy, when the sketch was com-
pleted, "is a flat piece of piezoelec-
tric material on which have been
deposited two grids of thin in-
terleaving metal electrodes, or l ines.
We can refer to one grid as the input
transducer and the other as the out-
put transducer. lf we apply an alter-
nat ing s ignal  to  the input  t ransducer
the surface of the piezoelectric
material wil l be deformed physically
in sympathy."

"Would that be the same sort of
effect that you have in a crystal
earohone?"

"Roughly.  The earPhone has a
piezoelectric crystal in it which
changes shape in sYmPathY with the
a . f .  s i g n a l  a p p l i e d  t o  i t  a n d
reproduces the signal as sound.
Which is, of course, the Piezoelec-
tric effect. Now, on the Piece of
p iezoelectr ic  mater ia l  l 've just
drawn the physical distortions in the
material caused by the alternating
voltage at the input travel along the
surface l ike ripples along the surface
of a pond. However, they do not
travel out in circles but move in two
broad bands at right angles to the
l ines in  the input  t ransducer gr id .
Like this."

Smithy added arrows to h is
sketch. (Fig. 2.)

Fig. 2. The surface wav6s
gene ra ted  by  t he  i npu t
transducer travel out at right
angles to the l ines of the

transducer grid

,JANUAITY, I98O

"These waves," he went on,
"travel along the surface of the
oiezoelectric material at a constant
velocity. Let us for the time being
assume that  a l l  the metal  l ines in
the input  t ransducer have the same
length and that there is equal spac-
ing between them. Now, if You think
about it you can visualise that there
must be one input frequencY at
which the amplitude of the surface
waves is considerably higher than at
a l l  o ther  f requencies.  This wi l l  be
given when each gr id l ine produces
a surface distortion which, after
travell ing to the next grid l ine cori-
nected to the same input  terminal ,
f inds itself subject to the same dis-
tor t ion a l l  over  again.  Al l  o f  the gr id
l ines are producing waves which are
in phase as the waves travel along
inside the grid itself."

"That's the same as soldiers go-
ing over a bridge," stated Dick
suddenly.

" l  beg your  Pardon,"  sa id SmithY,
puzzled.

"soldiers are suPPosed to break
step when they cross over a bridge,"
expla ined Dick.  " l f  theY march in
step over a weak bridge it is Possi-
ble for them to all Put their feet
down at a frequencY at which the
bridge has a mechanical resonance,
whereupon the bridge could break
uo ! "

"Well," said Smithy dubiouslY,
" that  isn ' t  exact ly  s imi lar  to  what
goes on at the SAW filter inPut
t ransducer,  but  I  wi l l  agree that  a
large resonance can be produced bY
a lot  of  ind iv idual  smal l  exc i tat ions
when thev are a l l  in  phase.  In  the
surface acoustic wave fi l ter the
deciding factors are the velocity of
the surface wave and the sPacing
between the l ines of the inPut
transducer. At the frequencY at
w h i c h  e a c h  t r a n s d u c e r  l i n e
augments the disturbances produc-
ed bv the other transducer l ines
there is a dramatic increase in the

Input tronsducer Outout tronsducer

Fig. 1. Theoretical concept to introduce SAW filter func-
tioning. Surface waves produced in the piezoelectric
matsrial by the alternating signal at the input transducer
t ravel  to  the output  t ransducer where they are
reconverted to an electrical signal' The amplitude of the
surface waves is much greater at one freouency than at

other frequencies
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amolitude of the surface waves
travell ing away from the transducer
grid on either side. lt 's not exactly a
resonance as you have in a tuned
circuit, but the effect is almost the
same as a resonance."

OUTPUT TRANSDUCER

"Do these surface waves travel
across the surface of the material to
the  ou tpu t  t ransducer?"

"They do," confirmed Smithy.
"When they  reach the  ou tpu t
transducer the reverse piezoelectr ic
effect takes place and they cause
voltages to be produced in the l ines
of  the  ou tpu t  t ransducer  g r id .  l f  the
l ines  in  th is  g r id  have exac t ly  the
same length  and spac ing  as  those in
the  input  t ransducer  g r id  a  second
q u a s i - r e s o n a n t  e f f e c t  w i l l  t a k e
p lace ,  w i th  in -phase vo l tages  be ing
oroduced in  the  l ines  as  the  sur face
w a v e s  t r a v e l  u n d e r  t h e m .  T h e
overa l l  resu l t  i s  tha t  the  ou tpu t
s i g n a l  g i v e n  b y  t h e  s e c o n d
t ransducer  has  been th rough no t
one but two frequency selective
mechan isms. "

" S t a p  m e , "  b r e a t h e d  D i c k ,
"that 's crafty. There must have been
some real development work re-
qu i red  to  ge t  these W i . f .  f i l te rs  up
to a stage where they could be
mass-produced in quanti ty."

"There very definitely has been,"
a g r e e d  S m i t h y ,  " M a n u f a c t u r e r s
have been working on SAW fi l ters
for the last ten years at least, and
these f i l ters have become well  es-
tab l i shed in  mi l i ta ry  equ ipment .  But
i t ' s  on ly  now tha t  they 've  advanced
to the very sophist icated level at
which they can be used as TV i. f .
f i l ters. As l 've described the SAW
f i l te r  uo  to  now l ' ve  sa id  tha t  the
l i n e s  i n  t h e  i n p u t  a n d  o u t P u t
t ransducer  g r ids  a l l  have the  same
length. In practice the response is
doctored to that required for a
television i . f .  f i l ter by having dif fer-
ing  lengths  o f  l ine  in  the  inPut
t ransducer  g r id .  Another  Prob lem
which  has  had to  be  overcome is
the  fac t  tha t ,  as  we l l  as  p roduc ing
waves which pass along the surface
of  the  p iezoe lec t r i c  mater ia l  the  in -
put transducer also produces waves
which pass through the body of the
m a t e r i a l  a s  w e l l .  T h e s e  a r e
prevented from reaching the output
t r a n s d u c e r  b y  s h i f t i n g  t h a t
transducer to one side, out of the
way of the output from the input
tra nsducer,"

D ick  f rowned.
" l  don ' t  ge t  tha t , "  he  remarked.

" l f  you  sh i f t  the  ou tpu t  t ransducer
to one side i t  won't receive the sur-
face  waves  e i ther . "  

J07

Piezoe lec t r i c  mo l .

Input tronsduccr

www.americanradiohistory.com



Output tronsducer

Inout ironsducer

Smithy became busy with his
pen onc6 more. (Fig. 3.)

"That problem," he said, " is
r e s o l v e d  b y  a d d i n g  a  c o u p l e r
be tween the  input  and ou tpu t
transducers. This is done in the
Plessey device and it consists of a
number of equally spaced l ines of
metal deposited on the surface of
the piezoelectr ic material l ike this.
The coupler grid picks up the sur-
face wave from the inout transducer
and then redirects i t  to the output
transducer. Waves passing through
the body of the material pass under
the coupler and are not picked up by
it ."

"This," said Dick, " is gett ing
rather complicated."

" W e  h a v e n ' t  f i n i s h e d  y e t , "
repl ied Smithy cheerful ly. "One big
difficulty is to get rid of surface
wave paths between the input and
output transducers other than the
required one by way of the coupler.
The f irst thing to attend to here is
the band of surface waves from the
i n p u t  t r a n s d u c e r  w h i c h ,  i n  m y
sketch, passes out to the left of that
transducer. These are taken up by a
s p e c i a l  a b s o r b e n t  m o u n t i n g
m a t e r i a l  a t  t h e  e d g e  o f  t h e
p i e z o e l e c t r i c  m a t e r i a l .  O t h e r
techniques are used to ensure that
there are no other edge reflections
w h i c h  c o u l d  c a u s e  u n w a n t e d
couplings between the input and
outout transducers."

Dick slowly absorbed this infor-
mation. A thought suddenly oc-
curred to him.

"Why," he asked, "do they cal l
them acousfrc filters?"
308

Fig. 3. To prevent it being affactsd by waves passing
through the body of the piezoelectric material, the output
transducer is displaced to one side. Coupling is then
effected by way of a grid of parallel lines of metal

deposited on the surface of the material

going through the filter, and it will
cause a ghost to appear on the W
screen which is 1.6 microseconds to
the left of the proper image."

"Would that be very noticeable?"
"Definitely," stated Smithy. "Off-

hand, I can't remember what the
length of a l ine in the 625 line
system is, in terms of microseconds.
ls our copy of TV Fauft Finding
anywhere around?"

"lt 's on my bench," volunteered
Dick.

He hurried to his bench and
r e t u  r n e d  w i t h  t h e  b a t t o r e d
Workshop copy of TV'Fauft Fin-
ding. Smithy took it from him and
consulted the first few pages.

"Ah, here we are," he remarked
brightly. "This book tells us that the
total l ine period in the 625 line
system is 64 microseconds. of
which 12 microseconds are taken
up by the l ine blanking period. leav-
ing 52 microseconds for picture in-
formation. So, the width of the l ine
on the picture tube screen is effec-
tively 52 microseconds, whereupon
a spacing of 1 .6 microseconds
would be approximately equal to
one thirt ieth of the picture width. A
nominal 20 inch screen is roughly
1  6  i nches  w ide ,  so  t ha t  1  . 6
microseconds would correspond to
a spacing of, rough check, slightly
more than half an inch." (Fig. 4(al.l

"Blimey," exclaimed Dick. "That
would be noticeable."

"Because of this effect," stated
Smithy, "it is necessary to use a
careful layout and circuit design
with a SAW filter to ensure that
the re  a re  no  s ign i f i can t  s t ray
capacitive couplings between the
input and output terminals of the
fi lter. Care has also to be taken to
ensure that there are no other un-
wanted electronic couplings too,
such as impedances common to in-
put and output circuits, and things
l ike that .  Obviously ,  these re-
quirements can be satisfactori ly met
in practice because the SAW filter is
being used in a production colour
TV receiver."

"Are there any other unwanted
couplings to avoid?"

|+
--l t '- 3 2Ps
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"Because," replied Smithy, "the
surface wave travels across the
piezoelectric material at a relatively
slow speed which is more in keep-
ing with an acoustic coupling than it
is with an electronic coupling."

Dick frowned.
"Doesn',t the wave pass almost

instantaneously f rom the input
t r a n s d u c e r  t o  t h e  o u t p u t
transducer?"

"Oh no," said Smithy. "Speaking
in electronic terms it takes quite a
long time. With the Plessey SAW
filter, the wave takes about 1.6
microseconds to travel from the in-
put to the output. This raises further
design factors."

CAPACITIVE COUPLINGS
"Such as?"
"S t ray  capac i t i ve  couP l i ngs

between the input and output ter-
minals of the fi l ter. These have to be
kept to an absolute minimum. lf
t he re  i s  a  su f f i c i en t l y  s t rong
capacitive coupling, this wil l pass on
to the output  a s ignal  which is  1.6
microseconds ahead of the signal

L--o,.,u." width 541,s

( o )  ( b )

Fig. 4la). Stray capacitive coupling between the input
and output of the SAW filter can cause the appearance of
a ghost iiisplaced to tho left of the proper image by
1.6 microseconds (b). A reflection inside the filter from
output transducer to input transduccr, and then back
again, would produce a ghost 3.2 microseconds to the

right of the correct image
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Frequency (MHz)

Fig. 5. Simplified presonta-
t i o n  o f  a  S A W  f i l t e r
rosponse curye. of most
significance aro the troughs

at  31.5 and 41 .5MHz

"There's an internal reflection
effect inside the filter which has to
be overcome," statod Smithy. "This
occurs if the output transducer
reflects a wave back to the input
transducer which, in turn, reflects it
back to the output transducer again.
Since the reflected wave travels
twice through the f i l ter  i t  can
produce a ghost image which is
about 3.2 microseconds after the
required imqge." (Fig. 4(b).)

"Which." stated Dick, frowning,
"would be equal to a spacing of
rather more than an inch on a 20
inch screenT"

"Right," confirmed Smithy. "For-
tunately, this particular reflection
can be easily kil led by simply driving
the input transducer from a low im-
pedance source. or by coupling the
output transducer into a low im-
pedance circuit. No real problem
there,"

"What sort of response does the
SAW filter provide?"

Smithy drew out a response
curve on his note-pad. (Fig. 5.1

"This is only a generalised idea of
what is given," he remarked, "and is
not an actual response curve. as
wou ld  be  g i ven  i n  t he  f i l t e r
manufacturer's literature. As you
know, the commonly used vision
carrier i.f. in 625 line W receivers is
39.5MH2. with the sound carrier i.f.
being at 33,5MH2. The SAW filter

Chonncl 49

response covers these two frequen-
cies and has pronounced troughs at
31 .5MHz  and  41 .5MH2. "

"Why at these two frequencies?"
"Because they represent the vi-

sion and sound carrier frequencies
of adjacent channels."

"l 'm getting a bit baffled here.
Smithyl To start off with. how on
earth can you just pluck two fie-
quencies out of the air l ike that and
then refer to them as adjacent
channel i.f. carrier frequencies?"

"l've got accustomed to these
two frequencies," explained Smithy.
"because TV sets using ordinary i.f.
coils have traps tuned to them.
However, let me convince you of
what l 'm taking about."

He picked up the copy of 7tl
Fault Finding. and tumed to a table
of u.h.f. television channel frequen-
cies at the rear of the book.

"Now," he resumed, showing the
table to Dick, "all the vision carriers
in Bands 4 and 5 are spaced out at
SMHz intervals .  l ' l l  take three
channels in this l ist at random.
These can be channel 5O which has
a vision carrier of 703.25MH2 and a
s o u n d  c a r r i e r  o f  7 0 9 . 2 5 M H 2 ,
channel 49 which has a sound
carrier of 7O'l .25MHz, and channel
5 1  ,  w i t h  a  v i s i o n  c a r r i e r  o f
711.25MH2. lf we've got a TV set
tuned to channel 50 the vision
carrier wil l enter the i.f. amplif ier
from the tuner at 39.5MHz and the
sound carrier wil l go into the i.f.
stages as 33.5MH2. The sqund
carrier of channel 49 is 2MHz
removed from the vision carrier of
channel 50, and the corresponding
i . f .  is  41.5MH2. Simi lar  reasoning
tells us that the vision carrier of
channel  51 wi l l  pop up in  the tuner
output  at  31.5MH2. There you are
then:  41.5MHz is  the adjacent
c-hannel  sound carr ier  i . f .  and
31 .5M Hz is  the adjacent  channel  v i -
sion carrier i.f."

Smithy had written the figures on
his pad as he was talking, and Dick
leaned over to look at them. (Fig. 6.)

"That makes sense to me now,"
he said in a satisfied tone. "Those
frequency relationships wil l hold

Chonnel 50 Chonn.l 5l

Sound

70t.25
4t .5

Vision

703.25
39.5

Sound

709.25
33.5

Vision
7il'is
3 r .5

Fig. 6. Frequency relationship for three neighbouring TV
channels. Below the transmitted vision and sound fre-
quencies are the corresponding i.f. carrier !'eouencies.

All frequencies are in MHz
JANUARY, 1980
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good for any three neighbouring
channels in  Band 4 or  Band 5,  won' t
they7"

"They wil l. Apart, of course, from
the channels right at the ends of
each Band,  which have only one
neighbour ing channel . "

"What do these SAW filters look
l ike?"

"The Plessey SW150 fi l ter com-
es, in two encapsulations," said
Smithy. "One consists of a plastic
package with four single-in-l ine
pins. These are for input, common
screen and input, and two differen-
tial outputs. The other encapsula-
tion is a round metal case with
locating tab. This has a diameter of
about half an inch and has five oins.
These pins give high input, screen,
Common inout and two differential
outputs. The fi l ter which is used in
the Ferguson TX9 receiver is the
one with the metal encaosulation,"
( F i g . 7 ) .

"Differential outputs? What are
those?"

"The output terminals of the
SAW filter are balanced about earth
and can feed into a differential
amplif ier. Which is l ike feeding
directly into the inverting and non-
inverting inputs of an operational
amplif ier. The input, on the other
hand, can be driven by a single-
ended amplif ier. With the S-pin fi l ter
the ampl i f ier  couples in to the h igh
input  p in,  and the common input
and the screen both connect to
earth. The screen, incidentally, is an
internal screen in the fi l ter to reduce
stray capacitive couplings between
the input  and the output . "

"Phew,"  sa id Dick.  "Wel l ,  l 've
certainly discovered a thing or two
today, Can a SAW filter replace a//
of the i.f. tuned coils in a W set?"

"So far as I know, it can," said
Smithv.  "But  in  normal  use there
may sti l l  be one or two tuned coils
left in the circuit. Design here
depends on the TV manufacturer
who is  us ing the f i l ter .  The u.h. f .
tuner in the TV set wil l almost in-
evitablv have an i.f. outout coil and
this could be coupled by a capacitor
to an external coil to give a band-
pass pair. After that, the i.f. signal
c a n  g o  t h r o u g h  a n  a m p l i f i e r ,

FiS. 7.The Plessey SWl50 fi l ter is available in a plastic
or a metal encapsulation, Pinning is as shown here

Input (common)

>-.1
/ \- | Differentiol

t ^  / f  o u t p u t s
.----{<2 v I'-'*" 

/ \--l \l
Input ( high)

METAL
PACKAGE

through the SAW filter and then on
to another amplif ier before it hits
the v is ion demodulator .  So that
means that there are only two i.f,
co i ls  to  adjust :  the one in the tuner
and the one which immediate ly
follows it. There are no other coils in
the i . f .  ampl i f ier  at  a l l .  No coi ls  tun-
ed to intermediate frequencies, no
coi ls  in  adjacent  channel  t raps,  no
noth ing!  Add to that  the fact  that
the 6MHz intercarr ier  sound s ignal
can be taken of f  through a 6MHz
ceramic fi l ter, and you can begin to
see how drastic wil l be the reduc-
tion of tuned coils in the W sets of
the future."

"And that's good?"
"Good? lt 's excellentl To start off

w i t h ,  manu fac tu r i ng  cos ts  a re
reduced because fewer coils are
required and much less a l ignment  is
needed at the factory. Secondly,
there can be no drift in the i.f. align-
ment  wi th t ime,  as can happen wi th
ord inary tuned coi ls .  And th i rd ly ,
servicing is eased because there
are fewer components to go wrong.
A minor disadvantage with the
SAW filter is that it incurs a loss in
s ignal  level  but  th is  can easi ly  be
made good by a suitable integrated
ci rcui t  ampl i f ier . "

Smithy looked at his watch.
" l  see,"  he remarked,  " that

another  of  our  lunch breaks has
gone, with me nattering away as
usual to satisfy your curiosity about
electronics."

"Come off it, Smithy. You know
you love holding forth on technical
th ings."

"Ah yes, but that's only whilst
l 'm at work. How will you be spen-
ding your  evening today? More
electronics?"

"Well, certainly not servicing. I
might  whi le  away the t ime wi th a
litt le short wave listening. And
vou ?"

" l ' l l  probably pop round to my
club for  a jar  and a nat ter .  Thei r  p.a.
amp l i f i e r  has  been  p lay ing  up
recently, and so I might have a look
at  that . "

The pair beamed at each other,
each fondly under the impression
that it was the other who devoted
too much of his l i fe to electronics.

I
I
I
I
I
I
I

Please send me the Sth revised
edition of TV Fault Finding, Data
Book No. 5

I  enclose cheque /  crossed postal  order lor

rAmE . .

AODiCSS

I
I
I
I
I
I

L
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BURGLAR ALARM SYSTEMS. ey Viv ian caper .  159 pases,  21sx l3bmm.
(8] x Sf,in.). Published by Newnes Technical Books. price f3.95.

This reviewer, always interested in the electrical and electronic devices which lurk
almost unnoticed in our midst, has for some time been mildly mystif ied by the presence of
two round objects about an inch in diameter affixed to the bottom of the two adlacent win-
dows of a small local shop. A thin wire connects to each of the objects, whereupon they
undoubtedly represent items of electronic security; but what? The inswer is given in this
book: the round objects are contact crystal microphones with built- in f i l ters-designed to
pass only the frequencies, of around 6 to 8kHz, which are given by breaking glals. The
alarm system is activated if either shop window is broken.

This is only one item in a comprehensive and all-embracing treatment of burglar alarm
systems which are dealt with in Vivian Capel's very interesting book. Security affects vir-
tually all of us these days, whether it is aimed at preventing the shoplifter or, at the other
extreme, detecting the l ight emitted by a thermal lance.

The book covers all currently available domestic and business intruder protection
systems ranging from simple open and closed wired loops to the more complex ultrasonic
Doppler  and microwave beam interrupt ion insta l la t ions.  A chapter  deals wi th audib le a larm
units, including bells, sirens and electronic sound generators, whilst another chapter
describes the manner in which closed circuit television may be used for security purposes.
Also covered is the matter of install ing a burglar alarm system, including meeiing the all-
important requirement of f itt ing wiring which is both concealed and piotected.

Anybody requiring general information on intruder protection devices and installations
wi l l  f ind "Burglar  Alarm Systems" a usefu l  and very helpfu l  book.

PRACTICAL CONSTRUCTION OF PRE-AMPS,  TONE CON-
TRoLs, FILTERS AND ATTENU_ATORS. av A. D. M. smith, B.sc.,  c.Ens.,
M' l 'E 'R 'E . ,  M 'B 'K 'T 'S '  111  pages ,  18Ox  1O5mm.  17  x4 ! i n . l .  Pub l i shed  by  6e rna rd  Baban i(Pub l i sh ing )  L td .  p r i ce  f 1 .4S .

This book gives details of the circuit operation and then the construction of d large andvaried. range of pre-amplif iers, tone controls, audio fi l ters and attenuators, dealing witheach item on its own and using concise explanations with an absence of mathem"atics.The first section of the book covers magnetic-tape recording pre-amplif iers, givingiwo
3-transistor circuits and an integrated circu'it configuration. i*dmicropr.ron" pi!-i1npiit i"r"
are described in the next section, one for high imp6dance input and one tot ro*-impJJance
input' These are followed by disc pre-a.-plif iei circuits tor pLzoetectric cartridb"s-anamagnetic cartridges, and by bass cut, bass boost, treble cut and treble boost tone controlcircuits, as well as circuits for a comprehensive tone control rnalol. a "presence unit,,. Thislast item applies boost or cut over a l imited band of frequencies.

The book continues with fi l ters, taking in a high pass fi i ter, a low pass fi l ter. a rumblefi lter and a scratch fi l ter' Also included hJre is an interesting circuit wr,icrr gives simuiationof.sound as passed over a telephone. Attenuators and padsippear next, and the book endswi th a shor t  sect ion deal ing wi th the preparat ion of 'pr in ted 'c i icu i t  boards.
All but the very simplest circuits are treated as constructional projects, and are accom-panied by component  l is ts  and fu l l -s ize pr inted c i rcu i t  layouts.
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TOUCH CONTROL
SWITCH

By R. Otterwell

Attractive presentation combined with
sequential operation.

Eock of .y.l.t tlott.ncd ovcr

wir. conncct.d to 
tot 

-, ,.rr" jock plug
pluetip \  4______-i:F-=-=

\
(c) Sleeving

Fig. 1. Successive steps in making up the
touch contact assemblY

RADIO AND ELECTRONICS CONSTRUCTOR

Many ideas for the construction of touch con-
tacts for CMOS projects have been put forward
since the use of these devices became widespread.
Almost all suffer from at least one or more disad-
vantages, these being unattractive appearance, dif-
ficulty in mounting or unwarranted complexity.
Common methods of providing the touch contacts
have included copper areas on printed circuit
boards, drawins pins or adapted phono plues. The
touch control t]o- be described hbs nonb oT these
shortcomings. The materials required are inexpen-
si.re, r"onsisting of a 3.5mm. jack plug, a short
length of plastic sleeving capable of passing over
the jack plug sleeve and tip, a fairly thick panel of
insulating material such as tinted Perspex, and a
"silver" eyelet. The last is a shiny metal eyelet hav-
ins an internal diameter of about 4mm.. and is
available from almost all craft or hobby dhops. It
should be capable of taking the jicli plug^ and
sleeving in the manner to bddescribed. 

'

This article will also give details of a sequential
CMOS switching circuit which can be employed
with the touch control.

CONSTRUCTION

Fig. 1 shows the way in which the touch control is
assembled. First, as in Fig. 1(a), drill a hole in the
insulated panel which is just wide enough to accept
the eyelet. Using a screwdriver blade, flatten the
back ofthe evelet to secure it to the panel. See Fie.
1(b). Next, as shown in Fig. 1(c), take up the jacl
plug and pass the plastic sleeving over its sleeve
and tip. Solder an insulated wire to the tag which
connects to the plug tip. Following Fig. 1(d), solder
a second insulated wire to the rear of the eyelet,
then pass the end of the plug through the eyelet so
that its tip is flush or just slightly proud of the front
surface of the eyelet. The tip is insulated from the
eyelet, of course, by the plastic sleeving. With an
eyelet having the riquired internal diimeter, the
plug will then stay fixed in position.

The front view of the completed touch contact
assembly is as in Fie. 1(e). The control is actuated
by bridging the plug tip and the eyelet by a finger.

3L2

Tint.d Persp.x

@
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t o '  o  , r o
^-__ " ,':iffl*

cD40 t  I
Top vi.w

%lt
C }\z
BCrOE

Leod -outs

R2 R4

C 1

t 4

I

Reslsfors
(All i watt 10%)

Rl 4.7k o
R2 14.1Mo (see text)
R3 9.4Ma (see text)'
R4 2.2ka (see text)

Capacitor
C1 0.039pF polycarbonate

Semiconductors
IC1 CD4011
TR1 BC1O8
D1 1N4002

Relay
RLA Relay (see text)

Miscellaneous
Materials for touch contacts
Wire, solder, etc.

C O N T R O L  C I R C U I T

"',Jh,u 
seq-uential touch contro-l_c_iqcuit appears inErg. z. ln thrs, two gates of a CMOS quad NANDgate type Cp.401_1 itg 

"-ptoy"d-i'Jiiilrt"r. ,r,amake up a flip-flo_p. Let ris issume ttrat ttre nio_r_!9p rs rn a state whe-re the input to gate Gl is ioi,.Gl output will then Ue tiiiti, [auiii,Et"z 
"rtput 

to
gg lo,*, maintaining the i6ri at Gl-input via Rg.r ne low output tiom _G2 causes TR1 tb be turnedorl, and no current flows through the relay coil,RLA/ 1, in its collector .ir"uli. th% ,;i;"n il tti"" ;;fenergised. Because of the high voii[;;G1;;tpi;,
C1- becomes _charged via RZ. 

---sEv sw v

rr rhe touch contacts are bridged by a finger, thehigh.voltqge from Cl 
""rr". 

it 
"l"iii 

o? sut" Cr togg .high. Ils output so_"J lo* ;"d-Ci"o,riprrt go".
!igh, keeping th; flip"-flop i" it. 

""rrIJaiJwrren 
ttr"

f,lg_"r is-iemoved. The h'igh outffiit C2 turns onTR1 and the retay energisls:Q1Air;[;rg", th;ili;R2 into the low output-of-G
..When the touch contacts are next bridged, the
9Jl"hgg:a c1 pulls the. inpufol ci-i;;;#i"; 

";;rne llp-rrop reverts to- its previous state, with therelay de-enelersed. fhe r6lay 
-*itt 

*i,iei; ;;;;
ilr"j".Jfril 

the touch contacts are bridged again,
The unusual values for R2 and RB are made upof_th-ree A.TMaresistors i"-.""iel, tioi frb'"no ,*o4.7Ma resistors in series (foiEbi. Witt'ha 

"t 
it,

gRecified _value of 2.2}rr the output of gate G2, when
in the high state, ig-about 1 volt belouithe uotiaee oi
the positive rail. The relay coil should not draw an
energising current in excess of 100mA. If a fairlv
sensitive.relay .(sqc.h ag the .,Open Relay" witL
4I0o coil available_ from lVlaplin Elictronic
Supplies) is employed, the value bf R+ can be l"-
creased to 10k o , with a consequentlv hieher
voltage at G2 output when this outprit is in the [igh
state.
_ In Fig. 2 the inputs of the two unused gates of the
CD4011 are connected to the nesati-ve rail. If
desired, the circuit could be duplicited bv usins
these two.gates in a second switching circuii"willi-iiE
own touch contacts, transistor and relav.

The author's touch cg-+trol -switch wds powered
by,a 12^volt,gupply: It will work satisfacioritv, airo,
w l r n a y v o l t s u p p l y .

I

STYLUS ORGAN
- In^this article, which appeared on page Zg ofthe October issue,-C8 *ai ipecifiea 

"-. 
z",loopF

ce_ramic phtg.^llLe value 
-should, 

of colrse,have been 2,200pF.
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LOW COST MONITOR FOR
RADIO MODELLERS

Now being marketed in the UK by Chromatronics of Coach
House, Rivei Way, Harlow, Essex, is a low-cost radio monitor
which warns radio-control model enthusiasts of any potential
sources of interference on the 27MHz wave band, including il-
leeal Citizens' Band radio transmissions, other nearby radio
m*odellers, or even sunspot activity. The early detection of such
interference sources bv the Chromatronics monitor receiver can
help to prevent expensive models being 'shot down' or sent out of
control.

Costing only s17.95 (including V.A.T. and postage and
p a c k i n g ) ,  t h e  C h r o m a t r o n i c s  m o n i t o r  i s  a  3 - b a n d
Superhetirodyne receiver which can be continuously tuned over
th6 whole 27i.vlHz model band, and which also receives the nor-
mal broadcast a.m. and f.m. bands. As well as detecting potential
interference, the monitor can be used to check transmitter opera-
tion. A telescopic aerial ensures high sensitivity.

The Chromatronics monitor receiver measures only 17Omm x
90mm x 50mm (6{in x 3}in x 2in) and weighs 0.45kg (1lb)'.Itis
powered bv a single 9V- battery, and output is via a built-in
?6mm speiket, wi-th a jack soclret provided lbr an earpiec!.

The Chromatronics device was used by the organisers of the
8th Sywell Radio Controlled Model Expo at Easter, and proved
invahiable in locatins one interference source - a laulty por-
table generator on a Candy-floss stall - which could have been
the diiect cause of at leait one crash.

SUREFIRE ETECTRONIG IGNITION SYSTEMS
Surefire electronic ignition came top of all systems
tested by "Which" magazine in July 1979.

Suretron have now released two new ignition
kits, the C300 and 85200, to fit all vehicles up to 8
cvlinders.'The 

C300 is a high energy capacitive discharge
system .incorporating a high output short circuit
proof inverter,  pulse processor circui t ,  and
transcient overload nrbtection. Available in
negative and positive eirth versions with coil igni-
tion. Ideal for fuel injection, sports carburation,
oilv ensines and 2 strokes.

ine ESZOO is a high performance inductive dis-
charge system incorporating a selected output
darlington (Motorola), electronic variable dwell
circuit to maximise spark energy at all engine speeds,
pulse processor circuit and coil governor to protect
ine coit. Produces a long buin output and is
suitable for all cars. Negative earth only.

The kits comprise an anodised aluminium ex-
truded case, fibreglass p.c.b., p.c. mounted security
changeover switch, static timing light, special selec-
tion Motorola power semi-conductors, capacitors
and resistors etc. The prices (V.A.T., postage and
packing inc.)  are: ES200 - s13.95, C300 - €17.95
irom Siiretron Systems Ltd., Piccadilly Place, Lon-
don Road. Bath BA1 6PW.
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SMAtt ADVERTISEMENTS
Rate: t2p per word. Minimum charge f2.OO

Box No, 3Op extra

Advert isements must be prepaid and al l  copy must
be received by the 4th of the month for insirt ion in
ihe fol lowing month's issue. The Publishers can-
not qe held l iable in any way for print ing errors or
omissions, nor can they accept responsibi l i ty for
the bona fides of Advertisers. Where adver-
t isements offer any equipment of a transmitt ing
nature, readers are reminded that a l icence is nor-
mal ly  requ i red .  (Rep l ies  to  Box  Numbers  shou ld
be addressed to: Box No. -, Radio and Elec-
tronics Constructor, 57 Maida Vale, London, W9
1  S N ,

()ONSTRUCT METAL DE'IECTORS: 1. t12-0 pulse dis-
criminator (€12 construction cost). 2. c60 model (16 con-
/cost).  3. €30 BFO (t3 con/cost).  For al l  three together,
written guaranteed d.i.y. plans, send t2. (Dept. RC), J.
Lucas, 2 College Road, Grays, Essex. (Established 1973).

FOR SALE: Inverter, 12V d.c. to 240V a.c. Suitable running
electric shaver, camping, boating, etc. €5.50. Box No.
( i355.

FOR SALE: Microwave Diodes 1N218, 5 for sl ,00, 1N238,
5 for s4.00. Post 15p. - 49 Pennine Gardens, Harraby,
Carlisle. Cr"rmbria.

(IOMI'LI. ITFI REPAIR INSTRUCTIONS for anv re-
r lrrcsred ' fV, 

15 (with diagrams r5.50). Any requested ser-
vice ,sheet ct plus s.a.e. S.a.e. brings free newsletter,
detai ls unique publications, vouchers and service sheets
f ' rour  50p.  AUSREC,  76  Church  St ree t ,  Larkha l l ,
Lanarkshire.

FOR SALE: 50 metres connecting wire. Five 10 metre
lengths assorted colours and sizes. 95p inc. P.&P. D.
Hooker, Pennywood, Clarke Road, Greatstone, Kent
TN28 8PB.

CONSTRUCTORS 200 mixed components i4. 30W solder-
ing iro-ns s2.60. Full refund guarantees. Lists 15p refund-
able- Mail only. Componenls bought. Sole Elictronics,
37 Stanley Street, Orniskirk, Lancs".

FOR SALE: I.'undamentats of Radio Seruicing by B. W.
Hit 'ks. ptrbl ished by^Hutchinsons Educational, e2.20 post
paicl. Ilandbo,tk of Satellites and Space Vehicies bfr n. p.
I{avi land, s13.50 post paid. - Box No. G866.

fHE RADIO AMA'TEUR INVALID & BEDI . 'AST(rl ,Uts is a well  establ ished Society providing taci l i t ies ioi
the physical ly handicapped to enjoyihe hobb'y ot 'Amareur
rladlo. r lease become a supporter of this worthv cause.
I)etails from the Hon. Secieiary, Mr. H. n. Si""ti;, la
Queens Drive, Bedford.

FOR SALE: Complete and incomplete video tape recorders
and closed circuil cameras. S.A.E. for details. Metal detec-
tor e 10,00. 6 inch portable TV €75.00. Digital multimeter
needing repair e17.50, with marks on case s20.00. Cassette
tape eraser sl0.00. Laser created 3 dimensional holograms
812.50. 25 mixed new zeners €1.00. Cassettes 75D. S.A.E.
for list. Voice controlled ladvbird tov s15.00. Ridio con-
trolled car s10.50. -- J. Fuiton, De-rrynaseer, Dromore,
Co. Tvrone, N. Ireland.

C L E A R I N G  E L E C T R O N I C S  L A B O R A T O R Y .
Numerous quali ty. components avai lable (gb% new), inc:
punched panels, boxes, wafer-switches. potentiometers.
metal-oxide resistances, semiconductois, tools, etc.
I inrepeatable.-- so hurry! Send eb for a valuable sel lct ion
worth at least e20. Money refund guarantee. M. J. Evans,
7 Shap l)r ive, Warndon, Worcester, WR4 gNY.

(Con t i nued  on  page  317 )

A CAREER IN RADIO
Start. training today and mak€ sur€ you ar€ qualified to take ad-
vantage of th€ many opportuniti€s op€n to the trained person.
ICS can further your technical knowledge and provide the
special ist training so ess€ntial to success.

lCS, the world's most exp€rienced home study col lege, has
helped thousands of ambit ious men to move up into higher paid
jobs - they can do the same tor you,

Fi l l  in the couoon below and f ind out howl
There is a wide rang€ of cours€s to choose from, including:

TECHNICAL  TRAIN ING
ICS otfsr a wid€ choics of non-exam
courses desiqned to equip vou for I
b€trer iob in lour particular branch of
electronics, including:
E lec t ron ic  Eng ineer ing  &

Main tenance
Computar Engineering/Programming
Radio, W & Audio Engineerlng

& Servicinq
Electrical Engin6ering Instsllstions

& Contractirig

CITY  &  GUILDS CERTIF ICATES
Telecommunicat ions Technic ians'
Radio TV Eloctronics Tschnic ians'
Electr ical  lnsta l lat ions Technic ians'
Electr ical  Insta l lat ion Work
Radio Amateurs '
MPT Radio Communicat ions Cert
EXAMINATION STUDENTS _
GUARANTEED COACHING
UNTIL  SUCCESSFUL

COLOUR Tv SERVICING
echnicians trained in TV S€rvicing ar€ in constgnt dom8nd Losrn 8ll

vou n€sd to servico Colour and fvlono ry sots through n€w

POST TH IS  COUPON OR TELEPHONE FOR FREE PROSPECTUS

COMPONENT PACKS
PU1: 50 untestod,  unmarked
t . t . l .  i . c . ' s  ( m o s t l y  7 4 O O
ser ies)  65p
PU2: Untested,  unmarked s i l i -
con diodes,  some germanium.
Pack of  2OO (approx.) .  65p
PU4: Resistors,  mixed values,
var ious wattages.  Good selec-
t ion of  values.  Approx 1OO.65p
PTl:  Tested.  marked select ion
of  popular  d iodes.  Contains:  25
x  1 N 9 1 4 ,  1 O  x  1 N 4 0 O 2 ,  5  x
8Y127 125p
PT4: Stranded connocting wire.
Five colours each 5 metres.65p
PTS: As pack PT4 but solid con-
ductor .  65p

. . . A N D M O R E
P T 1 2 :  P a c k  o f  f i v e  r s s d
switches sop
PT13 :  Fou r  lOkQ mono  s l i oe r
pots 85p
PT1 4:  Ten pots,  assorted values
and tvpes.  Good select ion but
no guarantee of  any part icular
value.  Hence only 85p
PT15: 1OO square in.  of  coppor
clad s.r .b.p.  board 65p

PT1 6:  Hardware.  Assorted nuts,
bol ts.  washers etc.  Approx 1O0
pieces,  count by weight  65p

SPECIAL  XMAS OFFER
Buy f5 wonh of  th€ above
packs,  and receive one oack of

your choice.  FREE.
Offers ends 31-12-79

BARGAIN SPOT
Whilst stocks last

Money refunded i f  unavai lablo

2,2OOyF 25V electro lyt ic  38p
AD 1 42 Transistor  3Op
S.P.S.T. Toggle switch 29p

CAALE AND WIBE
pr ice

per metre
Single Microphone Cable 10p
Ma ins ,  34  3  co re  15p
Twin Light ing Flex 6p

Mai l  o rder  on ly .  A l l  p r i ces  inc lude VAT.  P lease add 2Op fo r
p o s t a g e  ( e x c e p t  c o m p o n e n t  p a c k s ) .  F u l l  l i s t  a v a i l a o t e  o n

rece ip t  o f  la rge  s .a .e ,

T. & J. ETEGTRONIC COMPONENTS
98 Burrow Road, Chigwel l ,  Essex lG7 4HB
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DIRECT READER SERVICE

RADIO & ELECTRONICS BOOKS
85p

f1.26

€ 1 . 2 5

95p

t1.20

f1 .25

f1 .25

5op

fl ioo

95p

85p
85p

3O, Electronic Calculator Users Handbook

31" Practical Repair and Renovation of Colour TVs
(Reprintingl

32. Handbook of lC Audio Preamplifier and Power
Amplifier Conrtruction

33. 5O Circuitr Uring Germanium, Silicon and
Diodes

34.50 Projects U3ing Relays, SCR's and TRIACS

17. Solid State Power Supply Handbook

18. 50 P?oiectr Using lc cA313O

19. 50 CMOS lC Proiects

20. A Practical Introduction to Digital lC's

21 . How to Build Advanced Short Wave Receivere

22, Beginners Guide to Building Electronic Projects

23. Essential Theory for the Eloctronics Hobbyist

24. Constructors Manual of Electronic Circuits for
tho Homo

25. 79 Electronic Novolty Circuits

26. 52 Projects Using 1C741

27. How to Build Your Own Electronic and Ouartz
Controllod Wotches & Clocks

28. Two Tranrirtor Electronic Projectr

29, How to Build Your Own Mstal and Treasure Locatorsf 1 .OO
95p

f, l .25

f  1 .25

Zener
75p

t1.26

35, Fun and Games with your Electronic Calculator 75p

36. 50 (FET) Field Effect Transistor Proiects e1.25

37. 50 Simple L.E.D. Circuits 75P

38. How to Mako Walkie-Talkies f1 .25

39' lC 555 Projocts fl .75

40. Ploiocts in opto-Electronics e 1 .25

41 . Radio Circuits Ucing lC'e fl .35

42. Mobile Diacotheque Handbook f1 .35

43. Electronic drojectr for Beginnera f 1 .35

44. Popular Electronic Proiccts f 1 '45

f 1 . 3 545. lC LM39OO Proioctt

46. Eloctronic Muric and Greative Tape Recording f1.25

47. Practical Electronic Calculationa and Formulae f2,25

48. Radio Stationa Gulde f1'45

49. Electronic Security Devices f 1.45

50. How to Build Your Own Solid State
Oscilloccope

51 . 50 Circuits Uring 74OO Series lC'e

52. Second Book of CMOS lC Projocts

g3, Practical Construction of Pre-Amps, Tone
Controls, Fittera & Aftonuators

54. Beginners Guide to Digital Techniques

fl  .50

fl .45

fl  .50

f  1 .45

95p

POSTAGE: 2Op PER BOOK. lF MORE THAN 3 BOOKS ORDERED: top PEB BOOK

Please send
Book  Nos : . .

To: Data Publications Ltd., 57 Maida Vale, London W9 l SN

me within 21 days """ copy/copies

I  enc lose Posta l  Order /Cheque for  f  . ' .  .  .  . .  .

Name

Address

(Block Letters
(We regret this offer is only avaitabte to readers in

Please)
the U.K.)
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SMALL ADVERTISEMENTS
(Continued from page 315)

l'OR SALE: Bush cassette tape recorder, battery driven.
Microphone, etc. Excellent condition. t10 plus postage.
Box No. G3?5.

FOR SALE: Cl5 10MHz SCOPE. Complete with probes
and accessories, plus spare parts. Eicellent coridition,
hardly ever used. s50.00. Telephone: 051-334 4574.

l'OR SALFI: "Challenge of the Stars" by Patrick Moore and
I)avid A. Hardy e2.00.' "Destroyers'1 by Antony Preston
t4.00. Box No. G376.

JOIN ' l 'Ht l  IN'IERNATIONAL S.W. LEAGUE. Free
services to members includine LS.L. Bureau. Amateur
and Broadcast Translation, T6ch-nical and Identilication
Dept. - both Broadcast and Fixed Stations. DX Cer-
tifiiates. contests and activities for the SWL and transmit-
ting members. Monthly magazine, Monitor, containing ar-
ticles of general interest to Broadcast and Amateur SWLs,
Transmitter Section and League affairs, etc. League
supplies such as badges, headed notepaper and envelopes,
QSL cards, etc., are available at reasonable cost. Send for
League part iculars. Menibership including monthly
nraglzine.s. etc., €6.00 per annum. (U.K. and Biitish Com-
monwealth), overseas 912.00. Secretarv ISWL, 1 Grove
Road. Lydney, Glos., GL15 SJE.

SOLAR CELLS: Bits, books and bargains. Send 95p for
Solar Cell booklet and Data Sheets or stamp for list. -
Edencombe Ltd., 34 Nathans Road, North Wembley,
Middlesex HAO 3RX.

COLLECTORS'ITEMS. Nearlv 50 copies of Radio Socie-
ty of Great Britain's Bulletini covering period 1945 to
t"g+g. In reasonable condition. Offers to: Box No' G3??.

FOR SALE: U.S. Simal Corps signal generator. 100kHz to- 
lzMHr. Mai"sopeiated. e r5. TJlephone: Tunbridge Wells
28607.

WANTED: FAX equipment, manuals, service sheets, -etc.
G2UK, 21 Romany Road, Oulton Broad, Lowestoft, Suf-
folk. NR32 3PJ.

WANTED: Telford Communications TC10 "Multimode" 2
metre transmitter. Details and price please to Box No.
G383.

IN'fERESTED IN OSCAR? Then join AMSAT-UK.
Newsletters, OSCAR NEWS Journal, prediction charts,
etc. Details of membership from: Ron Broadbent, G3AAj,
94 Herongate Road, Wanstead Park, London, E12 5EQ.

P.0.8. DESIGN. Outline drawings, Iayouts, projects' tlr
the constructor. Cost according to circuit complexity. D.
G. Harrington, 25 Poynter Road, Bush Hill Park, Enfield'
Middlesex.

s10. S.a.e. for lists. Box No.FOR SALE: Metal Detector
G384.

POS'IAL ADVERTISING? This is the Holborn Servrce.
Mailing lists, addressing, enclosing, wrapping, lacsimile
letters, automatic typing, copy service, campaign plan-
ning, design and artwork, printing and stationery. Please
ask for price list. - The Holborn Direct Mail Company,
Capacity House, 2-6 Rothsay Street, Tower Bridge Road,
London, S.E.l. Telephone: 01-407 6444.

l'OR SALE: Non-working video tape recorders, complete
s50. incomplet€ €30 plug !6 carriage. Closed circuit
cameras t45. Commodore Pet computer e500. Stereo
cassette mechanisms e10 and t15. 25 2W zeners 50p. Box
No. G385.

I 'ADIO,  ELECTRONICS,  TELEVISION BOOKS.
l,rrrgest variety. Lowest prices. Write for list. Business
l)romotion Bureau, 376 Lajpat Rai Market, t)elhi I10006,
lndia.

(Cont inued on page 319)

Wilmslow
Audio

THE firm for speakers!

SEND 3Op FOR THE WORLDS BEST
CATALOGUE OF SPEAKERS,  DRIVE UNITS
KITS.  CROSSOVERS ETC.  AND DISCOUNT

PRICE L IST

AU DAX rAU DIOMASTER oBAKER TBOWERS &
WltKlNS .CASTLE oCELESTION o

CHARTWELL oCOLES oDALESFORD o
DECCA oEMl oEAGLE oELAC IFANE o

G A U S S  G O O D M A N S  o  l . M . F .
ISOPON oJR TJORDAN WATTS oKEF o

LEAK oLOWTHER oMCKENZIE  eMONITOR
AUDIO oPEERLESS eRADFORD .RAM o

RICHARD ALLAN oSEAS oSTAG oTANNOY o
VI D EOTO N EOWHAR FE DALEOYAMAHA

SHACKMAN oTANGENT

WILMSL0W AUDIO 'EPT REc
SWAN WORKS,  BANK SOUARE,  WILMSLOW

C H E S H I R E  S K 9  1 H F
0iscount HiFi Etc. at 5 Swon Strc.t

Tel: 0625-529599 for Speakors, 0625-5262t3 for HiFi
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FIRST and
STItt BEST
We've been producing oui Electronics
Components Catalogue for over 2O
years, During that time we've learned
a lot, not only in the 8rt of catalogue
production but in building a business
that serves the needs of constructors.
Little wonder that we have a reDuta-
t i on  seco rd  t o  none  f o r  ou r
catalogue - and lor the service that
backs it up. Experience both for
voursglf. Just send f 1.30 with the
coupon and a catalogue will come by
return of Dost.
TREAT YOURSELF
for Christmasl

OAbout 2,5OO items clearly l isted and indexed.
O Profusely illustrated throughout.
a 128 A-4 size pages, bound in full-colour cover.
il Bargain list of unrepeatable offers included free.
O Catalogi:e contains detai ls of simple Credit Scheme.

HOME RADIO (Componontsl  LTO.
Dept.  RC., 234-240 London Road, Mitcham, Surrov CR4 3HD

Phono: 01-648 8422

f
NAME ffi
A D D R E S S  

I

HOME RADIO (componentsl LTD., Dept. RC I
234-240 London Road, Mitcham, Surrey CR4 3HD I
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From
Kam

Crcuits'g?newp.C,b,
battcry

opcratcd
Itlini-
Drill

Available rvith or without a portable stand this
new powerful precision dri l l  wi l l  enable you to dri l l
ho les  in  p .c .b . ' s ,  meta l ,  wooden pane ls  o r
anywhere that small  holes are needed. Bit  sizes
0 . 6 n r n r ,  l . 0 m m  a n d  l . 5 m m .
Power  supp ly  - l  x  UM3 bat te r ies .
Pr ice  w i thout  s tand {19 .02  ( inc lus ive  o f  p .p .  and VAT)
Stand pr ice  lJ .63  ( inc lus ive  o f  p .p .  &  VAT) .

Write for technical brochure now:

* i ,

Kam Cl i rcui ts L imi ted
Porte Nlarsh Road, Calne,  Wi l ts .  SN I  I  98W
Tclcphonc:  (0249) 1115262 Tclex:  4.1.12l t t

Self-Binder
for "Radio & Electronics

Constructor "
The "CORDEX" Patent  Sel f -B ind ing
Case wil l  keep your issues in mint
condit ion. Copies can be inserted or
removed with the greatest of ease. Rich
maroon f inish, gold letter ing on spine.
Specia l ly  const f  ucted Binding Cords ate made
f rom Super Linen of great strength, very hard
tw'isted and twice doubled. They are attached

to st rong RUSTLESS Spr ings
undei  tension,  and the method
adopted ensures PERMANENT
RESIL IENCE o f  rhe  Co rds .  Any
slack that may develop is
immediately compensated for
and the Cords wi l l  a lways
remain raut  and st rong.  l t  is
impossible to overstrelch the
springs, as a safety check
device is  f i t ted to each,

PRtcE fl .95 P.&P.4Ep
inc luding V.A.T.

Available only from:-

Data Publications Ltd,
57 l' laida Yale London W9 lSll

I tAI) IO ANI)  EI ,ECI 'RONICS CONS'I 'RI ]C' I 'OR

Random Electronic

ffi#hffiY ffif;ffiffi:
B u i l d  y o u r  o w n  ' E A S Y  D I C E '  f r o m  t h e  5  I n t e r g r a t e d
c i r c u i t s  a n d  f u l l c o m p o n e n t s  s u p p l i e d ,  i n c l u d i n g  b o x
and descr i  o t i ve  ins t ruc t ions

A l l  y o u  n e e d  r s  a  s o l d e r r n g  r r o n

T W O  D I C E  F A C E S  T O U C H  C O N T R O L

*Se l f  Assemble  D ice
*  R e a d v  b u i l t  D i c e

f3 .95
f 4 .75  ( lNcL .  P+P)

Or r i r r r  now  l r o r r r  F r i ngewood  E lec t ron i cs  L td
1  Ha t ton  Cour t  l pswrch  Su f j o l k  l ) 4  / ' . ' i  21 t )11 )1

p lease  s ta te  amoun t  r e ( l u ru ( j  ' r  app rop .o , , ,  Oo* [a , - - ] t l
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SMALL ADVERTISEMENTS

(Cont inued f rom page 317)

SIIACK CLEARANCE: Large selection of good quality
new components selling cheaply. S.A.E. for lists or en-
quiries. Box No. G386.

AERIAL BOOSTERS - 811 VHF /FM Radio - tsl1A
VHF 2 Metre Radio - 845 UHF Television. Price s5.
S.A.E. for leaflets, Electronic Mailorder Ltd., Ramsbot-
tom, Bury, Lancs. BLO 9AG.

WANTED: Large and small  quanti t ies of transistors, I .C. 's.
{solayg, etc., etc. Call any Saturday to: 306 St. 

'Paul,s

Koad, London N.l.  Telephone:01-359 4224.

WANTED: WB. HF1016 gpeaker. State price. Burton,
!{_ rlgtly_R_qad, Birmingh-am, 816 9NH. (Telephone:
02r-454-2046\.

FO*R_SALE: Copies of Radio Constructor, W.W., p.W.,
f P, l9q6 on,__fr-om 5p plus post. S.A.E. enquir ies.
1 Hazel Grove, Yelverton, Devon, PL20 6DX.

PERSONAL
,IANE SCOTT FOR GENUINE FRIENDS. Introduc-

tions to opposite sex with sincerity and thoughtfulness.
Deta i l s  f rb i .  S tamp to : .Jane Scot t ,3 /Con\or th  S t .
Quadrant, Brighton, Sussex, BNl 3GJ.

CHI-KUNG for mental/physical health. Discover '.Chi', -
the life-for_celbio-electricity in your body. Send stamp ror
your. Free l,iterat_r:re.-The Chi-I{ung Soiiety (RECB9), 64
Cecil  Road, London EI3 0LR.

IF YOU HAVE ENJOYED A HOLIDAY on the Norfolk
Broads, why not help to preserve these beauti ful
waterways. Jdn th.e Br-oads Society and play your part in
determining Broadlands future. Further-deiails from: _
T]tq Hol, .Me_mbership Secretary, The Broads Societv,
"_Icknield," Hi l ly Plantat ion, '  Thorpe St. Andrew,
Norwich, NOR 85S.

t'OR HEI,P with (elementary) Computer, statistical or
technical mathematics, send query, s.a.e., paper, p.O.
for 50p to: Box No. G380.

BROADLANDS RESIDENTIAL CLUB for elderlv
people. Are you rec^ently rertired and looking for a homei
we have a dellghttul top lloor room overlooking Oulton
uroad, facing south. Write to: The Warden, Broadlands
Residential Club, Borrow Road, Oulton Sro;ij, Lowestoft,
SuIto lk.

SPONSORS required _for  exci t ing scientr t ic  project
Norwich Astronomical Society are bullding a 30,, telescope
to be housed in a20" dome oi novel desiq;. All labour bie-
ing given by volunteers. Alreadv suppoited bv Industrv
and Commerce in Norfolk. R6creaiional. Eiucational-
You can be involved. Write to: NAS Secretarv. 1g5 White
Woman Lane, Old Catton, Norwich. Norfolli.

O MODEL RAOIO CONTROL
Detail ing borh Theory and Practice, this book,
by  lead ing  au thor i ty  Pau l  Newel l ,  has  become
the standard reference work. A bri€f historical
survey leads up to a detail€d d€scription of
p ropor t iona l  sys tems.  w i th  over  1OO i l -
lus t ra t ions ,  inc lud ing  theore t ica l  c i rcu i ts  and
p.,c:. layouts for an advancsd digital system.
134 pages 

-  
p r ic ;  f3 .35

U.K. Pccking
& Portagc 32p

ON SALE NOW
at a l l  leading shops
or direct from:-

R A D I O  M O D E L L E R
BOOKS D tV tS tON,
High Street,
Sunningdale,
Berkshi re SLs ONF-

REVOR OPTICAL &
TECHNICAL

4" d;,
FLEXIBLE

MAGNIFIER
WITH CAST IRON BASE,
PRE'CISION GROUND AND
POLISHED LENS, CHROME PLATED
FRAME AND FLEXIBLE TUBE.
IDEAL FOR HOBBIES, AND
DETAILED WORK WHI,CH REOUIRES
EOTH HANDS FREE.

CALLERS WELCOME
(Subiect lo prico rul ing at th6 t ime of tssue)

6 SICITIAN AVENUE
LONDON W.C.1

Tel .  O1-836 4536

f | 4.91
POST
FREE

BUILD YOUR OWN
PA., GR0UP & DISCO SPEAKERS by R. F. C. Stephens

qav.e m9!ey with this practical guide. plans for 17 differentqestgns,-L ine source,  1.8. ,  Horn and Ref lex types,  for  9, ,_19, ,  dr ive
units. €3.95 post free ($8 overseas).

THE INFRA-BASS T0UDSPEAKER by G. Holt iman
( fu l l  cons t ruc t iona l  de ta i l s  fo r  vers rons  us ing  15 . ,  j2  anr l  .1e . .
t l r i ve  un i ts . )  t2 .95  pos t  f ree  (96  overseas) .  

-

'THE 
DALESFORD SPEAKER B00K by R. F. C. Stephens

This book is a must for the keen home constructor. Latest tech_
nology DIY designs.  Plans for  1.8. ,  and Ref lex designs for  1O_1O0
watts. Also unusual centre-bass system. f2.20 posi free ($5 over_
seas).

VAN KAREN PUBL ISH lNG
5 Swan Street, Wilmslow, Cheshire

JAN UARY, I98O
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AUDIO DELAY LINE
Fairly recently introduced lntegryated cir-

cuits are the 'bucket brigade'delay lines, and
these offer numerous possible applieations to
the electronics experimenter. More correctly
known as charge coupled devices (c.c.d.) or
charge transfer devices (c.t.d.) they enable
signals covering the full audio band-width to
be delayed by a few milliseconds with little loss
of quality. The signal is delayed purely by_elec'
t ronic means, and there is no need for
mechanical or electro-mechanical components
such as spring lineg or tape loops.

TELEPHONE BELL
REPEATER

A useful household device designed
to eliminate the problem of a ringing
telephone bell  being- missed .when
wor-king in an outbuilding or in the
garden.- Of course, it can also be of
ialue on other occasions when the
telephone bell is inaudible for some
reas-on such as listening to loud music.

iihrit, tt- 1; L: I

| 8O to 2O metres
3 Transistors
No Alignment Problems
Very Low Battery Current

IN YOUR WORKSHOP
SHORT WAVE NEWS

NEWS & COMMENT

ELECTRONICS DATA

Bypassing and Decoupling

RADIO AND ELECTRONICS CONSTRUCTwww.americanradiohistory.com


