SEPTEMBER 197§

SOUTH
AFRICA 60c

CANADA  s1

ELECTRONICS TODAY

! 100

E =3 !‘}l::: LT
TER ot EEEs I : STYERED
F T TR

TWD METER POWER AMP

LOWREOSIRYOU
=) | BREAKDOWN BEACON
= S0 | | cMos T mANS

— TOSHIBA ST10 REVIEW

NEWS . . .CONSTRUCTION. . . DEVELOPMENTS. . . AUDIO




15—240 Watts!

The HYS & a mana hybnd amphifier ideaily suaed for ai dpphcations  All COMMON P! SudaCiumy
H Y 5 mag Cartndge, tuner i) are cotesed for internally, the desired funciion s achieved evher S &

multe way switch i direct connechon to the appropnate pins The internal volume and way

Mmkrely require connechng 1o external poteptgmeters (not included) The HYS rs NP3 TRk

P Ir ' povwet amiphfiets and power supplees To ease consiruction and maunting a P € CorTpCaE 8
rﬂamp ' IEr supphed with gach gre-amphifier
FEATURES: Compiete pre amplhier in single pack Muin functon equalizatior ow o

disteition - High overloal —~ Two stmply combined for stereo

APPLICATIONS: Hi-Fi ~ Muers — Disco  Guiaar and Organ - Pubfic address
SPECIFICATIONS: \
INPUTS  Magnetce Puk-up 3mV  Ceramw Pick-up 30mV. Tyner 100mv Microphone

Auxihary 3 100mV. input /mpedance 47k at 1kHz

QUTPUTS Tape 100mV, Man guiput 500mV R M S

Price £4.75 4 59p VAT PR P frea. S—

ACTIVE TONE CONTROLS Treble ~ 12dB at 10kHz Bass * a1 100Hz 1 .
DISTORTION O (% at V&kHz Signal /Noise Rano 6Bd8 i
OVERLOAD 38dB on Magnetc Pick-up SUPPLY VOLTAGE * 15.30V ?

The HY30 s an exciing New kit from 1L P g leatyres a virtually indestructible | C with shor
H Y and thermal protection The kit consists of 1€ . heatsink. P C board 4 iesistors, & CAPICAOS

g ket 1ogether vath easy 10 lollow construction and operaling instructions. This amphier

l 5 Watls inlo 8 Q FEATURES: Compiate Kit — Low Distornion — Short. Open and Thermal Protection Easy 10 Buwd
APPLICATIONS; Updanng audw equipment Guitar practice amphfier — Test amphise Bnathee
oscilator

INPUT SENSITIVITY 500mV FREQUENCY RESPONSE 10Hz- 16kHr —3dB
SUPPLY VOLTAGE - 18V
Price £4.75 4 59p VAT P& P free.

wWeally suited 1o the beginner in audio who wishes 10 use The most up-1o-daie technology avalatse ! - I b '

SPECIFICATIONS ’
OUTFUT POWER 15W A M S nto 8L DISTORTION 0 15 at 15W J une 7 6

The HY50 leans L,LP s tatal integiatien approach 1o power amphtier design The amplifier features an
H Y 5 imegeal hearsink 1gether wiah the simphcity of no external components Ouring Ihe past three yeas

the ampiihies has been refined to the extent that it must be pne of the most rehable and robusi High

Fidelily modules in the Warkg |

25 w "S Imo 8( ) FEATURES: Low Drs10r1i0n = Integral Heatsink - Only five connecuons — 7 Amp oulput transistors
a No ex components
APPLICATIONS: Mcdium Power Hif systems )w' power GISCo Guitar ampiifier

SPECIFICATIONS: INPUT SENSITIVITY 500mYV

OUTPUT POWER 25W RMS into 8% LOAD IMPEDANCES4 16%2 DISTORTION 0 04% at 25W a1
TkHz

SIGNAL/NOISE RATIO 75dB FREQUENCY RESPONSE 10Hz-45kH2.— 348

SUPPLY VOLTAGE - 25V SIZE 105 50 25mm

Price £6.20 4+ 77p VAT PAP free.

The HY120 s the haby”ol ILP s new high power tange, designett 1o meet the most edacting
H Y rpqufremems ingiuding load hine and thermal protection this amplifier sets 2 new standard in modular

s

FEATURES: Very low distortion — Integrat heatsink Load hne protection Thermal protectidn

- 8 Fwe connectnons — No externat components

50 Wa"s lnlo Q APPLICATIONS: Hi.Fi High qualy disco Public address: - Monior amplihie Guitar and
nrgan
SPECIFICATIONS
INPUT SENSITMITY 500mV
QUTPUY POWER 60W 8MS into 89 LOAD IMPEDANCE 4-3 64! DISTORTION 0 04% at 50W at
1kH2
SIGNAL NOISE RATIO 90dB FREQUENCY RESPONSE 10Hz:45kH; —-3dB SUPPLY VOLTAGE

35

SIZE 114 50 85mm
Price £14.40 4 £1.16 VAT PR P freb.

The HY 200 now wnwruved 1o grve an oultput & 120 Watts has teen designed 10 stand the mest
H Y 2 O fugged condimons such as disco or group while sull retaining true Hi-Fi performance

FELTURES: | hermal shutdown - Very low distortion — Load line protection «= Integral heatsink

No external components

‘l 20 walts into 8 Q :::é:gé&l%?:)i;: f1 Disco - Monuor — Power stave Industnal — Public Address

INPUT SENSITIVITY 500mv

QUTPUT POWER 120W RMS nto 82 LOAD TMPEDANCE 4-T6 DISTORTION O 0%% at 100W ar

TkiHz

Slgil\_l\?L 'NOISE RATIC 96 dB FREQUENCY RESPONSE 10Hz 45kHz — 3dB SUPPLY VOI TAGE
!

SIZE 114 100 85mm
Price £21.20 + £1.70 VAT PAP frae.

The HYA00 s L L P ‘s "Big Daddy  of the range producmyg 240W nta 4420 1) has been desigred for
high powsr disca or public 5% DD s 1f the amplifier 15 10 be used at continuous hugh power
levels & coohing lan s recommended The amplifier includes all the qualities of the rest of the family to

Wad the market as 8 true hugh power hi-fidelity power module

240 WﬂﬂS "“0 4Q :::\;::f:: Thermal shutdown Very low distoruon Loag 1ng pr No i

APPLICATIONS: Public address - Disco  Power siave — Indyustna

SPECIFICATIONS

OUTPUT POWER 240W RMS mito 44} LOAD IMPEDANCE % -156.) DISTORTION 0,19 at240W at
TkH2

SIGNAL /NQOISE RATIO 93dB FREQUENCY RESPONSE 10H,-48kis: 3dB SUPPLY VOLTAGE
A5y

INPUT SENSITIVITY S00mV,SIZE 114xT100xB5mm

Price £29.25 + £2.34 VAT PAP free.

PO WER PHUTE mtatic 107 two MY 3078 14,78, pius 59p VAT P78 liee
PEUSO suntable for two HYS0's £6,20 plus 77p VAT /P free
PSUI70 suntuble tor teeo MY 120 3 V250 phus 11 00 VAT PP frae
SUPPLIES PSUD0 wirabie for ong MY 200 £11.50 plus 10 92 VAT PP bes -
PSUTED suntabtr fm two HY 200's or one HYA00 €£21.00 pigs 168 VAT BF tene

TWO YEARS GUARANTEE ON ALL OF QUR PRODUCTS
|.L.P. Electronics Ltd Please Supply_

Total Purchase Price
Crossland House I Enclose Cheque O Postal Orders 0 Money Order O

Nackington, Canterbury Please debit my Access account 00 Barclaycard account O
Kent CT4 7AD Account number_

Name & Address

Tel (0227) 63218

Signature
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OPTC-ELECTRONICS

. Plastics and their part in efectronics

CAPACITORS: PART TWO

Codings in use and how to use them

CMOS-TO MAINS
Interfacing mircopower CMOS to high pawer A C.

TOSHIBA ST 910 TUNER REVIEWED . . . .

Top flight tuner considered

MIRCOFILE PART SEVEN
110, 110, it’s off to work we go!

ELECTRONICS iT'S EASY
Cantinuing digital display technique’s

TECH TIPS

Three mare pages of your ideas

Projects

LOW COST VOU = PART TWO

Constructional details

TWO METRE POWER AMP

Boosting outpower to higher fevels

ETI CLOCK MQDS

Addition of a ‘radio alarm’

100w DISCO UNIT PART ONE

Power amps and power supply constructional details

BREAKDOWN BEACON

Could save you repairs, and perhaps a life/

RF ATTENNUATOR

Preciston step unit far yse to 150 MHz ’

Data Sheet

Ulitra-versatlie IC with millions of applications

MK 50075/50103/50104 SCIENTIFIC CALCULATOR SET 56

The heart of a very sophisticated machine for you to build around

NEWS DIGEST
ELECTRONICS TOMORROW

Information

SUBSRCIPTIONS

BOOK SERVICE

OCTOBER ETI PREVIEW

SPECIALS

ETI CLOCK OFFER

BIGIT A MATER o - o o vt - b o
READER SERVICES INFORMATION

Special Offers—
DECON PCB KIT ,

349% off the moast convenient way yet to etch PCE's!

ectronics toda

international

Y
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’A” SEMICONDUCTORS

5302
25303
25004
25303
25306
25307
25321
i 53
253224
5323
28324

40361
40362

031
€021

VOLTAGE
REGULATORS

TO J Plastic Encapsulatfon
uA TROS/L129

5v (equiv 10 MVRSV) 1.25
uA 7BI2/L130

2v (Faun. o MVRI2V) [WE]
uA TBIS/LI3L

13V (Equiv to MVR15V) 1.25
uA T8IR

18V (Equiv. lo MVRIBY) L2y

| D.L SOCKETS |

i 25 100+
BPS8 8 pin 1vpe {low cmt)

012 0l
BPS14 14 pin type (low cns()
015 oly oiat

BPSI6 16 pin type (low cn\l)
P 014 0l2
BPSZ4 24-pin Lype (low cmt)
035

03y 430

"% DIODES __ |

[ TRANSISTORS *74 SERIES T.T.L. LC's | [ SUPER UNTESTED PAKS
BRAND NEW, FULLY GUARANTEED BI-PAK STILL LOW PRICE. FULL SPECIFICATION PR Disgriptan
Y e Nu.
TYPE FRICE TYPE PmCE TYPE PRICE TYPE PRICE GUARAREEEOL UL 120 Glass Sub-min G.P, Garm. diodes ...
ACILTK 030 BCI70 BFIII w831 2No3 ewdl | Type Quantiies Type IQ“"“’“‘ U2 50 Mixed Germanium transistors AF/RF
ACI22 <012 BC|7| a.m BF272  +081 2INII3I  «(I8 ! 25 100 « % 100+ U3 73 Germ gold bonded sub-min like OA47
ACIZ5  »8I8 BCIT2 0P BFZ73 0.3 2NI132 7400 000 049 B0 7486 032 03 029 U4 20 Germ Lransistors ike OCAI_AC 128
ACIZ% w4 Y 01 00 009 G0s 7489 2% 288 270 U5 60 200mA sub-min silicon diodes
7402 @11 010 00 7450 037 a3 0y UG 20 Sil trans NPN like BSY95A, INT06
7403 Ol 010 008 T 060 058 058 U7 16 Sil. rect 750mA upto 1000
7404 e 012 an 74:2 041 84z 041 US 50 Sil. diodes DO-7 250mA ike OA 2007202 .
7405 013 012¢ Q11 7493 043 042 04] US 20 Mixed voliages. | Walt Zener Diodes
7406 025 024 023 T4 0 o042 041 Ul0 20 BAYS) charge siorage diodes DO-7
7407 025 04 023 7485 070 088 046 ULl 20 PNPSIL trans. TO-5 [1Ike 2N1132. ZN2904 .
7408 L5 eI4 0.3 7496 068 088 084 U13 30 PNP-NPN Sil trans OC200 25104
7408 15 014 013 74100 100 093  09¢ Ul4 150 Mixed silicon and Germ. diodes
10 008 008 048 M4 040 018 038 V15 20 NPN SiL trans TO-5 ke 2NS96 .
MLl 0 02 021 TS 040 038 436 | 116 10 JAmp SH rect. stud up te 1000 PIV
412 026 025 0.4 TIO7 0% 034 432 UIT 30 Germ. PNP AF trans TO.5 like ACYL7-22
7413 026 B2 025 74110 056 634 0.32 U8 8 6Amp sil rect. BYZ!3 up to 800 PIV
41§ 028 027 026 7411l 083 08l .73 Ul$ 20 Silicon NPN trans ke BCI0S ... .. ..
7417 028 027 026 7e[I% 030 0BS 086 U20 12 15 Amp sil, rect, top hat up to 1000 P
7420 012 011 0.10 74119 1.25 1.20 1.13 U2l 30 AF Germ. trans. 2G300 series & OC7|
7422 028 027 026 74l21 026 026 ©p25 U23 25 MADT's like MHz series PNP series
7423 030 02 028 M2 050 048 046 UM 20 Germ. | Amp rect. GIM up to 300 PV
7425 03 02 026 4D 038 036 834 U25 25 300MHZ NPN sil. trans. 2N708, BSY27 .
7426 oM 2% 02 M4l 060 038 058 U26 30 Fast switching sil. diodes like IN9I4
7427 03 828 026 Tal45 0s6 o a2 U29 10 | Amp SCRs TO-3 up 10 600 PIV «l.20
7428 042 035 03 IS0 130 125 L2 U3z 25 Zencr diodes 400mW DO-7 3-33 volts mixed 0.68
7430 012 &ll  0.14 74151 76 74 0M U33 15 Plastic L Amp sh. reci IN4000 senes X
432 030 028 0.2 7415 85 08y 081 UM 30 Sil. PNP Irans TO-8 BCY 26, 28302/4
7433 039 037 035 74154 150 135 140 U35 25 Sil.trans PSP TO- 18 2N2906- . .
7437 030 028 028 7415 080 078 078 U316 20 Sil. NPN trans TO-5 BFY50/%1/52
7438 030 028 826 4156 63 078 Q76 U37 30 Sil. trans. SO 2 PNP OC200. WS122 .
7440 1z 0l 010 74157 3 083 08l U6 30 Fast switch sil, crans, NPN 400MHz
Tl 084 082 080 74180 088  0.06 U1 30 RF. Germ PNP teans INL30L/S TO.S
7442 065 063 081 el 088 058 U40 10 Dual trans § lead TO-S 2N2060
7443 LIOLos  Lea  j4l62 088 0.88 U43 25 SN Irans. plastic TO-18 BC11371 )14
7444 LI8 105 186 4163 098 096 Ut 20 Sil trans plastc TO-SBC IS
7445 085 080 085 I Ll L5 U457 3A SCR TOBS up (o 600 PIV . ’
746 L10 105 100 74165 120 LIS U4 20 Unijuncrion rans mmilar 1o TISE «9.80
7447 067 065 063 74165 14 Lig U4 10 Tﬂﬁoan Plastic Iracs 50V 8A 120
oo D MR O pm | le dmddniethosbs ocid
. . . : . U4 12 NPN sl pl BOW Hke 2N! «120
7451 012 &Il 0le MIE LIl 108 = LAEN TN ey ke 2N
7453 012 ol 08 T L1l 106 (Code Nos. mentioned above are given us a guide to the
;i-;') &:; ::: ::: :"’:::' :;‘; :g "type of device In the pak The devices themselves are
7470 025 024 v23  74le2 088 068 nefvunm it
7472 022 02 020 TimM ¥ 162 13§
7473 026 024 022 490 130 143 148
7474 027 025 023 T4I91 130 143 140 =
7475 04 046 044 T2 15 LA L85 [ é #INDICATOR ]
7476 025 824 021 TN LIi Ll Les
7480 050 K48 04§ LM LI5 LD 195
7481 192 100 098  T4I9S 00 078 T Dis;
7482 083 0Bl 070 74196 o0 s o3 | L-E-D.Displays
7483 088 096 @94 7197 100 098 996 DLT0?7 Common anode, 0.3" 85p
a8 €% 088 086 74198 210 200 Lo
7485 1235 L20 115 74198 185 180 185 DL747 Jumbo common anode, 0.6” £1.70
Devices may be mlxed to qualily for quanuity price (TTL 4 Series DL727 Double digit disptay, common anode, 0.5
only) Data is available for the above series of IC's in booklet form £2.00
PRICE 33p.
L.ED.s
[ SPECIAL POWER OFFER ] Available in 0.125" and 0.2 dia. lenses
Red 10p. Green 17p. Yeilow 17p. [
R.C.A. 2N5295,.NPN to 3 ' .
Mounting clips 2p each
PLAST[C MVER 3015F Minitron 7-segment filament €1,11
VCE 50V VCE &0v ; '
P 38w 4A
= NIX1 TUBE — ITT 58708
hFE 30-120 Character height 13.46mm
ONLY £1.56* for 16 SPECIAL OFFER § for £2.00

9.08 BYZI6 0.41

008 BYZI7 0.36

048 BYZIE 0.38

009 BYZIS 0.2

00 CGeY

A10 (OASI Eq) 086

0.21 CGes}

022 (OAT0.0AT9) 0.7

0.15 QAS5 Short
BA154 0.12 Leads [ ¥}
BA13Y 015 OAID o.14
EAI6S 014 OA47 0.07
BAITA .15 QA7 0.07
BB104 0.15 OA79 007
BY100 018 QASL a.07
BYI0L 012 OARS L1
BY105 wid OAN 87
BYI114 0.12 0A9] 0.07
BY124 052 OA9S 087
BY 126 915 0A200 [ L
BY 127 018 0AZ202 097
Byi28 0.1 SDIO 004
BY 130 0.17 SDIs 0.06
BYIN 021 INM a7
BY 164 031 INMA 007
BYX38-30 043 INSI4 Q.06
[y ALY .38 INGIS (T ]
BYZIl 031 IN4148 0.06
BYZI2 931 1SO21 ole
BYZi1d 0.26 15951 0.07

UNTESTED
AUDIO PACKS
Comprising 51.C.s

76003 /76023 series

ONLY £1 per PAK
Complete with data

FM STEREQ
= . DECODER
*THYRISTORS j Comprising 51.C.5 like
MCI1307 and SN76110
Piv G6A 08A LA 3A 3A 3A 7A L0A I6A I10A
i MUIBTOS TOS TUSETORE TO TO8 TO4A TGN TOAN O oo ONLY £1.50 per PAK
m oedow — — — - T T Z All prices EXCLUDE V.A.T. Completawitidata
N BN - = e = =
50 622 028 020 025 036 U3 048 051 34 LB "
3 5 02 L U570 Please add 8% to all pric
s e S T T Y W i prices | | [BRIDGE RECTIFIERS]
200 033 0.4 025 630 050 650 057 0.8 0.62 1.6 mar *
40— = 930 039 U353 057 OK2 :'H €77 17 ked # Remainder add 12%% 24/50VRMS 0.35
600 - — 049 844 06Y 063 U7B 899 098 —
A00 —  — 05M 063 OMI 051 €92 122 13 447 i‘:g&:’smg :_:;
2A/400vRMS 0.50
— - 2A710000:RMS 0.60
L LINEAR LC's | _AVDEL BOND |
Type Quantities Tvpe (Juantitles J ER—
25 100+ 125 1004 A
mw s D8 s U oS SOLVE THOSE f
TII0% 023 021 ®19 uA703C 026 024 0.22
7706P 019 B18 617 uATOXC 01 08 &7 STICKY PROBLEMS!
7710 032 03] 028 uATLIC 032 031 028 i
72741 028 027 028 uA7IC 032 031 42
7734IC 026 025 924 uAT2iC 045 043 0.40
F7IP 028 0.27 026 76003 129 134 |39
72747 079 074 w6l 76003 139 13 130
72748P 035 033 031 76660 088 D86 083
SL2IC 046 0.2 037 [ M0 093 0% 088 |-
SLMIC 046 042 037  ~NE5SS 043 043 040
SLT02C 046 042 037  eNE5S6 DA 084 053 ,
TAA2E3 0.74 065 056 TBAROD 138 134 L3 ,
TAAZS) 093 088 081 ZNdl4 i = i CYANDACRYLATE C2 / ‘\
— —— — ADRESIVE ‘/
SILICON RECT[FIERS I The wonder bond which works in seconds —

F00IRA TSIMA A 15A 3A 104 0a~ bﬂndspla.r:}rc,irubbt;,allrinlsnslors.COmponoms Pastage and packing'
PIV (D7) (SU16) Plastic  ($016) (SQ10) (SO10)} £1048) permanently, immedi EV_ add 25p. Overseas add
50 005 008 N0 MO5 047 0.4 w018 e0.35 1 extra for airmail. Mini-
100 005 007 INAO02 G068 009 0.6 w021 069 OUR PRICE ONLY 70p» d @ l£lM n
200 006 809 NGO .07 00 020 #0223  «093 for 2 hial mum arder
40 007 @19 INi0Oi 0.08 014 028 835 |25 or £gm phia
B0 008 KI5 INADOS 009 010 033 042 =176 .

WG 001 008 INOG 008 U8 035 =051 elasl
1000 003 028 INQUOT 001 023 044 €060 w23
1200 — a3z IN2007 0.28 034 w065 eZNN
TRIACS |
BRIX Y ¥
Case v 2008 400V D32 *0.23
2 Aamp TOS 040 431 lI.T.I’ (These 1wn dizcs are
famp  TOG6 05l 0s1 07 recommended for use
W0 Amp  TO48 077 082 LI wah triges) PO Boxs WARE, HERTS



* High ”quality modules for stereo,
other audio equipment.

R s >

OUR PRICE ONL

£19.95

The 450 Tuner provides instant program selection at the touch
of @ button ensuring accurate tuning of 4 pre-seiected stations,
any of which may be altered as often as you choose, by simply’
~.i¢hanging the Seilings of the pré-set controls. '~

Used with your existing audio equipment or with the BI-KITS
.. STEREO 30 or the M K80 Kit etc. Alternatively the PS12 carl
be used if no suitable supply is available. together with the:
. Transtormer T538.

The S450 is supplied fully built.tested and aligned. The unit is
easily installed uding the simple instructions supplied

FM TUNER

Fitted with Phase Lock-loop Decoder

PUSH-BUTTON

STERED

30

Enjoy the quality of a magnetic cartfidge with
your existing ceramic equipment using the new
M.P.A. 30, a high quality pre-amplifier enabling’
magnetic cartridges to be used where facilities
exist for the use of ceramic cartridges only. ;
* FET Input Stage It is provided with a standard DIN

* VARI-CAP diode tuning input socket for ease of connection.

#* Switched AFC Full instructions supplied, ‘
+ Multi turn pre-sets P y [ ) y
+ ' LED Stereo Indicator %

Typical Specification:
Sensitivity 3. volts
Stereo separation 30db
Supply required 20-30v at
90 M= max.

POSTAGE &

STEREO PRE-AMPLIFIER

5 N

A top quality stereo pre-ampifier 20KHz. Sensimvily of 1niputs

and tone control unit. The six ; ]

. Radio T 1 v
push-button selector switch pro- . ?So'zn:::: S
vides a choice of inputs together 3. Magnetic P.U 3mVinto
with two really etfective filters for 50K ohms

high and low frequencies, plus tape
SQutput,

MK. 60 AUDIO KIT: Comprising
2 x ALBO's. 1 x SPM80. 1 x:
BTMBO. 1 x PA100. 1 fromt panel
and knobs. 1 Kit of pants 1o incfude
on/oft switch, neon indicator.
sterec  headphone sockets plus
instruction booklet. COMPLETE’
.?HIFE_‘EZT..SS. . plus 62p
TEAK 60 AUDIO KIT: ‘postage.
Comprising: Teak veneered cabinet
size 16% 7% 11%4*x3%7" other
parts include aluminium chassis.
heatsink and iront panel
bracket plus back panel
and appropnate sockets
etc. KIT PRICE €9.20
plus 62p
postage.

1dB from 20Hz 10 20KH:z
Supply — 20-35V at 20mA.

bimensaons
299mm x 89mm
35mm.

SPECIFICATION:

@ Hammonic Distortion
& Load Impedance 8-18ohm

Frequency Response + 1dB 20H: .

1. Tape lnpunt 100mV inio 100K ohms

7 [ ]
P U Input equalises 10 R1AA cuw.y,/ Al

/AUDI'O

- AMPLIFIER MODULES

Po=3 watts §= 1KHz 02.5%

L ohm @ Size: 7Smm x 63mm x 25mm -
" @ Frequency resporise +3dB Po=2 watts 50Hz-25Hz gl
@ Sensitivity for Rated 0/P — Vs=25v. RL=8Bonm f=1KHz 75mV.RMS|

PACKING

Postage & Packing add
25p unless otherwise
shown. Add extra for
-airmail. Min. £1,.00

OUR PRICE

£13.50
o

_COMPLETE AUDIO.
CHASSIS %
7+7 WAFTS
R.M.S.

ST S —
The AL2ZO and AL30 units
are similar in their appearance and
in their general specification.
However, careful selection of the
plastic power devices has resulted
in a range of output powers from 5
to 10 watts R.M.S.

The versatility of their design
makes them ideal for use in record
players, tape recorders, stereo

amplifiers and cassette and car-
tridge tape players in the home.

The Stereo 30 comprises a complete stereo
pre-amplifier, power amplifiers and power supply. This.
with only the addition of a transformer or overwind will
produce a high quality audio unit suitable for use with a
wide range of inputs i.e. high gquality ceramic pick-up,
stereo tuner, stereo tape deck etc. Simple to install,
capable of producing really first class results, this unit is
supplied with full instructions, black front panel knobs,
main switch, fuse and fuse holder and universal
mounting brackets enabling 1t to be installed in a record
phinth, cabinets of your awn construction or the cabinet
available Ideal for the beginner or the advanced
constructor who requires Hi-fFi performance with a
minimum of installation difficulty (can be installed in 30

mins .
N TRANSFORMER £2.45 pius 62p p &p
‘TEAK CASE £3.658 plus 62pp & p.

13nwm.

enthusiast.

AL20 5w R.M.S. £2.65 AL30 10w R.M.S. £2.95

* Max Heat Sink temp 90C. % Frequency response
20Hz to 100KHz « Distortion bettar than 0.1 at 1KHz »
Supply voltage 15-50v * Thermal Feadback = Latest
Design Improvements + Load — 34,8, or 16 ohms *
Signal to noise ratio 80db » Overall size 63mm. 105mm.

Especiallv designed 10 a sirict specificauon. Only the 8 i .-

tinest components have been used and ihe latests i
solid-state cucuitry incoiporaied 1n this powerful little

amplifier which” should satisfy the most eritical AF s

 NEW PA12 Stereo

. Pre-Amplifier com--

PA] b e o R
2 for use with® AL

. 20/30 _anliﬁ__cr

Moduies. Featurss inciude .on/off volume
Balance, Bass and Treble controls. Comple!
Frequanty Response 20Hz-20KH:
{—3dB8)." Bass and Trebis range
12d8. Input Iimpadance 1 meg ohm.
input Sensitivity 300mV. Supply
requirements 24V . 5mA. Siza 152mm
x 84mm x 33mm.

, 25 Watts (RMS)

Power supply for AL20/30,
PA12, SA450 etc.

Incorporating short circuit protection.
Transformer BMTB0
£2.60 + 62p postage

Stahilised Power Supply Type SPM80

SPMBO is especially designed 1o power 2 of the AL6O Amplifiers,
up 1o 15 watts {R.M.S.) per channel simultaneously. With the
addition of the Mains Transformer BMT80, the unit will provide
outputs of up to 1.5A a1 36V. Size' 63mm. 105mm. 30mm.

£3.00

Input voltage 15-20v A.C. Output voltage 22-30v b.c

Output current BOO mA Max. size 60mm x 43mm x 26mm

Transformer T538 12.30 OUR PRICE E' 20
= B

P.0. BOX 6, WARE, HERTS..




The worlds largest ever ship, the
550,000 ton ‘Batillus’ is under MPU
control! All engine control monitoring
and alarm systems are now run from
the system shown in the picture. The
video monitors are hooked to the MPU
‘Alphaprom’ units — one per engine —
which each have 225 alarm points
throughout its system.

The control room has an alpha-

VERY SUBMIN SWITCH

Roxburgh Electronics have a new
subminature rotary switch which is
sealed in an industry-standard TO-5
can. Designated the Series 30, the
switch offers a wide range of configur-

Nominally rated at 0.5A, 125V AC,
the switch contacts are capable of
handling up to 3A, and the Series has
been designed for direct mounting
to PCB's, or for panel-mounting by
means of an optional bush. _

A thumbwheel switch is also
available.

Roxburgh Electronics Limited, 22
Winchelsea Road, Rye, Sussex.

ations, and from 2 to 8 switchpositions.

numeric printer, which reads out to
the operator any deviation in levels
considered significant, along with pre-
cise time codes. New alarms appear as
red type, and faults rectified as black.
Naturally a loud acoustic alarm is also
provided. After all the controlier
might be coiour-blind!

CSi Bv, P. O. Box 174 Vlaardingen,
Holland.

SINGLE-CHIP JFET PREAMPLIFIER

The first monolithic JFET preampilif-
iers types T100/300 by Siliconix will
serve as single-device replacements for
the discrete component assemblies
generally used to buffer hig-
impedance signals from piezo-electric
and capacitive microphones/trans-
ducers. They operate at low power
levels from single DC power supplies
of 1.3 to 30V. Applications include
hearing aids, microphone preamp-
lifiers and general purpose impedance
converters. Two versions have been
introduced, both in TO-72 metal can
packages.

No external components are
required for operation with devices
such as ceramic electret-condenser,
and air-condenser, microphones, or
piezo-electric capacitive transducers.

Each chip contains an N-channel
depletion-mode, junction field effect
transistor (JFET), with a diffused
source resistor and back-to-back
Schottky diodes. The diodes from the
high-impedance, gate-bias resistance.

" The circuit is self biasing.

Siliconix Limited, 30A High Street,
Thatcham, Newbury, Berks RG13
4JG.

(PSUTS ClIEBOSE——

YOU'RE NEVER ALONE WITH AN MPU

TRUTH TABLE DETECTOR CLIP

The 548A Logic Chip from H.P. is
designed to clip on to a 16-pin DIP-
pack IC, when its light-emitting diodes
show the logic states of each of the
IC's pins simultaneousiy.

It is automatic for all logic famiiies
from 4 to 18V DC. Three volt CMOS
is tested by connecting a 4.5V supply
to an auxiliary power pin,

With internal, self-seeking logic
circuitry, the 548A locates the supply
and ground pins automatically; it can
be placed on the iC ‘upside down’ or
‘rightside up’. Total current drawn
by the clip is less than 40mA with
15 LEDs on. Input current is less than
15mA, assuring virtuaily no circuit
loading. inputs are protected to 30V
DC for 1 minute. Price is £77.

Hewiett-Packard Limited, King
Street Lane, Winnersh, Wokingham,
Berkshire RG11 5AR.

SHARP PRACTICES IN WATCHES?

One very interesting little snippet
caught our eye last month — Gillette,
the well known face scraping
company, are adverting in the USA for
digital watch engineers. Both LCD and
LED men are required, as are 12L logic
designers. With their past history
Gillette can‘t fail to carve themselves
a good chunk of the market,
(literallyt).

GAMES FOR HIRE

Later this vyear Fairchild
Semiconductors who have recently
taken a hand in digital watches, will be
introducing their long awaited TV
games chips into Europe. These are
based on the F8 microprocessor,
and according to Fairchiid, can handle
teletext as well. In order to assure
themselves of a market, the company
plans to do a deal with a TV rental
company so that games could be hired
with the set. The cost to the user

would be about £1 extra on top of a
colour rental.




TIME 80X

Not for pursuit of Daleks, but
ideal for digital clocks, this new case.
from West Hyde is moulded in anti-
static ABS with 3%mm walls. It has
high impact strength, and integral
front feet which lift the case to good
viewing angle. Two positions for PCB's
are provides.

Available in white, red, orange and
blue in any quantity, all have 3mm
thick red acrylic window panels.

Dimensions: 56mm x 131mm x
71.5mm deep. Prices: 1 off £1.79 —
100 off less 25%.

West Hyde Developments Limited,
Ryefield Crescent, Northwood Hills,
Middlesex HAG TNN.

NEW CATALOGUE FROM
MARSHALL'S

One of the catalogues which we at ETI
refer to most has just been updated:
that from Marshall’s. The new edition
has 160 pages — considerably larger
than the previous one. More inform-
ation of semiconductor lead-outs are
included as is a new listing of
Japanese equivalents.

For callers the price is 30p but it’s
also available by post for 40p from
A. Marshall, 42 Cricklewood
Broadway, London NW2 3ET.

CLOCK MODULE SHRINKS

The interest generated by the MA1001
series of clock module subsystems has
encouraged National to introduce a
further series, designated MA1002.
This new series Miniaturises the com-
plete module to a package only
7.5mm x 3.5mm,

Various versions are available for
12/24 hours formats and input fre-
quencies, and further details are
available on request from National
Semiconductor, 19 Goldington Road,
Bedford, MK40Q 3LF.

HOME ON THE (TEXAS) RANGE

The consumer electronics fields is
about to be asked to hear the weight
of yet another giant. Texas
Instruments are placing their highly
digital boots firmly in the earth of the
home market, and expect them to take
root there, and grow to 93% of their
total business in 1978.

Whether or not they achieve the
full bloom of this success depends
entirely as to whether you and | take
to the gifts the giant comes bearing.
It almost gives one a feeling of power
does it not?

As astarter T.L. have introduced 16
digital watches, 12 of which are in
plastic cases. Technology is I2L, not

the ubiquitous MOS — a move to
newer pastures, broken by Sinclair.
The range is priced from £15.95 to
around £32. Yer pays yer money and
takes yer choice - of case and strap,
the modules are the same in all the
watches, and give 5 functions as usual,
The styling is certainly carefully
thought out, and new types will be
dropped onto the public as and when
T.l. deem it timely to do so.

A caléndar feature is incorporated,

nreset 10 4 years of correct month
length. However since the batteries
last you at most a year, and date info
is lost on switch-off (battery change)
so don’t get too excited with the idea.
Marketing is to be through anybody
and everybody who will sell the
watches, so they will be around very
quickly. The displays are all LED but
Texas are expending many hours of
tail in the LCD field, and expect to
bring to fruition a watch with this
display sometime during 1977, !
Calcutators are the other channel
from which T.I. hopes our money

will flow. In order to speed this flood,
they have an extensive new range with
several very ingenious machines. At
the low cost end we have the TI 1600,
a slimline rechargable at £17.95.
Especially for the student, the T} 30
possess no less than FIFTEEN levels
of parenthesis. It also has full scientific
facilities, and will turn off the display
if you're wasting battery power.

Price £19.95.

The T1 5050 and 5040 are thermal
printing machines, the former portable
at £99, and the latter desk-bound for
£109. Perhaps the most amazing of all
is the SR—60. Defined as a calculator
only because it requires no peripherals
to work, it has a possible 1920 pro-
gramme steps and 100 memories! The
display is alphanumeric, and can inter-
ragate the user if programmed to!

Well, it prompts him anyway, (It is

to be hoped we don‘t get an S8
machine just yet! Ve hav vays of
making you compute and all that).
The tings the SR 60 won't do are very
-few indeed, but for circa £1500 per-
haps this is not too surprising. Before
we are deafened by crys of ‘MPU’s
rule OK’ let us add hastily that this is
not an MPL machine, but is calculator
chip based.

The range all use T.l.'s new (?}
Arithmetic Operating Logic, said to be
truly arithmetic in operation. In
practice it looks {ike an improvement
on ordinary arithmetic logic certainly,
and anything is an improvement on
RPN!
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COLOUR OSCILLOSCOPE

The Scopex 4D25 now includes a
special ‘Glarecheq’ graticule for
‘refelection-free’ measurement. This
does not decrease the brilliance of the
trace or increase the spot size but acts
to down extraneous reflection.

As a ‘reaction against drabness in
instrumentation’, a pleasant shade of
blue has been selected for the front
panel, and the controls and bezel have
been colour matched.

Technically the 4D25 offers 3%
accuracy on both time and voltage
measurements, and incorporates a
25MHz bandwidth with Y-amplifier
signal delay. Apart from which think
how well it will match the wallpaper!
Price £245.

Scopex Intruments Limited,
Pixmore Industrial Estate, Pixmore
Avenue, Letchworth, Herts SG6 1Jd.

IN 3 x 106 YEARS TIME, 1T WILL
BE ONE SECOND SLOW!

RCA are working for the US Navy to
determine the feasibility of using
hydrogen maser clocks -- precise to
one second in three million years -- in
Global Positioning Systems (GPS)
satellites.

These satellites are part of a tri-
service programme under Air Force
direction. NTS-1 was launched in July
1974 and tested rubidium clocks,
NTS-2 will test cesium clocks; NTS-3
will test hydrogen maser clocks.

A planned constellation of 24 GPS
satellites will be continusously trans-
mitting time synchronized signals, A
ship, airplane or land craft suitably
equipped to receive the signals, will be
able to determine its exact position
-anywhere on the glode.

Hydrogen atoms are employed
because of an extremely stable fixed
frequency generated under certain
controlled conditions. The atoms are
produced from hydrogen gas
molecules by an electrical discharge
and beamed intp a special container
in a microwave cavity. The hydrogen
atoms undergo an energy state change
and emit a frequency that can be used
to very accurately control the output
frequency.

Can you just see the thing ticking
away merrily on your mantelpiece?
The BBC would have to phone you for
a time check — about 5976 AD!

£37.286 PER DIGIT!

The Data Precision 175 is a full
function, 32 range battery and line
operated instrument, whose basic
sensitivity is 100mV,

With 5 ranges of DC/AC voltage
measurement and 100% overrange cap-
ability per range, the 175 measures
from 100uV to 1000V, protected to
+1000V on any range (including
100mV). Basic instrument accuracy is
0.1%, and this is a 1 year specification
over a 50 temperature range,

Resistance measurements are
catered for from 100m$ to 20MS2 in
6 ranges (basic accuracy of better than
0.1%).

A 'low voltage’ mode is provided
having the same ranges as the normal
resistance measurement, but with only
300mV of open circuit excitation.
This enables resistance measurements
to be made on circuits while still
connected to semiconductor devices.

The £120 the Model 175 costs
brings, in addition to the basic instru-
ment, its rechareable battery module,
a pair of fuse protected test leads,
mains lead with charger, alligator clip
adaptors and a complete certificate
of traceability.

Farnell International Instruments
Limited, Sandbeck Way, Wetherby,
West Yorkshire LS22 4DH.

FIRST LIVE 4-CHANNEL
BROADCAST

Live quadraphonic broadcasting
experiments- have been conducted by
Radio Clyde (the commercial station
servicing the Glasgow area). Four and
a half hours of the “Proms 76"
concerts, by the Scottish National
Orchestra, were broadcast in four-
channel mode, direct from Kelvin Hall,
Glasgow. on June 26 and July 2, using
encoded signals. The encoding system
used for this experiment was the
Sansui QS Matrix.

The experiment follows one by
Piccadilly Radio — in April — where, -
apart from certain records already
encoded, the Staion’s output for two
days was synthesized via the QS
system into 4-channel. The
Independent Broadcasting Authority
monitored and transmissions. We can
only hope for the experiments to
spread, with perhaps good ole Auntie
taking a hand (or four!).

NO, THE WHISTLE ISN'T DIGITAL

This hand-held battery-powered stop-
watch measure time to 50 minutes,
59.9 seconds in one-tenth second
intervals. Controls allow simple start/
stop, Time IN/Time Out, and include
safeguard against accidental reset.

Accuracy is controlied by a quartz
crystal, and the display LED. Weigh-
ing 6oz., the ET105 is approximately
4% x 2% x 1% ins, and will slip into a
jacket pocket.

Price to be announced. Newitt and
Company Limited, 81 Goodramgate,
York YO1 2LU.

iC IN CAMERA

Contained in a 16 pin DIP the
ZNA134 is a complete system, requir-
dng only a single 5V supply. An on-
chip oscillator (which can be over-
driven) externally permits multiple
SPG unit usage.

The ZNA134 incorporates such
features as synchronising between
units, direct reset to horizontal and
vertical counters, facailities for adding
and subtracting lines, automatic inter-
lacing and a field reference output.
Perhaps its most novel feature is its
abaility to provide both CCIR and E|A
equalisation by changing the voltage
on a single pin.

Fhe ZNA134 generates all the
horizontal, vertical, mixed bianking
and synchronising pulses necessary for
raster generation in 625 or 525 line
commercial, industrial or military TV
systems. It can be supplied to operate
over the military temperature ranges.

Ferranti Limited, Electronic —
Components Division, Gem Mill,
Chadderton, Oldham OL9 8NP,
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INZ807A  0.22 | 2N5181 1.30 | AF12% 0.55 | aca3e 0.12 | BF1BO 036 | IM709CAN 0.48 | 5L620C 350 RITY

2N2924  ©.15 [2N5192  1.00 | aF126 0.65 | ac239 0.15 | BF181 ©.36 [ 8DIL 0.40 | 51621C 3504 ) 40 F

2N2926 0.13 | 2NB185 1.10 | AF127 0.65 | BC2S: 0.15 | BF1B2 0.35 1401L 0.38 | Si623 575 pl--

7N3053  0.25.|7N52d5  0.35 | aF139 0.69 | BC253 0.22 | BFIB3 0.35 [LmM?47EN 078 | sLeaoc  4co|  0.01mF

7N3G54  ©0.50 | ZN5292 0,40 BC257A  0.17 | BF1B4 635 [ Lm748 0.78 | 5LB41C  4.00 20p Veroboard

283055 0.65 BC2584  0.17 F BFI1BS 0.35 | EOIL 0.44

tp
2 5x3%mn 36 29 22 17

2 5x5n 44 40 19
3Wa3Min a3 40 —_
Iabin a9 s+ 32 32
G L - k . A% w170 173 1.46  1.00 1.92
TTL integrated Circuits — Quality & Prices you can’t beat FINSx35 30 30
- 2 By - sN74151 077 | SNFa174 1.06 p260] W8] WS
SN7100  0.16 | SN7412 0.25 | 5N7437 0.35 | 5N7453 0.16 | 5N7482 0.67 | SN74SH 0.78 | 5N73153  ©0.73 | SN74775  0.84 TRADE AND RETAIL SUPPLIED
SN74D1 016 | Svra13 0.60 | 5N7438  0.35 [ SN7454 0.8 | SN7483 092 5N74100 115 ) SN71164 129 SN7I176  O0.BE
SN7102 016 | SNIMIB 0.43 | 5N744a0 0.16 { SN7360 0.16 | gN7iRA 0.85 | SN73107  0.30 [ SN74155 1.20 | SN72180 1.23
SN74D3 0.16 | SN7412  0.43 | 5N74) 0.76 [ SN7470  ©0.32 { EN74BS 1.25[5N74118 090 | SN74157 06B| SN71181 258
SN7I04 0.18 gxijzo 0.16 | 5N7442 0.55 [ SN7472 ﬂ-gﬁo SN7486 0.29 | SN/4119  1.80 | SN74160 1.20) SN74180  1.33 . -
§N7405 Q.18 7471 0.28 | SN7445  0.84 | SN7173 O 5N7490  0.43) SN74121 . 0.34 | GN74181  1.20 | SN74191 133 A
GN7106  0.51 | SN/125 027 | SN7446 0.6 | SN7474  0.30 [ SNT74! 0.68 | SN74122 045 | sN74162  1.20 | SN74182 113 Potentiomaters
3N7407 018 | SN7427 027 | 5N7147  0.81 [SN7475 040 [ gN7492  0.43| 5N74123  0.40 | SN74163  1.20 SN74193 1.3 Linear or Log
SN7408 018 | 537430 0,16 | SN744B 6.8 SN7376  0.36 | §N7483 - 043 SN73141 0.72] §N74164 093 5N74196 185 .
547408 0418 fSx7432  0.27 | SN7450 0.6 | SN74BO0 045 | §47394  0.74| SN74145  0.74 | SN74185 . 0.93| SN?4197 185 Single  Double
SN7410 0.16 SN7451 0.16 | SN 7481 1.10 | 5N7295 0.59 | SN74350 1.20 | SN74167 3,70 SN74198  2.04 Ratary Pots 25p 25p
X X i 1y Ao e i X SN74199 2,04 Rotary Switched  55p =
Ir L
15% DISCOUNT FOR 100 MIX . Shjers asp  75p

FULL RANGE OF CAPACITORS
STOCKED. SEE CATALOGUE FOR
DETAILS.

_ DIN PLUGS — 14p JACK PLUGS & SOCKETS . IS

DIN CHASSIS SOCKETS — 10p “/;" m::z zLa!:I;l:ep::g; ;;: 01w gp 03w 10p
i, 4-pin, 5-pi -pin -pi k
3.pin, 4.pin, 5-pin 180 . 5-pin 240 . B-pin speaker o e 156
LINE SOCKETS 14p each %" plastic swilch socket 18p ; = >
3 pin. 5 pin TBO | speake: ‘" stereo plastic plug 20p SEND FOR OUR NEW 180 PAGE
2 2 " stereo chreme plug ggp CATALOGUE — CRAMMED WITH
i %'* s1ereo plastic line sucket p NEW PRODUCTS, TECHNICAL
PHONO PLUGS (sciew 10p). Red. Whire, Biack. Green 14" steres chrome line socket asp INFORMATION AND ALL BACKED
or yeliow - 10p. "4 stereo plastic switched socket 25p 8Y THE USUAL SUPERLATIVE
3.5mm plug 10p MARSHALL'S SERVICE — FOR
LINE PLUGS (same colours) — 10p 3.5mm sacket 10p ONLY 40p POST PAID OR 30p TO
PHONO CHASSIS SOCKETS: singe 7p gg':‘: :{‘fgmke' :g: PERSONAL CALLERS
Double 10p, 3-way 12p, B-way 25p, B-way 35p 3 Smm socket 10p PLEASE ADD VAT TO YOUR

- ORDER. POSTAGE & PACKING
30p.

ALL PRODUCTS FULLY GUARANTEED TO MANUFACTURERS SPECIFICATIONS
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| ~Fl 560
]

LAST MONTH WE DESCRIBED the
design requirements and System
description of a simple VDU; this

month we will cover most aspects of.

construction with modifications and
applications next month. The pro-
ject has been designed with PCBs in
order to simplify construction; there
is no reason why the circuit should
not be built on Veroboard as was
the first prototype of the 560 VDU.

INTERFACETO TV

The TV set used in the prototype is a
Heathkit GR-9900 set built from a
kit. ¥ you decide to use this kit set
which is one of the most attractive
portable sets that | have seen then it
will be necessary to break the circuit
in the set by removing the positive
end of C18 from the PCB. On the
prototype two video sockets were
added at the rear of the set, one
connected to the point where C18
was on the PCB (TV video out), and
the other connected to the now
floating end of C18 (Video in), both
sockets using chassis ground. A
short link of coax with a plug at each
end will connect the twe sockets for
normal TV programs or the output
from the 560 VDU can be connect-
ed to the Video in socket.

It may be possible to modify any
other portable set in a similar
manner but check that there is a
transformer jn the mains input
circuit. Domestic TV sets may be
meodified to accept a video signal
but check with manufacturer first.
The aiternative is to use a UHF
modulator as supplied by Crofton
Electronics but this must be cor-
rectly set up or else all of the
verticals in each character will have
a stepped or wobbly look. If a
modulator is used then the 560
VDU can be used with any TV set,
colour or B/W. NB: These modula-
tors can transmit back down an
aerial line even if the normal aenal
line is disconnected and if the
modulator output line is toc near the
aerial line then any other set

o

Low Gast ViU

Part 1:GConstruction

Components for this project are availabie from Watford Electronics {(who supply the’
metal case, type WE1), Technomatic, Bywocd or Catronics.

Vss +5v

Fig. 1 Power supply circuit

+

VDU-A

Fig. 2(a) Board A PCB

connected to that aerial may also
pick up this signal. This is more
likely to happen in flats, etc, where
a common TV aerial is very often
built-in.

POWER SUPPLY

The TTLand MOS RAM require a
stabilised 5v supply at about 1A
current; this is most conveniently
supplied by the well-known LM309

1

voltagé regulator which ,uses the
metal case as a heatsink and a
groundplane. The MOS ROM
(2513 character generator) requires
supplies of 5v, GND, —b6v and
—12v, all at very low current levels;
the —5 and —12v supplies are
derived from a second winding on
the transformer with Vdd as a
common ground. The circuit dia-
gram of the power supply shows the
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two transformer windings rectified
by D1-4 and D5-8 and smoothed by
C1 and C2. The output from C1 is
used to feed the voltage regulator
REG1 which outputs a regulated 5v
at up to 1Amp, LED1 and R1 are
used as a panel lamp to indicate,
““Power On’’. The output from C2
will be in the area of —15v; this is
limited by zener D@ to —12v and in
turn this —12v is limited to —5v by
zener D10. No indicators were used
here but an LED could be connected
across C2 ([with suitable limiting
resistor) to give a panel indication
that both positive and negative
supplies were on.

Note that the transformer must
have two separate windings {12-0,
12-0); a 12-0-12 centre-tapped
type will not do.

BOARD ‘B’

The block diagram of board ‘B is

shown in Fig 3. Its function is to
generate TV sync signals and
character video
then to mix these two signals with a
blanking signal to produce a
standard video signal for input to a
modified TV set.

The sync generator is formed by
two 555 timers in a stable mode
both with a mark/space ratio of
about 10:1. IC1 runs at 50Hz and
IC2 at 15KHz. The outputs from
these ICs consist of 8 short negative
pulse from each which are miixed in
IC5 to give a mixed sync signal. We
will refer to these signals as FS
(Frame Sync), LS {Line Sync) and
MSYN. IC3 and IC4 are 555 timers
in the monostable mode. IC3 uses
FS as a trigger input and produces
an output called FSD (Frame Sync
Delay) which is basically FS inverted
but with the length of the short
pulse adjustable by VR3. The width
of this pulse is used to define the
distance from the top of the screen
at which the output will start and
the signal is used to blank the video
and to reset line and row counters.
IC4 produces a similar signal {LSD)
which defines the distance from the
left-hand side of the screen and is
used to blank the video and also
resets the Master Clock (MCLK) and
character counters. )

The Master Clock (MCLK) is
generated using two gates of ICH
which will oscillate at about 6MHz
whenever LSD is
always goes low at the same ""time”’
on each TV line MCLK always starts
at the same position on each TV
ling; this is very important to avoid
ragged edges or verticals on the
characters.

information and .

Fig 2(b) Board A component overlay

‘ SYNC GEN l_?ELAY GEN

lMASERCLK

) VIDEO
BLANKING

1 L

o —— —— _

Z=<nZ
o—<m

b ey e

low. As LSD.

- — e R ——— ccik '
S
gghh"rNEER Z’s‘ﬁ“?ﬁf )IMULTIFLE.V.ER L CLAT  lvipeo mixER ‘-——V'DEOT
| reL cvib
s sz
UL ER e NG Fig. 3 Board B block diagram
VIDEO GENERATOR by about 50% with the full scale

IC165 is a 7421 4-input AND gate
(note not a 7420 NAND) which
mixes the blanking signals RCLK,
FBLK, LBLKI. and BLNK. RCLK
occurs on the last two of every ten
TV lines after FSD, this thus blanks
at the bottom of each character row.
FBLK and LBLKI are from the

flip-flops IC13-14, the FBLK signal

is set by FSD and reset by EOF
which is generated when the text
row counter exceeds the number of
rows (8 at present). LBLK! is formed
in a similar manner. To test board
"B connect a temporary link from
LBLKO to LBLKI. BLNK signal is
generated to “‘flash’’ the output
character, it can be left unconnect-
ed at present. IC15 output (BVID) is
mixed with the character video
(CVID) from the character generator
and multiplexer and then mixed
with MSYN to emerge from IC16 as
something close to a standard video
signal. If we mix this signal reduced
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MSYN .we have a standard video
signal with the large negative
troughs from MSYN very apparent

if seen on a scope.

If you build up board "B with
iCs 1-6 and 13-16 and associated
components you should now be
able to produce a video picture on
the set. Set all presets to midway
and turn on, adjust VR1 until
picture stops ‘‘rolling”’ and then
adjust VR2 until picture stabilises
horizontally. It was found that FS
and LS sometimes drifted off after
warming up and thus VR1 and VR2
may need adjusting during use. You
may prefer to use panel-mounted
potentiometers in place of or in
addition to the bhoard-mounted
presets.

Having stabilised the picture you
should see a set of horizontal lines
produced by RCLK, these should be
thick white lines with thin spaces
between; each white line will

1
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'L!— Fig. 5 (a). Board B PCB

become a character row. Adjust
VR3 until the first of these rows is
about two inches from the top of the
screen and then adjust VR4 until
the lines start about one inch from
the lefthand side of the screen. if
you do not have access to an
oscilloscope then the TV screen can
now be used to test out each part of
construction. DISCONNECT
POWER SUPPLY AND CONNEC-
TION TO TV BEFORE SOLDERING
EACH TiIME.

ICS 8-12 can now be mounted
-and the supply and TV reconnected.

12

This should now show each white
row now split up into white boxes.
You may also have white vertical
lines the same width as the boxes
above the FSD line; do not worry
about this at this stage. Count the
boxes from the left and adjust VRS
until you have about 34-35 boxes
across each row. When the EQF and
EOL signals are connected from
board “~'C°° the boxes will be
blanked after number 32 and the
rows’ will be blanked after number
8, thus giving our display ""box"".
Disconnect, instail IC7 with its

power supplies (note MOS handling
precautions) and reconnect supply
and TV. Assuming that all of the 6
data input lines to IC7 are apen
tircuit each character box will show
either an “at” sign "@" or a
question mark “'?"" ar a mix of both.
The inputs may pick up stray 50Hz
radiation and swap between all high
('?") and all low ("@""). When you
have become bored with watching it
you can celebrate being about
half-way to completion.
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5 Fig. 5(b} Board B layout
CCLK :
e CHARACTER ADDRESS =
gy CHARACTER [~ WRIT
BOARD ‘C | =y L Ohe U s
A block diagram of board "“C’ is a—— P
shown as Fig 6. assembly is almost R gt e sk g
as simple as it looks. ) pRel e BT
Start by inserting ICs 17-19 and RCLK
connecting CCLK, RCLK, FSD and TEXT ROw  |—TOW ADDR ADDRESS - @
LSD from board “'B"* and EOF and Fsp | COUNTER COMPARATOR ~] clar
EOL back to beard "'B’’. The results A
on the screen should now be that ' 2o
we have finished defining our ‘ e
display box of 32 characters wide r e
& o . . . BLNK
by 8 rows high with flip-flops | Aporess ' [Reco acor FLAsHER |l e
1C13-14 now working correctly by Ei .
a h 1g. 6 Boar
blanking any video generated out- 9. 6 Board C block diagram
'side our box.
(H high), or in plain language we column. The outputs from the

ADDRESS COMPARATOR

Any positive true logic address
input from switches or other logic
input to 1C20-21 will be inverted by
these ICs if ENABLE is connected to
fogic *"17"; if ENABLE is at logic "0"’
then this will cause all 8 outputs to
go high thus almost effectively
disabling the address inputs. The
Enable signal is not used in the
basic unit and should be connected
to a permanent logic ""1"" or via a
1K resistor to Vss. If we consider
output "“C'" from IC19 and the
inverted H input address line we can
look at the expected output from the
7486 to which they are connected.
A 7486 is an EXCLUSIVE NOR gate
and the logic of EX-OR is a logic
1" if either but not both inputs are
at Jogic ""1'", the output "1 is
inverted to logic "0’ because this is
an EX-NOR gate not EX-OR. Thus
we will get a logic 1
either 19C is low and H is high (H
low) or if 19C is high and H is low

" whenever

get a logic 1" if 19C is the same
logic level as input H and a "0 if
they are different. Each 74886
output can be checked by leaving
A-H inputs high and linking each
7486 output in turn to BLNK input
to IC15. The results should be as
follows: 19C-H output should be
high during text rows 5-B and fow
during 1-4. As a tow input to BLNK
will turn off the display we would
expect text rows 1-4 to be turned
off, 19C will be the inverse of this
and thus the 19C input to the 7486
connected to BLNK will turn off
rows 5-8 and the 7486 output will
turn off rows 1-4. Similarly, counter
output 19B will extinguish rows 3,
4,7, 8, and 19A will turn off rows
2, 4, 6. 8. The outputs from
counters 17-18 wil! blank columns
rather than rows with 18A blanking
columns 17-32, 17D blanking 9-16
and 25-32, 17C blanking groups of
4. 17B blanking groups of 2 and
17A blanking every alternate
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7486s are the inverse of the above
signals and would thus cause the
opposite effects.

The output from IC30 will only -
go low when alt inputs are high and
this condition only occurs when the
counter outputs have the same
value as the A-H address inputs. i.e.
when both are addressing the same
box on the screen. M the output
from IC30 is temporarily connected
to BLNK then only one box will be
blanked off, if the address inputs
are still all high then this will be the
box in the bottom right corner.
Check other settings of A-H input
switches to ensure that the box
which yoa think you shoutd be
addressing is the one which is then
btanked. i
ADDING THE RAM
THE MM2112 s a MOS RAM
containing 1024 (called 1K) bits.
Each bitcanbe a ‘1" ora ‘0" and on
turn-on will be mixed randomly; a
bit can set to the desired value by

13
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Fig. 7 Board C circuit diagram
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uniquely addressing that bit, setting
up the required data (1 or Q) at the
data 1/0 pin and putting a low onto
the R/W pin, preferably in that
sequence. Although our RAM con-
tains 1024 bits they are organised
internally as 256 words each of 4
bits in each RAM, we have two
RAM chips and thus we have a
choice of 512 x 4 or 256 x B
organisation depending on a serial
or parallel connection, we need
words with at least 6 bits for ASC11
and thus we have.chosen the 256
words of 8 bits organisation.

Ignore the concept of writing to
the RAM at present and assume
that the random pattern inside the
RAM at switch-on is the required

14

‘display output. As each display box
is addressed by ICs 17-19 so the
word is alsc selected in the RAM
and the appropriate data produced
at the RAM |/0 pins, six bits of this
RAM word are the ASC11 code to
be passed to the 2513 ROM. Now
we come up against one of the
problems of working with MOS
devices — speed. The RAM takes at
least 650nS to find the required
word and present it at the 1/0 pins
but in the meantime the data from
the previously addressed word is
still at the 1/0 pins. If we consider
the reaction time of the TTL
counters to be about 50nS before
the data is available for that box. If
we displayed the data straight from

Fig. 8fa) Board C PCB =

the HAM then the character would
appear to change halfway through
each box. First of all we tried to fool
the system by starting to display the
data during the latter half of each
box plus space time by using the
upper 5 outputs of the 7442 rather
than the lower 5. This would have
given us a space 5 units wide and
then a character 5 units wide.
Unfortunately the RAM data
appeared to change at about the 6th
or 7th unit and so the first one or
two units of our character box were
always wrong.

If we latch the RAM outputs at a
time when we know that they have
settled to their new values then we
can use the latched data to pass to

ELECTRONICS TODAY INTERNATIONAL—SEPTEMBER 1978



BT

77 . COMP

the ROM. In our system we have
decided to latch with 7442 output 9
and use 4-B (or any other group of
8) outputs to generate our char-
acter. If we consider the first
characters in each text row we can
expect that box 1 will start with
rubbish and then change to the
desired character haifway through.
At the end of box 1 the data for the
first character will be latched to the
ROM and thus box 2 will show the
first character correctly, char 2 will
be latched at the end of box 2 and
displayed in box 3, etc. This means
that we will have a rubbish box at
the start of each row and that char
32 will be blanked because it is in
box 33 and box 33 is blanked by
the LSD/EOL flip-flop. If we delay
the action of this flip-flop until the
end of box 1 and the end of box 33
then box 1 will be enabled. We can
use the same latch pulse (7442
output 9) to do this causing
9/ 10ths of box 1 to be blanked by
LSD and the dast 1/ 10th of box 33
to be blanked by EOL; as the last
1/ 10th of every box is always blank
anyway {only 4-8 are used) this will
have the effect of moving our
complete display area about 4 inch
to the right. As we are only using 6
or 7 of the bits we thus have a sparé
latch in one of the 7475's which we
can use to latch the flip-flop.
Disconnect the temporary link on
board 'B° between LBLKO and
LBLKI and connect these points to
the spare input and output of 1C26.

We are only using 6 RAM bits and 7

latch bits at present and thus we’

have at least one spare. |t was
decided to use this bit to define that
the displayed data should flash on
and off to thus bring attention to
any important parts of the message.
A 565 timer — IC28 — issetup to

Fig. 8(b) Board
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0P Q0009
ROW ADDRESS |  CHARACTER ADDRESS
oscillate at about 1Hz, the output
from this is enabled by latched bit 7
and the resulting signal passed to
BLNK. If bit 7 is a logical "1° then
the appropriate character will be
blanked whenever the 555 output
is high which is for about half a
second every second; if bit 7 is low
then the BLNK signal will always be
high and thus the character will not
flash.

WRITING T0O THE VDU

We now have a system which will
display any of 128 different char-
acters (64 steady and 64 flashing)
in any of 256 possible boxes on our
screen. What we need to know is
how to write data into the RAM in
order to get it displayed on the
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screen. As we mentioned earlier a
low at the R/W input of the RAMs
will cause the data at the 1/0 pins to
be placed in the memory location
addressed at the same time. Thus if
we set up a data word on the input
data bus we can write that data into
every position of the RAM by
holding R/W low for a time in
excess of the complete address
cycle time, as a complete: cycle
takes less than 1/50th second we
can connect a push-on reledse-off
switch between R/W and Vdd. If
the data set up is ASC11 100000’
our switch will load ASC11 spaces
into all positions of the RAM and
‘thus the screen wilt be cleared of all
other characters except spaces, for
this reason this switch is called
"CLEAR." Note that CLEAR will load
all positions with the data set up.
This data will usually be ASCIHI
'space but could be any other (all ***
looks very pretty).

Referring to Fig 9 the CLEAR
switch can be seen as SWIi8
connecting writ (which goes to
R/W) to Vdd. This switch also
connects a low from Vdd to the
common of the data switches (and
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INTEGRATED CIRCUITS

iIC1-4 556 iIC18 7400
IC5 7400 IC17-19 7493
IC6 7480 1C20-21 7400
Ic7 2513 1C22-23 7486
1C8-9 7403 1C24.25% 2112-2
IC10 7404 1C26-27 7475
11 7442 IC28 555
Ic12 7490 1C29 7400
IC13-14 7400 1€30 7430
-IC15 7421 REG1 LM309
DIODES

LED1 TH 209 or similar
D1-8 1N4OO1 or simitar
09 12V Zener. 400mw
D10 5V Zoner. 400mwW
D11-18 1N914 or sumilar.

RESISTORS
VR1 100s verical preset
VR2 22° varnical preset
VA3 22nvertical preset
VR4 10xvertical preset
VRF 1xd vertical preset
R1-3 1~ R15 490k
R4.7 ax7 R16 ix
RE 220k R17 380R
Ak 225 R1B 470R
R10 15x A19 390R
Al 2x R20 4
)
R12 33« R21 22«
R1J I3 A22 33«
R14 470R A23-30 I

CAPACITORS

C1 2000uF 25V electeolytic C7-8 150F
C2 470uF 25V slectrglytic  C9-11 100! 16V elacirolytic

C30.AuF C12-13 0.47uF ceramic
€4 2200F C14 4.7uF 18V elecirolytic
C50.1uF C15°100uF 16V slecirolyfic
C6 2200F C16-17 0.47 uF ceramic.

MISCELLANY

PCBs ETI 560A, 5608. 560C

CASE Type WE 1 (Watford Electronics)

Transformer T1 0-12v, 0-12V, 1A

FUSE F1 250mA { 4 holder)

SW1 Mains toggle swiichiSW 12 Miniature 1oggle switch
SW17 Minialure push-io-make

the flash switch if connected). Each
switch is diode blocked from its
neighbours and held high by a
resistor if not connected to the
common Vdd by the switch being
closed, thus the data bus (6 or 7
lines) will reflect the open or closed
position of the switches if the
common line is low. if the common
line is open circuit then each bit in
the data bus will be held high by its
resistor but can be pulled low
against this resistor if the RAM
output for that bit is low, thus the
data bus from the switches is
effectively Wire-Or'd to the RAM
170 pins.

If we wish to write to a particular
RAM location then we have to set
up that location on our address
switches and the required data on
our data switches. This will have the
effect of causing 1C30 output

{COMP} tc go low whenever the
comparison between the scanned
address and required address shows
that the scan has reached the
required box. if CCMP is now
connected to the data switch
common then this will go low
causing the switch data bus to
output lows wherever a switch is
closed during the time that comp is
low. Similarly, if COMP is connect-
ed to WRIT then the RAM will store
the data bus whenever COMP is
low. Thus whenever SWI17 s
closed COMP will cause the active
data bus to be read into the RAM
whenever COMP is low, as this only
happens when the required box is
scanned then the data for that
particular box only is changed.
SW17 (WRITE) must be held closed
for a minimum of 1/50th second, if
it i1s opened during the time that

comp is low then rubbish could be
written into the RAM, but as this
does nct happen very often and it
can be corrected by pressing WRITE
again we have not guarded against
this occurrence.

MODIFICATIONS

FLASH. Bits 7 and 8 can be used for
other purposes than flash, eg colour
generation if the has video
inputs for RGB. Remember that bit
8 will need to be latched as is bit 7.
SYNC. External sync may be used if
it is split into FS and LS. A switch
could be installed to give internal or
external sync options. MPUs. If you
wish to use the 560 VDU with a
microprocessor you will need a
socket to connect 8 bit address, 6-8
bit data, COMP and WRIT plus a
ground {(Vdd) connection. Further
details next month.

**Quartz accuracy.
**Multi-function:

**Finest American MOS technology

CONTINUOUS DISPLAY LCD WATCHES

UNIQUE ALTERNATING DISPLAY FEATURE

The watch continuousiy displays HRS. and MINS. with MONTH, DAY and SECONDS on demand. The owrier
selects the feature where the HRS. and MINS. or MONTH and DAY display aiternatively for 2 second intervals
until owner resets to normal display. During the alternating cycle seconds are still available on demand.

Watch  despatched
with matching Gold
plated bracelet, in

Hrs., Mins., Month, Day, Seconds.
Alternating display Back-light.
Programmed 28, 30, 31 day months,
AM./P.M. indication for ease of
date setting

*++All important: UK factory

presentation box
with instruction
booklet and guar-
antee. Model 1113-10
is also available in a
stainless-steel brace-

manufacturing and servicing let.
facilities.

To: Leetronic, Lee instrumentation Ltd., Newport, Gwent NP1 8YZ

£34 - 50 . Print — FREEPOST — no stamp required. l
Please forward ____(qty) model . at_.___each TOTAL: £

INCL.V.A.T. & P&P i L P i

l | enclose l

k Name ey : cheque ___ I

Address . postal order__ l

money order.___ l

: Signed Sl PR AP— I
[ |

1 eetionic

Watch Division, Lee Instrumentation Ltd.
Bedwas, Newport, Gwent NP1 8YZ

TEL. (0222) 885756-7-8. TELEX: 497084
Reg. No. 639437, VAT Reg. Ho, 133 8154 80

— ik . "Barclayéérd/Acce_ss no___ [
f ‘Mlmml l
3L T T -l_--'-‘_-““' ﬁ’l
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TTla by 7483  88p, | 74194 130p | OP, AMPS E | TRANSIS. BF178 30p. [ TIP43C  #8p | 2n4403 R SRIDGE
TEXAS 7484 103p | 74195 #8p | 301A Exl. Comp. 8 pin DIL aop| Tons BF194  13p | TIP2955 78p | 2N5089 3 :51:0"0"! 31p | RECTIFIERS
7400 17p | 7485 130p | 74186 120p | 536T FETOp Amp TO 99 300p| AC125  20p |BF1S5  11p-| TIPIDS5 80p| 2N5296 88p | av126  18p | A 50V 26p
7401 18p | 7488  32p | 74187 120p | 708 Ext. Comp. 8774 pin OIL 36p) AC126  1Bp [BF196  17p |TIS93  30p | 2N5401 B2p [ BY127  12p | A 100V 27p
7402  18p | 7489 284p | 74198 214p | 741 Imi. Comp. 8714 pin 011 2Bp| AC127  18p [BF197  19p | ZTx108 11p| 2N6107 7J0p | IN4CO1  Bp | YA 400V 31p
7403 18p | 7490 43p | 74190 220p | 747 Dusl 741 V4 pin DIL 70p| AC128  16p [ BF200  40p |2x300  18p | 2NB247 178p | 1N40O2 8p | A BOOV 37p
7404 23p | 7481  S1p 748 Ext Comp. 8/14 pin OIL aop| AC176  1Bp | BF257  34p |ZTXS00  18p {Comp 1o IN40O4  Tp | 2A SOV 37p
7405  26p | 7492 agp 176 Prog Op Amp 10 99 180p| AC187  tBp [BF25B  39p | ZTX504  e0p 2N3055) IN4D05  7p | 2A 100V Adp
7406 48p | 7483 43p | CMOS1Cs | 1468 Dual Op Amp 8 pin DIL 70p| AC1B7K 26p | FR39  37p | 2n697  22p | 40360  43p | 1N4007 B | 2A 400V Eep
7407 3IWp { 7494 @1p | 4000 19p | 3130 CMOSOp Amp. 8 pin DIL 108p| ACI1B8  18p | BFR40  37p | 2N698  32p | 40361  43p 4A 100V TBp
7408 22p | 7495 70p | 4001  1#p | 3900 Ouad Op Amp 14 pin DIl 80p| AC1BBK 28p | BFR7S  37p | 2N706  22p | 40382  48p | zEwER 6A 50V 78p,
7409  22p | 7498 B4p | 4002  19p ADI49  4a8p | BFRBO 3tp | 2N708 22p | 40410 8%p | 2710 33V 6A° 100V T8p
7410 18p | 7497 281p | 4006 120p |LINEAR ICs 5 AD1S1Y 19p | BFREB 37p {2NG1B 43p | 40409 98p | 400mw 11p | 6A 200V B4p
78411 26p | 74100 118p | 4007  19p |CAJ02BA  Dit. Cascade Amp 1099 12p| ADI&2  3ep |BFXI0  32p |2N930  19p | 40411 243 | 1w 22p | 6A 400V 80p
7412  27p | 74104 80p | 4008 87p | CA304E 5 Tranuisior Arrmy 14pnOIL  78p | AF115 18p | BFXB4 30p |2N1131  20p | 40534 s8p
7413 8o | 74105 &0p | 401t rep | CA304E 4 Lo Nolss Amp 16pnDIL 260p [ AF116  ¥8p | BFX8S  30p | 2N1132 20p | 40595  o7p | TUMNEL TRIACS
7414 80p | 74107 32p | 4012 18y [CA3052 Oitt. Cancade Amp TO5/0IL  BOp | AF117  18p | BFXBS  30p |2N1304  38p AEYHL  T8p Nonnn
7416  3p | 74110 68p | 4013  E8p | CAJOBIE  FMIf System 16pinDIL 250p | AF138  43p | BFx87  30p | 2N1305 3&p | FETs 130p
7417 3p | 74118 90p | 4015  90p | CAIDS0AQ  FM Stecss Dacoder Qi 500p | AF239 48p | BFXB8 30p | 2nN1306 43p | BF244 a5p | yamicap s Aoo 102p
7420 18p | 74121 32p | 4016 B4p |ICLAOABCC VCOfun. Gen 16 pn DIL  370p{ BC107/B 10p | BFYS0 t8p |2N1613  27p| MPFI02 40p | BBIDS  33p| 6 500 184p
7421  43p | 74122 82p | 9017 123p LM3BON 2 W Audio Amp, 14 pin D1l 118p | BC108/B 10p | BFYS1 18p |2N1711  27p ; MPFI03  40p 0 400 200p
‘7427 249 | 74123 T3p | ADI8 247p [IMIBIN Sterwo Pre Amp 14 pn DIL 178p% BC108/C V1p | BFYS2 13p | 2N1893. 32p | MPFIO4  40p | NOISE 10 600 270p
7423 40p | 74126 T8p | 4020 270p | M2S2 Rhythm Geneealor 18 pin 01 t000p| BL147 op | BRYI3  Aa8p |2n2219  22p [ MPFI05  40p | 75) 140p | 15 400 310p
7425 33p | 74132 78p | 4022 130p {MCIIIOP  FM Siereo Dacoder 1M4pnDIL 175p] pc148 #p | BSX19 20p [2N2222- 22p | 2N381S 27p 15 SO0 340p
7427 40p | 74136 #1p | 4023 t@p |MC1IS1P  Lm/Dm Aud. Preamp 104p | BC149 10p | B8SX20 20p | 2N2363°- 18p | 2NIB20  BOp 40430 108p
7428 3p | 74141 80p | 4024 128p | MEC40008 %W Audo Amp rce 759 | pC157 11p | BU10S  178p | 2N2484° 32p | 2N3623 B4p 40669 108p
7430 19p | 74145 78p | 4025 1#p | MFC6040  Electconic Ananuator 180p{ gC158  13p | BUIDE 312p 2~zsoauzzp 2N5457  alp
7432 .30p | 74148 173p | 4026 200p |NESAOL  Aud. Pwr. Driver 105 180p | 8C159  tdp | MIEI40 4up | 2N2905/A22p | 2NS458  A0p DIAC
7437  32p | 74150 188p | 4027 B1p |NESSSV Time: 8 pin DIL 40p | pC1GIC  16p | MI2955 120p | 2N2906 22p | 2NS459  40p BRIGO  28p
7438  32p | 74151 7Ip | 4028 152p |NESS5E Oual 555 TdpnOIL 98p[ pC179 12p | MJE2955 120p | 2N2026RB 8p | IN12E  90p
7440 18p | 74153 #2p | 4023 13mp |NESO1E PLL wath AM Demod — 390p 3 gC172 12p MJEJoss 70p | 2N29260G11p | IN140  B2p
7441  78p | 74154 184n | 4030 gep |NESE2B "U-'M"' veo 16pinDIL 380p | pc173  13p | MPSADE 40p | 2n3053  18p | IN14Y S0
7442 78p | 74155 nap | 4042 180p |NESE5 lapnDIL 200p | gC177  20p | MPSAI2 tzp 2N3054 S4p | 40603  63p
7443 118p | 741568 #8p | 4043 218p |NESEEV PI-LFur- Gen BpnDIL  200p| pC178 17p | MPSUDS T8p | 2N3055 Bap | 40673  83p
7444 119p | 74160 T18p | 40456 180p |NESB7V  PLL Tone Docoder SpnDIL  200p | BaC179 20p | MPSUSE 88p | 2n3442 1E1p
7445 80p | 74161 118p | 4047 188p {2567 Cusl 567 16pin DIL 400p | gC1B2 12p | GC28 T6p | 2n3702 14p | WITB
7446 #0p | 74162 1189 | 4040  gap [SN72710  Difl. Compacator T4pnOIL  B4p| gC183  12p f OC35  75p |2n3703  1dp | TISHD i 3
7447 B1p | 74183 118 | 4050 60p |SN72733  Vudeo Amp 14pnDIL 180p| gcte4  14p | OC71  26p |2N3704  14p | ZN216C  98p | SCRTHYRISTORS
7448  88p | 74164 130p | 4054 210p |SN7B00IN Aud Pwr Amp. win int HS 2780 | 8C187  32p | TIP234  S0p | 2n3705  14p | 2N2646  48p | A 5OVTOS 43p
7451  18p | 74166 130p | 4055 210p [SN76013N  Aud. Pwi. Amp with int HS 1780 | 9212 14p | TIP29C  €2p |2N3706  12p | ZN4871  40p | 1A100VTOS Abp
7453 18p | 74174 131p | 4056 14Bp |SN7802IN Aud Pwr, Amp. with nt. HS 1750 | 8213 12p [ TIP30A  60p |2N3708  12p | puyy }A 00V TOS 50p
7454  18p | 74175 92p | 4060 280p |SN7B03IN Aud Par. Amp winint HS 276p| BC214  17p | TIP3OC 72 |2N3703 V2p | NBO2T eop | oh 400V STUD - 8p
7460  20p | 74176 |:1p 4068  40p [TAAG21A  Aud. Amp. for TV o 2200 | gCa78  32p | TIPI1A  S8p | 2N3TO7 14p TA 400V TO5 + HS 87p
7470 32p | 74177 120p | 4071  28p [TAABGIB  FM/IF Amp. Lim/Den 180p | ac547  12p | TIPIIC  B8p | 2N3773 270p | DIOOES 84 #50veiasl 142p
7472 30p | 74180 120p | 4072 29p |TBAGAIB  Audw Amp. an 300p | BC557 12 | TIPI2A  83p | 2N3B6E  BOp | SIGNAL 124 400V Plastic 123p
7473 3ap | 74181 322p | 4081  19p |TBABOO  5W Audi Amp al, 100p | acy70 20 | TIPK 98p | ZN3I904  22p | 0A27 #r || |BANOOViRIasfe 180p
7474 3%p | 74182 8%p | 4082 200 [TBABIO  TW Audic Amp, alL 1280 | gCy71  24p [ TIP33A  97p | 2N3%0s 28p | OA70 1op | 164 400V Plastc 15
7475 48p | 74185 148p | 4510 142p |TBAB2D  ZW Audw Amp ai 100p | BDt24  %0p | IPIIC  120p | 2M3906  22p | OABL  1gg | 1OA SO0V Piastc 238p
7476 34p | 74190 188 | 4611 200p |TDA2020  20W Awdio Amp an 3%p| 60131 38p | TIP34A  124p | 2N4058  19p | OABS 1Bp
7480 ®4p | 74191 188p | 4516 140p |XR2240  Prog. Twmer/Counter 400p | 80132  43p | TIP3AC  180p |2N4060 1%p | OAsc 7p | BT10€ 1A 700V STUD  130p
7481 103p | 74192 130p | 4518 tosp |ZN314  TRF Radio Receiver 140p | B0I35S  BAp | TIPISA 243p |2n4123  22p | OAg 95| Clospiaasonvimastc)  (83p,
1482 78p | 74163 130p | 4528 130p. [oeee et 80136  88p | TIPISC 290p |2N4124 22p | 0AgS 9 [LMCALOTAMIOVION?  [27p
VOLTAGE REQULATORS PHOTO-TRANSISTORS LEDS T | BDI3S  79p | TIP3BA 287p | 2N4125 22p | 0A200 zm""" ety =NIP
JULA ] 708 R 16 | BO140  B7p | TP36C 3eop |2n4126 220 | 0202  10p | 2 A 600V Piasic 2009
Fuxed-Piac 3 Tarminals - ok Ty 211 Green  32p | SF115  24p | TPA1A  70p | N4371 1420 | INSTA 4 | Faogd hoa Io0 %02, 1of
790t TL 32 Infrared  B1p | BF167  2Bp | TIPAIC  81p | 2H4348 173p | 1N916 17 B4 1 D
a0 108 2ysp | 2NN 43 03 .: BF173 270 | TIPa2A  76p.| 24401 340 | 1na1da 4y | 2MBOSA 0.8A 200V TOS2  A3p
ORP12 sop 1 z
::g: ;g}g ;::: gnxc, ;., vGr;en 2% VAT INCLUSIVE PRICES. Add 20p P& P — no other extras
1 RPE! Bp ellow L] s
- "hmp gozs 1';; b hen i orbiars MAIL ORDER ONLY. Mmlmum Order £2
R T Y
TBAS : E Lt p_qg_a! 160p oLT47 250p
OHIVERS' -
24 ph Ol 38| 75491 s4p 75492 1040
Low PROFILE DIL SKT8 BY TEXAS MEMORY e
pin 13 16 pin 1 2513 Chacacter Generator
i e ol - T e e 54 Sandhurst Road, London NW9
e " -

In reply to the question ‘Do you keep
your copies of ET1 for more than three
months?’’ a staggering 88% of roaders
replied 'Yes.” This is also bome out by
the snormous sales of ETI Binders since
they were inoduced in December . . .
our original order for a year's estimated
salos were sold out by February!
Our binders are a real top-quality
product finished in black leather-look
ing and designed
is £2.50
each including VAT and
postage.

a%ﬁﬁti‘n [Ty
“lﬂg

e SR O ‘. g ETI BINDERS,
= : ETI MAGAZINE,
36 EBURY STREET,

LONDON SW1W OLW.
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AN

S-DeC

David Gibson

This device generates a random sequence of binary
digits. It has the advantage over tossing a coin in that
there is no possibility of cheating.

When the battery is connected the lamp will glow at
half its full brightness. To electronically “toss” a coin,
connect a lead between sockets 19 and 51 on your S-DeC
when the state of the lamp, ON or OFF, will represent a
HEAD ora TAIL.

The n-p-n/p-n-p pair (the two transistors on the
right) is connected as a Unijunction transistor which
oscillates at a frequency determined by the 1k ¢apacitor
and the resistor between sockets 48 and 53 on the S-DeC.

Fig. 1 Circuit diagram of Electronic Coin Tosser showing
relevant hole numbers of S-DeC.

_ The output signal from the oscillator is made to switch a
" binary multivibrator, the two-transistor circuit on the left,
and this in turn switches the bulb on and off. When S-DeC
sockets 51 and 19 are connected, the oscillator stops and
the binary freezes in the state it had immediately before
stopping the oscillation.
Building circuits like this is simple if you use an S-DeC
{see photograph). Component leads are plugged into the
relevant numbered holes (see circuit diagram) and are
automatically connected into circuit.

| Please rush me .....,...
and VAT each.

..8-DeC’s at £1.98 plus37pp. & p.

Notb
Electronic Coin Tosser

Beneath the holes are special sockets connected
together in a pattern which is shown on the upper surface
of the S-DeC. When you have finished building the
Electronic Coin Tosser, simply unplug your components
and use them again. :

If you want to keep a circuit permanently wired, then
fot only a few pence you can buy a Super Solder Board.
These printed circuit boards have holes and copper tracks
which exactly match those on the S-DeC. To preserve
your circuit, simply transfer the components from the

S-DeC to exactly the same matching holes on the Super
Solder Board and solder a permanent circuit. Holes on
both S-DeC and Super Solder Board have the same letter/
number marking. Making mistakes is almost impossible.

When you have built your Electronic Coin Tosser you
can build other exciting projects on your S-DeC. Many of
the circuits featured in the popular electronics construc-
tion journals can be built on your $-DeC. In addition, P.B.
Electronics has written a special projects handbook for
the S-DeC experimenter. The book contains 48 different
projects to build. These include record player amplifiers,
emotion meter, radio jammer, electronic tug-of-war,
strength meter, radio microphone and dozens of others —
and you can build every one on your S-DeC.

The S-DeC costs only £1.98 plus 37p post, packing
and VAT. It also includes a booklet giving 9 S-DeC
circuits you can build.

Name ...

| I enclose a postal order/cheque for ......cocvrririiiinn: « Address ..

DTS T ] L R

P.B. ELECT, RONICS (SCDTI.AND)LTIJ

57 HIGH STREET *

18

SAFFRON WALDEN - ESSEX CB10 1AA

ENGLAND
-
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2m POWER AMP

Most mobile two metre transceivers are limited to about ten
watts output. This RF power amplifier boosts output to 45 watts

11 24 W A0 48 AL
SO EONLOWT

-4 ]
a' 16 B4 A2 4 AR 4
B T RN R
1i; .

g b 74 kA
TN

5l

-
THE LS.51A%BETT GO LD,

an 6 | B 16 4% 27 40 18 b
e il b b

n. Ny,

24 13 4D 48 b
LAl ' g

Fig 1. The 45/W, two metra RF power smplitlar. The 2N6084 transistor Is visible in the centre of the

p.c. board. The mica compression trimmers located on the right hand 1ids are for tuning the input, those
on the isft for tuning the output. The printed inductances are readily visible. The two quarter wave coax
lines are visibia at the top. They may ba colled up as shown or conveniantly arranged in some other way.
Note that the components ars soldered an the copper sids of the printad circult board.

ONE OF THE MOST POPULAR ama-
teur radio activities these days is FM
mobile operation on the two-metre
band. The use of FM, particularly
mobile, has a number of advan-
tages. It reduces the effects of
impulse noise interference, mostly
generated by car ignition systems
and provides clear, largely naise-
free communications. But mobile
operation has its problems such as
flutter caused by surrounding
buildings and terrain, and the
relatively low gain of mobile anten-
na systems.

The majority of mobile trans-
ceivers, such as those made by
lcom, Yaesu, Trio etc, produce about
10W output power. They also have
pretty ‘hot’ receivers, which means
that output power and receiver
sensitivity are not ‘matched’ and
you can hear higher power stations
or repeaters over much greater
distances than they can copy you.
Simple solution: an RF power
amplifier to boost your output
power,

When considering the pocket, of
‘how much a suitable power ampli-
fier would cost, a good rule of
thumb is ‘less than 70p per watt'.
Thus, one needs to consider a single
transistor. This must have adequate
gain and be able to accept an input
power in the range of 8 to 12 watts.
There are a number of suitable
transistors that commence at this
level and will produce output
powers in the range of 25 to 50
watts or more from a power supply
rail of 12V. Those transistors
producing output powers over 50
watts from the 10 to 12 watt price
level become mare expensive on a
per-watt basis than those transistors
producing output powers below 50
watts. The higher power transistors
require a substantially larger heat-
sink also — increasing size and cost
considerations. As most of the
popularly used commercial trans-
ceivers — and many homebrew
ones, are quite small physically, the

size of the power amplifier is also a

consideration.

< LECTRONICS TODAY INTERNATIONAL-SEFTEMBER 1976

Apart from cost, availability of
suitable transistors and other com-
ponents is & necessary considera-
tion. The 2NB084 transistor fits all
our requirements very well. The
data sheet on this transistor indi-
cates a power input of between 8
watts and 12 watts at a supply
voltage of 12.6 volts. The manu-
facturers claim that the transistor
will withstand severe mismatch
under operating conditions. A graph
of power output versus power input
(i.e.: drive powaer) is given in Fig 2
along with a table of typical
performance and base input —
collector output impedances.

Having chosen the device, an
appropriate circuit, suitable for a kit
or simple home construction was
necessary. The current ARRL VHF
Handbook describes a circuit that
works very well, but has a number
of drawbacks, local availability of
some of the components in particu-
lar. It was also felt that the design
could be simplified with a conse-!
quent reduction in gomponents and
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2m POWER AP
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Fig. 2. Power output Vs power input for 2N6084,

cost. Another drawback was the
problem of an antenna changeover
relay. To cope with this level of
power and have adequate isolation
between the transmitter output and
receiver input contacts a coaxial
changeover relay is necessary.
These items are not on everybody’s
shelf and generally cost in excess of
£10 over the counter. Very off-put-
ting.

DIODE AND COAXIAL LINE
SWITCHING

Quarter wave coaxial lines and
diodes are now being successfully
used for this purpose however —
and several articles describing the
technique have recently been pub-
lished in amateur radio publica-
tions. The method is simple, cheap
and very effective. The circuit is
shown in Fig 4 and works as
follows:

During the receive condition, all
the diodes are non-conducting and
thus present a high resistance to the
signal coming from the antenna
Thus, no signal is dissipated in the
amptifier input or output circuits.
The. two diodes from the centre
point present a high impedance
across the coax line and thus have
no effect on incoming signals from
the antenna. Thus the signals travel
through the two quarter-wave coax
lines to the antenna input of the
receiver without loss. When the
transmitter is operated, all diodes
conduct. The diodes at the centre
point of the two quarter-wave lines
will conduct and since a quarter-
wave line shorted at one end
presents an open circuit at the other
end, each quarter wave line will
present a high impedance at the
input and output terminals respec-
tively. The diodes between the input
terminal and the power ampfifier
stage input will conduct and pass
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Fig. 2(b). Input and output impedances vs power for 2N6084..

the driving power. The diodes
between the power amplifier and
the output terminal will likewise
conduct, passing the output of the
amplifier to the output terminal. The
output power cannot return to the
input as the two diodes from the

‘centre point of the coax lines will

conduct, shorting the quarter-wave
line and presenting a high impe-
dance at the output terminai.
Happily, the impedance of the
quarter-wave coax lines is immater-
ial and -anything suitable may be
used. However, their lengths must
be an accurate quarter wavetength
electrically taking into account the
velocity factor of the cable. In
devetoping this project, some trou-
ble was experienced in this respect
— 50 make sure you have the right
length. It appears that the velocity
factor of ordinary, run-of-the-mill,
garden variety RG58/U coax,
obtainable from most suppliers
varies considerably in its velocity
factor, even over relatively short
lengths. You can use this type of
coax but a lot of pruning and
turning will be required. f a cable

.in velocity factor
"problem disappears. It is suggested

manufactured to tighter tolerances
is used, this

that cables such as RG59B/U (or
C/U)y or RG223/U, which are
nominally 5 mm diameter be used.
Alternatively, a 2.5 mm diameter
cable such as RG174/U may be
used. All these cables have a
velocity factor of 0.665 and have
been found to be consistent in
practice. They must, however, be
accurately cut to the lengths
specified, as detailed later.

Some trouble was also exper-
ienced with a commonly avaitable
2.5mm diameter cable of unknown
type number, so be wary.

THE POWER AMPLIFIER CIRCUIT
The circuit is itlustrated in Fig 4.
Inductances L1 and L2 are actually
rectangutar, 5.5 mm wide strips, on
the printed circuit board. They are
not microstripline sections which
would require a double-sided print-
ed circuit board so single-sided p.c.
board is used in this project.
Turning capacitors, C4, C5, C6,
C7 are all mica compression trim-

>

STAGE

Fig. 3. Diode and coax line
changeover switching for an

RF power amplitier.

POWER AMPLIFIER

CENTRE
POINT

QUARTERWAVE
COAX LINES

e
.

e ——et—8) QUTPUT
4 ,

l
v

/
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RFC1

ct + c2 +
10uF 10uF
16V T 16V

al
2N6084

RFC 3

NOTES
D1-D10 ARE 1N914
RFC1-0.80mm OR 0.63mm T.C.W.
THRU FX1115
RF BEAD &
RFC2-063mm T.CW.THRU
PHILIPS 6 HOLE BEAD
FIVE TIMES

RFC3-5t 1mm OR 0.80mm T.C.W.
6.4mm ID WITH 1002 RESISTOR
SOLDERED INSIDE

“Fig. 4. 45 W 2 metre RF power amp circuit.

A/a LINE OUTPUT

e

mers mounted on a ceramic base
and are readily seen in Fig 1.

The dc return for the transistor
base .circuit is via an RF choke,

RFC2, visible just to the right of the

transistor in Fig 1. This consists of a
number of turns of tinned or
enamelled copper wire passed
through the holes of a six-hole
ferrite bead. This makes a low
resistance, high inductance RF
choke. Some published circuits
specify the use of a low value
resistor, or two resistors in paratlel,
in place of an RF choke in this part
of the circuit. However, this is not
reccommended as the available
power output is considerably
reduced.

The transistor collector is shunt
fed from the supply via RFC3. This
is simply five turns of tinned or
enamelled copper wire of a
suitable heavy gauge, anything
between 20SWG and 26SWG is
adequate, with a low value resistor
mounted inside to dampen it and
lower the Q. A resistor value
between 47 ohms and 180 ohms is
quite satisfactory. The supply end of
RFC3 is decoupled for RF by a
1000 pF feedthrough capacitor
used as a standoff and tie point.

As the low frequency gain of the
2N6084 is quite high, the supply is
also decoupled by several [arge
value electrolytic capacitors, C1 and
C2. The latter is a 10uF/35 V

tantalum. The supply input is
decoupled by C1 and RFC1.C1 is a
10uF’ electrolytic. RFC1 is an
FX1115 ferrite bead, slipped over a
22 mm length of tinned copper
wire. The gauge of wire is largely
immaterial. Anything between
22SWG and 26SWG is quite
satisfactory.

The diode switching requires a
total of ten diodes. These may be
IN914 (1N418) or TN916 types,
although these were found to be
only barely adequate for the job.
They do get quite hot to the touch
after only a few minutes operation.
More suitable types would be the
Philips type BAX13, or even better
still — BAV10. These latter ones are
recommended. Despite the heating
problem, no failures have been
experienced with 1N914 diodes.

However, if you have a predeliction

for holding long ‘overs’, then use
the recommended types for added
safety. Absolute minimum lead
length possible must be used when
soldering them into position.

The input and output tuned
circuits, consisting of L1-C4-C5 and
L2-C6-C7 respectively, are
designed to match the transistor
base input and collector output
impedances, at the required input
and output power levels, to about
50 ohms. Cb-C4 and C7-C6
foform capacitive dividers. From the
table included with Fig 1, it is
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obvious that the transistor impe-
dances vary with power level. Thus
the amplifier shoule be tuned up at
the power level at which it is
intended to be used. There is
sufficient range in the tuning
capacitors to accommodate a range
of input power levels.

The 2N6084 is encased in the
MT-72 stripline package, having
two emitter leads. The collector lead
has one corner removed — see the
illustration of the package in Fig 2.
The collector lead is also marked by

'a dot on the header as can be seen

in Fig 1 & 6. The threaded stud is
electrically isolated from the tran-
sistor Leads. This sort of package
construction reduces lead induc-
tance and allows the stud to be
bolted directly in contact with a
heatsink for maximum heat transfer.
The 2N6084 is manufactured by
both Motorola and Solid State
Scientifjc (555}

HEATSINK REQUIREMENTS

A heatsink is required to dissi-
pate at least 45 watts of heat with a
low temperature rise. As operation
is of an intermittent nature, with
relatively long intervals between on
periods, heatsinks requirements can
be relaxed somewhat. A 150 mm
length of 100 mm wide heatsink
having fins on one side only (fins
about 25 mm deep) as can be seen
in Fig 1, was found to be quite
adequate. A diecast box having
dimensions somewhat larger than
the pc board could be used but its
heatsinking properties would be -
barely adequate and amplifier on
times would have to be kept short.
A proper heatsink is recommended.
The heatsink illustrated was
obtained un-anodised. A black
anodised heatsink would certainly
do a better job. However, it is good
practice to sand off the anodising
in the immediate vicinity of the
transistor stud, where it contacts the
heatsinks.

CONSTRUCTION

The amplifier is constructed on a
single-sided printed circuit board,
120 mm long by 58 mm wide, the
board layout being given in Fig. 5.
The component layout is iliustrated
in Fig. 6, and one can get a good
idea of the component layout also
from Fig. 4. Note that all the
components are mounted on the
copper side of the board, contrary to
common practice adopted with
most other circuits constructed on
pc board.

If you have facilities for making
your own pc board, construction
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Fig. 5. Printed circuit board layout, copper side;

N4

JouTpuT :

°3b¢t£ E ‘% MDUNTING
“q o,

Fig. 6. Component iayout.

LINES

c4
e
d

OMOUNTING E

+ _
12V~ 14V

should commence by first making
the board. Although the board Is of
very simple design, it should
preferably be made by one of the
etching processes. Do not attempt
to make the pc board by cutting
away the unrequired copper. This
usuglly results in: (a) a board that
looks grotty and (b) a project that
either does not work at all or does
not work satisfactorily. [

Commence by drilling the tran-
sistor mounting hole in the pc board
using 2 9.5 mm (%in} drill. File it
out slightly with a small round file
so that the transistor header is a
loose fit through the board. Next
drill the two mounting holes, which
are positioned diagonally opposite
each other either side of the
transistor, and the 100pF feed-
through capacitor mounting hole.
Use a 3.2 mm (%in) diameter drill.
A clearance hole of about 4.5 mm
to 5 mm diameter (3/16in) will
need to be drilled in the heatsink

—CE .
//

(a) CUTTING®

beneath the pésition of this capaci-
tor, .

Now place the pc board centrally
over the heatsink to be used and
mark the positions of the transistor
mounting hole, the feedthrough

capacitor clearance hole, nd the
two mounting holes. Drill the
heatsink using a 4.5 mm

drill (3/16in) as this is a good

clearance size for the American
4.40 threaded stud on the
2N6084. Then drill clearance holes
in the heatsink for the mounting
bolts and the feedthrough capacitor.

Once the pc board and heatsink
have been drilled and the hole
positions checked to see that’
everything fits correctly without
strain, the pc board may be wired.

Commence by mounting the
mica compression trimmers, C4,
C5, C6, C7. Refer to the layoutin
Fig. 6. The trimmer capacitors are
constructed with large lugs, formed
of the capacitor plates, that project
more or less straight down from the
ceramic body of the component.
Carefully bend the end of each lug
out at right angles before soldering
the capacitor in place. Use a hot
soldering iron with a large tip and
sotder rapidly, making sure that the
solder is adequately melted to
ensure proper wetting of the joint. |t
is advantageous to lightly tin the
lugs before soldering. A
temperature-controlled iron, such as
the Weller, with an appropriate tip,
is recommended.

Next slip a8 22 mm or 25 mm
length of 24 or 26SWG tinned
copper wire through the Neosid
type 1569 x 059 x 375/F8 RF bead,
making RFC1, and solder it into
place as shown in Fig. 6. Now
mount C1, C2 and C3. Cut the lead
of the feedthrough capacitor {(C3)
flush with the body of the cnmpon-
ent on the back (heatsink) side of
the board, as shown in Fig. 7.

When mounting C1 and C2
ensure that the proper polerity is
observed. If C2 is connected to
reverse it goes up in flames when
the power is applied. It may damage
C1 as well.

Mount all the swnchmg diodes
using an absolute minimum of lead
length, Check that they are correctly
oriented.

Befcre mounting the 2N6084,
cut the base and collector leads to
about 6 mm (4’") length. This
should be done with care so as not
to damage the rather soft leads. A

335mm

=

:1 I‘-Smm

| soLpER

COAX

-
{b) MOUNTING

__E—-
Gmrnl--j u 4.6mm

Fig. 7. Quartar-wave coaxial lines — cutting
and mounting details.

————
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‘Fig. 8a. Mounting
feedback capacitor

c3 SOLDER FLANGE TO PC BOARD

ALL AROUND RIM
'COPPER SIDE
N RN \\ Ly 55 N N N
HEATSINK

\f\

CUT LEAD ON THIS SIDE
FLUSH WITH BCDY OF CAPACITOR
BEFORE MOUNTING PC BOARD

pair of sharp, ordinary household
scissors is a good tool for the job.
On the premises that what people
don’t know won’t hurt them, turn
your back when you do this little job
or else do it at some suitable hour in
the dead of night so that the prime
user/owner of the scissors doesn’t
see what you are doing. It avoids
complications such as black eyes
and minor stab wounds. Reasoned
arguments such as the softness of
the metal tend to go unheeded.

Straighten the leads carefully if
necessary, so that they run straight
out from the transistor header
without any kinks. Place the tran-
sistor on the board and see that the
leads sit flush on the board right up
to the transistor header. Orient the
transistor as shown in Fig 6.
Carefully solder it into position,
flowing the solder near to the
2N6084 case. Use a hot iron and
ensure that proper wetting of the
joints occurs. v

Next wind RFC2 and RFC3.
RFC2 requires a length of 26 SWG
tinned copper wire about 100 mm
long. Thread it through the six-hole
Philips ferrite head five times.
Solder it into position from the base
of the transistor to the ground plane
as shown in Fig 6. Keep the leads
short. RFC3 requires a 100 mm
length of 18 or 20 gauge B & S
tinned copper (enamelled copper
wire is also suitable). Wind five
turns around the shank of a 6 mm
(2"} diameter drill or other suitable
former and then slip it off. Cut the
leads to a suitable length, 5 mm to
7 mm is adequate, and then stretch
the coil to a length of about 12 mm.
Solder one end to the collector of
the 2N6084 and the other end to
the top terminal of the feedthrough
capacitor, C3. Solder a short link of
hookup wire from this terminal to
the rectangular pad nearest C3, see
Fig 8.

The pc board may now be
mounted into position on the
heatsink. Apply a little silicone
grease or heatconducting com-
pound 1o the fransistor stud where it
contacts the heatsink. Bolt the
transistor down first. Carefuily
orient the mounting holes before-

Fig. 8b. How the
2N6084 is mounted.

hand. Now slip a suitable-sized nut
or fibre washer under the pc board
mounting holes. Either should be a
close fit between the pc board and
the heatsink so that no upward or
downward strain is placed on the
transistor leads. Any upward strain
may cause the cap to pop off — an
inconvenience rather than a
disaster, as it can be glued back on
with a quick-setting glue without
any apparent ill effect. Extreme care
must be exercised in doing this
though. Not a recommended
procedure. but possible. Any
downward strain can cause the
transistor leads to ‘'tear’ at the
header. This sort of damage is very
difficult t0 repair.

The quarter-wave coax lines may
now be installed. Cut two lenghts 10
the dimensions shown in Fig 7.
Sotder the lines into position as

illustrated, being careful not 1o

damage the centre conductor or
insulation. Use a hot iron and solder
quickly. The braid at each end is
best tinned beforehand. Alternati-
vely, wrap it with a length of light
gauge (say 265 WG) tinned copper
wire and tin the lot before attaching
the line to the pc board.

The coax lines may be coiled and
tied up as shown in Fig 1 or they
may be wrapped conveniently in
any position around the inside of
any cabinet or case the amplifier
may be mounted inside.

Finally, the input and output
connections can be made via short
lengths of coax to convenient coax
sockets. As individual constructors
will have different requirements in
this regard, it is best left as an
individual decision. Sockets that are
compatible with the existing instal-
lation are best used.

The power supply leads will need
to be rated to carry currents up toe
six amps. Any connectors will need
to be adequately rated to carry these
currents. As the amplifier is com-
pletely stable with no drive, and
does not draw any current, it is not
necessary 1o switch the 12 volt
supply rail, except perhaps as a
precaution, and this may be routed
via a complete installation supply
switch.
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A  COMPLETE KIT OF
COMPONENTS for the 2m
power amp is available from
Catronics Ltd, Communica-
tions House, 20 Wallington
Square, Wallington, Surrey,
for £23.10 inc VAT and 20p
p&p. They are also able to supply
individual components e.g.
2N6084 at £19.40, special coax
at 25p/metre, BAV10 diodes at
11p each and the PCB at £1.23,
all including VAT and with a
standard postage and packing
charge of 20p.

TUNE UP

Tune up is quite simple. You will
need a dummy load of adequate
rating and either an in-line power
meter of reasonable accuracy or
some power output indicating
device. A power supply that can
deliver up to six amps at 14 volts
(maximum)} is necessary. An
ammeter that can read up to at least
six amps would be handy also.

After carefully checking the
construction, apply a supply voltage
of between 12 and 14 volts. Check
that no current is drawn by the
amplifier.

With the dummy load connected
and the driving transciever or
transmitter, apply a drive of.
between 5 W and 12 W, preferably
the lower power. Tune the input
trimmers for a peak in the output
power indication. Do not hold the
drive on too long with the amplifier
in this condition. Next, apply drive
again and tune the two output
trimmers for a maximum in output
indication.

Now, with the maximum drive
power 10 be used, touch up all the
trimmers for maximum power out-
put.

Maximum collector dissipation
should be kept under 80 watts. Also
see that the maximum continuous
collector current of six amps is not
exceeded.

PERFORMANCE

At a supply voltage of closeto 13
volts and a drive level of between 7
to 8 watts, a power output of 42
watts was obtained from the
‘brototype. This is a gain of around 7
dB. The manufacturers of the
2N6084 specify a minimum gain of
4.5 dB at 175MHz. However, one
could expect a somewhat higher
minimum gain at 146 MHz. An
efficiency in excess of 55% is
readily obtainable. K |
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WIRELESS SPECIALISTS
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The Naw FM Tuner from Ambit.

1.2uV for 30dB SN, adjustable output voitage, ultrasonic suppression
better than 70dB. 6 presets, geared manual drive. Doubls IC stabifizers.
Supplied with prealigned Larsholt RF/IF and decoder module. Com-
plete with black woodgrain cabinet, and solid aluminium front panel.
Kit E63.00 {(70.87 inc. VAT)
Built and tested £79.75 (£89.71 inc. VAT)
{Carriage £3.00 extra)
modules for rf,if mpx: (12v)
NEW 7020 Dual ceramic filters, 2 stage preamp into the
improved CA3089E (HA1137W), with mute,
AFC to suit ANY varactor tunerhead, meter
output and edge terminations.
kit £5,25 buiit £6.55
NEW 92310 The MC1310 mpx decoder, with twin audio
preamps, and BLR3107 ultrasonic biock filter,
kit £5.35 built £6.65
NEW 71197 A new varicap tuner for MW/LW, with ceramic
filter, B0dB AGC, 'ow noise and distortion.
kit with ferrite rod £8.65 built £11.35
NEW 5800 The state of the art in FM tunerheads. & double
varicap tuned circuits, 2 MOSFET AGC contro-
llable RF stages, doubls tuned §F output stage.
kit £11.35 built £14.00-
TDA2020 kit A stereo powar amp, with the TDA2020 15W
RMS 0.1% THD IC from SGS.
£7.85. (Special extruded heatsinks 75p each).
LINEAR ICs {* at 8%) DISCRETE DEVICES
CA3089E 1.94 LsB038 310" 2TX107/8/9n 0.14
CA3030AQ 3.75 NES60 2.50 ZTX212/3/4p 0.16
MC1310 2.20 NES61 250 ZTX551/451pn 018
SN76660 075 NES62 2.50 0.34
TBA120AS 1.00 NES65 2.50 40673/MEMB16. 0.50
TBABS1 1.81 NESE6 2.55* 40822/MEME15 038
uAT720 1.40 7805UC 1.55" BDS53ISn{E0 - 50w) 0.52
LM380 1.00 TDA1412  0.95* 8D536pl60v - 50wl 0.53
LM3B1 1.81 78M20UC  1.20* BDE0SN{BOv - 90w}  0.70
TBAB10 1.09 "wA723 080* BDE1Op(BOv - 90w} 1.20
TCAS40 1.80 NESS0 0.80° n = NPN type
TDA2020 299 NES67 2.50° p = PN ptype
VARACTORS FOIL TRIMMERS| POTS
MVAM2 1.05 3-12pF 0.18 100k +100k LIN 0.60
I mvi04/88104 0.45 4-30pF 0.23 100k+ 100k with....
8A102 0.30 6-45pF 0.26 50% tap 0.65
BA121 0.30 {7.5 diameter types). 20 turn 100k. .......
diode law 0.35

TOKO COILS, FILTERS, TUNERS FOR AM/FM AND MPX.
Full details of standsrd types in Jists:

10mm |FTs tor 455-4 70kHz

10mm IFTy for 10.7MHz

Ceramic filters for 6.0MHz
Cerarmic 455k Hz type CFX104 1
CFT455B/C, CFT470C ceramic
CFU050D 470kHE ceramic

L Ceramic litters for 10.7MHz

30p Lineas Phase tilter for 10.7MHz 2.25%
33p MFHA41/71T mechanica's for 455 165
50p SFDA470 new Murata ceramic btock 0.75
80p B8LR3107 19/38kHz notch {stereo!l 1.75
.60 Vanable chokes 11, 23 & 36mH .30
60p EC3302 low cost varicap FM tyner  5.50
65p EF5600 5 stage varicap FM head 12.50

Send an SAE for a free price list and stock list. There is a new Larshoit
Signalmaster FM tuner and more details on our range of wireless pro-
ducts. PP 22p per order, VAT is penerally at 126% -
CWO charge is £1. Min, invoice £7.50, Catalogue 40p. (* 8% VAT).

37 HIGH STREET,
BRENTWOOD, ESSEX.

and the min.

F Orders to:
CMI4 4RH 25 Cout Cloger
0 ose,
I R tel 216029 h P i Bray, lhj‘lraidenhead, Berks.

Learn to understand
electronics

for your hobbies

1. Lerna-Kit course

Step by step, we take you through all the fun_da-
mentals of electronics and show you how easily the
subject can be mastered.

{1} BUILD AN OSCILLOSCOPE.

{2}  READ, DRAW AND UNDERSTAND
~ CIRCUIT DIAGRAMS.
{3) CARRY OUT OVER 40 EXPERIMENTS

ON BASIC ELECTRONIC CIRCUITS AND
SEE HOW THEY WORK.

2.Become a Radio-Amateur

Learn how to become a radio-amateur in contact
with the wide world, We give skilled preparation for
the G.P.O. licence.

[ N N & N N B B BN B
Brochure, without obligation to:

BRITISH NATIONAL RADIO &
ELECTRONICS SCHOOL

P.0. BOX 156, JERSEY, CHANNEL ISLANDS.

NAME
4

ADDRESS g
| BLOCK CAPS

PLEASE era9/s
---------—---

PRACGTICAL
o0LID STATE
DG SUPPLIES

This book covers in, practical
detail the design and construct-
ion of a wide range of DC power
¥ supplies, which form an integral
part of every piece of modern
electronic equipment.

The book is an up-to-date
“ coverage of DC supplies, from
“1 simple batteries through to the
‘f’ most highly stabilised.
it The particular selection of
i" circuits and designs owes much
% to the author’s practical indust-
% rial experience.

Students might find that the
book becomes a constant refer-
., ence source. Its high number of
« circuits makes it a valuable
¥ bench manual for any electron-
¢ ics workshop, where the mak-
ing up of power supplies is one
i of the daily chores. Price £5.50.
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Our new range of clock kits is based on
designs hundreds of years old. These clock
kits use wood, stone and iron to reproduce
authentic “‘olde worlde’” wall clocks in full

detail. The kits contain all you need
including glue, screws, etc.., and very
comprehensive instructions. This range

complements our fully electronic clock kits.

PRICES (All inclusive) KIT BUILT
Gothic Clock Kit—Diam. 6%"  £23.95 £36.50
Rotating Dial Kit—Diam. 6" £19.95 £32.50
Wrought-lron Kit—Diam. 5%’'  £46.35 £69.50
Wooden Wheel Kit—Diam. 6% £31.50 £45.25
Knight Clock Kit—Diam. 7%  £38.50  £62.45
Qak Foliot Kit—Diam. 147 £89.50  £125.00

{As illustrated)
For coloured Brochure please send 15p stamps.
Completed clocks can be seen at our offices
* Use special offer coupon in August ETI to save 15%

T HUNG UP !

Lnyearerenssitng - Zaxhrasng
Anembly Drawicy

Plan 4" sssarmblegs

Pramat In ¥ Querary

560 VDU
MICRO
PROCESSORS

MM2112 RAM
2513 ROM
SC/MP Introkit

£4.30 ea
£9.00 each
£54.50 ea

l R l c E L l s I 'ALL PRICES EXCLUDE VAT AT 8% _
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MHI CLOCK KITS
{Chip, Socket, PCB + Driver IC} 1-9
MHI-5309 reset zero 7 35
MHI-5311 8CD 7 35
MHI-5314 clock 6.60
MHI-5318 external digit select 7.35
MHI-5378 car (crystal + trimmers incl) 15.10
MHI-50250 alarm 8.35
I MHI-5039? counter series 19 50.
MHI-7001 alarm, calendar 10.00
CLOCK CHIPS
NATIONAL 19
§ MM5309 7 seg + BCD with reser; 5.69
MM5311 7 seg + BCD 569,
MM5312 7 seg + BCD. 4 digit only 4.88
MM5313 7 seg + BCD 569
-MM5314 7 segment 4.88
MM5315 7 seg + BCD with reset 5 69
MM5316 Non-mpx alarm clock 10.17
MM5318 7 seg + BCD {external diglt select) 3.36
MMB371 Alarm clock 50Hz 8.14
MMB5377 Car clock, crystal controlled, LCD 7.21
MM5378 Car clock, crystal controlled, LED 6.73
MMB5379 Car clock, crystal controlled. Gas discharge 673
MOSTEK
MK50250 Alarm clock {12Hr + 60Hz/24Hr+ 50Hzf 560
.MK50253 Alarm clock (12Hr+ 50Hz/ 24Hr+ 50Hz) 560
"MK50395 UPIDOWN Counter—6 Decade 14 50
MK50396 UP/DOWN Counter—HHMMSS 14 50!
MK5Q397 UP/DOWN Counter—MMSS 99 14.50
CALTEX
CT7001 Alarm /calender 7 segment 7.30
CT7002 Alarm /calender BCD 7.30
‘€1700% Alarm/calender 7 seg Gas discharge 7 30
CT7004 Alarm/calender 7 seg 7.30
GENERAL INSTRUMENTS
AX5.1202 4 digit 7 sl_g_ 476
AY5-123Q on-oft -- alarm, 7 seg. 5.25

PAYMENT TERMS

MH! DISPLAY KITS

MHI-707 /4 (dign) 03 6.60 MHI-727/6 05" 2 00
MHI-707 /6 0 3" 9.50 MHI.742/4 0.6" 9.80'
‘MHI-727/4 0.5 8.50 MHI-747/6 0.6 14.70
DISPLAYS
1.9 =

LITRONIX FUTABA PHOSPHOR DIODES
DL707. 704, 701 148 5LTO1 4 digit MPXD 5.80
DL727, 72B, 721 3.75 5LTO2 4 digit static 5.80
DL747. 746, 750 2.45 5LTO3 5 digit MPXD 5.80
LITRONIX CLASS Il PRODUCTS

. 1-9 25-99
DL707£, 704E,. 701E 0.70 048
DL727E. 728E, 721E (2 digit pack) 180 115
DL747E. 746E. 750E s 1.60 3.00

CASES .
VERO A 8" x 5.5" x 3" £2.95 + 25p P & P
VEROB 6 x 3% x 2% :
SOCKETS
18 pin 0. 60 24, 28 or a0 pin 100 Soldercon strip sockets O 30
MODULES ]

MA1002F 12HR 50Hz or MA1002H 24Hr 50H7—Alarm £7.97
Suitable Transformer MTX1001 0.90
*MODULE + TRANSFORMER + VERO CASE £12 50 incl.

(VAT + P & P INCL)

Cash with order, Access, Barclaycard {simply quote your number and 5|gn)
Credit facilities 10 accredited account holders, Pro-forma invoices can be 1ssued.
Please send 20p for post and packing.

ALL PRICES EXCLUDE VAT AT 8%
{EXCEPT MECHANICAL CLOCKS AS ABOVE)

BYWOOD EIfCTRONICS
bE Lh
Hemel Hempstean
Hers HP3 YQRC
Tel Q447 6217157
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Opt

0-Hectronics

S

With the advent of precision-moulded optical systems the way to
practical opto-electronic devices has really opened up.

FOR SOME time now there has been
an increasing trend towards integration
between optics and electronics. For
this there are two main reasons: visible
light may well become the carrier
medium for the next generation of
communications systems, and the
greater need for accurate information
in cll fields has led to a great
expansion in the demand for visual
displays.

Before visible light can be employed
for data transmission, a whole range of
components will have to be developed
as the optical equivalents of electrica)
plugs and sockets, jacks, switches and
relays, amplifiers, attenuators, filters,
tuners and similar units.

Miniaturisation resulting from
solid-state techhology has drastically
reduced the size of electronic
equipment. Meters, indicators and
display screens, however, cannot be
similarty reduced in size, because no
one could read them. An important

Fig.1. The aspheric lens (top) gives an
undistorted view of at least 20 squares, while
the spherical glass lens (below), of the same
diameter and power, only shows four
reasonably undistorted squares,

sector of opto-electronics therefore
concerns itself with providing legible
data from systems of the smallest
possible size. The most common
example is probably the light-emitting
diode (LED) display.

The {ayout and arrangement of
printed circuit boards and the
interchangeable plug-in modules

{which presuppose the absence of
permanent wiring to the outer case),
often create problems of conveying
indication from the point most
convenient to the circuit designer to
the point most convenient to the user.
Again, optical components in the form
of mirrors, prisms, light guides and
lenses {(or any combination of them)
-¢can solve such problems.

ADVANTAGES OF PLASTICS
LENSES
Severat clear polymers, such as

acrylics, poiystyrene, polycarbonate,
ABS, cellulose, vinyl, polyester and
others, can be used instead of glass to
make optical components. The most
important technical advantages of
plastics optics are freedom of design,
greatly reduced’assembly costs, greatly
reduced weight, and elimination of
shattering.
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On average, optical plastics are
about 55-65% lighter than glass. In
practical terms the weight saving is
usually much greater because most of
the metal mounting and retaining parts
essential for glass lenses can be
dispensed with, since plastics lenses
can be moulded with integral spacers
and retaining lugs.

The most interesting aspect of
plastics lenses is the freedom of optical
form conferred by the nature of the
material. With moulded plastics optics,
human skilt is concentrated on the
manufacture of the mouids, from
which any required number of lenses
of uniform quality can be produced,

aspheric {non-spherical) lenses can
readity be made.

Aspheric lenses are important
because they permit aberrational

correction of a system without
affecting its focal length and
magnification. Certain shortcomings of

spheric lenses can therefore be
eliminated or minimised by
'aspherising’ one or several lens

surfaces in an optica! system. A given
amount of correction can be achieved
by fewer components if one or more
of them are made aspheric. In both
cases significant savings result.

The advantage of aspherics is well

Fig.2. Integral array of nine miniature aspheric lenses with a magnification of 3x for an
electronic pocket calculator.
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shown in Fig.1. Both magnifiers have
the same size and magnification, but
while the aspheric moulded plastics

lens in the top wunit has a
distortion-free field of view of 20
squares, the spherical glass lens of the
lower unit has an effective field of
view of only four squares. Yet the
glass lens is heavier and more
expensive.

Aspherics can be also produced at
apertures greater than f/1. They are
already widely used in portable devices
involving high magnification, such as
reading aids for sub-normal vision.
Aspheric lenses from 3 mm to 180 mm
diameter are readily available, while
lenses up to 630 mm diameter have
been made. In opthalmics,
magnifications of 8x are frequently
used.

INTEGRAL PLASTICS OPTICS

The freedom of shape conferred by
moulding frees designers from the
limitations imposed by glass — he can
create systems which are functionally
superior. Plastics lenses can be
moulded with integral lugs, bosses,

.eliminated.

Fig. 3. This
combined mini-

map and
unit (Comed) for

uses a moulded
plastics lens of
complex aspheric
design to give an
undistorted,
brilliant image

of the map.

Fig. 4. This one-piece light
guide splits the light from
a single bulb into six beams
to scan six rows af holes in
a punched card for an
automatic telephone
dialling unit.

rims, pivots and similfar mounting,
swivelling, adjusting and actuating
members, in a wide range of shapes,
sizes or configurations, as shown for
instance in Fig.4. This means that in a
well-designed product, the optical
system parts snap or slide into the
housing without any further assembly
operations and, with
precision-moulded housings, no
subsequent setting .or adjustment
should be necessary.

TYPICAL APPLICATIONS

A  multiple aspheric lens arrav
moulded integrally with its mounting
plate is shown in Fig. 2, with the
associated nine-digit seven-br circuit
board for pocket calculators. The
moulding has two pins on the
underside which locate through the
two holes in the board in two further
holes in the calculator casing. Two
ledges on the underside of the
moulding ensure that it is held at the
correct focal distance above the board.
Assembly is therefore very simple and
the need for any adjustment is
The lenses have a
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computer, moving
electronic display

afrcraft navigation

magnification of 3x and provide a
distortion-free image.

A much larger moulded lens is used
on the Ferranti Comed {combined
map and electronic display) for
aircraft, shown in Fig.3. In addition to
alpha-numeric readouts of latitude,
longitude, range, bearing and other
navigational data, the unit hasa screen
on to which a moving map or radar
picture can be projected from the rear.
The lens is a bivex type, the flatter
surface having a special form known as
a Schmidt corrector plate. This
complex aspheric surface is essential to
ensure an undistorted image from any
position, despite movements of the
pilot's head, and a brilliant image even
in strong daylight.

Light guides can S5e of many
different basic types, dejrending on the
function they are required to perform,
A good example is the Card Callmaker,
a compact unit which can
automatically dial a telephone number
with up to 16 digits when the
appropriate punched card is inserted
into it. The light guide (see Fig.4),
which is moulded accurate to £ 0.012
mm in all dimensions, has six ‘fingers’,
which split the light from a single lamp
into six beams. Each finger
incorporates a lens at its tip, which
focuses the light on to a photocell.
The inserted card blocks the light,
except where holes are punched in any
of the six rows available. This
automatic dialling unit could, of
course, also work with six lamps and
conventional glass lenses, but then
failure of any one lamp out of six
would result in a wrong number. If the
single famp in the Card Callmaker fails,
the unit will simply not operate. This
moulded unit is much cheaper/than a
light guide made up from bundles of
glass fibres.

In addition to lenses, prisms, light
guides and similar components,
mirrors and reflecting  surfaces of
almost any shape can also be
produced. Aluminium, gold and
thorium are most commonly used for
coating the reflective surface, which
may be the front or rear surface of the
component.

Integrally moulded optics wilt
undoubted!y play an increasing part in
opto-electronics, including such
equipment as self-scanning arrays, low
light level vision aids (both active and
passive), cathoderay tubes (for
combined optical digitisers),
rear-ported cathode-ray tubes ({for
combined optical and electronic
projection), photometers and
densitometers, video recording
systems, optical character readers,
holographic and thermal imaging
equipment, laser equipment of, all
kinds and many others, ®
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This section in our electronic component series
is a definitive guide to the many various systems

THE CHARACTERISTICS AND
value of a capacitor may be indicated on
the body of the component in one of
three ways:—

(a) The value, tolerance, working
voltage and any other characteristic
may be stamped or printed on the
body of the component. This is
usually used on physically large
components such as paper

capacitors, electrolytics etc.
However, it is being increasingly
used on smaller capacitors,
particularly plastic film types.
Figure 1 shows representative’
markings,

(b} A sequence of coloured bands or
dots ‘is painted on the component
body. This is deciphered according
to the standard colour code table for
the value and tolerance. Additional
bands may indicate other
characteristics according to a
specified table.

commonly in use.

{c) The value and other characteristics
may be indicated by a ‘typographic’
code; a sequence of numbers and
letters stamped or printed on the
component body. There is a
variety of these codes. These will be
elaborated upon shortly.

The particular marking code used
depends largely on the style and type of
capacitor, i.e: paper, mica, button mica,
plastic film, ceramic, etc, and the code
preferred by the manufacturer.

The temperature coefficient of a
capacitor may be expressed directly in
parts per million per centigrade degree
{ppm/oC) or simply the significant
figures preceeded by the letter N for a
negative coefficient or P for a positive
coefficient. Examples are given below: —

P100 = 4100 ppm/oC
P30 or PO30 = 430 ppm/OC
NPO = 0 ppm/OoC
{negative/
positive zero)
N30 or NO30 = 30 ppm/oC
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fig. i Typical capacitors with
value and ratings marked directly
on the body
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NO33 = —30 ppm/°C
NO750r NO80 = —75ppm/oC
N470 = —470 ppm/0C
N2200 = —2200 ppm/oC

Wound foil and metallized capacitors
may have a black line marking one end
of the component body, as illustrated in.
Figure 2. This indicates that the
outermost toil is connected to the lead
at that end of the body. This is useful in
bypassing applications or where the
'hot’ terminal may be sensitive to the
surrounding environment. This lead is
ccnnected to the circuit common, or
the ‘low’ portion of the circuit and
shields the ‘'hot’ electrode of the
‘capacitor, reducing stray coupling to or
from the external circuit.

Remember that the capacitors are
non-polar so that the black line does not
indicate polarity or the negative
terminal.

Mica Capacitors: The most common
method of marking moulded mica
capacitors is by an arrangement of
coloured dots. The widely used British
and American Systems are illustrated in
Figs 3 and 4. The value and tolerance
may be found by referring to Table I.
The other characteristics may be

.obtained from Table 2.

Three, four, five and alternative
six-dot codes have been employed from
time to time. These are illustrated in Fig
5. The capacitor’s value and other
characteristics can be obtained from
Table 1. The alternative six-dot code is
for high-tolerance, high stability
capacitors.

0.1uF * 20%
630V ]

OUTEAMOST
FOIL CONNECTED

0.14F £20% |t
250V
TO THIS LEAD

J

Fig. 2. Wound foil and metailised
capacitors have the outermost
foil connected to the kead at the
end marked by a black band or
line.
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TABLE | TABLE 2
MICA CAPACITOR COLOUR CODE ‘ Voltsge | Operating ;
Characteristic Colour Rating Temp. Range
15t & 2nd ¥ oltane :
Colour | Dugits Mu ltiplier Talerance Rating | Temp. Coeff, Capacitance Black —55 to +700C
{ppm/OC Drift Brown 100
Red -55 to +86°C |
Black 0 1 +20%** + 1000 +5% + 1pF Orange 300
Brown 1 10 T 1% ) * 500 *3% + 1pF Yellow —55 to 1250C
Red 2 102 + 2% 350 + 200 +0.5% Green 500
Orange 3 103 + 100 +0.3% Blue -55 to +150°C
Yellow 4 104 750 —20t0+100] *0.1% + 0.1 pF Violet
Green 5 - t 5% O0to+ 70 $0.05% +0.1 pF Grey
Blue 6 - White
Violet 7 - Gold 1000
Gray 8 - 2000 ~50to+150 | £0.3% + 0.2 pF Silver
White 9 - +10% ~50to +100 | %0.2% +0.2 pF
Gold - 0.1
Bile - 2.0 TYPE* WM DIGIT  2nd DIGIT

Note: Value indicated in pF.

** no-colour also used in lieu of black.
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Fig. 3. Six-dot colour coding for mica
capacitors.

Button Mica Capacitors: The charact-
eristics of button mica capacitors
are indicated by a system of three, five

or six

dots

on the

rim of

the

component. These are Hlustrated in Fig
6. The value and characteristics are.
obtained from Table |,

Note that there are three six-dot
codes. Numbers 1 and 2 are for standard
tolerance capacitors but number 3 in
close tolerance, high
stability types where the capacitance is

Fig 6 is for

specified to three significant figures.
Ceramic Capacitors:
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Fig 6. Button mica capacitor coding.
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TEMPERATURE
CO-EFFICIENT

= zna DIGIT
' MULTIPLIER
2nd DIGIT TOLERANCE
15 DIGIT 47 N\ MULTIPLIER
! (’ BUTTON STYLE

Fig. 8. Button, feedthrough & standoff
ceramic capacitor colour codes.

1t DIGIT

STANDOFF STY I.E.

TEMPERATURE

CO-EFFICIENT TEMPERATURE

CO-EFFICIENT

In DIGIT MULTIPLIER
bt 2rd DIGIT TOLERANCE =
MULTIPLIER

M DIGIF 1 DIGIT

R — MULTIPLIER i BTETH

FEED THROUGH STYLE

T

TEMPERATURE CO-EFFICIENT
COLOUR CODE (FABLE 3)

(22

DECIMAL POINT

SIGNIFICANT
A Adetin e
CAPACIFANCE n=x 109 (nf)
{pF} marking (pF)  marking
0.68 p68 15 15p
0.82 p82 18 18p

1.0 1p0 22 22p

1.2 1p2 27 27p

1.5 1pb5 33 33p

1.8  1p8 39 33

22 2p2 47 47p

2.7  2p7 56 56p

3.3 303 68 68p

39 3p9 82 82

4.7 4p7 100 n10

56 5p6 120 n10

68 6p8 150 n15

8.2 8p2 180 ni18

10 10p 220 n22

12 12p 270 n27

Fig. 9. Typographic code used on
mipiature' plate ceramic capacitors.

typographic and colour codes is used for
ceramic capacitors, largely depending on
style of construction and the preference
of the manufacturer. The codes used for
various construction styles are
illustrated and explained.

Colour code systems for the common
styles of ceramic capacitor are
illustrated in Fig 7. Note that in the five’
and six colour systems, the first band or
dot is always larger than the others. For
the axial lead style, this distinguishes
them from resistors. In the six-colour
system, the first two bands indicate the
temperature coefficient. The value and
other characteristics of these capacitors
may be obtained from Table 3. Figure 8
illustrates colour codes for button,
feedthrough and standoff style
capacitors.

The typographic

codes wused on

ceramic capacitors are illustrated in Figs v

9,10and 11.

The code used on ‘miniature plate
ceramic capacitors, typical of the type
manufactured by Philips, is illustrated in
Fig 9. The value is indicated in farads,
the letters p and n being used as a
multiplier and to indicate the decimal
point. If the multiplier is omitted, the
value is indicated directly in pF. The
temperature coefficient is indicated by a
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* TOLERANCE 1pF FOR VALUES
BELOW 10pF;: £20% FOR VALUES
BETWEEN 10pF AND 1000pF AND

~20 +50% FOR VALUES TQ 10,000pF
VOLTAGE RATING OEPENOS ON TYPE.

* GENERALLY Hi-K CERAMIC,
TOLERANTE USUALLY £20%.
VOLTAGE AATING QEPENOS
DN MANUFACTUREF.

15t DIGIT
_i

2nd DIGIT

DISC
UPRIGHT TUBULAR
*YOLERANCE USUALLY

e A 0IGIT ——ﬁ
2205% VOLTAGE RATING [
DEPENDS ON | p——— 2nd DIGIT T'
=[__ 4

MANUFACTURER
MULTIPLIER ———d !

*TOLERANCE c <5 6pF = & D.5pF
&8 - 27pF = 1 TpF
C= >3:lpF -t J%
VOLTAGE anmc » 120V MAX.

PLATE FTYPE MIDGET TUBULAR
THREE COLOUR SYSTEM
20d QIGIT MULTIPLIER
v OIGIT TOLERANCE
MULTIPLIER
20d OIGIT l TOLERANCE
\\ 1 OLGIT o,
RARIAL LEAD 2 DIGIT  MULTIPLIER
TUBULAR ~—p
Tt DIGIT \ TOLERANCE
4 L % 7
MULTIPLIER zZ 7 . Z %
2nd DIGIT *VOLTAGE RATINGS % % /// \\
OEPEND ON MANUFACTURER
15t OIGIT- TOLERANCE / AXIAL LEAO
800Y COLOUR
WHYTE BANG O¢STINGUISHES
CAPACITOR FROM RESISTOR
DISC FOUR COLOUR SYSTEN
20:d OVGIT  MULTIPLIER
= omn\ TOLERANCE
MULTIPLIER
TEMPERATURE 2nd DIGIT
CO-EFFICIENT RAOIAL LEAD T OIGIT TOLERANCE
TEMPERATURE
‘CO-EFFICIENT
TUBULAR
{ DIsc
AXIAL LEAD i

TEMPERATURE -

CO'EEFICIENT FIVE COLOUR SYSTEM

/ r \\TOLERANCE

151 OIGIT
2nd 0IGIT  MULTIPLIER
2rd 0I1GIT
st OIGIT TOLERANCE
'EMPFER‘\TURE MULTIPLIER IROIGIT  2nd OIGIT
CO-E nmsm’ TEMPERATURE MULTIPLIER
CO-EFFICIENT \
TOLERANCE
TUBULAR _—
Al =
A
J X RAARCER SIX COLOUR SYSTEM
TEMPERATURE \ TOLERANCE
CO-EFFICIENT MULTIPLIER

15 OIGIT 2nd OIGHT
Fig. 7. Commaon ceramic capacitor colour codes,
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TABLE 3

gg':a’d"‘cc%‘gec'mﬂ 6-COLOUR SYSTEM
TEMPERATURE COEFFICIENT
Tolerance Tempsratura
COLOUR 1st & 2nd digits Multiglier | C<10pF (pF}} C=10pF (%) Coefficient insegrer Multiplier
Black 0 1 +2pF 20 NPO +0 1
Brown 1 10 +01 +1 NO30/NO33 -3 10
Red 2 102 +0.25 2 NO75/NCSO -8 102
Orange 3 103 +0.25 %25 (or 3) N 150 -15 103
Yellow 4 104 N 220 —22 104
Gresn 5 05 +5 N 330 =33 -
Blue 6 N 470 47 -
Violet 7 N 750 -1.5 -
Grey 8 10-2(0,01)f £0.25 +3 e
White 9 101 (0.1) | £1.0 10 P 100 +1 —
Red and Violet - - —_ - £ 100 - =
NOTE: Value indicated -
in pF
LOW-K TYPES T TAngE i Cod
HI-K TYPES égng;s:e\;ut;s {SEE TABLE 3) g ephie Baismne
ICIEN Tolerance
a01LF 120pF y 4 3832”“
+20% +10% PER. Letter | <10 pF 210 pF
i B +01pF |
Cc +0.25 pF
it DIGIT TOLERANCE D t0.5 pg
I 2nd DIGIT E = +25%
| ' F +1 pF +1%
G - +2%
TstiCNGLE DECIMAL POINT H - +2.5%
2nd DIGIT J - +5%
wn.nm.nsn‘/ MULTIPLIER EXAMPLES a 3 ﬂﬁ
TOLERANCE ___ FIGURE MULTIPLY BY CODE CAPACITANCE P ol —0 + 100%
{TABLE 4) - NONE 010 1pF S . —-20 + 50%
;i o dne x |- Z20.+ 0%
Fig. 10. Commonly used 3 1000 101 100 pf X = =20 IER
typogrephic coda for 4 10,000 a12  4I00pF z = —20 +80%|
ceramic capacitors. 223 fg’r?g - yF) ‘
TABLES
o Typographic T.C. code
MULTIPLIER & 1 0IGIT Latter Temp. Costf.
DECIMAL MULTIPLIER A 9100
1DIGIT 2nd DIGIT 'I I*?"d 01GIT C NPO
. | D NO33/N030
:‘ ;;JN 470 pF, 5% E N047IN050
Fure N7S0 VALUE {IN oF} F NO75/N0O8O
; G N150
' \ H N220
4 TOLERANCE E J N330
LA pelecrne  MABES T Ioein 3 N
{TABLE 5] N N750
*VALUE F. MULTIPLIE
A A LD INDICATES TOLERATCE T ErrICIENT g e
DECIMAL POINT {TABLE 5 s N3300
Fig 11. Typographic code typically used on ceramic capacitors of British and European T N4200
. manufacture. : v N4700
v NS600
coloured band on top of the capacitor, in pF. For values below 10 pF which Values below 100 pF are indicated

the characteristic can be obtained from
Table 3. Values below 100 pF (In) are
generally Low-K, temperature
compensating ({TC) types. Hi-K types
will not have the coloured band. Typical
markings and corresponding values for
low value capacitors are shown in the
table on the right of Fig 9.

Another widely used code is illustrated
in Fig 10. Generally, this involves a
greup of three numbers with a following
letter. The first two numbers are the
significant figures of capacitance, the
third digit denoting the number of
foliowing zeros. The value is indicated

require a decimal point, the letter R is
interposed between the two significant
figures of capacitance. The value is
followed by a single letter indicating the
tolerance. The tolerance can be
obtained from Table 4. If the tolerance
code is not included, assume a tolerance
of +20%. Low-K types will have a
colour-coded band on top similar to the
miniature plate ceramics, and Table 3
will indicate the value.

A typographic system used commonly
on capacitors of British and European
manufacture, particular tubular,
radial-lead types, is illustrated in Fig 11.
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directly in pF. Values between 100 pF
and 1000 pF are indicated in pF using
tne multiplier n (= x103}. The position
of the multiplier may indicate the
decimal point. For example, a 470 pF
capacitor will be marked nd47 for the
value, whereas a 1500 pF capacitor will
be marked In5. Values above 10000 pF
are generally marked in uF.

A system of two or three letters
following the value are used to indicate
the tolerance and temperature
coefficient or dielectric characteristics
of the capacitor in this system. The first
letter indicates tolerance, the value
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{NO, OF ZEROS)

I OIGIT

Fig. 12 Commonly used typo-
graphic code for Plastic Film

- e e | st figure of cap valve —

1

’-— working vollage ~ —— -

2nd figure of cap. value— ~ E&e
multiplying lactor — ——- §5
-~ capacilance tolerance-——- B

capacitors. colowr
oc 1= 100V black -0 I +20°,
TOLERANCE WORKING 2= 200 OF. 250V brewn 1 1 10
(TABLE 4) VOLTAGE 52 500V red 22 10 250V
otange 3 3 10} g
yellow 4 4 10° wov
p . i green 55100
being obtainable from Table 4. A single bue 6 6 630 V
letter following the tolerance code violet : :
P S e : o
indicates that the capacitor is a Low-K - £10%

TC type, the value of the temperature
coefficient can be found from Table 5.
If the tolerance code i1s followed by two
letters, this indicates an H-K type and
the manufacturer’s data should be
consulted if the dielectric characteristics
are needed.

Some ceramic capacitors of Japanese
manufacture may have a voltage rating
code, consisting of a number and a
letter, or two letters, also stamped on
the component. It may precede the
value and tolerance code or be placed
separately. This code is given in Table 6.

A range of Hi-K disc ceramic

capacitors are manufactured that have
the value printed on the body and ared
band painted at the-end opposite the
leads. They are commonly known as
‘redcaps’, the red band indicating a Hi-K
capacttor with a 25 Vdc working rating.
They should not be confused with a
range of epoxy-encapsulated ceramic
capacitors manufactured by Erie, which
have a red coating all over and are also
known as redcaps.
Plastic Film Capacitors: By and large,
plastic film capacitors have their value,
tolerance and voltage rating marked on
them directlty. Small, low-value
polystyrene capacitors are marked
thus:— 47/100, The first figure is the
value in pF, the latter figure the dc
working voltage. Thus, a capacitor
marked that way would be 47 pF,
100 Vdc working. Polystyrene
capacitors have the lead connected tc
the outer foil marked by a black band at
the end of the body as illustrated in Fig
2.

Often, the tolerance rating is' not
marked on plastic film capacitors,
Except for polystyrene and mylar
capacitors, a tolerance of *20% can be
assumed.

Typographic codes used on plastic film
capacitors are very similar to that used
on Hi-K disc ceramics as illustrated in
Fig 10. For example, a capacitor may be
marked 102K, which indicates a
1000 pF, £10% capacitor. In addition, a
single digit following the tolerance code
may be added. This indicates the voltage
rating and represents volts x 100. For
example, a capacitor marked 272K1 1s a
2700 pF, £10% 100 V capacitor.

The common typographic code used
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Fig. 13. Colour code for polycarbonate and polyester capacitors.

body colour

- A

on plastic film capacitors is shown in
Fig 12.

Polycarbonate and polyester
capacitors are marked with coloured

bands around their body indicating their

value and characteristics — illustrated in
Fig 13. The table gives the values of the
bands. The capacitance is indicated in
pF. The body colour is usually a light
tan.

Paper Capacitors: Paper capacitors are
large enough to have the value,
tolerance and rating printed directly on
them. The flat moulded style, largely
superceded, now uses a code of four
coloured dots, similar to that used on
flat moulded mica capacitors, Figure
14{A) illustrates the code for flat
moulded paper capacitors, Note that the
body will be dark brown or black in
contrast to the light tan bodies used on
flat moulded mica capacitors. The
capacitance and voltage rating may be
obtained from Table 1.

Moulded tubular paper capacitors are
sometimes marked with a colour code as
illustrated in Fig 14(B). The capacitance
and tolerance may be obtained from
Table 1. The voltage rating is indicated
by one or two coloured bands at the
end opposite the value. Add two zeros
to the significant figures. A single band

indicates a rating under 1000 volts. A
gold band indicates a rating of 1000
volts. The value is indicated in pF.

Example:—
1st band = brown
2nd band = red
Value 3rd band = yellow 120000 pF
4th band = black *+20%
1st band = brown
Voltage 2nd band = green 1500 volts
Electrolytic Capacitors: Most wet
electrolytic capacitors have the

capacitance, voltage rating and tolerance:
rating marked on them. Miniature, low
voltage types use a kind of shcrthand as
follows:— 25/25 means 25ufF, 25V
working. The tolerance is not usually
marked on them but it may be assumed
to be at least —20%, +80%. The positive
terminal will be marked with a + symbol
or perhaps a red end cap or red dot. The
negative terminal may be marked with a
— symbol or a black stripe. One
terminal may not be marked. In this
case it is usually the negative terminal
that is not marked. Most electrolytics
have the can connected to the negative
terminal, Some high voltage
electrolytics have the can insulated and
the electrodes brought out to separate
terminals.

Tantalum Capeacitors: These may have
the value marked on them or the value

/1

INDICATES OUTER TOLERANCE \

FOIL MAY BE ON

EITHER END.MAY

BE INDICATED BY
TYPOGRAPHIC MARKING
OR BLACK STRIPE

Fig. 14. Paper capacitor colour codes.

DARK BROWN
OR'BLACK VOLTAGE
8ooY RATING

N - MULTIPLY VALUE

OF COLOUR BY 100
TO OBTAIN VOLTAGE

43t OIGIT 2nd DIGIT  MULTIPLIER
\ -
r ‘ ™
e ——————

12 DIGIT — VOLTAGE — ADD TWO ZEROS TO SIGNIFICANT
RATING
2nd DIGIT —

*SEE TABLE 1, VALUE INDICATED IN pF

FLAT MOULDED
PAPER CAPACITOR

1A}

VOLTAGE FIGURES, SINGLE BAND
INDICATES RATING UNDER 1000V

(B} MOULDED TUBULAR

PAPER CAPACITOR
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TABLE 7
Capacitance (uF) .
e Polarity {+) - ) COLOUR CODE
A ’ o Matsushita Symbol FOR TANTALUM CAPACITORS
68 ‘l Tens &
1° SOJ( Colour | Voltags | Units | Multiplier
F l Brown - ; x 180
| Red - x
Rated Veitage (V) Orange 5 V 3 =
Yellow 63V 4 -
Green 16V 5 -
MOULDED Blue 20V 6 =
TANTALUM Violet — 7 -
SOLID Grey 25V 8 x 0.01
TANTALUM ) White 3V 9 x 0.1
Fig. 15, Typical markings used on g]ack 10V 0 X 1_
p ink 3BV —
@ tantalym capacitors.
TABLE 8
IABLER SOLID TANTALUM TYPES  YEN VEWED W TABLE f
Vottape rating code AS MARKED ‘ UNITS Working Voltage Surge Voltage
for .In::::n ceramic RED SPOT MULTIPLIER 3.15 volts 4 volts
; — MULTIPLER = 18-3 12
= v—TEN
e Rating ——uNTS 16 go
; 20 5
— RKING
BB - e : 7
= WORK
2H 500 OO < =
3A 1kv e
3D 2kv " [[ U - , - Solid tantalum (‘Tag’) capacitors are
gz 2:3 - Example and voltage marked in a shorthand as also marked with a colour code. There
3H EkV * Units = Blue =6 | explained previously. The positive -are two systems in use, illustrated in
k1] 6kV " Tens=Grey =8 | terminal is usually marked with a black Fig. 16. Table 7 gives the values and
M Tk ™ Muit. = wn:g 1= uF stripe and/or a + symbol. The negative ratings for the colours.
2: 13 :3 hy Bodv-=Grey=.25V terminal is usually not marked. Tantalum capacitors can withstand a
4B 12kv | [6.8uF/25v Markings on a solid tantalum and a surge voltage about 20-30% greater than
4c 15kV " Fig 16. Common | Moulded tantalum are shown in Fig 15. their rated working voltage. Table 8
e{- 1500 vac | | éomur coage for The solid tantalum type has the positive below lists the maximum surge voltage
DS 2500 v | B em lead longer than the negative lead — the of a capacitor having the rated working
SR opposite with moulded tantalum. voltage shown. -

bl

50W STERED AMP.

\pday in‘lern:'linr'\‘aln

rex®Y,

AUTOMATIC CAR THEFT ALAR

(K9

POWER SUPPLY.
AERIAL MATCHER.

PLUS MANY MORE...

VEMPERATURE

cATER
LINEAR IC TESTER.
IGNITION TIMING LIGHT,
LINE REVERBERATHON UNIT.
ON OUAD UNIT. NI-CAD BATTERY
CHARGER.
HI-POWER STROBE.
CANCELLOR. AUDIO WATTMETER.
FET 4-1NPUT MIXER.

SPRING
ADD-

DIGITAL STOPWATCH.
TRAFFICATOR

PRINTIMER

OVER-LED,
LOGHC PROBL

Projects Book Two —
contains 26 popular
projects from the
pages’ of ETI, first
published July 1975
75p + 1 5p p&p.

20p and 15p).

'To: ETI Specials, ETI Magazine, 36 Ebury Street, London SW1W OLW.
| POSTAGE AND PACKING is 15p for the first, 10p for subsequent (overseas,

IS electrone suncnies b

Project Book Three
— contains 27 popular
projects from the
pages of ETI, first
published March 1976
£1.00 + 15p p&p.

46(H) Synthesiser

complete reprint of our
superb, synthesiser design
produced by Maplin
‘£1.50 + 15p p&p.

ELECTRONICS TODAY INTERNATIONAL-SEPTEMBER 1976

Electronics — It's Easy

.the first thirteen parts

of our popular intro-
ductory series
£1.20 + 15p p&p.

Electronics — It’s Easy
Volume 2 — the next
thirteecn parts of our
series.

£1.20 + 15p p&p.
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CALCULATORS

59 WAYS TO NNOW ANOD USE YOUR ELECTRONIC
CALCULATOR
L. Frenzal

SCIENTIMG ANALYSIS DN YOUR POCKET
- CALCULATOR
Smath

COMPUTERS AND MICROPROCESSORS ==

BEGINNERS GUIE TO COMPUTER LOGIC
G. Swplaton £1.95
Grasp guickly computer codes, diglat 'ogie ops and switchitig Grcuils

COMPUTER CIRCUITS AND HOW THEY W0 RK
E. Walla £1.80
Become sequanted with the varaus parts of .a compuier and s

technglogy

COMPUTEN TECHWICIANS HANDBOOK

B Wad E3.25
This giant voume compires to' & 1,000 hour tourse on computer
mechanics

CONTROL ENGEMEERING

N. M. Moris £3.70
This 1s the 20d edit on ot a highly successtul Boak keeping Nitlly abreas:
of developmanis in gantro’ engineering

EB.25

DIGITAL ELECYROMIC CIRCUITS AND SYSTEMS

N, M. Morrie £2.60
Tne ideal book Ior the enthysiast canfused by togic and digual
technigues

MICAQPROCE SSORS £10.80
L. Altmen

Guves a general cverview of the 1echnology design. wdeas and pracical
applicatgn
MICROPROCESSORS
D.C. McGlynn
Technologe Archileciure and Applicalions  This roduchion provides 3
clear explanation of 1Nis 1mportant new device

WICROPROCESSORS AND MICROCOMPUTERS
B Souceh
Describes the apphcanon programming and interfacing techmques
comrmor to all micioprocessois

£8.00

£15.90

HOW Y0 BUALD PROXIMITY DETECTDRS ANO METAL LOCATDRS
J. Shiskds £3.15

A pracueal do-t-yourselt haok

HOW T0 USE IC CIRCUIT LDGIC ELEMENT S
J Swemsr
Helps thoss unfamear with digital logic crrcunts

£3.25

TEGRATED ELECTRDNICS
'.r. Miliman £2.16

Using an IC approach Ihe lear leads the reader slep by step from
semiondiLatar phySics to duvices, modals, circuss and Sysiems

£8.25
Cowuars the basec theory of IC op amps i great delail alsa ingludas 250
oracueal cirturt applicatians

IC OF-AMP COOKBOOK
W Ju

MMDEXED GUIDE TD MODERN ELECTRONIC CIACUITS
R. Goodman

Pracncal Schematics wirt contise
mtarmanon

INTHODUCING ELECTROMIC SYSTEMS
I R. $mclair
Prov des m basic ns.ghl inlo whal makes slecttoncs ik

223

Iheory and  froubleshuniing

£EL75

INSTALLING AND SEAVICING ELECTAOMIC PROTECTIVE
SYSTEMS

H Swaerer )
Lovers insizllalion ang senacing ot alt electranic secunty systems

LINEAR ELECTROWIC CIRCUNS AND SYSTEMS
G. Bishop £2.53
llustrales the use of the op amp in many diflerent applrecatiang

LINEAR INTEGRATED CIRCUIT APPLICATIONS

G. Clayton £4.90
A pructcsl 3pproach s emphassed Ihroughout. encouraging 1he reader
iy Gul devaeers h msel?

LINEAR IC PAINCIPLES EXPERIMENTS AND PROJECTS
E. M. Noil

An iniroduchan 10 poe of eleciromes most eatiling devices

110 OPERATIONAL AMPLIFIER PROJECTS FOR TME NOME
CONSTRUCTOR

RA. M. Marsion £2.85
Outlmes 1he pssental characiensies of op amps and presenis nsebul
Lroj#LTs

:’lli?t SEMICONDUCTOR PROJECTS FOR THE NOME CONSTRUC-

R. M. Marsion £2,85
Intred the reader 10 FET's. SCA's and IC's wilh lull consiruction

ELECTRONICS =

ACTIVE PLYER COOKBDOK
D. Lanceatss
Everything you ased 1o know W buld and use active fihgrs

£8.75

ELECTROWIC ENGINEERS REFERENCE BOOK — 41h EDITION
£

L. W Turoer 25.60
A complerely new and up-lo-date (glerence book lor all anginears png
studens

BASIC MATHS COURSE FOR ELECTROMICS

H. Jacohbowy E1.75
Quick short cul way o learn the language of mathg as appled 1a
decironics

BEGINNEAS GUIDE T ELECTROMICS
T. L. Squices £2.55

Shott cut for those wishing o oblain & quick acquemtance with modern
eiectronics

REGINNERS GUIDE TD TRANSISTORS
JIN Reareugh "

Tovars tha Besic thedry and pracnice ol wodern ransstons
DESIGMING WITH TTL INTEGRATED CIRCUITS

Texan Insmruments £7.86
Covers the enlitp family of TTL and practical appucabons of cucuits m
dgnal systems

£2.55

ELECTROMIC MEASUREMENTS SIMPLIFIED
C Halimek £2.10
Cavers just about every conceivable lest or magsurement you will need

ELECTRONICS POCKET EGOK
P. McGoldrick

ELECTROMICS AMD PHOTOGRAPHY

R. Srown

Practicat circuil projects devoted to photography
ELECTROMICS SELF TAUGHT

J Ashe E2.20

Cowers batic principles of electronics includes a large pumber of simple
CILTELS

ESSEMTIAL FORMULAE FOR ELECTRICAL AND ELECTRONIC
ENGIMEERS .
N. M. Mamis £1.20
Handy reference book. includes a section 0n §) wnig, resistor colaur
codes and preferred values.

HOW T3 MNLD ELECTRONIC KITS
V. Copal £2.10

Instructs 1he kil Buider an how to chack compaonents. how ro assamhble
and how 1 Cure aylls

JFIRE AMO TNEFT SECURITY SYSTEMS

"B Vysls
Salectan and
ey ces

HAMOROOK OF IC CIRCUIT PROJECTS

J. Ashe £LTS
From he b ¢wgais 10 complets digrat counters in a single package
HOW T READ ELECTRONIC CINCUIT JAQRAMS

B Sown £1.85

Everything you need 15 know from basc ercun LOMpanents 1
mege Hed encurts

E4.15

E2.20

E1.90

sBCurity

. home

details of many usetul cireuts

110 COSMOS DIGITAL IC PRDJECTS FOR TNE HOME
CONSTRUGTOR T

R M. Manmuon

110 INTEGRATED CIRCUIT PROJECTS FOM THE NOME{
COMSTRUCTOR

R. M. Mamton £2.05
All the progects have been dewvised. bult ang tulty evaluated by 1ha
author

110 THYRISTOR PROJECTS USING SCR's
R. M. Manston

b 285
£ companion 1o the duthor s Dravious books

£OnSicuchion 1o Bircust apphicatan

OPERATIONAL AMPLIFIERS DESIGN AND APPLICATIONS {Burr

Brown)
G Tobey £5.00

Cowers the antire tieid of operavonal amplifiers
s

PIN POMT TRANSISTOR TROUBLES IN 12 MINUTES

L Gamer £2.85
Comoiste information on cirewl operations froubleshacting charts ang
service procedurcs

PRACTICAL TRIAC/5CR PROJECTS FOR THE EXPERIMENTER

R. Fox £2.15
Thyristor theory and practcal cicytts with low cost SCR TRIACE and
DIACS

PRINCIPLES OF TRANSISTOR.CIRCUIT §

$. Amos L4.40
Cenesally accepted as being a slandard 1exthook on tundamenial
principles underlying the design of circunts and u$ing transisiorg

RAPID SERVICING OF TRANSISTOR EQUIPMENT

G King £2.858
A systematic guade tn the sarvieing of transistor radio 1BewSon tape
and hi-h aquiprmert

SEMICOMDUCTOR CIRCWIT ELEMENT S

T. D. Towasm £6.00
Grees reacers an sccoum ol al devices Iy
Fal3ple 1or each device 11 covers a general descrnotan, B cwit dagram
symbols and wothing prnoples

SOUD STATE CIRCUIT GUIDE BOOK
o Ward £2.15
Siep ty SICR NSUCKONS 10 desiga Cguils to your own spocihicattons

TAANSISTOR CIRCUIT DESIGN
Texas £7.90
TTL COOK BOOK

D.'Lancaster £6.00
Complets and detaded guide 1 TTL. how 1 works how (o use |1 and
peachical applications

UNDERSTANDING ELECTADMIC CINCUITS

R. Sinclur £4.00
Describes vanous cucuds encounlergd today with a strong emphasis on
fault finding and servicing procedures.

UNDERSTAMEHNG ELEGTRONIC COMPOMEN TS

R. Sinclair E4.00
Explains about comporents and bndges ihn Gap belween elementary
exbooks and unapproachable advanced Teatmens

UWDERSTANDING CMOS INTEGRATED CIRCUITS
R Malan E3.50
Begins wilh basic dignal IC°s, covers semiconducior physes, CMGS
fsbrication 1echinology and desrgn

UNDERSTAMIING SOLID STATE CIRCINTS
N. Crowhurmt £1.90"
Winmen ta senace the inisrests of anyona at sub-ergineering ‘avel

ELECTRONIC ORGAN BOQKS s cemernam
TAANSISTOR ELEC TRONIC ORGANS FOR THE AMATEUR

A. Dou £4.90
Writlen ina simple style, 1his gives a complele gxplananon ol eerylhing

10 do with Iransistonzed organs and s profusely flusi-ated wih ciear
dhagramg,

THE ELECTROMIC MUSICAL INSTRUMENT MANUAL

A Douglas £6.00
A comprebensve guida to the {asory and design ol electranc musicat
nMTLmens

ELECTRONIC MUSIC PRODUCTION
A, Douglas

£3.10
A practical guide 1o the produciion of electronic music N

_SEMICONDUCTOR DAT A sttty

INTERNATIONAL TRANSISTOR SELECTOR

T' 0 Towsm ELTS
It 1t Iakes you fonger than one PMinuz to lind oul alt alwur transisrars,
then you need a copy of this bagh.,

POPULAR VALYE /TRANSISTOR SUBSTITUTION GUIOE E2.18

Subshrulion dag for bath vaives and tlansisiors in gne new volume

RADIO YALYE AND SEMICONOUCTOR DATA

A M. gall £2.50
Characieristics of 1.000 valves. calhade ray tubes, (ransisiors dindes,
reciifiers and optical semi-tonductars This mew editon (19751 15 ngh{
up fe date and guer 450.000 copes have been soid

RADIO AND TELEVISION i,

FOUNDATIONS OF WIRELESS ANO ELECTROMICS

M. G. Scroggie £4.35
{New 1975 editian) Covars the whole basic Iheary no previous fechnicel
knowledge 15 assumad

SERVICING TRAN SISTOR RADIDS
L. D Ao
Camplaie gutde gving theary analysis and SAMVICHN G LECRMIguBS |

WORLD RADIO TV HANDBDOK—1976 £5.00
Caraplete Direciory of wiernanonal radio and televisian and 1his year
contains. How 10 hs18n 10 the world

TEST EQUIPMENT AND OSCILLOSGOPES==
BASIC ELECTROMIC TEST PROCEQURE §
1. M. Gonlwh E£2.35

Shows row 10 gut sccurale measurement with VOMs Mmelers and
osciliotcopes

THE 0SLILLOSCOPE
G Zwwick E2.10
Starts trom the hrst principles and 1akes the reader 1o fin advanced level

PRACTICAL TEST EQUIPMENT YOU CAN EUILD
W. Grasn £2.15
For 1echnicans, radio / TV sefvice operatory anid serous expenimentprs

AADN. TV AND AUDK) TEST EQUIPMENT

G King £4.95
A pracvcal guide @ tes: insityments and appheations concereed largely
with 1he osceloscope

E230

TEST INSTRUMENTS FOR ELECTRONICS

M. Clittord £165
E_asy'mu_drhrahons to youl VOM - VTVM and scope wilh the aid of thrs
book

WORKING WITH THE DSCILLOSCOPE
A Szundars
InCludes werkshop 1est projects with larga size drzwangs

SERYICING WITH THE DSCILLOSCOPE

G.Hing £5.00
Includes a urgue senes of pholographs showing osclloscope haces 1g
b lound w agemal and fauity equipment sleren radwa colour TV
Crrcunn sevicing 1 desh with

£i.es

HOW 10 ORDER

Alt prices are correut af Ine fime ol gomg [0 prass bul are subjecl fo
alleralin wihoul nptice At prices inciode paatage Pledse gl your nama
aod address clearly ant 10t eagh Wtle and peice sepatalmy. Cheques and
poAIal grdet s shauld br made payebin 19 BT Bouk Seivce. Books o e ant on
Srven dayy apptovde ayainst d il cashoamotancy pius pastage boek tock
is ngl held a1 ET1 5 Landon glhces and niders sanwid e tony 1p 7] BOOK
SFAVICE P.O BUX 79 MAIGFwHEAD BERRS 5.5 i
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ETI READER OFFER ——

oEND PGB KIT £o.3a

HOW IT WORKS

2. Punch through the compon-

1. First rub down the board.
ent positions,

3, Lay down the transfer pads. 4. Now use the Dalo pen to joip

up the clrcult.

6. Agitate the etchant over the
board.

7. When complete, reseal and
wash off.

8. Rub off the transfars, and
thats (t!

ELECTRONICS TODAY INTERNATIONAL--SEPTEMBER 1976

The GS System is a complete PCB etching kit for
the amateur normally selling at around £9.00. It
contains, as shown below, Dalo etch-resist pen,
two Polifix blocks for rubbing down and polish-
ing boards, five sheets of etch-resist ‘pads’ for a
neat finish, and of course the ‘etching-bag’ which
is the heart of the system. You need never come
into contact with the liquid, the entireé process
takes place within the thick-walled polythene bag.
When the liquid loses its power, (after 10 ‘Euro-
boards’,) simply mix in the powder supplied and
throw the whole thing in the bin! Simplicity
itself.

Take the board-dom out of PCB’s with this
month’s offer, and at a price which won’t etch
out your bank balance!

P, cB KIT OFFER : R
ETI MAGAZINE . {5‘ i

I 36 Ebury Street, Loadon SWIWOLWN"# _
I in enclose cheque/P.0 forLS'QS,(pavahlutoETﬂ li
| for a P.C B, Kit _
NAME: ..., oo b 55 .-.m,,,.,‘( 2
| ADDRESS. . ..« g ) e

1

I -

I - « & .

I - it
h———ﬁ—-‘-—ﬁuhh&-g
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What to look for in the October issue: on sale Sept 3rd

Dlgltal Mulumeter

Build yourself
a personal
computer

System 68 is a powerful microcom-
puter which will operate without an
expensive teletype or VDU. You can
write, debug and run programs simply,
using the system keyboard and dis-
play, and the ETI 560 VDU can be
added to enhance the system 1/0
capability. Based on the Motorola
M6800 microprocessor, System 68 is
modular and can be adapted and
expanded to suit your requirements
and peripherals. Play computer games,
solve scientific problems, control your
central heating, write computer music
— here’s a whole new world of
electronics.

Another first for ETI — not just a
DVM but a DMM with excellent spec.
A 3% digit display takes the AC/DC
voltage ranges from 0.1 to 1000V plus
AC/DC current from 0.1uA to 2A plus
resistance readings from 0.12 to 2MQ.
Accuracy varies with range from 0.2%
to 1%: lt can be either mains or battery

it .3' ¥

_i.m,-n!' -

¥ =

operated.

The spec only should whet your
appetite but the constructional design
is also superb — so much so that we
expect our DMM to become one of the
‘standard’ circuits for the amateur
constructor.

Electronics in Printing

36

Electronics in general,
and the computer in par-
ticular, is playing an
ever-greater part in the
production of
newspapers and maga-
zines., The newsman’s
world is fast becoming a
world of colour VDUs,
optical character recog-
nition, microprocessing
typesetters and other
.high technology pro-
ducts ‘and processes,
Read about the com-
puter-controlled ink jet
press which will soon be
printing your morning
paper — in next month’s
ETL

'POCKET 1-2

HOUR TIMER

Many applications suggest them-
selves for this but the obvious one
is to avoid being caught out with

“an expensive parking ticket. It's

truly pocket-sized and operates
from a PP3 battery

X-HATCH

GENERATOR

The winning entry for last year’s
Doram design competition was a
cross-hatch generator. We hope to

‘ give you constructional details in

next month’s issue.

" ELECTRONICS TODAY INTERNATIONAL-SEPTEMBER 1978



Hl GLO

The ETI Digital Alarm Clock now
being re-offered in ET! after its
successful introduction last year is a
very attractive clock, but a- useful
additional feature would be facility
to turn on a radio, instead of the
buzzer, at the alarm time. (This is a
more gentle way of being awakened!

Two matters which must be con-
sidered are {1) the alarm output from
the CK 3000 clock chip is a pulsed
audio tone, and (2}, more import-
antly, the Pulsar uses a transformerless
circuit, (Fig. 1) so that any switching
output must be totally isolated from
the clock circuitry.

As space inside the Pulsar case is
fimited, a further transformerless cir-
cuit has been designed, which offers
two operating modes, ({(a) buzzer
alarm, and (b} turn-on with buzzer
silenced.

‘RADIO ALARM CIRCUIT

This consists of three sections, (1) a
reed relay and its driver TR4, (2) a
flip-flop (bistable} TR2 and TR3, and
{3) a trigger transistor TR1. When TR2
is ‘off’, the high voltage at its collector
turns TR4 ’‘on’, thus energising the
reed relay. In the pre-alarm period,
TR2 is ‘on’ whilst TR3 is 'off’. This
state is set by temporarily closing S1a,
which grounds TR3 base, turning TR3
off. The bistable is changed over by an
AC signal from the buzzer switching
transistor collector turning TR1 on
momentarily, which grounds TR2's
base. The blocking capacitor C1
ensures that the DC conditions of the
clock chip are not disturbed.

Switch S1b is used to connect the
buzzer to its driver transistor (the
wire connecting the buzzer to the
clock board must be cut to insert the
switch). When S1 is in the ‘radio’
position, the buzzer is disconnected,
and the flip-flop is free to toggle when
the atarm output from the clock chip
is energised. When §1 is in the ‘alarm’
position, the flip-flop is anchored in
one state, and the buzzer can then
operate.

Sufficient power is available from

the clock chip power supply {pin 11}.

to operate the bistable, but not
enough to energise the relay. If the
relay is driven directly from the clock

[ﬂ_ €K 3000 PIN CONNECTION

L Est 5h6

O DISPLAY ANODE

A

20 o ——r——p—

sW

56k

BUZZER

Fig. 1. ETI Clock original circuit.

{wpt (Alarm)

240 p—

68K
vsol

(Freg. 1/P)

\/A
g

4

>

Wul

2210

AC N

1 [iva)

—_ - - =
3 Smm,
SOCKETY
—

ANZTEzaY CLOCK FiiSE

r£
c2

00 B
AN V)
£ & ZENER

AN 240V ACI
{108+ 10k + 6 8KI

TNAOOS

Chif IN 1T

Rimo
Fig. 2. ETI Clock modified circuit to include radio facility. \“:’:'ﬁ?’

l BU2ZERM
AND
CLOCK BOARD

power supply, the ensuring voltage
drop turns the clock offl

CONSTRUCTION

A separate transformerless supply
D1, R1 stabilised at 6V with D2, C2
is used for the relay. To reduce the
heat dissipation, the dropper resistance
R1 was selected to pass 5mA, which is
sufficient to hold the relay on. Power
to energise the relay is obtained from
the storage capacitor C2.

ELECTRONICS TODAY INTERNATTONAL—SEPTEMBER 1976

The circuit was fabricated on a piece
of 0.1” pitch Veroboard 3" x 1%".

“We have previously sold this Digital
Clock under the name Pulsar. Al the
tiune that this name was chosen by us
we woere unaware that the name Pulsar
had been previously registesod, but it

has been drawn to our attention that
this is the case. We have been asked 1o
point out that our Digitat Clock is not
associated with Pulsar Watches, Time
Computer Inc. or Puisar S A"
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keorge Hanslip shows how to interface

THE ADVANTAGES OF CMOS,
namely low power consumption,
high noise immunity, tolerance of
wide power supply voltage varia-
tions, and the relatively higher level
of integration, i.e. circuit functions
per package, make it the obvious
choice of logic to use in not only
battery powered designs but also
mains operated equipment. This is
particularly so if power for the
circuit is to be derived from the a.c.
mains by means of a mains dropper
resistor — a much cheaper solution
than a mains transformer. With
CMOS the total current consump-
tion of the logic will probably be
below 5mA as opposed to about
100mA for a comparable TTL
design and, therefore, a low power
mains dropper resistor will suffice.
Problems will, however, arise
when the logic circuithas to interface
with a high power a.c. load such as a
mains lamp or motor. Here, two
solutions are possible: a relay or a
triac. The first device, a relay, uses a
lot of power and currents of the order
of tensof mA are required to keep the
relay energised, which defeats the
original object and prevents the use
of a power mains dropper resistor.

. TRIAC TRIGGERING

To investigate the possibilities of
using CMOS to drive triacs it would
be helpful to state the triggering
requirements of these devices.
Triacs may be triggered into con-
duction on both positive and nega-
tive mains haif cycles, with either
polarity of gate current. They are,
however, more sensitive {i.e. require
less gate current) to negative gate
current. Triac triggering require-
ments are, in fact, normally specified
for gate current polarities which are
in phase with the main terminal
voltage, i.e. main terminal voltage
positive with positive gate current
and main terminal voltage negafive
with negative gate current. These
and the gate sensitivity for the case
of main terminal voltage positive
with a negative gate current are
equal. Triacs are generally much less
sensitive to positive gate current on
negative mains half cycles (i.e. main
terminal voltage negative) and need
to be selected for applications which
require this mode of triggering. The
gate current may be d.c. or a pulse
since the triac will remain on once it
has been triggered, until the end of
the mains half cycle.

The current required to trigger a
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triac wilt depend on the type of
device used as well as the tempera-
ture. Higher power devices of 25A
or greater rating may require up to
100mA to trigger while low power
devices, 4A and less, may need only
10mA or less. Manufacturers gen-
erally state the maximum current

required to trigger. Thus a triac type
TAG250-400, for example, has a
maximum gate current of 50mA and
this is guaranteed to trigger all
devices of this type. There will, of
course, be many TAG250 devices
which require a good deal less but

unless the constructor *has many

8C148

GATE

MOS comacapoc o
CMO I7
O

Vss

FIG1

The maximum current which can be
supplied by CMOS devices is 10mA.
Exceeding this limit will probably

|

such devices and can choose those
with lower gate current, for good
retiability he should aim to provide a
current of 50mA.

Before gate current can flow, a
certain voltage, the gate trigger
voltage must be exceeded. This for
the TAG250-400 is 2.5V maximum.
Thus for a worst case device. the
trigger circuit must provide a voltage
of at least 2.5V plus the voltage
required to drive 50mA through any
reistance in series with the gate.

CMOS GATES AS DRIVERS

Unfortunately, CMOS gates. such as
the 4001 or 4011, cannot provide
anything like 50mA output current.

aa

destroy the device. With a 5V

- supply, the output of a CMQS gate

may drive a transistor base directly
as the device will limit its output
current to below 10mA, but above
about BV acurrent limiting resistor R
will be required (see Figure 1).

If the output of the gate is
required to maintain a recognisable
logic state when supplying output
current, to drive another gate for
example, then the current must be
limited to below 1mA. Figure 2
shows a circuit for a bistable a.c.
switch.

If input “'a’* is momentarily
connected to -logic O (negative
supply rail) the transistor will turn on

Lo

% IN4OC4

3

-

R2 Y CURRENT (S 50mA
220n WHEN TRIAC IS
TRIGGERED
BC148
(38
A
10v|

FIG 2
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and trigger the triac, which will
remain on unti! .input “'b’* is con-
nected to logic O. Note that a
negative supply is used to provide
negative gate current for the triac.
R2 is chosen to give the required
50mA gate current and R1 to give
the required base current. Since
gate A must drive both the transistor
and present a defined logic level to
gate B, the output current of gate A
must be less than 1 mA giving R1 a
minimum value of 10Kohm with a
10V supply. If the gain of the
transistor is greater than 50, R1 may
be increased in value, thus reducing
further the current taken from the
output of gate A.

This type of circuit, however, still
draws a large current from the
supply when the transistor and
hence the triac is on. This current,
about 50mA must, of course, come
through the mains dropper and
defeats the object of low current
consumption. We get round this
by

PULSE TRIGGERING THE TRIAC

Use can be made of the fact that the

triac will latch once it has been’

. -
TR2 8C148
R1
W -
1M 1! 1nF
R3 ‘
Kn H
BC 158 o ‘
4 O NoO—— !
Ov Ov
FIG 3a FIG 3b

When the circuit is not oscillating
it draws very little current, and so
stand-by power will be minimal.

In a circuit like this it is desirable
that the frequency of the oscillator
be at least 5KHz. This ensures that
the triac is triggered as early as
possible in each half cycle, minimis-
ing radio interference.

If isolation of the trigger circuit
from the mains is required, then
resistor R2 may be replaced by a
transformer. This may be wound on
a %'’ diameter x 1%’ ferrite rod and

triggered. Thus the trigger current of
50mA pulses of short duration, the
duty cycle of which may be such that
the average currentis only a few mA.
The supply smoothing capacitor
thus supplies the 50mA peak cur-
rent while the mains dropper
replaces the charge over a longer
period and, therefore, needs to carry
a current of only a few mA.

This is the principle behind the
circuit shown in Figure 3. Transis-
tors TR1 and TR2 form a circuit
which oscillates at a frequency
determined by C and R1 when point
X is connected to the negative
supply line. This can be done by a
CMOS gate. The loading on the gate
is minimal, about 10uA, but the
circuit can supply 50mA pulses to
the triac gate while keeping the total
current.consumption below 5mA.

The circuit has been used on a
range of supplies from 3 to 15V with
success, although, of course, less
trigger current will be available with
the lower supply voltages. It is,
therefore advisable to use a supply
voltage of at least 5V. The frequency
of oscillation is atso slightly depen-
denton the supply voltage but thisis
of little consequence,

TV
M

consists of 10 turns of 28 swg wire
for the primary and 10 turns for the
secondary, insulated by a layer of
PVC insulating tape.

Table 1 lists the supply current
(Is) the gate current (Ig} and the
frequency oscillation {F) for the
circuit of Figure 3 supply as mea-
sured on a prototype when the
supply voltage was varied between
—3V and —15V, and no voltage
applied to the triac. The two cases
are R2=100 ohms and 47 ohms.

The circuit together with the
CMQOS gates thus forms a useful a.c.
power switch as shown in Figure 4.
When the ON button is pushed, the
triac is turned on a supplies power to
the load. Since the circuit latches,
the triac will remain on until the OFF
button is pushed.

TABLE 1 Vs Volts s MA
KHz
R2=100Q 3 0.15
6 0.32
9 0.45
12 086
15 0.85
R2=47Q 3 0.25
6 0.45
9 0.6
12 0.75
o 15 1.0

The negative d.c. supply for the
circuit is derived from the a.c. mains
supply via diode D1 and resistor R4.
The zener and capacitor stabilise and
smooth the supply. The zener and
capacitor stabilise and smooth the
supply. The zener may have a
breakdown voltage of anywhere
between 5V and 15V. Since the
current drawn by the circuit is only
1.5mA, R4 need only be a %4 watt
compenent.

If resistor R2 is replaced by a
pulse transformer, then the current
drawn by the circuit rises to about
2.5mA and resistor R4 may need to
be reduced to 74Kohm.

APPLIGATIONS OF THE GIRGUIT

The circuit of Figure 3 forms a low
power trigger circuit for triacs and is,
therefore, ideal for interfacing
between these devices and CMOS
digital integrated circuits. The cost
of the extra transistor compared to
that of Figure 2 is far outweighed by
the reduced cost of the mains
dropper. The difficulty of synchron-
ising the circuit with the mains
makes its use in phase control
circuits (such as lamp dimmers)
unattractive compared to program-
mabte unijunction transistor
(P.U.T.}) trigger circuits, but in
ON-CFF type switching applications
it Is superior.

By removing the push buttons
and the 100Kohm resistors from the
circuit of Figure 4, the load current
may be switched on by a negative
pulse to the input of gate A and oft
by a negative going pulse to the
input of gate B. By suitably decoding
the outputs of a digital clock and

g MA

Frequency

20
50
70
100
120

35
80
140
180
200

PuTaG Goaao,
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INAOO4 R4 15mA
L - -
BC 148 o
LOAD TR2 -— ?
l”_ |
nF -
47 KNS v =47pF
TAG 250 - 400 Lo
TR1
1 < 100 | L
i BC158 4 100an %Kn.
LS Ov . -
FIG 4

connecting these to gate A and B,
the circuit could be used to switch
mains and driven equipment such as
lamps, tape recorders or central
heating systems on and off at certain
times. Power for the circuit could be
obtained from the clock power
supply line, as this would almost
certainly be able to supply the small

extra current required. The use of a
pulse transformer (as shown in
Figure 3b) would isolate the clock
and decoding circuitry from mains.
Referring to figure 3, by making
TR1 a BC148 (NPN) and TR2 a
BC158 (PNP) and connecting the
positive supply to the emitter of TR2

circuit would produce positive going
trigger pulses when X is connected
to the positive line. The pulses
applied to the triac gate could be
made negative by correct phasing of
the transformer windings. In this
way the circuit may be used with a
positive or a negative suppi

and negative to TR1 emitter,

the depending on which is available.

e et e

BIEIT‘AL DISPLAYS & LED's

LYNX ELECTRONICS (Lonoon) LTD | 3 5 g % cgmmer o
) DL750 1-75 GREEN CLEAR
THYRISTORS 1A 3A 8 104
Transistors BC182 10p* BF337 3p CRSi\10 35p” 2N6OT  12p (Tosz) (TO%) (C106type) (TO220) (TOP20) (T020)
AC126 15p  8Ci1saL 14p* BFWE0 |1p CRS1-20 33p  2N706  10p 50¢ 25 3 “ a2 47
AC127 16p  BCisd 11p* BFX20 26p  CRSt-40 @p 2N820  14p 100 15 25 “ 41 M 54
AC128 13p  BC184L Hp* BFX30 3p 'CRS1.60 #5p 2N930  14p 200 a1 35 45 5 0 1
AC128K 25p BC2078 12p- BFX84. 23p  CRS305 Mp  2N1131  15g 400 » “ 54 5 3 9
ACi4¢l 18p BC212 41p= BFX85 25p  CRS3-10 43p g::‘sg':’ ;:: 3 . .49 928
ACAN TR BEHT JBt BiIYS e ERIIMwe  INis 2p | TRIACS (PLASTIC TO-220 PKGE, ISOLATED TAB)
AC142K 28p BC213L 12p* BFYs1 1sp cnss-so 850 2NITI1T 18p A §-3A 3A 1A 15A
AC178  {sp C7i4  14p* BFYS2 1%p sep  2IN2102  d4p (a) (b} (&) (B) (a) (b) (..) (b) (&) (b
AC178K 25p BC214L 14p® BFYS4 35p MJdal £1-05 2N2369 14p 100 V 060 888 5:T0 0'TH 0'7R 078 683 083 14 10t
ACI187 18p BCza7 18p* BEY® &30  MJB0 sep  2N2368A 14p 200 V 0-84 064 9:75 875 031 007 087 &8 147 147
ACI18TK 25p BC238 18p* BR10D 20p  MJdot g9- 15 2N2ae4 18p 400 V 0-77 0786 030 633 097 181 113 149 176 174
ACt88  18p BC300 Mp BRY39 40p MJE340 4pp*  2N2646  30p 600 V N BT 1M 1M 128 42 150 211 217
ACledK 25p BC30t 32p BSX15 16p MJE371 $0p  2N2005 18p N.B. Triacs without internal trigger diac are priced under column (8). Trincs with
ADI40  ap BC323 #p BSX20 tap MJES20 45p 2N290SA 229. internal trigger diac are priced under ¢olumn (b). When ordering please (ndicate
AD14? 38p  BC3#1  1Bp* ggg;A fz" gJAEsm 33p g:g:ggg 13:, e Slearly the tyge raguired,
AD143 46 BC3zs  16p° p 5 58p*
AB1es i BT 170" BT106 £1-8 OAso ap 2N20%6Y Sp* | 24 TTL mixed prices e = : A
ADI61 33p BC33& 17p° BTIO7 £1' 8 QAR Sp  2N2026G 18p* 1-24  25-89 1004 1-24 25-90 1004 1-24° 23-09 004
AD162 35p BCYTO 12p BTi08 £1-8® OC4  135p 2N3053  15p 7400 14p  12p 1p 445 NSp Tip STp  T492 HIp 4ép  Mp
AL10Z  $5p BCYT 1Bp BTt09 £1-00 0C42 15p 2N3054  d0p TA0t 1dp 12p 10p 7447 Bp TSp  €35p 7403 4%p 4&0p ¥p
AL103 93p BCYT® 120 BT118 £1.00 OCas 12p  2N3055 5dp T402 14p 120 10p 7443 T 62p S0p 7495 #1p  ¥5p  dip
AF1t4  20p BD11Ss  8%p BU10OS £1-80* OQC45  10p N3440  56p 7403 15¢  12ip Wp  T44TA up B3p §7p TH00L1-08 89p T
AF115  20p BD13t 36p  BUIOS/ OC70 1op  2N3442 £A-29 T4 18p  13p  11p 470 Bp 20p  T407 ¥p 2p 2p
AFi1§ 20p BDt32 40p 02 E£1°%° OC7 10p 2N3570  sop, 7493 18p  13p 1p W72 259 p 17p TR Mp Up p
AF117  20p BD135 36p BUIZE £1°88* OC72 322p 2N3702 10p7 7409 1p 13 11p  TI3 Mp  2Sp 200 T4I22 470 o Mp
AF118 50p BD138 3p BY208 15p® DCB4 14p  2N3I03 10p 740 10p 13p 1ip 474 32p 2Mp NMp T4t Tgp &3 Mp
AF139 3% BD137  4p BY207 Mp* SC40A 73p 2N374  18p" 7413 280 20p 7475 47p Mp Mp T4 sfp Sp 4
AF230 37p BDt3s 4sp  BYX38-300_ SCaB 81,  ZN3ITO5  10p° 7417 27p Rjp 2p W6 Np Wp Mp THMEI'REVA o
BCt0? v4p BD1®  $p tio*  SC4D gsp  2NI08 Y0p? 76420 180 13 1ip 7482 75p 62p 30p TAITA£1-00 8p p
BCI1O7TB 18p BDiS! 86p  BYX38-800 SCA0F  ggp 2:3707 10p 76271 2p e 18P  T4B3E1-3 EV-00 BTp THMSOLL-M ep Tip
BCid 13p BDis2 e2p 15p° SCH1A g, 2NIM4&1-08 7430 1860 130 1P 3.5 33 26p  Mp 7411 £3-28 £3-30 £1-DO
BCi0h  tp BDi&3 e7p  BYX36-000 SCHMB 9o,  2N3NS £1-13 132 2Mp e 18P L ooien coas £218 74192 £1.36 €114 o
BC10WC 18p  BDeap . 80t SCHMD g 2N3M8 £1-28 7437 2Mp 27 VEp
BCi117 19p* BODSU  48p BYX38-1200 SC4F ‘o: 2N3TI £1-80 7441 T3p #2p SOp T4 4%p 40p  32p TH103 £1-33£1-4  Np
BC12S 8p* BD23T g _— p* e 2 2:3333 ﬂ -:: 744, T491 85, 43, 74100 £1-84 £1. g
0] 8 |- (-] 4 =
Betay e o B 0 sp TIPmA Mb 2N 2pe | LINEAR IC's ]
BCi42 23p Dy2o ® BY X38- TIPIOA 52p  2N3004 18p° 301A 8 pin DIL 38 3900 14 pin DIL 78*  BStplnDIlL. £2.0°
BCis3 23p BDY3s #0p/ 800 sip TIPJIA Sdp 2N3006  18p* 307 55 700 8/14 pin DIL 3 888pinDIL  £1-M°
BC144  Mp BDYSO &9, 1 prxas- TIPI2A S4p 2N4126  14p+ 309K 1 741 8144 pin DIL 0 78pinDIL  #2.80°
BCI47 90 BDYeI a5 900 oep TIP34 £9.05  2N4200 12pe 380 14 pin DIL e 748 B pin DIL M pin
BC140  9p* BDYER u: BYX38- TIP41A O6p  2N4348 £t-20 B 14pInDIL  1-84° 5558 pin DIiL s CA3048 14 pin DIL 58~
BCI40 90 BF173 28p 1200 @8p  TIP42A 72p  2N€870  35p: Matching charge 20p per pair. P & P 20p—Oversess 80p, CA3045 13
BC152 2p° _BF179  3ep  BIX& mzm ::gggg ::: gmg‘ﬂa %-::
i ') endrs
BG1sr ‘oo DEIL Mor g RN0%r TP Neont 4ee  INewo e | NATIONAL CLOCK CHIPS
BC1ss 9p*  BF1g8 '12p* BXXBD serles  INA0QZ Sp: 2N4922 SID: MME314 3.75 MM bB316 £5.26
BC159 p*  BF197 12pe zeners  11p*  IN4003 L 2N4623 84p* (Basic clock chip gwmd's d\gl( dlsp'ay) (Sophisticated device -ncludmg
BCi& 32p BF224J 18p® g'ge 4gp :::ﬁ; ::_ %:ggg? :::_ alarem, similar to CT 7001}
BC1&1  ¥p  BF2dd  17p° M 30 —
s = IN4QOE  9p*  2NS062 27p*
gg::ga J:- BF257  sap &MNF ':—:!‘; |:4001 ":' 2N5064 30:- HIGHAM MEAD. CHESHAM. BUCKS. TBI- l02405] 15]51
BC1a2L 11p°  BF2% 3%  CRsios 25 7New  14p  2N5496 88p | VAT _Please add 8% sxcept items marked * which are 255
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THE DISCO UNIT to be described
here reaches professional standards
at a very moderate price, only about

£130 for the electronics, plus
whatever decks, cartridges, etc, you
should choose to add. It is designed
for the home constructor, and gives
many of the features found on
professional equipment.

DESIGN CONSIDERATIONS

It was decided to work as closely
as possible to the following basic
design parameters: the disco must
be robust and simple to operate
giving the deejay as much freedom
as possible, whilst at the same time
retaining full control. it shoutd
reach generally accepted high
fidelity standards and be capable of
stereophonic reproduction, to take
advantage of the excellence and

rarige of modern recording tech-
niques.

The unit should be capable of
producing continuous high sound
levels to the loudspeakers, without
distress to the power amplifiers.
100W per channel should be more
than sufficient in any hall in which a
portable disco is likely to be used,
and thus meets this condition.

Designs of good quality 100w
power amplifiers are infrequently
found, but rather than start from
scratch it was decided to use a tried
and tested design. Our own design
{originally published in February
1973) was employed, but the
recommended power supply was
modified slightly so that the ampli-
fiers could deliver 100W contin-
uous rms power with both channels
driven simuitaneously.

Pickup overload threshold: 1.3y
Outputs:

Tone controls:

(see their ad. on the back cover).

ET! 458 DISCO: PROTOTYPE SPECIFIGATION

Output power: 4Q load both channels driven 100W RMS
| +0.25dB—1dB 30Hz to 20kHz
FSicy responas; +0.25dB—3dB  15Hz 10 37kHz
Total harmonic distortion at 100W: <0.2% at 1kMz
Stereo separation: 5048
Damping factor: 80
Sensitivity: (ref: 100W into 4Q)
Ceramic PU :88mV (>2MQ)
Tape 100mV (50K)
Aux 100mV (50K)
Mic 75mV (50K)

A complete kit of parts for this praject is available from Maplin Efectronic Supplies

Tape: 1.7v into 10K
Pre-amp: 1V

Bass +19dB at 65Hz
Treble +20dB at 10kHz
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PART
ONE

A GOMPREHENSIVE

UNIT WITH
BUILT IN

LIGHT SHOW

r| Lﬂ;ﬂ 458

VOICE-OVER

In order to allow the deejay his
freedom it was considered that an
automatic voice operated fader was
essential. The deejay does not have.
to be continually adjusting the
microphone level, and provided that
a uni-directional microphone is used
he will only have to set up the
microphone level at the beginning
of the evening. The mic will only
pick up sounds made within a few
inches of it, and when the deejay
speaks the volume of music from
any other source will be automati-
cally reduced to an adjustable
preset level. As soon as the
announcement is completed the
music level is automatically restored
1o its previous level.

The microphone should be a
uni-directional (cardioid) type in
order to minimise acoustic feed-
back, it should be hard-wearing,
resistant to damage and distortion
when shouted at, whilst capable of
faithfully reproducing soft sounds.
After careful consideration it was
decided that the microphone which
best met these conditions (at a
reasonable price) was the electret
microphone. The input on the disco
was specifically designed with this
type of microphone in mind there-
fore.

DECISIONS DECISIONS

A decision had to be made over
whether to design the disc inputs
for magnetic or ceramic cartridges.
After considering the advantages
and limitations of both types it was
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decided to design for ceramic
<cartridges since for the purposes of
a disco they have several advan-
tages over their rivals and their
limitations can be largely overcome,
by careful design of the preampli-
fier.

Heavy stamping on the floor near
the disco could cause light tracking
cartridges to join in the fun and
dance across the disc whilst the
heavier tracking type will remain
(hopefully} in the groove. The
ceramic cartridge is more robust
and replacement styli for them are
considerably cheaper than magne-
tic, with the result that they are
more likely to be regularly changed
leading to less significant record
wear despite the heavier tracking
weight.

Many ceramic cartridge inputs
on amplifiers do not provide the
correct loading, resulting in wool-
ly-sounding bass and coarse hissy
treble. After experimenting with
various types of equalisation an
input using a field effect transistor
was eventually adopted. The FET
gives an input impedance in excess
of 2MQ and the difference this
pre-amp made was spectacular.
Listening tests, comparing the
sound with that of magnetic car-
tridges and pre-amps showed that
the ceramic cartridge coupled with
its FET input sounded at least as
good to the designer as many
medium priced magnetic pickups
and better than a lot of cheap ones.
The bass is firm and tight and the
trebie clean and extended.

PARTS LIST FOR POWER SUPPLY

150R
1S0R
. 22K
I "STD RES™" Y2W carbon film

c,C, 1,000:F @25V axial electrolytic
C, 150¢F @25V axial electrolytic
c

VR, Horizontal subminiature preset 22K

D, D, D,. D, IN40OO 2
» D, 3A 50 PV rectifiar
5 Bridge 10A 200 PIV

2ZD,, ZD, BZX61.C.15Vv

T, 32-0-32 volts at 6 V2 amps
plus
12-0-12 volts 12 amps

FS, Fuse 20 mm 3A
Fuse 20 mm 3A with
20 mm chassis holder
Square neon
DPDT rocker switch
Disco power supply p.c.b.
Mains Skt SA1862
Mains plug SA2190

(5A 3 pin mains
connectors)
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Fig 1 Power Supply Circuit .’5fagram =
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How it works

The power supply for the power amps is a simple,
unstabilised. cirzuil which provides all that is required —
a mare sophisticaled circuit would make no appreciahle
difterence (o the overall resull due 1o the symmelricat
nature of the power amp outpul slages.

The lower voltage supply is rectified by the bridge
farmed by Di. 2. 5 and & and stabitised by 20! and 2 to

Qive the +15V and —15V supples required by the
pre-amps. monilor circuils and fader, A special negative
supply for the FET's in the fader is derived ‘rom VR1 and
R3. The pawer lo the headphone amp is derived from a
separaie pair of rectifiers 03 and 4 in order to isalate the
eftect ol its widely varying current requirements Irom the
circuits requiring a stabilised supply.

N3

Fig 2 The P.8.U. mounted in the case
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100W STERED DISGO

Fig 3 Component Overlay for power supply
CUE FOR A SONG

In order to give a really profes-
sional show, the deejay must have
available ways of cueing the records
accurately. The monitor facilities on
this disco are quite extensive,
providing a headphone output
which may be switched between
either turntable and peak reading
VU meters which can monitor the
signal on the input level controls of
either deck or the signal level
present at the input to the power
amp. Thus the level controls and
master volume control can easily be
set for optimum performance.

The output of the pre-amplifier
can also be monitored by the
headphones so that an impression
of what the music sounds like in
front of the speakers can be
obtained by the deejay for more
accurate setting of the stereo
balance and tone controls,

There are various ways of cueing
records — the simplest being to
lower the cartridge onto the record
on one deck when the record
already playing on the other deck is
just about to end. With the VU
meters switched to show the [evel
from the new disc, when the pick-up
reaches the start of the music
the meters wil! be deflected and the
cross-fade control can be pushed
over. It is a rather hit and miss
method, but any overlaps or gaps in
the music when crossfading could
be covered up by simply speaking
into the microphone when the
music will automatically be faded
into the background.

A better method of cueing
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records with dramatic beginnings is
to place the pick-up on the record
being cued and revolve the turn-
table unti! the music starts (as heard
on the headphones or seen on the
VU meters). Turn-the turntable back
until the sound ceases, and then
back a further one revolution. When
the music on the other turntable
ends push over the cross-fade and
make any necessary announce-
ment. About two seconds before
you stop speaking flick on the
power to the turntable motor which
will pick up speed in the blank
groove util reaching virtually full
speed before the music begins.
Switches for the turntable motors
can be fitted at each end of the

‘cross-fade control so that starting
‘the new record can be accompanied

with one hand.

TAPE MEASURES

The deejay may wish to use a
jingle machine and/or tape record-
ings of hard-to-get discs so the disco
is equipped with tape and auxilliary
inputs. These are full stereo inputs
(i.e. a mono signal applied to any
one input will not reduce the stereo
separation of the signal on any other
input). Each has its own level
control and feeds into an input
mixer where the various inputs are
combined.

Slider controls are used on the
disco mainly for the reason that they
can be adjusted accurately without
looking at them. With rotary
controls the deejay has to be
continually looking down, and
quickly loses the audience’s atten-
tion.

An output socket is provided so
that the deejay could tape record.
the evening's performance if he
wished. It is unaffected by the
settings of the master volume or

-tone controls.

Light work

Most professional discotheéques
employ a light show and it was
decided to include a light show
with this unit. A three channel
circuit is used, each driving one
100W bulb in the rear of the
console. The unit itself is capable of
driving over 1.2kW (or 750W with
spot bulbs) on each channe!, but in
this event it must be fed from a
separate mains supply. It is not
recommended that it be used to
drive more than 250W per channel
(including the 100W bulbs in the
disco} if its mains is fed through the
recommended plug and socket on
the disco front panel, since this load
added to the requirements of the
amplifiers approaches the manxi-
mum current carrying capability of
the plug and socket.

It is designed so that one channel
lights when the music contains very
low frequency signals, that is the
light flashes in unison with the bass
drum or bass guitar, one channel
operates in the voice range and
flashes in unison with the singer
whilst the third channel flashes with
the high frequencies — violins, etc.
Sensitivity controls are provided on
the front panel so that the on and off
time of the lights can be adjusted.
Three LED’s are provided on the
front panel and they flash in unison:
with the lamps so that the deejay
can see immediately whether the
sensitivity controls need
adjustment.

Work light

When the music slows down and
the lights get low, light will be
needed so that the operator can still
see what he’s doing. Two lights on
goosenecks are provided which can
be swung round as required. They
have adjustable hoods so that a
narrow or wide area can be
illuminated. (The VU meter faces
are also illuminated.)

TURNING POINT

The cheice of a turntable was
governed by the consideration that
it should be cheap, since two are
required but should have some form
of simple cueing facility with
reasonable rumble and wow and
flutter. With this in mind the BSR
McDonald BDS80 was chosen as
being the all round best buy.
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Construction of Power Amps

The circuit of one channel
is shown in Fig. 6. Fit the
components-to the pch as shown in
Fig. 4. Note that clip-on heatsinks
dre required for Q3, 4 and 5 and a
special heatsink is required for QB
and 7.

Note that Q6, 7, 8, @, 10
and 11 must be mounted using
mica washers and silicone grease.
The pcb is fixed to the heatsink
using three 19mm stand-offs. These
slot neatly into the vanes of the
heatsink so that it is not necessary

to drill the heatsink to fit the board:

The connections to the collectors of
a8, 10 and 9 and 11, are made by
means of solder tags mounted
under the nuts. The solder tags are
then linked in pairs and the two
wires taken through the 8mm hole
in the centre of the transistors. The
connections between the output
transistors and the pcb should be as
short as possible and use 32/02
wire. By mounting the pcb as
shown in the photographs the wires
can be kept very short.

The heatsink should be bent to fit
the board and screwed down. A
type 6W-1 heatsink is required for
the four output transistors

HOW IT WORKS

Tne amphfier s of conventional
design using a quaskcomplementary
symimetry outpul stage and a ditfer.
ential mput stage

Output transistors are paralieled tes
greater  gutputl  capacity and
wansistors @6 and Q7 connected 1n a
Dadmgton  configuration  provide
curient gam

Q3 s a current segulator supplying
approximately 10 mA This controlled
vurrent  passes  through Q4. thus
settmy the bias for the output stage,
and b5 The voltage at the collector of
Q5 s set by s own base-emitier
voltare  Since this 1ransistor s
waorking  with  an  almost  constlant
cureent in s collector 1t has a very
tigh voltage gain. This gan s
attemuted ot high frequencies by C/

Pransistor Q5 s controlled by the
ditfereotal pane Q1 and Q2 Due 1o
thi: negatvie feedback via R? & R9,
this action of 01 and Q2 s that of an
coor mphfee Thus o s keep
P woltige: ol s Iwe inpots (the bases
abt Q1 ol O2) consiant

artionn, the aatpart voltige s heled

Because of

gl 1o the anpnt valtage muluplicd
by (RY91 RYRY This

o
¥

tpves  1he

1ovoltige gam o appiroxi
This gann nay be changed
value ol B7  An
pprapiate chaoge must then alsao be
madte ta C6 as R 706 detenmine the

matiely L
by  wvirymg the

lowes  3dB pont The value of R9
should not he altered

The output lyas current
necessary o prevent
dhstorion -- s set by RUA

wheh s
Cross over

+45Y

o8 aw
R17 L3}
0.25:: 0.25:17
RI18
02541
. old
e 16V
X I oy 4-1810L
SPEAKER
%ur = *:) an
PP —
_[ o
05
:Sz&.ns.,r e Toor
—anV
Fig 4 100W AMP Circuit wv
PARTS LIST FOR
100W amp ‘
R, 3K9 c, 47,F 50V printed circuit
LT 820R Cy 10 0.1uF Polyester
Ryer 220R D, INA0OS
R, 1K5 z6,° 8Zx61 C15V
R, 470R 25 BFX30
R, 4K7 Q. BFY 50
Ry 2K2 ¢ BD139
R,, 68R Q, 8D140
Ry 100R Q.. 2N3055
1 33R Q,,, MJ2956
Ryg1a 47R
MISC,

All “STD res”” 2 W carbon film resistors
R,z 1y 1820 0.27R wirewound minia-
m%w
RV1 Horizontal subminiature preset
" 470R )
C, 47uF @63V printed circuit
eloctrolytic

C; 1500pF Polystyrene (ceramic)
C.s 220uF 16V printed circuit elec-

trolytic - some heat conducting gresse
C, 39pF miniature ceramic 2 nmr_!ﬁ_ng kits P ?!m _ :
C, 33pF miniature ceramic __ Double all quantities for stereo pair

Soma Veropins type 2141

P.C. board 100W amplifier p.c.b.

1x Jack SKT mono (plastic moulded)
Fuse 20 mm 3A

Chassis fuse hoider 20 mm

3 “"stand offs’” 19 mm

3 "'heat sink clip on™ for TOS case
1 heatsink 6W-1

1 heat sink type DR2 (see drawing)
4 mounting kits TO3

Fig 5 100W Amplifier complete and mounted
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100W STERED DISCO

Fig 7 Component overlay for 100W Amplifier

Setting up the Power Amps

Remove the fuse FS2 (FS3 on
other channel) and connect a
milliammeter in its place. Adjust
RV1 so that the wiper is nearest C7
(i.e. maximum resistance). Switch
the unit on and adjust RV1 until a
reading of 65mA is obtained. Allow
the amplifier to warm up for about
five minutes and then readjust the
output current for between 70 and
80mA. (Note — the current will
increase as the unit warms up.)
Switch the unit off and re-insert FS2
(FS3). Switch the multimeter to the
volts range and check the voltage
between the outputs and OV. It
should be within 200mV of zero
{either polarity). If both measure-
ments are correct the power ampli-
fiers are working correctly.
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‘Construction of Power Supply
The mains transformer which
must be capable of delivering a full
32-0-32 volts at 6%2 amps should
be bolted to the base of the console
using two plates to spread the ioad.
The circuit of the power supply is
shown in Fig. 5. Fit the components
to the pcb as shown in Fig. 6.
Although there are two points
marked OV on the transformer these
points must NOT be connected
together in the power supply. The
centre of C6 and C7 is the main OV
earth point for the power amps and
five wires are connected here. They
should all be 32/02 wire except the
transformer wire. The centre tap of
the 32-0-32 tapping is connected
here (regarded as one wire), a wire
to each power amp OV and the

¢ TO COLLECTORS
b4 Ov oF

i, =08-010

return from each loudspeaker is
returned to this point NOT to the
power amp.

Fuseholders for fuses F2, 3. 4

and 5 are fixed to the baseboard

close to the power supply pcb.
These are separate fuses, one for
each supply of each power amp.

The power for the operating lights

and VU meter lights is taken directly
from the 12V AC supply on the
transformer.

Before connecting the power
supply to the power amps check the
output voltages as follows.

The voltage at

pin 1 should be +15V DC

pin 3 —15v DC

pin 4 +17to +19V

Continued next month with
pre-amp and light show . .
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The easyway to a PCB...

..the Seno 33 system!

LU IO IO OO OO )

—— 0 s

o

Laboratory
In a box

From your usual component
supplier or direct from:

DECON LABORATORIES LTD.
Ellen Steet, Portsiade,
Brighton BN4 1EQ
Telephone: (0273) 414371
All prices post & VAT inciusive Data shee's free of chatge Telex : IDACON BRIGHTON 87443
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FREQ.COUNTERS
RFC 30
RFC 250

W2\ CONVERTER ;5:5:5:§:§:§:§:§:§:§:§:§:§:§:5:5:5:-:-:-:-:-:-:-:-:-:-:-:-:-:_
—

55?52?%?42:99 variety | | amommes
B 700 WATT
electronic modules'_

sales only via wholesale dealers

ROTEX EMMEN HOLLAND
_P0.BOX 260, TELEF, 01031_5910_16810 , TELEX 53910

48 ELECTRONICS TODAY INTERNATIONAL—SEPTEMBER 1976




m@* '

'ﬁ’i‘%“%«* *WM showe tpiiime G 7ih g on
Xyt _bright Plana¥ Gespaacharqa displays (there @
“a brightness’control on the back). The dot on ‘
' the left iof the ‘display.shows AM/APM, and &
the ﬂaehtﬁq( 1Hz) colon sl:pws ﬂm tho alarm 5
" and clock afe workm{ 3 !
A baoper llarm sounds until the dock 3
T Garparifie= ".I' . tipped forwards. Then, (he"xnooza" ta aht!w

"ONG RUNNING 'oFF‘ R pu A DIGITAL: ALARM ook i;’:,‘.ﬁ‘“‘.’..‘{i‘é‘,i'ﬁé’&f“’%

£l m .MOST. SUCCESSFUt T .. 6tc, unniéybu switch  the ‘slarm oﬁ*g.,
ST AN / h -i,._q I’be Mrsho features. ‘a TEing-tatt

% “indicator,'and-ig 12he o~ the alarm béiflg: 24,
s Ml‘;g g"l q"s'a'.s A i - i

e TR

t-

B ey

!L

Y. o :"“-4.-'%

‘- -

o

bt

ATCH OFFER
| ETI MAGAZINE
36 Ebury Street, London SW1W OLW.

enclose cheque/P.O. for £18.95 (payable to

I
|
A five function digital watch for under £19 is our new offer I ETI) for a Digital Watch. |
to readers. A gold plated. LED display 5 function watch at l NAME . |
the VERY special price of £18.95 inclusive of VAT, postage I l
and packing (normal price £23.75). ADDRESS. . .. g (RN £ o (WS e ‘
As well as hours/minutes (with AM/PM indicator), | a
day/date and saconds, you also get a guarantee which in.
this case is no small addition! I R T SN R I RSN N l
* Two years cover — repairer replacement on any watch ' g I .
developing a fault within two years of purchase. ] -
Free calibration check at the and of each of the first 3 | Those not wishing to cut their magazine may '
yaars. Lorder on their own notepaper. -'

ELECTRONICS TODAY INTERNATIONAL—SEPTEMBER 1976 49



TOSHIBA
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ST-910

The Toshiba ST910 is quite unlike
any other piece of hi-fi equipment that
we have previously seen. To start with
there’s not a single visible control
apart from an ON/OFF switch. All
other control functions are effected
via capacitive touch switches, the
positions for which are marked on the
rear of the front glass panel forming
most of the unit’s front face.

The glass panel itself is divided into
six sections which are from left to
right; a signal level-indicating section
consisting of six LED's, the top three
being red LED’s indicating signal level
at- +20dB, +40dB and +60dB re
1 uV; whilst the lower three LED's
(which are green in colour) indicate

the muting level that has been selected
as the threshold level for the receiver
to respond to. These are activated by
touching the capacitive switches
indicated below them. To the right of
this section is a four digit display of
FM frequency. This uses 7-segment
LED disptays for showing the
frequency to which the receiver is
taned. The first three digits indicate
the frequency in MHz, whilst the last
digit indicates the frequency in
100 kHz increments.

Immediately below the digital
display are two capacitive touch
switches which enable the frequency
to be increased up or down by 1 MHz

steps. Two further capacitive touch
|| lm- . Ko Bl 8 Ko Broel @K
Bfudllpmtuhlml-omw Renge 50 48 Rectihe Lower Lim Freq- 20, . Hi Wr Speed. 315 mmisac Paper Speed 3 __mmiase.
Cpmgen LN T T YT Rl i 'T'_ ol a0 B O R o (4 PALE IS
= SV U RAIAIMERMARASES
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88 BT 05 (S (67 % jil- AREECIEE:R
" VBT RS WY ! T
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Aitput i vl 88 [Rd il 8y | i
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FIG. 1. Fraquency response aerial socket to audio cutput.
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switches allow the frequency to be
increased up or down by 0.1 MHz
steps. Immediately to the right of
these is a memory switch which allows
subsequently required stations to be
preset by a series of IC devices. When
this switch is touched the green
indicator lamp is turned on. It is also
necessary to touch one of the adjacent
sensor panel capacitive switches,
whose indicating LED is turned on by
the process. Thereafter, all that is
necessary to recall the memorised
frequency is to touch one of the seven
selected sensor channels switches. We
found however that the memory
would only "hold’ preselected stations
for about tyo days.

To the right of the sensor channel
switch positions is the auto-tuning
section. This has a down-start
capacitive selector switch, an up-start
capacitive selector switch, and

T

OiIGTaL BYNT

stereo-only capacitive selector switch.,

DOWN START

The down-start starts the receiver
searching down in frequency till it
finds a signal the level of which is
above the muting level (or sensitivity
level) which has been pre-set. The
up-start button does the same, but in
the reverse direction. The sterec-only
selector accepts only those stations
having a 38 kHz or 19 kHz sub-carrier
signal in their format.

At the extreme right hand end of the
escutcheon is the stereo/monophonic
indicator. When the capacitive touch
switch is activated the green
monophonic light comes on, the red

stereo light is extinguished and the
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DIGITAL TUNER
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ESIZER TUNER ST-830

Toshibas £535 super-tuner
under the microscope

‘tuner looks for monophonic stations

‘only.

The back panel is a little different
from other FM receivers in that as well
as input terminals for either 300 Q
feeder cable or 75 ) co-axidl cable, it
provides output terminals for left and
right channels; a multiplex output
terminal to facilitate four channel
reception in the unlikely event that
somebody proposes introducing it; a
remote control DIN plug to facilitate
the use of special remote control
offered as an optional extra; an output
level control which allows the setting
of the audio line output levels; and a
scanning speed control knob which
allows the automatic tuning operation
to vary between approximately
0.05 MHz/sec. to approximately
3 MHaz/sec. scanning rate.

Another most interesting facility are

two terminals which can be
respectively connected to the
horizontal and vertical axes of an

oscilloscope to measure and minimise
multi-path reception and thereby
optimise signal quality. The handbook
describes very simply yet practically,
how this should be carried out.

DIGITAL FREQUENCY
SYNTHESIZER

The heart of the ST910 is a digital
frequency synthesizer based on a
quartz crystal oscillator. This provides
accurate and stable frequencies,
replacing the normal variable
frequency oscillator, to provide
extremely accurate signal tuning.
When used in conjunction with the
phase locked loop, this provides an

extremely precise and stable frequency

tuning section. The great advantage of
such a combined system is that the
tuner receive frequency is extremely
accurate ({without the need for
automatic frequency control}) and
nearly equal to the precision provided
by the quartz crystal oscillator used in
the original transmitting station.

Frequency stability claimed for the
synthesizer section is better than 50
parts per 1,000,000 - subject to the
period of operation and thermat
conditions in which the receiver is
used.

The inside of the receiver is more
reminiscent of communication receiver
construction and design than a piece

ELECTRONICS TODAY INTERNATIONAL—SEPTEMBER 1976

of consumer electronics. Firstly, it
makes use of a 300 mm x 240 mm
mother card which is connected by
plug-in sockets to the front circuit
board on which are located the digital
frequency display, the LED’s and the
capacitive touch switches. On the main
section of the mother board are.
additional vertically mounted plug-in
cards comprising the power supply,
the digital memory sections, the
frequency synthesizer and its crystal
ovens and three cards on which are
mounted the very high quality FM
receiver,

An input pre-filter reduces the effect
of unwanted high level AM signals on
‘the following electronic circuitry.

PERFORMANCE CREDITS

Toshiba claim a frequency response
of 20 Hz to 15 kHz £ 0.5 dB. And that
is exactly what we found in our
testing.

Image rejection ratios and IF
rejection ratios of 100dB are also
ctaimed, we couldnt confirm that
these were 100dB but they were
certainly better than 80 dB. Toshiba
claim a capture ratio of 1.5dB, we
found it to be slightly better than this.
They also claim a FM stereo separation
of 40dB in the range of 100 Hz to
8 kHz — we certainly measured better
than 30 dB, and if allowance is made
for the performance of our signal
generator the daim of 40dB
separation would be very near the
mark.

The calibrated sensitivity signal level
LED’s which are supposedly 20 dB,
40 dB and 60 dB re 1 uV are spot on
at the 20dB and 40dB levels, and
57 dB for the 50 dB indicator. The
major sensitivity on monophonic
signals was 1.5 uV which is better than
the manufacturers’ claim. Total
harmonic distortion was (delightfully)
less than 0.3% which is as good as one
could ask for.

After all this one might well ask how
does the unit perform. fts listening
performance is Grade A. We could in
no way fault it, except for the minor
possible criticisms that with digital
frequencies set at 0.1 MHz intervals,
one could possibly find oneself in a
situation where the receiver was not
tuned exactly to the station one was
looking for and that on our review
unit at least the preset tuning was
effective for only a day or so before it
needed to be reset.

We listened to afl the available
programme content we could find, the
performance was in all respects almost
perfect.

Isit really worth §£g5357 This is
for you to decide — but you’il buy
nothing approaqhing it for fess. o
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AN ESSENTIAL DEVICE FOR ANY
CAR OWNER.............

THE BREAKDOWN BEACON IS A
dual purpose device. It can be used
atop a disabled motor vehicle as a
flashing warning to other traffic — a
highly desirable safety device. Alter-
natively it can be used as a non-
flashing trouble light for finding and
fixing faults at night. Its three rubber-

sucker feet will hold it to the roof of

a car, to the underside of a bonnet, or
to any other convenient flat surface.

The circuit operates from the
vehicle’s battery and, as all electrical
parts are isolated from the metal case,
the same circuit can be used for cars
with either negative or positive earth
wiring systems. The beacon is fed from
a plug pushed into the cigarette lighter
socket — however as this plug is
polarised, a beacon with a plug for
negative earth cannot be used in a car
with opposite polarity unless the plug
connections are reversed. Alternatively
it could be powered from the car
battery.

CONSTRUCTION
The nicest thing about the construct-
ion of this project is that first you
have to eat half a pound of jam, in
order to get the empty glass jar for the
lamp housing. Qther, jars about 70mm
dia. and 70mm high with a twist off
cap would do. You'll need also a
round tobacco tin about 75—80mm
dia. and 30mm high with a twist off
cap. These two parts make up the case.
First solder the lids of the jar and
the tin together, concentrically —
outside to outside. Then before fitting
the batten lamp holder fit the lamp to
it and check that it will fit inside the
jar when the jar is screwed into its lid.
If it will, then mount the lamp holder
by three bolts through both lids. Two
of these bolts should be longer than
the third as they will carry a piece of
Veroboard. If the jar is slightly too
short to accept the lamp holder and
lamp — as was the case -in the proto-
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type — then cut a hole for the lamp
holder through both lids, and fit the
lamp holder so that its flange finishes
up inside the tabacco tin. Spacing
washers may be added if necessary.
Again the lamp holder is secured
to the lids with one short and two long
bolts.

The electronic part of the beacon
is constructed on 0.1 inch matrix
Veroboard 45mm x 36mm. Only one
break needs to be cut in the copper
strips — between the two leads of
capacitor C. Only the outer legs of
RV1, are passed through the Vero-
board. The centre leg is connected
to either outer leg above the board and
the excess cut off., Note that all
resistors except RbH are vertically

Bl

mounted. The upper end of R4 is
soldered straight on to the base
terminal of Q2, and the upper end of
R3 is soldered straight on to the
collector. A wire is also run from the
collector terminal of Q2 through the
board to the strip below it. Another
wire is run from the emitter terminal
of 2 to the negative rail which is the
copper strip just below.

The Veroboard is mounted into the

case befow the lamp holder, using two

of the lamp holder mounting bolts.

The switch SW1 is mounted on the
bottom of the tobacco tin where it is
out of the weather, The switch must be
positioned such that it does not clash
with the components on the Vero-
board when the tobacco tin is screwed

Insidle view ot the complated unit. Note the plastic disc used to replace the normal airtight
saal of the jar.
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Lamp iV
12v
15C.P.
DOUBLE
R1 CONTACT
BAYONET
ak7 CAP
R2
47k TIP33A
RV1
50k l £
' ! O
Circuit diagram of the Breakdown Beacon.
PARTS LIST — ETI 239
RT  HResistor 4k7 Y watt Lamp 12 volt automotive lamp 15
R2 % 47k = candlepower double contact cap.
R3 = 4k7 -3 tampholder — to suit lamp, batten
R4 * 68R z mounting, double contact bayonet
RS 5 1k " catch type. {This is an electricians
RV1 Preset pot 50k line not an automotive line, They
c Electrolytic capacitor 10 UF at are used for pilot lamps).
ieast 15 volts Tobacco tin, jam jar, or simitar. Nuts
at Transistor PNP BC 178 or similar and bolts, hook up wire.
Qz2 Transistor NPN T1 P33A orsimilar Lead to battery — 7 m speaker extension
SW1  small on/off slider switch, single iead.
pole Cigarette-lighter plug
g3
-8 ’
g & S
5p ‘Gie 3
n ¢ o ] 1] P —— P Veroboard layout for the beacon circuit.
@ -y, (‘ecl RS, . The copper strips run from left to right
A b R4 across the board.Only one break is required,
e, /Q‘ g (ML 3k and this is at B7
* ofl e l.T. s sfes ole o @
. L] L) [ ] L] L] . L] L] . L] L] * L]
RO - az2
[ L] L] L . L] - - cl ] - L]
K ITI ol
L] . L] L] * L] . L] * L] L] . . L]
- L] L L] I X1 - -
¢ s & o ;\ C TR G R T
I | P R T T W It is likely tha the operation of
s o ale ale o g ¢ 0 4 ® o ¢ :‘;oldering the two lids together will
o ¢ ole ofe ¢t g e v s 0 om0 have destroyed the air-tight seals in the
4« s a|e sle o 6 8 5 0 ¢ ¢ @ jar and tin; they should be replaced
e o )¢ oa]e v e s 0 0 e 8+ s @ Wlthadisc in the tin and afinginthe
TO W TO BATTERY —Ve jar cut from fairly heavy plastic sheet-
together. ing.

The long twin-lead to the battery is
run through the bottom of the tin (to
prevent moisture  entering} and
connected to a cigarette-lighter plug
taking care to wire with a poiarity to
suit the car system ({positive or
negative earth). Speaker extension lead
is good for this purpose as it has
polarity marking.

TESTING

Before connecting up make sure that
switch SW1 is open — otherwise the
unit will not flash.

Connect the unit to the battery by
inserting the plug into the cigarette
lighter socket. It may now be found
that RV1 needs some adjustment to
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‘Tha circuit is ser osciliator. O & not very 5
L common typé. 18 is:not a munmbratov '
: -3 wuwmm ccmiuct at the sémé’.
4 },&nq,. rather. than: altefnatetv 8s in a
| multivibrator, Most “explanations 6] this |
*tvpeﬁ' of cnrwh' State hats the circuit’
oscitlates by a regenerative. action Sros
‘*‘QZ 10 Q% This doesng really explain’ s
how' it works, ’mparhmbhe foﬂovg‘mg ls
adittleclearer>? ~
- Thersetting.of the pot RV a§wcf1.fhai'\
“wwhen .power i€ hrst applied Q14s* Turoed: 4
on siightly; By-varying [RV1 the circuit: |
£8n be mage: tO“lock' whh—the iamp on ‘9‘;
%q o Cin between these, extrpmes -t
i _oscillates.” The stting o: R g’j
‘notgriticall . :
‘As 'said ‘above, whenﬁ)owor’vs apriied:
Q1 wrns onslightly, Current:through O
feeds .mto she.ase of- Q2 and‘turns ston, -
cm;hrmgh Rl ‘B3 andt
02. «T?)%Ma'm ‘current: mmugh.
SR and 50 lowers the. voltage-at the base
‘of Q1 ‘thus’ twrningzit on ‘harder —-hard ®
Bngugh’ to turn 02101! on aui hght thg i

t AsiC charga, the mltago at the bawrof
=07 Yises ‘and '$0 terids Yok 0 QY oﬂf
thus reducing the bass current inyQ2 and::
"henee tMamtthmughﬁl famp:; This
z he >woitage: across Q2 ‘:uutt1
i papidiy, Ast,m voltagé W@mthe
capacltor, cannot be changed rapid
_‘Fhu-ease of  Voltage “across™Q2, . £k, 3*
_ woltage charge:at the cotlector ©1:02,. I .
amferred ;hrough the a:paqnmt 10, thae,
of Qb= 8 turning-it off.: This turns |
02 bard off. Tha voliage at the collectar
{of Q2-then_ries: - apidly. 10-12 volts, w0
the. «cltage at yheibase of 1. is forced’ up-
ﬁoygw h capdcnm o5l :umﬁmg Q1 haid
& Capacitor: C'then df;;chamq nd Rla
. lamp, . and’ R3--until, vwhen fulty'
QY turns on‘sll?hthr and the .
‘ @yde is repeated.k 54 :
3 ‘utch SWY ;loonnecwd.across Qi)
h usad’ fo disable Q1: and S0 giva a steady 2
hqht when SW1 s clmed :

W -
A S

K"

o W

make the circuit operate correctly,
s0 don‘t be disappointed if the lamp
does not light at first or alternatively,
stays on atl the time. The flashing
rate may be altered by changing either
C or R3 if thought necessary. About
70 to 100 flashes per minute is right.

The value of R4 shown in the
circuit was selected to suit the
transistor Q2 used in our prototype. If
the lamp lights at less than full
brilliance then R4 may be reduced until
Q2 saturates and the lamp is turned on
fully.

USE

The illustration shows the prototype
with a clear glass ‘lens’. This is ideal
when the beacon is used as a troubie
light — turned permanently on,
However, if it is thought desirable to
have a amber or red colour when the
beacon is flashing, then it is a simple
matter to make a sleeve of suitable
coloured material to be dropped inside

the jar. @
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Most linear integrated circuits are designed
to operate with power supplies of 4.6 to 40
V. Practically no battery/portable equipment
is provided with indicator lights due 1o
unacceptable power drain. Even LEDs {solid
state lamps) won't light from a 1.5 V battery,
and drain the common S V radio battery in a
few hours.

The LM3909 changes all this. Obtaining
Jong life from a single 1.5 V cell. it opens a
whole new area of applications for linear
integrated circuits. Sufficient voltage for
flashing a light emitting diode is generated
with cell voltage down to 1.1 V. In such lfow
duty cycle applications batteries will last for
months to years of continuous operation,
Such flasher circuits then become practical
for marking location of flashlights, emer-
gency equipment, and boat mooring fioats in
the dark.

With 1.5 V supplies, certain problems can
occur to stop oscillation or flashing, Due to
the way gain is achieved and the type of
feedback, too heavy a load may stop an
LM3909 from oscillating. 20 & of pure

resistive /oad will sometimes do it. Strangely,

enough, lamp filaments, probably because of
some inductance, don’t seem to follow this
rule. Also in flasher circuits, an LED with
leakage or conductivity between 0.9 and 1.2
V will stop the LM39083. Maybe 1% of LEDs
will have this defect because they are not

1
-
'tl
LM 3909 ,'*Lf
‘.
]
i
—— - T T T =
B aas
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‘Scope Calibrator

A useful electronic lab device is a
precision square wave generator/calibrator.
If the output is held a1 a few tenths percent of
1V, peak-to-peak, it is useful in calibrating
oscilloscopes and adjusting ‘scope probes.
Many lower cast or battery-portable oscillos-
copes do not have this feature built in_ Also it
is useful in checking gain and transient
response of various amplifiers including
“hi-fi" power amplifiers.

Output is a clean rectangular wave which
can be adjusted to exactly a 1 V amplitude. A

rectangular wave of approximately 1.5 ms
“on”" and 5.5 ms “off' was chosen for
circuit simplicity and low battery drain.
Waveform clipping is virtually flat due to
complete turnoff of the current switch Q, and
the typical “on” impedance of 02 Q
crovided by the LM113. The 0.01%
temperature coefficient of the LM113 at
room temperature allows negligible drift of
the waveform amplitude under laboratory
conditions. Loading by a 'scope probe will |
also be insignificant,

often tested for it.

Great frequency stability was not one of
the design aims of the LM3909. In LED
flasher circuits it is better than might be

o
i +10-18
voc

National Semicon. 5?2'5'.11 L1126 ¢

expected because the negative temperature Larkfield Industrial 0 o
cr?eﬂl'gem of the LED pantially compensates | Estate, Greenock ——— -
the IC. Scotland [
| | LM 3909
i !
[ d&f } - i - -1 - ——-}n— ey -
» 1 i RS
oy - 1 1
- 1‘ [ :L' b Alternating Flashar |
T S R e Available from | The circuit above is a relaxation type
: LM 3909 | : Marshalls Ltd ascillator flashing 2 LEDs sequentially. With ;
J ! 42 Cricklawood a 12 VDC supply, repetition rate is 2.5 Hz.
L o ——— - Broadway London I ! C, the timing and storage capacitor.
L ! ‘] [ . | NW2 3ET at a special { It a red/green flasher is desired, the green’
) . = offer price of 80p inc LED should have its anode or plus lead
m;“—vw-—-— S * S —— | " of V.AT. and p& toward pin S (like the lower LED).
Toh ] SRS p&p
Teiac Trigger
“oFf
P e = T 1
7/ | , ) L
UN‘ ;_ L1l g i
e i . g 4'”
shont, up to about 100 . across the test | == i 1
| probes provides enough power for audible | =l L] R PR S
| i : ; : i
-E oscitlation. By probling 2 values in quick | |
| succession. small differences such as ] | i
¢ between a short and & {2 can be detected by w2 | 1
i differences in tone. maredl tM 3909 5
A novel use of this circuit is found in wi | ( i
1l setting the timing of certain types of i a . |
LM 3909 i X matorcycles. This is due to the difference in e e & e prast
i tone that can be heard from the tester f - e ‘
! depending whether there is a short or not j i
| ': across the low resistance primary of the l |
—— ‘cycle’s ignition coil. In other words. the 4 —B - —
[ difference between a 1 rgsislor anda 1 Q “Mini-Strobe™ Variable Flasher
inductor can be heard. Quick checks for > S, *
4 The 3 V "mini-strobe’” may be used as a
brur . b )
l. PRSI W s l . 22’::\;2?0?;?;3:3:’?"Sformers and motors variable rate warning light or for advertising
i or special effects. The rate control is so wide
~*Buzz Box' Cantinuity and Coit Checker 3 range that it adjusts from no flashes at ail to

continuously on




MK 50075 MK 50103 MK 50104 EXPANDABLE SCIENTIFIC CALCULATOR CHIP SET

The MX 50075, ALU circuit, combined with
the MK 50103, 50104 ROM gircuits forms a KEYBOARD
.powerful twelve digit scientific callculator, CLR :
The display format can be fixed point {(user |§,.,., [,Nv THVE l il J veel B E ADO
programmed) or floating paint in either Ton | _~7RCLn
business or scientific notation. The calculator .5 LOG ~—ePOL —= RAD RAD 11 |2 Fﬂ AD L ]
has four rotatable stack registers plus nine =
addressable memory registers. All entries use I Ch l l SIN —[ 203 [ TaH J . (&l svae
the reverse polish notation. i A% (R vop [4 r‘_ NC
Effective combination of key functions on this MKEOIOO N |
calculator make it possible to offer fifty-five I_ _l XY I t _l cHs ] sE ] LA g fec
functions with thirty keys. Multifunction keys C—eF o [& My
are accomplished by wutilising the -
SHFT/DSP, INV/STO, and HYP/RCL | B T . L 2 I uet i o] Bz
control keys. SHFT (Function) enables the LTR —e GAL we ls lles
upper case key function while INV {Function}
enables the inverse of a function. The HYP x I 4 ] 3 j 6 ] £=
key is used in conjunction with hyperbaolic Chl—w N
functions while COS, SIN, and, TAN have = = e
hyperbolic, upper case, and inverse func- r = l ! J 2 l 3 l ves [f » o sc
tions. The order in which the control keys are | ke —eLB  LST X sct SF rlj § sp
entered will have no effect on the function, s8 3] sa
For example, both the key sequence SFHT, I__- | o I | [ = =
INV, C — F and INV, SHFT, C — F wili 1
convert degrees Fahnrenheit into degrees 302 20
Celsius. SH [8] B4
The calculator can work trignonometric iser (7] Bz
functions in either degrees, grads, or radians. Dis 8] BI
When in the radian mode an indicator is D13 (o | Fec
turned on. Switching between grads and . = o ‘rol Wk 20078
degrees is achieved by a slide switch while The Chlp set is availa- Z:-‘: | EET .S\:T
switching from grads to radians or degrees to 4
radians is a key function. The calculator can ble from Mostek U.K. D10 [#] 400
do the following transcendental functions: Ltd, 240 Upper Street, 09 i i
sinx, arcsinx, cOSX, arccosx, tanx, arctanx, M oe [Wl n
sinhx, arcsinhx, coshx, arccoshx, tanhx, _Londo_n N.1. The p"co' 'y E -
arctanhx, e, inx, 10%, and logx. inclusive of V.A.T. and y = =
Besides transcendentals, it calculates the i EZ
single variable functions of X1, 1/X, /X, p&p S 7. D57 L
and x? and the o variable functions of y*, A COMPI’O"‘O“S'VO pa fiB KP
VY, %, and A%. It has ten preprogrammed data booklet is inciud- D3 KD
conversions which automatically change the - bz Voo
contents of the display register into the od with each set.
desired unit calculates mean and standard ¢
deviation using the unbiased methoa. = .
FUNCTIONAL DIAGRAM MK 50075 FUNCTIONAL DIAGRAM MK 50100
.3} ['F]
ISET rleulnﬂT‘l’ Aom o;w Tith ok A1 RAM
Dz Dta = T STROBE ™TYT v T
I I I ] Bl
) ? RIS I =y Sy R
i |- ] . 8l g6l {l2gd it
y p SEGMENT CURRENT il o 7 ==, ML ® IRERE
mGIT STROBRE SH(FT KREGISTER J CONTROL q 32 ROM :;: : g & L
] -‘lwﬂtssﬁﬁ'- 1 5 L 1
pa-——1 |
LT e [led (]
ADO INCREMEN TO& r—-«W:::“;w 5;3:'::: * 0 | d oy al ]2 ; ! : : '. : :
N b s (BNl e | R -';.|* R
‘ ) . s | ¥y g | . | | FE L
= COMDITI I | Pl
AD} am— co['::'“g T ] ‘_T‘_ \_ . l “r | E ::::l:
'] v » -
[ 8o fo (<o Bl Bl £ ' \ : | R m A EEA R
Y ggzg-tgg;:;g;g- ~ ) + ' Ll P
g = m;mgtngétgt 1 — AEGISTER
e Falefie2p R TET R e - ,—J—\
o " = NS TRUCTION | INS TRUCTION PRESENT Aom
g R RS f a REGISTER | REGISTER AODRES 5 "] L occon:] oaTa Mux
el | T
£ & ‘ 8
| g
1 &l INSTRUETION e n::‘lmn
DECODE SO0ER / !
«| LEL] SUBTRAETCR | | meruen
§."_’ _J—- CORRECTCR i .z
gg & & I
£t 3 $ i ne
L]
=5 | ] 0SCILLATOR 8
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iR ' R
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Circuit Disgram — scientific calculator with L.£.D. display

DISPLAY
6 F E D CB AP 4 043 DR OV DID DY 7DE DI DADIDZ DT 3
' !
T I :
1 | DIGIT DRIVERS DIGIT DRIVERS
——— ]
4 T5d ¥
I | } T Di4
D13
1P
—_— s ——— Dl
f § 0i0 11
-— —ad 09
[+]:] KEY
07 BOARO
DE
== D3
oe
| ! 03
y [ 02
i) Ky Ko Kp Kg
[ Di4 DI3 D12 01 D10 D" 08 D7 D6 D3 D4 08 D2 j
—i 0 KN,—
ke
. MK 30078 %o
F Kp
e —{ G 8 Kg
isergog s Voo B1 B2 Bq B gvrec occ i i 400 a1
R2 T I !
o =
|
] AUX ROMS
5 g T ue to s
= pe-0¢ eglc
= -
= CONVERTER l ____1 ADBITIONAL
T ‘; J- -4 Mk sooo
s — -V S
T
v, 8 B8 8 B BIYNCOCCIHIL ADO ADI
33— 1 2 4 8 2l 1 I
Yo MK 30100 o2 Vss  Vpp

RECOMMENDED OPERATING CONDITIONS

PARAMETER MK 50075 Af’\(m( 50100
Voo |Supply Voltage ~18.0 -18.0
e Input Voltage, Logic “1" Vg Vss
Vi Input Voltage, Logic "0’ | Vg — 6 Vgg — 6
Pcc |Clock Period 10 10
KEY MATRIX
| LSTX CLR 1w SC1 M

D13

DIz Dn

Dy p W g3 O

KGILB CM|IN LTR|GAL C|F

Do D9

)] D7 De D5 D4

LH o 3 e
l —P—

Functions available:

Clear

Clear display

Add, subtract. multiply,
divide

Scientific display format;
10-digit mantisss,
2-digit exponent,
floating decimal

Mode set 10 radians

Fix decimal point (0-9}
in display

Sine

Cosine

Tangent

Hyperbaolic sine

Hyperbalic cosine

Hyperbolic tangent

Memory store, 9 registers

Memory recall, 9 registers

Memory exchange,
9 registers

X« Y exchange

Common Log

Natural log

4-stack register

Rotate stack

Recall last X

Business display
format; 12-digits,
floating decimal point

Are sine

ArG cosine

A 1angent

Arc hyperbolic sine

Arc hyperbolic cosine

Arc hyperbolic tangent

Xth root of Y

Gross profit margin
percentage

Summation minus for
vector subtraction

Y to the X power

Reciprocal for all values
exponent range from

+99 through -~ 100

Pl

Chenge sign
Square root
Factorials

Summation plus (adds
X and Y 10 memory
for vector addition,
recalls sum of X
and sum of Y)
Percentage
Percentage difference (4%)

Mean
Standard deviation

Centigrade to fahrenheit

Litres 10 gallons

Centimeters to inches

Kilograms to pounds

Degrees to radians

Set radian mode for
Irigonometric functions

Trigonometric rectangular
o polar

Hyperbalic rectangular
to polar

Anti log, natural {e*)
or all values from x=
+230 through —

230

Anti log, common (105},
for all values from x=
+99.9 through

—999

Trigonometric polar to
rectangular

Hyperbolic polar to
rectangutar

Set degree mode for
trigonometric

fupctions

v o

Fahrenheit 1o centrigade
Gallons 1o litres

Inches to centimetres
Pounds to kilograms
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Part 7 Bits & Bats

A MONTH OF VARIETY, this month
as we take the opportunity to cover

one or two subjects and fill in a few:

gaps. Firstly

I/0 HARDWARE

On the input side, keyboards such as
the Clare Pendar types are available
from firms like Computer Sales and
Services, 49-53 Pancras Road, London,
NW1 20B. These keyboards usually
have a ROM mounted on them to
generate a parallel ASCil output,
but some use a diode matrix for
code generation. This can be an
advantage, since diodes are more
robust electrically than MQOS devices
and additionally offer you the facility
of changing the coding if you wish.
These keyboards are ideal for con-
nection 1o one half of a PIA to make
a simple interface, or can be used with
a UART chip for serial 1/C,

On the other half of the PIA you
could hang a Burroughs Self-Scan
display as shown in fig. 1. This is an
alphanumeric gas discharge display
available in 16, 32, and 80 character
sizes and will display a single line of
text. Further details from Walmore
Electronics Ltd., 11-16 Betterton St.,
Drury Lane, London WC2.

A cheaper alternative to display up
to 8 lines of 32 characters is to build
yourself the ETI 560 VDU. A
suggested interface is given in this
month’s article, but MB6800 users
{and perhaps users of other micros)
will probably find that the simplest
interface for their system is to use a
PIA with one half outputting the
address on the screen of the character
and the other half handling the data,
In use this is fairly simple from both
the hardware and software points of
view. You simply output data to the
PIA ‘B’ half and then increment the
‘A’ side so that it is ready for another
character. Handshaking can be done
automatically by the PIA control
lines.

if you require hard copy output
from a serial interface, you could do
worse than the Teletype 35R0
available from Chiltmead who adver-
tise in the mag. This is a heavy duty
machine which should operate reliably
if noisily. If you have a serial interface,
but want blissful silence, then a VDU
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such as Computer Workshop’s CT1024
is a good bet. Their address (which we
forgot in the last issue!) is?74 ffield
Road, London, SW10 9AG. Alternat-
ively, you could stick the other side
of that UART (Universal Asynch-
ronous Receiver Transmitter) chip we
mentioned earlier onto your 560
VDU.

As we have said, there are lower cost

approaches to 1/O such as hex
keyboards and displays, or even
switches and LEDs. The great

advantage of this approach is that you -~

can cheaply have a development
system up and running, and then
purchase or otherwise obtain what-
ever peripherals become available to
you, since you can easily write the
routines to run them.

THE ACIA

Although we have very briefly looked
at the MC6820 PIA, we have only
mentioned the ACIA (Asynchronous
Communications Interface Adapter).
This is another example of the move
by manufacturers towards ‘intelligent’
peripheral adaptors/controllers, and
in all probability, this chip is very
nearly as complex as the MPU chip
itself.

The ACIA {(MC6850) is a very smart
chip ‘indeed, and can perform an
amazing repertoire of functions, Its
primary function is the conversion
of parallel data addressed to it into
serial data, but in addition it can
generate a parity bit, either even or
odd, for error detection and can
also control the most sophisticated

peripherals and modems through
3 control lines. On receive, it will
perform the required serial_to parallel
conversion, and in addition, can check
the parity bit of each byte, and flag
an error if the parity is wrong, or if
there is an overrun or framing error.

Since this chip is intended for
asynchronous  communication, it

sticks a start bit, ‘0", in front of the
byte it is outputting, and tags on 1 or
2 ones as stop bits at the rear. The
ACIA can operate at any speed up
to 500 kbps, so it is plenty fast enough
to drive a teletype!

CASSETTE TAPE
Interesting application number 1 for
the ACIA is to do with cassette tape.
If you can’t see the link, here it is.
If you are using a system based on
switches and LEDs, or a hex key-
board — in fact no matter what you
are using to get your program into the
micro’s memory, you will soon firid
it tedious loading programs by hand.
You now have a choice of leaving your
program permanently in memory with
the power on (like the HP25C), or
outputting it onto punched paper tape
or magnetic tape or even onto a mag-
netic card {like the HPB7). Which is
where cassette tape comes in. Almost
everyone has a cassette tape recorder
these days, and you can put it to
better use than recording Top of the
Pops by using it to record, and later,
reload the programs you have written
on your micro. This is done by the
{simple?) expedient of converting the
digital data to audio tones which can
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be directly recorded. In fact, a new
standard has now been largely agreed
between the computer manufacturers
in the States for this low-cost method
of data recording.

Known as CUTS (Computer Users
Tape Standard) the system works by
converting a digital '0’ to 1200Hz and
a "1’ to 2400Hz, and recording these
tones at 300 bits/second. However, as
this is an asynchronous system, i.e. it
does not require synchronisation with
the micro system clock, it records the
start bit and two stop bits, as shown in
fig.2.

This, obviously, is where the ACIA
comes in, as it can do this job almost
entirely on its own. One neat trick
lies in the fact that the chip which
normally generates the ACIA’s clock
frequency, the MC14411  bit rate
generator, is really just a crystal
oscillator and a divider chain. Now
two of the frequencies which are
produced by this chain are: vyes,
you've guessed it, 1200 and 2400Hz.
It doesn’t take much thought to come
up then with the set-up shown in fig.3.
As can be seen the two signals are
simply gated, rounded off by the LPF,
and fed to the mic. input of your
cassette recorder. To get the signals
out again, possibly the easiest tech-
nique is to use a phase locked loop.
This would feed straight intg the
Received Data input of the ACIA.

Whilst this circuit is not tried and
tested, we can’t see why it shouldn't
be persuaded to work, and we intend
to have a bash at it.

MORE MICROS

Whilst we have used Motorola’s M6800
microprocessor as an example thus far
in order tc make the series consistent
{and it may also have something to do
with the fact that we’re using 6800 in
our own System 68!} we feel that it
would be rather unfair not to wander
off at some point and see what else is
about in the microcosm{?}.

Firstly, there's the company who
really started it all, /ntel. They prod-
uce a range of 4 and 8 bit MPUs, as
well as the 3000 series bit slices, which
are like TTL fast chunks of MPU. The
3002 is a 2-bit slice, so if you stick
8 of them in parallel with some other
parts you get a 16-bit processor. But
the best known of Intel's products is
the 8080, which is an 8-bit MPU
similar to 6800, and is the other ‘ind-
ustry standard’. The 8080 is compar-
able to 6800, it has, perhaps, some
‘nicer’ instructions, but some of its
pins carry multiplexed signals, and
$0 it requires a handful of external
logic to make it go. You pays your
money and you takes your choice.

Also of interest is the 8008, the fore-
runner of the 8080, which is siower

and has only a subset of the 8080Q's
instruction set, but is cheaper.
Fairchifd, and their second source,
Mostek, are going strong with their
F-8 chip set, which is an 8 bit MPU,
in two sections, the 3850 CPU and the
3851 Program Storage Unit, which
carries the Program Counter, two 8 bit
[/0 ports, and 1k of ROM. Sounds
great, but the snag is the ROM is mask
programmed, which rules it out for the
home constructor. But you will hear
more of this device, as it forms the
basis of Fairchild’'s new TV games, and
has also been built into an electronic

.chess set.

R 5y
bodv ]z s s jefr|u]ejwny
1=START BT 2+ §=ASCH DATA SITS
9= PARITY B1T FOR QDD PARITY
1001 = 5TOP BITS

Fig.2. Asynchronous Recording
Format used in CUTS

A device which will almost certainly
appear in educational environments is
Intersil’s IM6100. This chip is of
interest on two counts; firstly it is
a CMOS chip, and secondly, it obeys
the instruction set of the well known,
if not ubiquitous, PDP-8/E minicom-
puter, sothat programs written for the
PDOP-B/E will run on the IM6100. This
means that there is a vast library of
software available for this MPU, which
makes it very attractive indeed. Like
the 8/E, it has a 12-bit word length.

National Semiconductor are respon-
sible for SC/MP, which they claim is
‘enough to make any machine think’.
A stroke of brilliance on the part of
NS, who when other semiconductor
manufacturers were falling over them-
selves to produce a really ‘smart’ MPU,
came up with what most people really
wanted: a stupid but cheap one. Don’t
be fooled, it's slow and it's got a small
instruction set, but it can do things.

Also from NS is PACE, which is a

MC14411
Bi T ' l
TRANSIIT | — 4 > /| %4D1B
CLOCK T |1 i |
i - — {
TAANSMIT| 4
MEBS0 DaTA | A - =4 —=
ACIA i |
RECEIVE ;__ == o8 l—‘ gg;r;iua‘éo
DATA - — RECORDER
aTs —
|
PHASE LOCKED LOCP
| FOR RECEIUEDDATAL
=—=  AccoveR <
[ I INPUT FRDM
CASSETTE
1 L__.‘_———J RECORDER
L —— —

READER CONTROL
TO RECORDER
PALSE CONTROL

STATE ma k)

‘ g M!muu

u-u -u.u ndn

SC/MP shows the sort of layout in MPUs.

ELECTRONICS TODAY INTERNATIONAL—~SEPTEMBER 1976

59



microfile

16-bit device with some nice features
such as 4 levels of interrupt. It has
it's nasties like every other MPU,
e.d. the address and data busses are
common, and the address has to be
latched externally.

RCA are offering their CDP 1802
device which is a CMQS 8 bit micro.
Despite RCA’s attempts at the mating
game, Synertek have been a bit coy,
leaving Hughes holding the baby as
sole secondsource. Quite a nice
device, this though a bit weak on dec-
imal arithmetic, but nice from the
point of view of power supply and
clock requirements.

The PPS-8 from Rockwell has special
/O chips for just about every kind of
peripheral. The power supply is a bit
odd, being a single —17V, and the
stack pointer is only 5 bits allowing
for only 32 values on the stack.But
without having used it, it’s impossible
to say what its good and bad points
are,

That well known little company in
Bedford, Texas Instruments, have a
couple of nice products, The first is
the SBP0400, which is a 4-bit bipolar
bit slice built using IIL.

This is an interesting device that one
doesn’t hear.too much of; somebody
somewhere must be using, or planning
to use, the SBP0400, but they’re not
saying anything. Not really suitable
for the amateur, unless you want to
get involved in microprogramming!

TI's other front-line device is the
TMS9900, which is a 16-bit n-MQS
machine with a very nice architecture
and a big plus in the form of hardware
multiply and divide. If the price comes
down sufficiently this could be a very
nice -device for the amateur — but
wait and see.

Finally, a device which a lot of
people have been waiting with baited
breath — the Zilog Z-80. This is basic-
ally a super 8080 in concept, with a
much improved instruction set, and an
extra turn of speed. Not yet readily
available in this country, but when it
is....

MICRO DATA

Getting hold of manufacturer’s data
sheets on MPUs isn‘t very easy for the
home constructor who only wants to
buy 1 micro, but fortunately many
readers of this column will already
have the data sheets on 6800. The
trouble is that MPUs are complex
devices and the data sheets are only
the beginning of the story. If you want
to ‘read’ further you have two options;
you can play about with System 68
{next months ETI), or if you are in a
hurry, buy the 3%Ib 'M6800 Appli-
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cations Manual’ which gives complete
design details of a number of systems,
including an absurdly complex Point
of Sale terminal. A boring book to
read, but good meaty stuff. It is avail-
able from The Modern Book
Company, 19-21 Praed Street,
LONDON W2 INP, or from Cramer
Electronics, 16 Uxbridge Road, Ealing,
LONDON W5 2BP, who charge £7.50
+ 50p p&p.

MICRO NEWS ]
ALPHA LED DISPLAY

Litronix have introduced a new low-
cost alphanumeric display which con-
tains four 16-segment LED characters.
The DL-416 common-cathode display

has integral magnifying lenses moun-
ted on an an edge-connected, end
stackable PCB. Intended for use in
portable and hand-held equipment, the
DL-416 offers high contrast daylight
viewing and high legibility at distances
up to 5ft. Typical operating character-
istics are a forward voltage of 1.65V
at 10mA, reverse current of 100uA at
3.5V, and a luninous intensity of
0.5mcd at 10mA. This looks like a
pretty useful device for the MPU buil-
der.

MORE ALTAIR IN UK

Altair's UK agents have released
further details of their 680b micro-
computer kit. This machine is based
on the M6800 and comes complete
with 1k of RAM, 1k of ROM (256
bytes pre-programmed with a monitor
and loader}, as well as an ACIA for
teletype or VDU interface. The 680b
with turnkey front panel (i.e. without
the switches and lamps often found
on more conventional minicomputers)
is priced at £280. Also availalable is
a 16k memory card, priced at £496.
Free with this card is a copy of Altair’s
new BASIC compiler for the 680b.
In addition, the system will run an
assembler and text editor for 6800
Assembly Language.

Altairs other microcomputer system
is the 8800, which is based on the
Intel 8080. A very wide range of
software is available for this system,
including business and scientific prog-
rams, as well as gamas programs and
even routines to play music. Also
available is a wide range of peripherals,
including a floppy disc memory

systern and a line printer.
Compelec  Electronics, Ltd., 310
Kitburn High Road, LONDON NWE.

SERT SYMPOSIUM

The Society of Electronic and Radio
Technicians are holding a residential
symposium at Sussex University on
26th to 29th September on the subject
of 'Microprocessors at Work’. The
technical programme will consist of
25 contributions spread over 5 sessions
which will cover: Devices; Evaluation,
Testing and Diagnosis; Programming
and Software; and two sessions on
Applications. Each contribution will
be followed by a discussion period.

The registration fee is £98 per
delegate, unless you are an SERT
member, in which case it is only(?)
£82. This includes full board and
conference documentation, as well
as participation in all extra-curricular
activities.

Associated with this symposium is
a competition to find a working
application of an MPU by a home
constructor which is simple, economic,
original, and useful or entertaining.

Further details on both these items
are available from The Microprocessor
Secretary, SERT, Faraday House, 8-10
Charing Cross Road, LONDON WC2H
OHP. First prize of the competition is
£150, but you’ll have to be -quick,
as the closing date is 19th September.

HP ADVANCE

Since many Microfile Readers are
interested in, or own, programmable
calculators, here is some news of the
latest developments in this field from
Hewlett Packard. HP have released 3
new machines, the HP25C, the HP67,
and the HP97. The 25C is simply
an HP25 which retains both program
and data stored in it, even while
switched off, thus saving the repeated
entry of often-used programs. The
HP67, however, represents a consid-
erable advance on the HP65, in that it
has around 3 times the program
storage and 3 times the data storage.
In addition, it has 2Q user definable
functions, 3 levels of subroutines,
label, indirect and relative addressing,
and 14 conditional execution fun-
ctions. One important key is the Write
Data key, which outputs the data
register contents onto a magnetic
card. The card reader is ‘smart’ in
being able to detect whether a card
carries program or data. If there is
information remaining on the other
side of the card to be read, it will
prompt the user by displaying 'CRD",
Also included are pause and automatic
register review instructions. The HPS7
is a printing portable version of the
hand-held HP6&7. Prices: HP25C; £155,
HP&7; £349, HP97; £590. The price of
the HP21 has been reduced to £56.
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KITS - CMOS - DISPLAYS - MEMORIES - BOOKS - MODULES

Companents from leading
manutacturers only

KITS STy cmos CMOS from the 10p manulacturers — nearly all RCA and Motorols
¥ ok )
- / GD4000 0.15 (CD4033 .21 CD4066 0.81" CD4520 1.08"
" ¥ CD4001 0.15 (CD4034 +.85 (CD4067 3.12 C04527 137
’ CD4002 0.15 (CD4035 1.02 CD40eB 0.18 CD4532 1.28
. £ CD4006 1.02 (CD40386 2.23 CD40BY 0.18 CD4555 0.78
ATTRACTIVE 6-DIGIT ALARM CLOCK KIT CD4007  ©0.16 CD4037 0.3 CD4070  0.48 CD4556  0.78
CD4008 0.83 (CD4038 0.93 CD407 0.t8 MCid4528 1.01
With optional CRYSTAL CONTROL for high accuracy and banery back-up {see | CD4009 0.48 (CD4039 2.23 CD4072 0.18 MC(t4553 4.07¢
below). Complete kit including attractive slim case with deep red panel for 6-digit | CD3010 0.48 CD4040 0.82 (04073 0.t8 MC14566 1.21
alarm clock with bieep alarm, snooze. automatic intensity control and high C0a01t 0.18 CD4041 0,73 CD40?S 0.t8 MCM14552 8.05
brightness display driving. Uses MK50253 IC and Jumbo 0.5" red LEDs. 12 or | £D4012 0.16 CDaD42 0.73 CD4076 .34
24-hour format (easy 10 add 8 switch o swilch between them). Optional “touch | CD4033  0.48 c04043 0.87 CD4077 0.48 Clock Chips
switch” for snooze (extra). Order as “"ACK ™ 5 £28.80 cD4014 0.87 C04044 0.81 CD4078B 0.18 AY51202 2.B9
C04015 0.87 cD4045 1.22 (D408t 0.18 AY51224 3.%50
Complets kit as above, pius CRYSTAL CONTROL and BATTERY BACK-UP. If mains CD4016 048 (04046 1.18 CD4082 0.18 MK50250 5.00
power is disconnected (through 3 power cut. accidental switching off or moving | CD4017 0.87 (CD4aD4a7? 0.78 CD4085 0.82 MK50253 5.80
clock) the clock will keep perfect time. Accuracy 10 within & few seconds a month, G040!8 0.87 (CD4048 0.48 CLD4088 0.82 MM5314 4.44
The extra components. with two PP3 batteries, all fit in the same case. While on CD40Y9 0.48 (Cp4049 0.48 C0408% 1.34
beck-up. the displays are of 10 conserve baitery fife bu| the alarm remains tully | CD4020 0.97 (D4050 0.48 (CD4093 0:88 Fiat Cable
operations!. Order as "ACK + XTK + BBX™ . 3 . £33.,58 c0402t 0.87 (04051 0.831 CD409%4 1.82 20w Im. 1.00
cD4022 0.83 CD4052 0.81 CD4095 0.1 tOm. for 8.00
C04023 0.16 (D4053 0.81 CD40S6 o9
- ’ 7 4 CDaD24 0.67 (D40%4 1.01 CD40§7 2.12 Other iCs
SLIM i CD4025 018 CDAO5S  1.14 CDE0SY 150 CA3i30 g8
2 CD4026 1.50 (CD40S6 1.t14 (CD4502 1.07 7549 .96,
GREEN \ GCK C04027  0.48 (D4057 21.58 CD4510 1.18 75492 1.22
CLoCk T e, £ £12.90 CD4028  0.78 (D405 477 CO4611  1.36 3CA741
i cD4029 0.99 CD4060 0.97 CDas51t4 2.72 Mini:DIP
Complete kit for this atvractive 4 -digh Mantlepiece Clock with bright 0.5 GREEN CcD4030 048 (CD4061 18.92 CD4S1S 2372 4 o 1.1¢
display. While constructing, select 12 or 24 hour formel. flashing or fixed colon. Kit | CD4031  1.82 04062 7.77 CD45I6  1.18
includes miniature transformer. Housed in a Rew allwhite siim case with graen | CD4032  0.82 (D4063 085 CD4518  1.08
perspex front panel. Easy to build. Order as "'GCK" £12.90
Kit as above, bul less case and perspex. Order as "GMK® . £11.14 =

BOH2 . CRYSTAL TIMEBASE KiT: provides an extremaly,
3100M ouipu! of one pulse evety 20msec, Uses, May he added
10 3l tvpes of digrtal clocks L0 IMprove accuwacy 10 withm @
faw secordds @ manth @ i uied with batrery back-up #30
makes clocks powerout of awitch.oll @ Replecing 50 Mz
sgral on banery powsied squipment @ Providing fim
sy isstion @ g or Mproving 1 bl spesd
Complete kil. Grders as " XTK™ £4.28

CRYSTAL CONTROL and BATTERY BACK-UP can be incorporated in this clock 100.
!‘Jo need 10 resal your clock each time power is disconnecled. For the complele kit
ncluding this feature, order as "6CK + XTK + GBBK™ £18.85

Grystal Controlied 6-Digit CAR CLOCK Kit
With Independent Journey Timer

Runs off 12V (car) battery — prowected against jow voltage drop-oul — display

comes on with ignition — internal battery back-up allows temporary disconnection STUPWATCH KlT

€ digit timar times journeys up to 24 hours in hours, minutes and seconds — 5

automatic intensity coniro! (essentlal for car use) — uses 0.5 red LED digits.” Complete kit for stopwalch (as in Dec. ET1): choose § digit range from tens of hours
Samé duternal appesrance as our ACK bul with B push-butions for setting time, !0 milliseconds. Uses 6 x MAN3M displays. All necessary parts, including case and,
Starting. stopping and resetting timer, seleciing display lo show “time" or “'journey Manganese batteries . . .. . .. 000 s .. £31.80

‘ume™ — all control butons functionsl irrespective of display mode selected, STOFWATCH WITH ONE LATCH: As above. but kit 8130 includes facility te

Complete kit including case. Order as “'CCK" = £39.50 repeatedly freeze the displays winh count continuing . : . .. £43,23
Wa guarantee that teiephone ordert. for goods In stock, received by 4.30 p m. (Man.-Fr | will be despatched 1ne same day. Flvst Ciats Post - and our
stocking i good. Telephone Grders. Private Customers. quote Access or Barctayeard €ard ao. (min. fel. order £51. Official orders. no mimmum

32.763 kMa Min Warch Quaris Coynitt £4.50.°6 Y2 Mitz Cryatal €3.60 These Jumbo LEQ displiys lake no 'more corent than 0.3 types.

B.way BOSS Switch: 8 ultra min 1099'e ywiiches n 16-pn DIL £2.60 Dls PLAYS Al our Common Cathode (C.C.)_ dugets be uued in plece ot any

Mrinture Traneformaers (Both I in all Varocases below) g athey G € display (0L 764, Bi?50. MANIBEO, erc ) as they 2re aif slecinically ienticsl (bul may

Cloch rransiarmes. 5.0-68/300m A Order as “LED-TRF £1.80 have dritevent pin-outy). Simitaiiy gur Common Anads Cigits may he used In pluce ot any other C.A.

Far 51701 12.0 12/100mA. 1 501 5/50mA Order 45 “SL.IRF (180 wpes (DLI0?. DL 747 RS/Doam 586/699. ete |
VERACCASES. Neat cases with PCB guides, &1c.. front and sear aluminlum pancls. We nave pre-cut §

persLer lor $ome cases, Mmaking them ideal for clacks or wstrumenis. Foe 761247J. PX-R.012
{Reth 28p. PX.G-3:12 (Green) 2Bp, For 7514 104 PX.R.J.14 |Red| 30p, PX-G.1.14 (Green) 30p.
Foc 7514110 PX.R-D-14 (Rac) 40p, The Cses are a3 used in our ACK & GCK

Dimensions #18 in mm

751410 (2050 140u40) £2.64 751232 |1 62xBYx40) # £1.72
751471D (2051140275} £3.04 75,|238D1I54:85:GO) €2.15
We have many other Veroc #xes and Vero producie n Siock - see out Puce tist.
BOOXS and Dg]lnh--ll (do not 2dd any VAT)
New 197§ RCA CMO$S and Lineas IC Combinad Databook £4.95
New 1976.RCA “"Power and Microwave  Dsusbook £4.95
1976 Nanonat Semiconducter 7400 senes TTL Databook ¢ 200 pages £3.a6 '
TTL PinOul Card Inden. Set of cards with pin ouls 1op and hottem wiews) of 1.0 TT( range ‘._ \
and many othar T.[. (Cs £2.96 2 .
Intel Memory Design Handbook. e 280 pages £4.75 FND500 TiLaz1, T3z ‘AANOS2, WANSES
Intel BOBO Miciocomputer Systems Uswra” Manust. ¢ 220 pages £4.85 b
Motorala McMOS Databook Vol 5. Senes Al ¢, 500 pages €2.77 Pant No Manufacturer Cotour  Type o Pnce
M e MBBOO M B Apphealans Masual ¢ 650 pages £12.45% ‘ " g I f imon’ ' Pen
Motorola MBBOO Pragrammuig Manual, ¢ 200 pages £6.85% ;No;;u‘, .:a'mh':d ggg Ccom " gi‘:::?deL[ED 8-55," 1'30
Motor0ia Bogkiet wniroducing Microprecessors 5 £1.50 i Vi Lk ma S = £1.
DATA SHEETS on Micropracessars RCA 1802 B-bit CMOS £0.75 TiLi22 Texas Instr, Red Comimon Cathode LEO 0.5 £1.20
Nationat SCAMP 8-nit €0.7%. Intarsil 6100 12-bn CMOS £0.75 XANS52  Xciton Green  Common Anode LED 0.6" £1.78
- = , Esa  XANGSB4  Xciton Green  Common Cathode LEO 0.6 £1.78
PULSE GENERATOR MODULES MANIM  Monsant  Red  Cammon Cathode LED 013" asp
New rystal obase Moduws, hulh. tesins amc with OUtPUT 15 Wilwn © ol My DW 5LT01 Futaba " Phospher Diode 0.5 £€5.80
ian (3 mA typicel) i ( 5 v g P multinli 1
B ool e 0k gy gy raen  Diseley OB ot fi pomly o Vercase TSUATOJ) Al are for mutdpinced
M, Iu; For nosec. t . .70 ; B Y . .
Duer Creatas Timebans Prouies Mee seafiohie with ihe oo rg porsur D500-2 (for 4 digit clock) 90p: D500-6 (tor § hgit clock) €1.35
10 Hr, ) e 1 pusse/min, 1 pulse ‘Nt Dider nos 4nd prices on apphcation DS00-8 {for counter, up 1o 8 digits) — 8 £1.38

o Orspiay-nolding PCBe are svailabic for mult-plensd arrays using
1§, our LED digirs. PCBs aivo avallatie for displaye witn TTL ond
k CMOS Count/Laich / Decoder dervers Sae our catalogue 1or maore
i detgis free on request —sendsae) B
USING D'SPLAYS WITH CMOS OR TTE7 Send sae. sshing lor Tree appiication acta " SN which
VRS Simple CirCunls with COMPOnent values.

LOW COST IC SOCKETS 1

Soldercon Pins are the ideal low cost method of praviding sockets for L,
CMGS. Dispiays. 1Cs. Simptly cut ofl the lengths you need, solder inig board
and snap off the conneciing cawier. A single purchase of Soldercon Pins gives

S p 2 - -you any sockel you may need, and at low prices: 8 pin for 4p, 14 pin for 7p,
SIN I EL 53a A_rs"‘]gassl;afg:’glﬂum Chaaper in quantity. §0p per stip of 100 pins. 3,000 for EA, 3,000 tor
el . — -

MEMORY ICs }
Intel P2102A-6 [new version ol 2102-2y 16 pin IC, TTL campabhie singly + 5V supply,
650msrc 1024 1 1 i Starne NMOS RAM £3.35
intal #2112-2 650nsac. 256 2 4 bt Siatic NMOS RAM €4.76
Intersdl-IMESOICPE CMOS 1074 1 ) bit Static RAM . £80%

ADD VAT a1 B%. 25p P&P on alt orders, Price List
sun! wah orders ar lree on request Access and
Barclaycasd welcome, by pow ar phgne. fapart
orders vBry weltome N0 VAT but add 0%
fEuropel. 15% [Ovascasl for A MaHl PP [For
Expert poslage rates gn baoks, cantect us hrsr)
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RF ATTENUATOR

0 to 31 dB attenuation in 32 steps of 1 dB — useable to more than

200 MHz.

EVERYONE experimenting with RF
circuitry will sooner or later need an
RF attenuator. Some of the typical
uses of such attenuators are listed
below.

— Checking intermodulation on HF,
FM, and TV receivers.

— Checking if incoming signals are
high enough to allow splitting — to
feed more than one receiver.

— Changing signal levels when
¢thecking the performance of
receivers.

— Evaluation of filters, RF amplifiers,
and other electronic devices.

— To find the Joss 'in coaxial cable by
the substitution method (2s well as
the gain of amplifiers). This method
is convenient as a calibrated
detector 1s not required: merely ohe
that will give the same reading for
two successive inputs of the same
tevel.

DESIGN FEATURES

An RF attenuator should have a
useable frequency range of dc to
200 MHz. It is also necessary for the
attenuator to be adeguately shielded
so that signals may on!y enter or leave
via the coaxial connectors. For this
latter reason a diecast box has been
used to house the attenuator.

e ey

‘ SW1

1d8

R2

= 8.2
R1 R3
12 1k5

To obtain the wide frequency
response required it is necessary to use
resistors that have low inductance and
capacitance -- % to % watt carbon
types are the most suitable. If higher
power handling is required one or two
watt carbon types may be used but
with these accuracy will start to fall
off at around 100 MHz.

The switches should also have low

inductance and capacitance but
specially designed switches are
prohibitively expensive. Many

Japanese slide switches were evaluated
and initially gave good results.
However the ingress of dust and dirt
was found to cause faulty operation
after a time.

CONSTRUCTION

Construction is simple and straight
forward but to obtain optimum results
we suggest that vyou follow our
method as closely as possible.

Examine the photographs carefully,
the method of construction may
readily be seen from them. The unitis
housed in an Eddystone diecast box
having dimensions of 110 by 62 by
31 mm. The switches are mounted
flush onto the bottom of the box.
Those at either end of the box are
mounted so that the centre pin of the

HOW IT WORKS - ET! 709

The ETI
switching

709 attenuator works by
into the signal path a
selected network or group of
networks that reduces the signal
strength by known amounts. The
networks are specially designed so
that they do not disturb the
characteristic impedance of the line.
That is, they appear to both the
source and the load as a single
parallel resistor equal in value to the
respective source ot load impedance.
In our case the networks have been
calculated to provide matching to 75
ohm impedance.

As can be seen from the circuit
diagram each section of the
attenuator has a characteristic shape
that has led to the use of the name
‘pi network® for this attenuator
section.

The steps of attenuation are
expressed in decibels. The voltage
altenuation in decibels is equal to

. Where Vi equals the

20 fog b |
V)

input voltage and V7 cquals the
output voltage. Thus if the output is

.V
half the input voitage then-v—2equals
1

6.5 and 20 log 0.5 equals - 6.02 dB.
(the minus sign indicating
attenuation).

The wuse of decibels is very
convenient as it allows the combined

. value of two or more attenualors to
be found by simply adding their
separate values rather than by
muiltiplying the scparate attenuation
ratios.

Each succeeding attenuator is
chosen to be twice that of the one
previous. This binary form allows us |
lo obtain a runge of 0 to 31 dB in 32
steps with only five switches. Thus
for example if we require 5dB we
depress SW1 and SW3 to give us
1+4=5 dB.

switch is in contact with the centre pin
of the socket. This allows the
connection to be made without the

ffr et A R e _}
]
: Swa SW5
8dB 16dB
R12 R15
82 220
Ri0 R1? R13 R14 R16
330 180 180 1

11

62

Fig. 1. Circuit diagram of the 75 ohm attenuator.
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‘PARTS LIST ETI 70%

Resistor 8.2 5%
i e X

L L

i p "

" 1 "
i 3
" "

o
" s ”

Slide Switch min DTDP
2 RCA Phono Sockets (see text)

Die cast box Eddy stone 7134P
110mm x 60mm x 30mm

TABLE?
. ]
Ao ST | S ity
! 78 0HM 1 LOOHM | VALUE 50 OWM
el }
RY 1304 886.5 820
1a8 A2 8.8 8.8 (1]
. Rl 1304 1 sa0.8 7]
B Re o4 [« a0
Ao b e [ e R i
T Twm s | @ 70
RS 3838 i N 1212
408 RE [ i .o 0
! Al Ins I n 20
f AT 1742 T us 120
q - [ ¥-t] Rz 7:: | '?:,I T’n' o
use of hookup wire. Evenly space the  resistors are held in such a position by g o — =
remaining three switches between the  their feads that the metal body of the | e mls 297 ) ®
two outer ones. Note that a thin strip  switch acts as a shield between the LELNLL s
of tin plate is run the full length of the resistors mounted on either side of it. ATy
box and is held in place by the lugs The centre poles of the switches are
and screws at one end of each switch. interconnected by first bending the  soldering tengths of 3Imm wide

Ta this strip are soldered the ends of centre lugs of the switch outward tinplate between them -as shown in the
Lthg resisto[_s: whi_cﬁ_go to ground. The towards the next switch and then by  photos.

"

LOW
) CcosT
/' V.D.U.

Most components svailable for this project, including 25%3 character
generator, £8.82. Send e.a.0. for dewilad price Fist. . -

METER
POWER AMPLIFIER

Many other com;o:onlo spacified for ET| projects are alsa-
svallable from stock, i 4

UNIVERSAL TIMER
2 digit Thumbwheel switch £3.70

CMOS l.c.s. 4011, 19p; 4017, B8p; 4023, 10p; 4818, £2.12;
IN40O1, 7p; IN914, 7p: TiL208, 20p. :

- ")

Complete KTt 16 bulld ihis 40 watt power amplifier

Price Only £23.10. Components also avsilabla ssparately.
g~y e e T B T —

{See Inside iazt mopths cover for detall

Send S.A.E, for full price list 30p plus large 1 1p COMMUNICATIONS HOUSE.
s.a.e. for your copy of our Data Catalogue. Al prices PLEASE

include VAT at current rates. Please note our L ZALLINGTON SQUARE
minimum U.K. post and packing charge, except NOTE NEW 659 ’
where indicated, is 20p. Export orders welcomed —
write for export price fist.

ADDRESS: WALLINGTON, SURREY SM6 8RG

Tel: 01-669 6700 (9 a.m_to 6 p.m., | p.m. Sat.}
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ELECTR
—it’s easy!

BLANKING

In normal writing practice we do not
write the ‘0’s that appear at either end
of a number, for example, 0001357.0
as could be held in an eight digit
display, is better presented as 1357 or
as 1357.0. A facility is sometimes
provided in display-counter systems
that blanks unnecessary zeros. Leading
zero suppression is performed within
the decoder stages of Fairchild
seven-segment decoders by connection
ot the ripple blank output RBO (ripple
because each stage connects to the
next) of the decoder stage to the
ripple blank input RBI of the next
lower decoder stage. Blanking of
‘least-significant zeros is not usually
included. The actual arrangement for
blanking control varies from maker to

maker. Fig. 1 shows a method using

ripple blanking.

The blanking facility can also serve
other purposes. It can, in certain
applications, be used to blank-out
illegal display values resulting from
incorrect codes. The RBO output also
provides a detection output indicating
when the decoder stage is at the BCD
zero state.

INTENSITY CONTROL

Displays are usually manufactured to
supply one value of output brightness,

INTENSITY
MODULATION
INPUT

ICS

When brightness is to be tailored to
particular ambient hight conaitions an
appropriate kind of display can be
selected that provides the desired
luminance level. This however, does
not always lead to a satisfactory
choice when other considerations are
taken into account.

Intensity of any display, however,
can be controlled in a digital manner
{that most desirable in digital systems)
by turning the display on and off with
an appropriate duty cycle (ratio on to
off peried). This is called
pulse-duration intensity modulation.
Provided the repetition rate exceeds
100 Hz the eye cannot detect that the
radiation source is being modulated.
Modulation may be achieved with any
of the blanking methods given above.
The schematic of Fig. 1 includes an
intensity modulation facility.

With LED displays, intensity
modulation. can actually increase the
apparent brightness, The human eye
has a characteristic response to
radiation that has greater sensitivity to
the peak value of modulated light,
rather the average or rms power. LEDs
can be pulsed at high frequency with
high peak currents because of their
nanosecond response time. The net

result is apparently higher brightness’

for a given amount of power.

PART 31

Concluding counting and
D/A conversion

STROBING OR SCANNING

Displays which generate characters in
the 7 x 5 dot matrix or seven-segment
formats require decoding logic which
energises the correct dots or segments.
If each character has its own decoder
we would need 7 lines for each digit of
a seven-segment display. And 35 lines
for each digit of a 7 x5 dot-matrix
display!

Obviously a method is needed to
reduce the number of lines and
circuitry required for multi-digit
displays.

One such method is called strobing
where lines of dots or segments are
illuminated sequentially. The 7 x5
array can be either strobed as lines
horizontally or as rows vertically as
illustrated in Fig. 2. Each row is
selected one by one in sequence and
the appropriate diodes in the row
_gnergised. Provided each row is
returned to at no greater than 1U ms
intervals the characters will be flicker
free.

A diagrammatic illustration of how
specific diodes are selected in a row is
given in Fig. 3. The row switches are
scanned in turn to cause a vertical
scan. Simultaneous excitation of the
other switch sets decides which diodes
in the row are to be illuminated.

A strobing system requires a

l“—'
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LT R81
317

7 SEGMENT DECODER
def
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[ T T I I I

, LEAST SIGNIFICANT DECADE TOS
Fia. 1. Connections for ripple bianking in a four-decade dispiay system. (RBO ripple blank output, RBI rippie blank input,.
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HORIZONTAL
—_—

STROBE
Fig. 2. Horizontal and vertical strobing
of a 7 x 5 dot matrix display.

VERTICAL
STROBE

COLUMN
SCAN

In|28 |2 20128

Fig 3. Schematic of switches needed to
address a 7 x 5 dot matrix.

procedure to sequence the scanning
action and a method of setting the
selection switches that corresponds to
the characters needed. The whole is
controlled by a clock and timing
generator. Storage buffers are also
required to store the sequentially
generated information. The task of
creating the appropriate character
timing codes is performed by a
read-only-memory ROM. Clearly this
method adds up to a complex
svstem . . _ really beyond this course’s
purpose. A schematic block diagram of
a vertically-strobed five-digit LED
display is geven in Fig. 4. Although of
apparently great complication this
method is less expensive to employ
than direct actuation through fixed
gates. (Considerably more detail is to
be foundin the suggested reading list).
Another scanning method scans the
matrix as a raster — across a row, one
by one, and then to the next row.
Strobing obtains its advantages by
timé-sharing common elements in a
time-multiplexed manner,

MULTIPLEXING

When the input data to be displayed
appears in serial form or when targe
numbers of displays (over four digits)
are involved, muitiplexing (selection of
complete digits sequentially) becomes
advantageous for driving seven
segment and one-of-ten displays. The
basic muitiplexing system requires the
main system units shown in Fig. 5.
An upper {imit to the number of digits
is around 12 and higher for LEDs,
There are disadvantages; namely, a
higher voltage s required in tine

O——

SLINE ASClIt"

i

ARRAY SELECT O

L

MASTER
cLock | \

TIMING 3
CIRCUITRY

6 BIT INPUT STORAGE BUFFERS

5 BIT OUTPUT STORAGE BUFFERS

I

1

COLUMN
DRIVERS

ROW
ORIVERS

Fig. 4. Basic biock diagram of a vertically strobed display using

7 x 5 dot-matrix devices.

display to achieve the same brightness
(LEDs are not so critical as other
forms of display); the scan frequency
must be at least 100 Hz to prevent
flicker; transients must be carefully
decoupled; and a clock failure {which
stops the scan) may produce partial
display failure because of excessive
dissipation ~ brought about by the
increased voltage applied. {it is usual
to include a failsafe protection
circuit).

Again, the complexity appears great
'but.in practice the multiplexed system
is simpler to buifd. For example, a
multiplexed, seven-segment display,
with storage for eight digits, involves,
around 10 dual-in-line packages and a
few discretes which compares with
about 16 ICs for a non-time shared
system.

To further reduce the connections
that must be made upon. assembly,
manufacturers offer multi-digit-
disptays

cathodes of the LEDs are internally

in which the anodes and -

connected for multiplexed

operation.

OTHER CONVERTERS

Apart from digital-code converters;
other converters are required in
instrumentation: for example, when
interfacing different systems of |ogic,
eqg TTL to CMOS, it is necessary to
alter the dc levels of signals so that the
output of one system provides the
logic levels required by that following.
This may require amplification or
attenuation or shifting of a level.

However specific ICs are marketed to
suit various interfacing requirements.
Other converters are needed for
sending digital signals through
standard transmission lines in
communication links, for receiving
signals from lines, for increasing the
logic level differences to increase noise
immunity (again for transmission), and

ready

‘units that drive peripheral devices such

as relays and indicators. Signal
JInversion may alsp be necessary — we

e ‘Fig. 5. Schematic of a mulitiplexing system for use with a multidigit,

cLOCK

7-segment display.

BCD 1Pyl
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1

NeUT
MULTIFLEXER
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ELECTRONICS —it’s easy!

have already dealt with the inverter
block earlier in the course. o
Ancther class of converter is needed
for converting digital signals to
analogue voltages (D to A) and
analogue voltages (and currents) into
digital form (A to D). Such converters
will be dealt with in the next section.

DTOAANDATOD

In order to control or modify the
physical world around us we must first
measure what is happening. The
measurement data is almost always in
analogue form, as is the actuation
required for control. Between
measurement and control some kind
of electronic system is needed to
amplify and shape the data,

We have seen that electronic systems
may be of either analogue or digital
form and it would seem best to use an
analogue system between inputs and
outputs that are ‘both of analogue
form. But not necessarily so -~
analogue systems are plagued with
problems such as noise, dynamic range
limitations, accuracy and linearity.
Digital systems, as well as offering
improved performance in the above
areas, offer more economical
processing of data, the ability to store
data as long as needed, and more
readable displays of data held within
the system,

Thus there is much to be said for
converting primary analogue signals
into equivalent digital forms that are
processed and stored etc until
conversion back to analogue form
becomes a necessity. Electronlc sub-
systems that parform these converslons
are celled Digltal-to-Analogue
Converters (DAC's or D/A converters)
and Anslogue-to-Digital Converters
(A/D converters).

we wlll see that these are quite
complicated systems in themselves —
their design a skilled task.
Nevertheless, many such sub systems
are now maerketed as single, largish
circuit blocks that are wired into the
total system in the same way as other
complicated system building-blocks we
have already encountered. It s,
however, important to understand the
basic techniques used if not so much
the refinement of actual practice.
By use of certain input combinations
DAC's can also be wused as
multiplier/dividers of two signals and
as summing/subtraction units. It is also

OTHER
ANALGG

Fig. 7. Typical layout of an analogue data

output.
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Fig. 6. Typical A/D converters.

relevant in this part to deal with
multiplexers in a little more detail and
with the so-called sample-and-hold
circuit. These are often used in
conjunction with DAC's.

Figure 7 illustrates the
requirements of a
data-acquisition system in which a
number of physical variables are
measured and processed to provide
digital signals for storage. It uses
multiplexer, sample-and-hold, and A/D
converter sub-systems to form the:
whole.

Also pertinent, because similar
techniques are involved, is the method
for converting an analogue voltage to a
signal of proportional frequency
(which is a form of digital signal) —
the Voltage-to:Frequency or VF
converter.

The uses for A/D and D/A converters
are limitless. Their application is
ever-increasing as the unit cost falls to
undreamed-of prices, Extreme
complication using digital technigues
often costs far less than simpler but
less accurate analogue alternatives.
Hence D/A and A/D converters will be
found in digital panel metars, digital
multimeters and data acquisition
systems. They are also found in
industrial plant; in process control of
.chemical and other manufacturing
plant; in telemetry systems and other
data transmission applications; in the
interfaces {units matching the output
signal requirements of one system with

basic
typical

PHYSICAL 1 1 pops i ™™
VARIABLE |pp ng] o | AMPLI: | g ACTIVE P vy PN o = ’
~# pucer FER [T IR l - AR +——piGITA
4 s CON- +=— gUTPUTS

ANA LOG —
MULT- —
PLEXER A

CHANNELS }

acquisition system interfacing to 8. digitel _y, | -

VERTER:

i
I
PROGRAMMER

SEQUENCE =

the input requirements of another)
found between sensors and computing
units; between stages of hybrid
computers; and the like. Although
bighly accurate DAC’s may cost as
much as £1000 the great universal
demand has resulted - in lower
performance units being available for
as little as £5. .

DIGITAL-TO-ANALOGUE
CONVERSION

We begin with Digital-to-Analogue
converters because they are the
simplest in concept and use only one
basic technique. .

You will remember that each digit
position of a binary number (held in a
register, counter or other form of
storage) has a waeighting factor, eg
1:2:4:8 etc. An analogue signal
equivalent to the binary number can
be obtained by using each digital digit
position tc switch an amount of
current (proportional to the position
weighting) to a common ‘summing
junction. This system concept s
shown in Fig. B. When voltage output
is needed the currents feed an op-amp
The detail of a pracision ladder
netwerk is shown in Fig. 9 — it is set
to convert the input digital number
11010001 by appropriate positioning
of the digit position switches. When at
0 input the inputs to the summing
op-amp are held to ground; when at 1
to an appropriate stabilized voltage.

The simplest form of ladder is used
in the circuit of Fig. 9. It arises from
the use of a binary weighted resistor
sequence shown in Fig. 10, The actual
wvalues of resistors are selected to
obtain adequately sized lowest and
largest values, for at either end the
op-amp loses accuracy due to
imperfections of resistance ratios. It
can be seen from the circuit of Fig. 9
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INPUT DIGITAL WORD = 11070001

REFERENCE £ = +5.00V

{mso)

iLSD) ¢

RESISTORS

Fig. 8. Schematic of a digital to analogue o
converter which provides a current or voltage CB?%?T
output, To obtain 8 voltage cutput the o
current output is fed to an op-amp.
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Fig. 9.Switchad resistor
network of 8-bit, binary
weighted D/A converter,
17016001 is being
converted.
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Fig. 10, Basic binary-

——
ANALOGUE INPUTS FROM SWITCHES

that resistors, even in. a smallish
capacity 8 bit converter, can extend to
extreme values. The least significant
bit must be cfearly resolved when its
switch operates, implying that all
other resistors must have precision of
absofute value and constancy with
time that rises very rapidly with the
number of bits required.

In practice this simpte form of ladder
is not used beyond about 8 bits
conversion due to the cost of the
precision resistors required.

The disadvantages of the simple
ladder method are mostly overcome
by the use of the R-2R ladder network
shown in Fig.10. The through leg of
the. chain is permanently grounded,
each spur is switched as needed to a
reference stabilised voltage level. The
features of this method are that only
two values of resistors are needed {an
easier practical probiem) and that the
absolute range seen by the op-amp
varies much fess than the above
method for a similar bit capacity — it
presents a virtually constant

weighted resistance
impedance regardless of the binary
code sequence switched in. With the
R-2R ladder it is routine to provide 12
bit conversion.

It is probably obvious that other
forms of digital-coding conversion can
be handled by the use of appropriate
resistor weightings. For example it is
often necessary to chart-plot the
output of a digital instrument. Thus a
BCD to:analogue converter is required
for such apptications, Figure 12 shows
the weighting sequences for the simpte
and the R-2R fadder DAC’s needed to

‘steady-state

convert BCD inputs to an analogue  which is typically from 50 to 100
By o R R R R R
_ AAAA

output.

Resolution and accuracy — DAC's
rarely go beyond 12 binary bits (or 3
digit BCD) because the output
analogue signal for greater bit-ranges
must be of high stability. A 16 binary
bit (or a 4 digit BCD) unit could
provide t 0.005% full scale linearity
and accuracy, a performance
requirement that is best avoided where
possible because of the high cost of
the DAC. By contrast 8 bit DAC's can
be obtained with accuracies ranging
from £ 0.2% full scale to = 0.01% full
scale. it is important, however, to
realise that whereas analogue
Jesolution, see Fig. 13, is a function of

‘the number of bits that are equivalent

to full scale, the accuracy and linearity
of DAC's depend upon the tolerances
and stabitity of resistors used in the
conversion networks, for these decide
the value of the slope and straightness
of the slope — Figs. 14a, 14b. It is,
therefore, possible to have an highly
accurate converter that has quite
coarse resolution — in which case the
resultant analogue output signat will
consist of very large step changes. This
step form of signat defect is called
guantum or quyantization noise. In
practice resolution and accuracy are
tied together keeping quantum noise
to an acceptable level.

Conversion and settling times — Ag
both D/A and A/D conversion are
dynamic processes, a finite amount of
time is required for each conversion
point to reach its final value. In DAC's
the switching and settling times of the
op-amp largely dictate the time for a
bit change to finally appear as a
analogue signal level.
Early DAC systems using mechanical
switches were slow indeed — today
output settling times range from a
slow 25us for verylow power
consumption units to ultra-fast 28ns
units.

Temperature coefficient — FEach
subsystem of a DAC has a temperature

coefficient; resistances alter with
temperature and the op-amp
characteristics deviate. Both the

overall conversion gain and the dc zero
will be affected.

Gain will be affected due to the
temperature coefficient of resistors

ELECTRONICS TODAY INTERNATIONAI—~SEPTEMBER 1976
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Fig. 12.Resistance layout for simple BCO-
weighted DAC.
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99R |
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Fig. 12'a Resistance layout of R2R, BCD BiGIVALIKRUESTAVES
ladder D.A.C. la)
DIGITAL SWITCH INPUTS: i
ANALOGUE
OUTPUT
PPM/OC (100 parts per million, PPM, NON-LINEAR -
is equivalent to 0.001% change per AEHUAL x/
degree Celsius). The main op-amp \ P ~|
characteristic which affects i \}625."\_R

performance is offset-voltage drift —
typically 30 microvolts per degree
Celsius.

For each particular type of DAC it is
necessary to consuit the makers’
specification sheets, for no general
rules apply for these parameters.

DAC's are available as either current
or voltage output systems. Typical
outputs deliver around 3 mA -and
10-20 V swings.

Further explanation of terms used is
to be found in the articles listed in the
further reading section,

Glitches — Certain digital input

states, whilst in a transient state, can:
cause

the output to produce
noticeable transients to the smooth,
stepwise analogue — signal progression.
These are known as glitches; examples
are shown in Fig. 15. if the output is
only to be observed after the system
has settled, these matter little. In

010 on 100

S
ANALOGUE
V OR mA
10 2-°°T IDEAL STAIRCASE GENERATED AS
DIGITS PROGRESS
8.76 i.751-
STEP TOLERANCE
- VARIES
75 150% ACCORDING
TO ACCURACY
, OF DAC.
626 125¢ \
5.00. 1.00% ==
275 0.75%
250 0509
125,  0.25+
0 0

BINARY DIGITAL CODE INPUT STATES

Fig. 13 Output/
input characteristics
of typical 3-bit DAC
having full-scale
current of 2 mA or
10 V output.
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DIGITAL INPUT STATES
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ﬁ:ig.' 14.0utput/input definitions for DAC's
{al deviation of accuracy.
{b) deviation of linearity.

r—
10000000 i
0111111
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GLITCH GLITCH |
L
|
[
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f
1

Fig. 15. Glitches oncur in basic DAC's due t
ertain transient dynarnic error conditions.
They are eliminated by deglitching circuitry

dynamic use of DAC's however, they
may well excite unwanted behaviour
in the system they are driving.
Deglitching in DAC's is not feasible
with a low-pass filter on the output,
for glitches vary widely in nature. The
best solution is to use adequately fast
and matched switching coupled with
special deglitching, (sample-and-hold)
circuits, that hold the output fixed
during unwanted switching — transient
conditions. Glitching states are,
however, known states and are quite
unlike fandom noise which defies
prediction. 9
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When it comes to microcomputers, Altair from MITS is 1ht leader
in the field

The Altair 8800 is now backed by a complete selection of plug-in
compatible boards. Included are a variety of the most advanced memory
and interface boards. PROM board. vector inferrupt. real time clock.
and prototype board

Altair 8800 penpherals include a revolutionary. low cost floppy disk
system. Teletype ™ line printer. and soon-to-be-announced CRT terminal.

Software for the Altair 8800} includes an assembler. text editor. moni
tor, debug. BASIC. Extended BASIC, and a Disk Operating System.
And this software is not just icing on the cake — it has received industry
wide acclaim for its efficiency and revolutionary features.

But MITS hasn't stopped with the Altair 8800. There is also the
Altair 680 —complete with memory and selectable interface —built
,around the new 6800 microprocessor chip. And soon-to be-announced
are the Altair 8800a and the Alrair SR00b

ELECTRONICS TODAY iNTERNATIONAL-SEPTEMBER 1976

We doubt it.

MITS doesn’t stop with just supplying hardware and software,
either. Every Altair owner is automatically a member of the Altair Users
Group through which he has access 1o the substantial Altair software
library. Every Altair owner is informed of up-o-date developments via a
free subscription 1o Computer Notes. Every Altair owner is assured that
he is dealing with a conpany that stands firmly behind its products

_"—'l.-l__.'— é W —
l WE HAVE EXPLAINED THE BBOOISV_S"I'EM‘ TO OBTAIN INFORMATION
* ON THE 8800 KIT PLEASE SEND 50p

| name
*  ADDRESS

\Compelec Electronics Ltc

L 310 Kilburn High Road, London NW6. Tel:01-328 1124
k — N ——— )

0 ess W WIS W ANeE ST EER S WSNE B e L .

.69



LAST MONTH |, very fooclishly,
announced that the SC/MP Introkit
was priced at £50 (which it isn't!). It
is REALLY £54.50 plus 8% The
WORST thing that | did was to
mention the pseudo-TTY unit called
the Telekit which was also supposed'
to be about £50. It isn't. The prices
being quoted for it are in the range
£160-£200 and you can build your
own for less than that!

One of the main problems with
all of the instant MPU kits on the
market is that they all require a TTY
teletype in ordefr to communicate
with the KITBUG or BUGBUG
program supplied with the kit
These programs are supplied in
PROM form and thus it is rather
difficult for the average user to
reprogram the kit, especially as you
have not been able to practise
programming because you cannot
communicate with the MPU (except
through a TTY which costs nearly
£1,000). National Semiconductor
came up with an answer to this
problem for their own use, teaching

people to use SC/MP in their
educational courses.
As each course might have

50-100 people, the cost in normal
teletypes would be enormous and
so the brains at NS in Germany
modified a calculator to a wvery
simple TTY compatible unit to talk
to the Introkit. Apparently they
made about 25 of these units,
considered production, then (in the
USA) pulled the calculator which
they had used out of production.
Disheartened, it seems that they
gave up for the time being as
nobody can quote a delivery date or
price for the unit although NS
distributors have taken orders for it.

SECRET REVEALED

Now we tell you the secret -— you..

can make one for yourself! |If
SC/MP is intelligent enough to be
able to talk to a TTY then conversely

70

by John Miller-Kirkpatrick

SC/MP is intelligent enough to BE a
TTY. So you buy two Introkits and
reprogram one of them tc be a very
simple TTY device. | know |
mentioned earlier that it was
difficult to program when you have
not been able to practise, but the
point is that NS already have a
TELEKIT program and if they want
to sell SC/MP units they MIGHT
make this program available.

It only needs one person to have
a suitable program, and. anybody
else can have a copy of the PROM
with the program in it.

N.B. If you send PROMSs through
the post, especially abroad, put a
big notice on the outside of the
packet about X-raying as this can be
a good cheap way to clear U.V
erasable PROMs.

KIT INTROS

Fig 1 shows the components
used in addition to an Introkit, Flag
0 and Sense B are used for the i /0.
buffered through a pair of opto-iso-
lators. The PROM is programmed to
put one “1°° and seven "'0's’’ out
on the SOUT line and to shift the
one bit across the keyboard matrix
using another Flag as a clock. Any
key pressed will connect the bit in’
the DMB546 shift register to an
input on the 74C175 register.

This register s eventually read
back into the CPU chip, and can be
used to decode which of the keys
was pressed. The code generated
by the key is used to look up a table
in the PROM to decode it into an
alpha-numeric character displayed
on the seven segment calculator
display {NS have worked out a 40
character set which can be dis-
played using 7-seg plus a DP). This
character is now output to the
character register which will even-
tually direct it onto the display.

PROGRAMME TIMERS

The other half of the program

accepts any keyboard entry and
outputs it with all stop bits etc. to
FLAG 0. and eventually to the
pseudo-TTY output pins. Similarly,
any input atthe TTY pins is detected
by SENSE B, decoded and checked
internally then output to the display.
The 9 digit output is enough for
most programming applications,
but is not so good for normal 1/0
requirements. However, if you are
using SC/MP for a complex timer,
such as a traffic light controller or
similar, this does not need to
communicate with people via the
alphabet, and thus Telekit is great
for programming this application.
So off you go to buy two Introkits
and reprogram one of the PROMs
-—can't atford two plus a calculator,
etc? Well, how about programming
into RAM instead of PROM? Introkit
comes complete with a KITBUG
PROM and very thoughtfully a
listing of KITBUG, the listing can be

used to study programming by
working out what the KITBUG
program is doing. The PROM

comes complete with socket so it
can be removed and replaced with
RAM chips in a PROM simulator.

SIMULATOR PLUG

This can be simple to build and
requires four MM2112 256x4
RAMS plus a MM74C0O0 (CMOS
7400) to replace the 512x8 bit
PROM plus about 20 switches and
buttons and some LED lamps. The
Simulator is made to plug into the
24-pin socket normally used by the
PROM and looks like a PROM to the
CPU chip.

The difference is that this
‘PROM’ can be programmed by 9
address toggle switches, 8 data
switches and a ‘program’ button
connected to the R/W pins. Power
for the unit is derived from the’
socket, but it may be an idea to
include a large storage capacitor to
allow for temporary disconnection
without foss of memory.

if you really want low power you
can use some of the new CMOS
RAMSs available which will store the
memory for several days from a
small battery or for a couple of
hours from a large capacitor. Cost of
such a simulator would be about
£20 for MOS 2112 RAMSs, or £50
for CTMOS RAMs. This plus an
Introkit allows you to program your
own MPU for fess than £100.

DO IT WITH YOUR MPU!
We now have an MPU kit which
can be programmed to your own

ELECTRONICS TODAY INTERNATIONAL-SEPTEMBER 1976:



INDS

a1 e
PLLERTSYITY ceme .
. L]
SERIAL DATA N 34., : : ﬁl :sum. our
S P weawward
SWIFY MOOF
CHARALTER
FIG. 1. [
v
on1v
DRIVER
SENIE 3 —‘ o :
FLAG & 4'_'4 z
<
!
KEYBOARD =Y
sQuT
o > :
l e
FLAG § ——’-'
b3
=
r i
© =
CLOCw
EIL mmracizy i !
KBD AtngE REC
LATE™

MAD Y *

F1G. 2. KEYBOARD AND DISPLAY:
ORIVER
e I
I 5
392 b
i
o
ST rnsesrian’
LIS R Y
r A ) i) Camuneren :-:n
Akl Vie wttacace
A Na
VoA T NFw
vALUF
{
RUSKT FLagy DRihy 2 m$
! Yo peAm.y L
NEw wpur
<

requirements (you could even copy,
most of the KITBUG program if you
so wished) so now what can you do
with it?

How about using the ETI 560
VDU to enable you to play games
on your own TV set? Total cost is in
the area of £150 we know, but for
this you have a unit MUCH more
sophisticated than any other TV
game. You could play Draughts,
Nim, Scrabble, Chess, Go, Back-
gammon, Monopoly etc with the
CPU generating the dice

invent NEW MPU games -~ after
all you are the programmer.

f you come up with any
programs, or with a TELEKIT
program for SC/MP or 6800 let us
know at ET| -~ then we can pass
this information onto other readers,
in MICROFILE perhaps. @
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! Capacitive discharge

electronic ignit'i/c_m kils |

Smoaother running
Instant all-weather starting
Continual peak performance
Longer coil/battery/plug life
Improved acceleration/top speeds
* Up to 20% better fuel consumption

Sparkrite MK. 2 Is a high performance, high quality capacitive discharge,
electronic ignition system in kit form. Tried, tested, proven, reliabte
and complete. It can be assembled in two or three hours and fitted in
15/30 mins,

Because of the superb design of the Sparkrite ¢ircuit it completely
eliminates problems of the contact breaker, There is no misfire due to
contact breaker bounce which is eliminated electronically by a pulse
suppression ciscuit which prevents the unit firing if the points bounce
cpen at high R.P.M, Contact breaker burn is eliminated by reducing the
current to about 1/50th of the norm. It will perform equally well with
new, ald, or even badly pitted pnints and 5 not dependent upen the
dwell time of the contact breakers for recharging the system, Sparkrite
incorporates a short circult protected inverter which eliminates the
prablems of SCA lock on and, therefore, eliminates the possibility ot
blowing the transistors or the SCR. {Most capacitive discharge ignitions
are not comptetety foolpraof in this respect). All kits fit vehicles with
coil/distributor ignition up 10 B cylinders.

| THE KIT COMPRISES EVERYTHING NEEDED

Ready drilled pressed steel case coated in matt biack epoxy resin, ready
drilled base and heat sink, top quality 5 year guaranteed transformer
and components, cables, coll connectors, printed circuit boara, nuts,
bolts, siticon grease, full instructions 1o make the kit negative or
positive earth, and 10 page Installation instructions.

OPTIONAL EXTRAS

Electronic/conventional ignition switch,

Gives instant changeaver from "Sparkrite!” ignition 10 conventional
ignition for parformance comparisons, static timing etc,, and will

also switch the ignition off completely as a security device, includes:
switch connectors, mounting bracket and instructions. Cables excluded.
Also available RPM limiting contrat for dashboard mounting

{fitted in case on ready buiit unit).

CALLERS WELCOME. For Crypton tuning and fitting service —
"phone (0922} 33008,

PRICES INCLUDE VAT, POST AND PACKING.
Improve performance &economy NOW

* Kk k &k X

P

requ

Etsctranics Design Associstes, Deps. ET19 .
82 Bath Street, Walsall, WS1 3DE. Phone: (0922) 33662

Name ..... ; |
AT T08S wivisaksssiiitsissmoi s

........................... [LITIRTIvL Y Biresiane

e
Mk, 2 DIY Ass, Kit® £11.80 %

Mi, 7 Reaay Bulit Negative Eerth @ £16.97

"!'ancl'c';u éh'a;:iu;
for£

Cheque No.

Mk, 2 Ready Built Positive Earth @ £14,57

Ignition Changsover switches ® £4.30

Send SAE if brochure
onty required.

N 1§ § ¥ ¥ |

A.P.M. Limit systems in-lbovo units @ £2.42




ech-tips

- Self adjusting AM
noise limiter
DETECTOR
CtRCUIT
,..__—____‘_/\.__,.,___\

B

Pl b

TCO

OUT VOLUME

CONTROL

0.0047,F

5

DETECTOR
DIODE

VOLTAGE CONTROLLED
CURRENT SOURCE

The voltage follower IC1, buffered by
TR1 provides a current at the coltector
proportional to the input voltage due
to R1. This current is applied to R2
which means that the voltage across it

will be Vin gy

IC2 forces the voltage across R3
to equal that across R2. The zener pre-
vents IC2's inputs from operating at
the supply rail.

in this circuit the input voltage is
generated relative to the OV rail. For
maximum output voltage capability
the voltage across R2 and R3 at the
maximum proposed output current
should be kept small. However offsets
in the ICs have more effect on the
linearity as the max resistance of VR2
becomes smaller — these should be
nulled out,

CHEAPO VCF!

Readers intending to build the
dynamic noise limiter may be interest-
ed in the following circuit.

The circuit consists of two RC low
pass filters connected by a unity gain
buffer (inverting).

The n-channel MOSFETs are used
as voltage controlled resistors to vary
the cut-off frequency of the two filters
which are controlled by a voltage
entered at points X — The additiona
resistors limit the variation to limits

 of 5 and 50kHz.

D1, D2 — 1N914, BAX13

OR HIGH SPEED
SWITCHING DIODE

This is a very effective self-adjusting
positive and negative peak noise limi-
ter. The detector diode is part of the
usual detector arrangement in a re-
ceiver and provides a negative bias
which varies with the average signal
strength (bias provided by D1 and D2).
When a noise spike appears on the
positive swing of the demodulated
audio wave form, D1 conducts flatten-
ing out the spike. Similarly when a
noise spike appears on negative swing
of the audio, D2 conducts flattening
out the spike.

The circuit causes considerable re-
duction in audio output when in circuit
and cuts the high frequency response.

AN ey —1—{]——«/\/‘ =

INRYT o——l‘

NOTES

1. The control voltage should be
positive-going, not negative-going
as in the original,

2. Signal input should be resticted to
50mV, when distortion will be low.

3. The cut-off is less sharp than the

:

ONF VCF so less trouble can be
expected from changes in band-
width, as such changes will be less
obvious,

. A high impedance buffer is required
at the output.
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Tech-Tips is an ideas forum and is not aimed at the beginner.
We regret we cannot answer gqueries on these items.

ETI is prepared to consider circuits or ideas submilted by
readers for this page. All items used will be paid for, Draw-
ings should be as clear as possible and the text should prefer-
30ly be typed. Cirtwits must not be subject to copyright.
Items for consideration should obe sent to ETI TECH.TIRg
Electronits Today tnternationa), 36 Ebury Street, Landon
SWIW OLW.

SELF-CLEAR

The network consists of two resistors
R2 and VR1 arranged as a potential
divider, the latter being shunted with a
non linear load Q1 whose value
depends on the voltage developed
across R1. This is related to the charge
of the capacitor C1. The resistor VR1
was made variable to make the design
less critical. ] FRAM
As soon as S is closed, C1 starts CHRCUITRY
charging; at the same time the base- ‘
emitter junction is being forward
biased and Q1 conducts, bypassing
VR1. Voltage at point A is “low"” and
a set pulse is produced, therefore.
When the charge on C1 reaches a
given value, Q1 stops conducting and
voltage at point A rises to a stabilized
value which is approx. 4.5 VR1/(R2+  the indicated values. VR adjustment depends, amongst
VR1). Any NPN silicon transistor will  other things, on the number of flip-
Component values are not critical work the prototype being assembied flops and must be adjusted in each
although R1 and R2 must be close to  with the BC171. particular case to give best results.

FM modulated T "°°>‘°ouwm

TTL crystal
oscillator 220pF  VARICAP

o
-

This TTL crystal ascillator is useful for
checking FM receivers or to drive
multipliers-amplifiers for an FM trars-
mitter. It will accept crystals between 1 av

and 18 MHz. Output level is quite high " B1AS)
and rich in harmonics. Audio can be
provided at a low level from an audio
osciltator or a microphone amplifier. See—————— SMALL TRANSISTOR AUBID DUTPUT

OR DRIVER TRANSFORMER
AUCIO

—— — ——
23]

SW1A
SIMPLE AND CHEAP LIGHT L T o 7 »

OIMMER

|
More than one lamp may be {
|
}
|

“dimmed”, but the total wattage -
ratings should not be exceeded. The W0 e
current ratings in the table are mini-
mum values. o
i i SW1B

With "S\ﬂ{"l, the normal mains - ) o _ -
switch, “On” and SW2 closed, the * DY VOLTAGE RATING: AT LEAST 400 PIV
lamp operates normally. But with BY126, BY127, ETC. {see table}  SW2 ... SPST MAINS SWITCH (ise
SW1 “On* and SW2 “open”. only half " table for current rating)

the mains waveform is altowd to ener- LAMP WATTAGE:UP TO:-  100W  250W  500W  1kW

i | her half bef
gllfck?: b:mopi_ t_:]gisoits f}: -l D1 & SW2 CURRENT RATING: %A  1%A  2%A  6A

made. Orientation of D1 does not Being small, the unit could be switch, utilising both switches as SW1
matter, mounted in a normal double wall- and BW2, or inside a table lamp,
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MULTIPURPOSE AUDIO TESTER

The instrument is_ designed primarily
to provide a cheap and retiable method
of testing for wiring faults in projects.
As a secondary use it may be used as a
capacitor checker. Additionally the
apparatus may be used as a ready
made siren. The output from this
instrument may also be fed to an ex-
ternal source, such as an amplifier,

Each circuit can be made to osc-
illate at audio frequencies using simply
a capacitor connected from input to
ground and an resistor connected
between input and output. The out-
put is detected using a crystal earpiece.
Thus, simply completing the resistive
arm of the circuit via the "R’ sockets,
causes oscillation t0 commence, at a
frequency governed by the resistance
between the sockets. Similary, by
completing the other circuit by means
of connecting a suitable capacitor
across the ""C" sockets, the other cir-
cuit is set into operation at a
frequency dependent on the unknown
capacitance. Thus we have an instru-
ment which provides a ‘““go/no go"
indication of a circuit or a component.
In addition a rough order of value of
the component may be obtained from
the frequency of oscillation.

For use as a continuity tester,
probes are simply inserted into the
“R" sockets and the instrument used
as a conventional ‘“ohmmeter”. The
maximum detectable resistance would
be of the order of 1k. Similarly, these
sockets may be used to check diodes
and transistors.

Using the “C" sockets for checking
capacitors, observe polarity when
using electrolytics. The range of
checkable capacitors is large varying
from .22uF 1o 5000uF.

/ S1A
O-

04,5V
—
=1 RED

rhnL

[ RLACK
(.

PHONO
SOCKET

—

Lﬂ//}%

——{ =En

] l BLACK
oV

1v5

[

wvs

Nsmme
]

PEASPEX .
SHEET

LL L L L LRl

P TTETS

P'-IO‘\IOO }
ey 04

I¢

|

7%

VEROSTRIP
—_—

DANCING LIGHTS

This device will produce a shifting
light disptay in time to the signal
from a loudspeaker. Setting will vary
according to the votume at which the

- BC107

- 2N3055
28160 PIV
240/22.5 2A

VR

music is played. When VR1 is at max-
imum the lights remain lit most of the
time. At minimum the lights may not
come on at all. A suitable position can
be established in between these two

extremes.

The bulbs used can be any number
at 25V each and the total should not
be more than 100W. A heatsink should
be used for the power transistor.

T

Y
100W max

{4

IN 4001

™ "o ]

250v J
N
!
=
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complete niima cLock kTS
TEAK CASES

prompt order despatch

NON ALARM £9.60+ s

ALRaM - £11.99. 006

including P&P

“DELTA"

GENUINE TEAK OR PERSPEX CASE

DELTA DATA: 4 Radiant Red % inch high LEDs. 12 hr display with
AM/PM indication. Beautiful Burma Teak Case or Pretty Perspex
in White, Black, Blue, Red, Green. Power failure is indicated by
fiashing display

MODULES: Kits can be bought without case  Nen Alarm £8.00
Alarm £10.50 incl
READY BUILT: Buy a working tested module and fit your own case
Non Alarm £8 50 Alarm £11.00. Or put # with our case parls @
£3.78 and save on complete clock price
Complete Clock ready built. 2 yr. guarantee. Non Alarm £14.00
Alarm £16.50
ALARM FEATURES: Fulsed tone. Tilt operated 10 minute 'Snooze
period. Single switch setting. Optional extra mercury switch (45p)
allows Alarm reset by tilting clock. Digit  brightress is
automatically controlled to suit lighting level.

8 DIGIT: "Comet’” Non Alarm with 6 red 0.8'' high digits. Complete
kit £17.00. Case style as Delta.
NOVUS 650

£540 4510 £16.20
CAI.CU_L_ATORS 850 £8.75 6030 £21.80

Send payment with order. S.a.e for complete range of clocks. talculators &
componants

PULSE ELECTRONICS
LTD.

DEPT, E3, 202 SHEFFORD ROAD
CLIFTON, SHEFFORD, BEDS.

N

Talephone: Hitchin (0462) 814477

——

ELECTROVALU

the good components service
with a still more up-to-date catalogue

In relatively few years, Electrovalue has risen to a
position of pre-eminence as mail-order (and industrial)
suppliers of semi-conductors. components, accessories,
etc. There are wide ranges and large stocks to choose
from as well as many worthwhile advantages to enjoy
when you order from Electrovalue

CATALOGUE 8 ISSUE 2

Second printing now ready, revised and up-dated on prices. etc
144 pages. New items, Opto-etectronics. Diagrams of
components, applications. 1.C. Circuits. Post free 40p, including
voucker tar 40p for spending on order gver £5 list value.

DISCOUNTS

On all CW.0. maif orders, except lor some Jtems marked

NETT
0, ©On orders list value 0,/ on orders list value
5 /0 I 0 /0 €15 or more

£10Q or more

FREE POST & PACKING

On all C.W.Q. mail orders in UK. over £2 list vaiue, If under. 'add
15p handﬁng charge ]

PRICE STABILIZATION POLICY

Prices are beld and then reviewed over minimum perods of 3
months nexs review due Apal st

QUALITY GUARANTEE

On everything 18 our Catatogue -~ No manutacturer's rejects,
seconds or sub-stantiards merchandise,

ELECTROVALUE LTD

All communications to! Section 5/4, 28 ST. JUDE'S ROAD, ENGLEFIELO
GREEN, EGHAM, SURREY TW20 OHB. Telephone Egham 3603 Telex 284475
Shap hours 9-5.30 daily, 9.1 p.m. Sats.

NORTHEAN BRANCH: BBO Burmage Lane, Burnage, Manchester M19 1NA.
Telephone {06 1) 432 4945. Shop hours daily 9-5.30 p.m.; 9-1 p.m_Sais
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ENGINEERS

YOURSELF FORA

BETTER JOB -~ MORE PAV

Do you want promotion, a better job, higher pay?
“New opportunities” shows you how to get them through
a low-cost, Home Study Course. There are no books to
buy and you can pay as you learn.

This easy to follow GUIDE TO SUCCESS should be
read by every ambitious engineer. Send for this helpful
44-pagefreebook NOW!Noobligation, nobodywxllcalL
on you. It coukd be the best thing you ever did.

CHOOSE A BRAND NEW FUTURE HERE
MmN mm CUT QUT THIS COUPON mmi mm mg

Tick or state subject of intarest. Post to address below. Ii

ELECTRICAL & AUTO & AERO MECHNICAL I
i Oh-"CS Motor Mechanics (] AMSE (Mech) [T
pracLcaliladioi&l . oo g General Mech. Eng, D 1
Electronics (with Kit) ' c'&G MowrV iy intigs ;
“Electronic Engineering _ Mechnics =k Teschmc%ans O a
\Cemuificate ' General Auto: . 3 '
Generaj Elect. Engineering O E‘ﬂﬂ_‘llﬂ'll_nce y
Eng.Certificate O [ Yot ngineening | 0
'C & G Elect 0 Welding o I
Instailations O g'e'nieak”a'"’n Board )
Elect. Install. & Work e I
m] MAA /IMI Dip. O b
C & G Eléct. MANAGEMENT &
Technicians O PRODUCTION
. Computer .
.RADIO AND TELE- Programming () I

COMMUNICATIONS TONSTRUCTIONAL
\Colour TV Servicing
C & G Telfecoms.

Inst. of Cost &
Heating Ventilating & Management Accts. D I

Air Conditioning

Technican'sCert. [0 Architectural l
€ &G Radio, TV & Draughimanship & DRAUGHTSMAN- B
Electronics Mech. Design SHIP & DESIGN :
Certificate L10B. (O] = 'Z
Radio & TV et General
Engineering Course [ (':me:w &Jsinery [J Draughtsmanship [
Radio, Servicing & Flubing TéchnoogyT) i1 p. i l

Repairs Gensral Bitding O Elecirical o
Radio Afiu.cis » vainung & 3 Draught manship O '
Exam O Decorating D ;

____  G.C.E. | I
-58 ‘0" & 'A’ Level Subjects | =

Cgver 10,000 Group Passes! :

Aldermaston College l.

Dept. TET 18, Reading RG7 4PF

atso at our London Advisory Office, 4 Fore Street Avenue, .
Moorgate. London EC2Y 5EJ. Tel. 01-628 2721,

NAME (Btock Capitais).

ADDRESS

. Qther subjects ol Interest Age
l Accredited by C.A.C.C.

HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY

Memberot A.8.C.C

Posteode '
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New Coursein Digital Design

Understand the latest

developments in calculators,
computers, watches, telephones,

television, automotive instrumentation. . . .

Design of Digital Systems

A Self-Instruction Course in 6 Volumes

1 ComputerArithmetic
Each of the 6 volumes of this seif-instruction 2
course measures 11%’ x 8%’ and contains 60 .
pages packed with information, diagrams and BUOIEB" LDgIC
questions designed to lead you step-by-step
3 Arithmetic Circuits

through number systems and Boolean algebra,
" Memories & Counters

to memories, counters and simple arithmetic
‘circuits, and on to a complete understanding of
the design and operation of calculators and
computers.

After completing this course you will have 5

broadened your career prospects and .
considerably increased your fundamental under- CﬂlCUlatOI' DES'gn
standing of the changing technological world
around you,

s Also available — 3 more
Dlgltal COINPUCCI' elementary course assuming
and no prior knowledge except

Electronics simple arithmetic.

e "‘":‘:_“'_"" in 4 volumes:
15 1. Basic Computer Logic

ss I = | asta  £6.20

6 ComputerArchitecture

3. Designing Circuits to
Carry Qut Logical
Functions

4. Flip flops and Registers

plus 80p packing and
surface post anywhere
in the world (VAT zero
rated}. Payments may
be rmade in foreign
currencies. Quantity
discounts are available
on reguest.

| ‘Offer. Order this together

- plus with Design of Digital

t4 20 8op Systems for the bargain

! pé&p price of £9.70, plus 80p p&p.
Design of Digital Systems contains over twice as much
information in each volume as the simpler course, Digitai
Computer Logic and Etectronics. At the information in the
simpler course is covered as part of the first volumes of
Design of Digital Systems which, as you can see from its
contents. also covers many more advanced topics. r- e e e [ e i B R e S | i

To: Cambridge Learning Enterprises, Dept. Dig.,
FREEPOST, St. Ives, Huntingdon, Cambs PE17 4BR

‘Please send me . set(s) of Design of Digital
Systems at £7.00 each, p&p included

Designer These courses were written so that you could teach
Manager yourself the theory and application of digital logic.
- Learning by self-instruction has.the advantages of
Enthusiast being quicker and more thorough than classroom
‘Scientist learning. You work at your own speed and must
respond by answering questions on each new piece

L I R ot kN g —

|
I
l‘
Engineet : : 8 ¢ c : ‘or - set(s) of Digital Compgter Logic and.
Student aof information before proceeding to the next. { Electronics at £5.00 each, p&p included
| ‘or combined set(s at £10.50 each, p&p included
‘Guarantee—no risk to you -i N MY e ik i i s s b B A i P 952
1 you are not entirely satisfied with Design Of‘ | Address...,..o.eeeinnnan, e T — SRR —
1D|gna| svstems or D|g|t al COmputer Logic and Lo et e e N -
Electronics, you may return them to us and your Y e A A
I *delete as applicable. ETI §

; i in full, no questions . .
m:::;y will be refunded in 3 q 1 No need to use a stamp— just print FREEPOST on the envelope.
a8 e . —— - - ———— — -—— e ———— - -——
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New to the UK from PRONTO

Battery operated LCD read out
CALENDAR CLOCK KIT -crystal accuracys,
Bold Digits -runs on two Penlight Cells.

Now is the time for the hobbyist to move into Advanced

Tachnotogy with Prontol

PRONTO MODEL 3017 — The first completely portable liquid

crystal display, digitat CALENDAR CLOCK KIT offered in the

United Kingdom.

*‘Battary operation —- two small alkaline cells give a minimum
life of 12 months.

*Superb accuracy through crystal control — of 3 minutes a year

*Wide angle display with %:'digits

*Push Buttons give choice of 3 disptay modes — hours minutes
on 12 hour display with flashing colon, or seconds, or date.

*PRONTO 301 comes complete with easy to follow

instructions AT £29‘50including V.A.T. You save
Pounds off the recommended retail price of a
comparable made up clock.

TERMS: Cash with order — make chequa and/or postal order

H
._.._..............................;:/

Piease send me — @

L4
payable to PRONTO ELECTRONIC SYSTEMS LIMITED. j PRONTO 301 KIT/S {
(P&P~U.K £0.45 Overseas £1.50)  +|nganious gravity alarm — time setting | AT £29.50 EACH (Pius P & P} l

e .m°de switch ) PRONTQC 304 KIT/S
Full assambly instructions l AT £15.50 EACH {Plus P & P) ."
== IU AT £15'50 including V.A.T. . f
With sl PRONTO products — enquiries | My cheque/P.O. for isenclosed |
=== from the Trade, as well as the Hobbyist,
e DO~ - 1LE are welcome, and you can also buy | NAME_ {
\\\ e e ] individual components! '
PRONTO Fiuorescent Display PRONTO CONSTRUCTOR'S CLUB ADDRESS —— l
Alarm Clock KIT When you buy your first Pronto kit l l
Wakg up to the electronic age with the you're automatically a Member of the [T — SUF T TR
new PRONTO 304 Alarm Clock PRONTO CONSTRUCTOR’'S CLUB. It [
*lLarge Bright Green Display will not only keep you in the picture on = l
*Alarm with 10 minute "snooze’ feature new ideas and kits . . . but gives you l Pronto E lectronic Systems L td.
*AM/PM indication and simple setting FREE a £2 Voucher against the purchase 645/647 High Rd., Seven Kings, t
* Automatic brightness control on digits of your next kit! Essex 1G3 8RA. 01-599 3041
governad by roam lighting tsn’t it time you joined the Club? — e e e m t—— ———— J
E =T T Pra— = "“- = -
TRE Gt o o e e [ s [y 3 =18 Mcke
= . 3
Wk | W =t ( -
Momuew | M5 wn | e | S | e | o S qry - -
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u'.r-lq:(- ”; nm [al a0 E& l(/ '
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Discran 14 Smtader . A | f5c | Tesrsers Mo F] X £l gualification } .
2;.;:!'& g yid ua:'s :-m-mr [ o] o . "A‘ :Se Polﬁechmc of North Lgndon you can study el.ther
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e tpetaer 3 o T | e ok o a @ | oo engineer to post-graduate level.
Colow rpee :‘1; prd ggg Awdle  Expamtar . The Cours off
=y an & ™ h':-ﬂ-r :: b gﬁ urses arg are:
4 & I Carrer Uy Wi A s | ow B.Sc. in Electronics and Communications Enginearing
o ~ ; % 7;: = e i = g: {If you have Maths and Physics "A’-levels)
mue . = ) I3 el Technician Engineers Course in Electronic and
Ol Tioy Wokch & B 29 |mm Dt - g ™ COmmqnicaﬁonl Engineering.
i e b u....-..‘.; ) s ;;',?: (For which you need 3 'O levels including English
L Cast Lagme 52 54 e (el 2 S Languzge). .
s = o | 2 And 3 variety of other short courses.
Bac. Ot Arm Bomht 59 529 23 el Mtack 3 = £1.04 e p Bt
- o =™ izg Raes Bowsior s o 246 Write to: Department of Electronics and Communications,
ﬁ%n 2 2 7y ?;L""""“u..l Lol = 23 Engineering. The Polytechnic of North London.
au ; ] Holloway N7 8DB {01-607 6767).
R pnieCe Seaheoy i,
i] 1 — incem s AA RN (7] r mr s .
e (WJWEI'."EE%ER ONiE*?) T D'_' ) The Polytechnic of North London
35 Grosvenor Road, Twickenham, Middlesex Tel. 01-891 1923
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~ TELETYPE 35RO ASC11 CODE

HEAVY DUTY CONTINUOUS OPERATION

With 240 Volt Power Supply and Paper Feed. Circuits, Diagrams. Information supplied with all purchases.

A MUST AT £50 each

To all purchasers of the Teletype 35R0 a REBUILDABLE Keyboard can be purchased for £10 only
Atutractive cast alloy front panel, vertical mount, size 16: x 15 x 54" containing 72 push buttons with manual
or electrical reset (28V) with provision for labelling with your code; 65 illuminated symbols or functions
{complete with 28V lamps) which again you can change; 15 bit front panel microswitch assembly to enable your
coded cards to be read (sample supplied) and host of other electronic parts. Complete with circuit diagranis.
Now only £10 each.

I ROYAL INVERTERS

Manufactured USA. 28V DC input. Output
115V AC 400HZ up to 2KVA. Brand new.

SOLARTRON AC
MILLIVOLY METER VF252
1.5MV to 150V fuil-scale in 10

THE LATE MODEL MARCON!
OSCILLATOR TF855A/1

in superb condition covering 25HZ to 12MHZ

Crated. sine wave in 3 ranges and 50HZ 10 150KHZ =
square wave. High output 31.6V. Meter | ranges. 6 meter *1%_ Good
scaled in volts and dBs condition.

AL 1Tems £22.50 each

SPECIAL OFFER — pick 3 different
items of the 5 for

AVO RF SIGNAL

GENERATOR AVO VALVE

16" wide x 10" high x 6’ deep.

AM Moduiation. Freg. range 2 10 250MHZ.
240V operatian. Suitcase style. Size approx.

£60

Carriage £2.50 each or £5 for 3

TESTED CT160

| ""The Suitcase”". Size approx. 16"
i wide x 10" high x 11" deep.

TRANSFORMERS — All 240V 50HZ
nputs

Typs A 12.0-'7v 250 MA; 7.5.0-7.5V:
250MA 0-20V 5Amps; 0.4V 5 Amps:
0115V 5 Amps. £2 ea. PAP 125,
Type B 17.0-17V 250MA; B-0-8v 250
MA: 0-12,5-13,5V 5 Amps: 0-1.5.2Vv
S amps; £1.50 ea. PAP £ 1
Type € 19-0 19V 250MA; B-0-8V 250MA;
0-7.5V 5 Amps; 0-1.4V 5 Amps; £1.25 es.
P&P£1.25.
Typs D 34V 4 Amps: 19v 4 Amps; 17v 4
Amps; £3 o0, PAP£1.25
Type E 3v | Amp. 25p ea. PAP 50p,
Type F 17V 1 Amp. 85p ws. PAP 50p,
Type G 20-0-20V 200 MA; 0-6V 100MA;
78p sa. PAP 75p. Allaniic series.
All Brand Now. {(APT surplus 1ypes A, B, C &
0: Honeywaell surplus type E: Recordacall
surplus type F; Parmeko Atlantic series type
G).

Type GEC 924F 3%* dia. (Replacament far
Telequipmant D33 & Solartron 1016
scopes) E30 ma. P&P £1.50

SEMICONDUCTORS — All at Bp sax. PAP
extra. Guaranleed all full spec. devices.
Manufacturer's markings:

BC147; BC158; 2N3707: BC107; BF197:
BC327; 2N4403; BC172B; BC2618B;
BC2518; BCI4BE; BCY71A/B.
2N3O55RCA 50p es. PAP Bp.

2N5B79 with 2NSBB1 Motorola 150 Want
Comp. pair £2 pr. P&P 15p. v

*linear amp 709 25p sa. PAP Bp

*SPECIAL OFFER
Guaranteed tull spec
facturers markings.

8C 204 & BC 207A 4p e P&AF exira

devicas. Manu-

VARIACS 240V input 0-270V oulput.
8 Amp E£18 sa. 20 Amp £30 es. Carr
exira.

LARGE RANGE ELECTROSTATIC VOLT-
METERS. from 0-300V 2" £3: 1o 250KV
Max.

General guide 5KV 3%°* £5; thereafier £1 |
per KV P&P 75p

ATELEPHONES

Post Office Siyle 746. Black or two-tone
Grey £6.50 sa.

MARCONI TF1101 Audio Oscillator. 20c/s
to 200ke/s. Low distortion. 60db step
atlenuaior £65 each.

Modern Styte 706 Black o two-lone Grey
£4.50 aa.

Modern Standard Style in Grey or Black
with 3 place 10 pul your fingers lika the
746 £3 #a. As above bu discoloured Grey
only €2 ea. All telephones camplete with
standard dial and bells. P&P all styles 75p
ea. Handsets. compiete with 2 inserts and
lead £1.75 es. P&P 65p

ONLY £10 EACH
Stabilised Power Supply, 240V 50HZ
Input, Outputs — 15V @ 10A; + 15V @
4A ~4.5V @ 12A1 -21.5V @ 15A Sie
16 x 20 x 9''. Auto overioad trips on each
vollage rail with pushbutton resets. MANY
OTHER POWER SUPPLIES — Call and see

BNC Plug 10 BNC Plug lead. assembled
ready to use 75p ea, P&P 20p.

Ex-eq. BNC Socket 15p. BNC Plug 20p.
BNC Plug & Sockaet 30p pair. PRP 15p.

wPOT PACK. All Brand New Modern. Single
and Ganged, our choice. 7 for 28p. P&P
48p.

TUBES — All Brand New. Boxed.
Electromaic Deflechion.

Type 40BA 1% gia., 7%" long. Blue
Traca £2.60 ea. P&P 75p.

Type CV1526 (3EG1) 3' dia. €4 en. P&P
£1

Type 087/38 3" dia. (Replacement for
Telaquipment S31) €15 ea. P&P £1.50.
Type SBVP! 5 dia. POA X. Y Low
Capacitance Side Pins. Green Trace £5 sa.
PP L1 50,

Type GEC 924 3% dia. (Replacement for
Solariron 1015 scopa) £20 ea. P&PL1 .50
Magnetic Deitaction

120P? 12” round. Blus with yellow
attarnglow. £1 ea.

And {or the VOU BUILOERS

M3B-111GH Rectangufar 30 .x 20cm
Green Trace. Suparb value £12 ea.

or Economy wype CME1220 24 x 18cm
White Trace. £9 oa.

NEW — UPGRADED CONTENTS — FOR
LESS MONEY

+3Ib Electronic Goodies £1.60 post paig
+High Value Primed Board Pack — hundred
of components, transisiors, eic. — no flat to
the board transisiors £1.85 post paid

VERY SPECIAL PRICES
#10001 Feed thru Capacitors 10 for 30p.
P&P 15p

MUFFIN Fans. 115Volt, Size § x 5 x 1%4”.
Superbly quiet and reliable. £x.-eq. but
tested, £1.50 on. P&P 75p,

IBM CLOCKS -- SLAVES. 11%"". £3 sa.
PRP £1: 17%’ €5 ea,, Plus Carr.; 23V"
£7 wa., Plus Carr,, ITR CLOCKS SLAVES
7" £8 ea. PLP 75p

*Merer PACKS — 3 dillerem meters £2,
P&P £1

QON'T FORGET YOUR MANUALS. S.AF
with requirements

GRATICULES 12 x 14 cm high quality
plastic 15p ea. P&P 10p.

*CAPACITOR Pack. 50 Brand New
components. only 50p. P&P 48p
+*TRIMMER PACK. All Brand New, 2 Twin
50/200pf ceramic: 2 Twin 10/60pf
ceramic; 2 min. sirips with 4 prese1 5/20pt
on each: 3 air spaced preset 30/ 100pt on
ceramic base 25p the lot, PAP 15p
RESETTABLE COUNTERS: 4 dign by
Stonebridge / Sodeco 1000ohm coil £2 ea.
P&P 35p

CRYSTALS. High quality B7G, etwc.

2MHZ €2.20 as.

1MHZ £2.75 aa.

100KHZ £2.50 sa.

S0KHZ €3 ¢a.

20KHZ £4.50 ea.

P&P all 50p.

#4,4IMHZ CB Crystal a1 25p e0. P&P 15p

#BEEHIVE TRIMMERS 3/30pf. BRAND
NEW

10 0H 40p, P&P 15p. 100 of £3.50, P&P
75p: 500 oft £15, P&P E1.25: 1,000 off
€25, P&P £1.50

®POTENTIOMETERS — All 5p sach. P&P
extra. Metal bodied AB Linear. PC8 mount.
Brand new. 10K single; 100K Ganged,
250K Ganged: 100K Ganged concentric
shafts.

HIVAC Minature NEQNS
App 60V Brand New. 10 off 20p:
P&P exwra.

FIBREGLASS BOARO PACK, More boarg —
l2ssmonay Large: pieces Not lesstnan? &
$q. 1_for 95p, P&P 65p,

Double or single sided cut to any size. New
Lower Price 1p per sq. in. P&P eatra

20HZ 10 200KM2
SINE AND SQUARE WAVE GENERATOR
In four renges. Wien bridge oscillator thermistor stabilised. Separate
independent sine and square wave amplitude controls, 3V max sing, 6V
max square cutputs. Completely assembled P.C. Board, ready 10 use. 9 1o
12V supply required, £8.85 each. P&P 35p. Sine Wave only £6.89% each

P&P 35p.

WIDE RANGE WOBBULATOR
5MHZ 10 150MHZ (useful harmonics up to 1.5GHZ2) up 10 15MHZ sweep
widih. Only 3 controls preset RF level sweep widih and frequency. Ideal for
10.7 or TV IF alignment filters, receivers. Can be used with any general
purpose scope. Full instructions supplied. Connect 6.3V AC and use within
minutes of receiving. All this for only £6.75. P&P 35p (Not cased, not

calibrated).

¥ '

78

Minimum Mail Order £2.

Excess postage refunded

Unless stated — please add £2.50 carriage to all units
VALUE ADDED TAX not included in prices — Goods marked with x 12 12 % VAT, otherwise 8%
Official Orders Welcomed. Gov./Educational Depts., Authorities, etc., otherwise Cash with Order
Open 9 am. to 5.30 p.m., Mon. to Sat.

LTMEAD

7/9 ARTHUR ROAD, READING, BERKS. {rear Tech. College, King's Road). Tel. Reading 582605

e 1 1
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For Toshiba

If you're looking for ex-stock, competitively priced solid-state
devices, look no further! Because at Erie, we are offering the
comprehensive Teshiba range. It includes signal and power
transistors, FETs, diodes, ICs, and LEDs (single and 7-
segment).

Here’s a selection of Toshiba devices, with prices for quantities
from 1 to 24 inclusive.

15§% discount applies ro all orders for quantities of 25 10 99-
If you want 100 or more of any one item, special prices apply—
send for price list direct from Erie, or complete the reader
service card.

Data sheets for devices ordered are supplied free on request,
but if you want data sheets only, please send 10p for each set of
device data, to cover costs.

P & P of 30p is applicable on all orders up to 100 devices (any
mix of types).

VAT Please add 12} % for VAT to zil prices, except those
marked with an asterisk (*) which are rated at 8% VAT.

TRANSISTORS 8D 139 NPN 40p

Spall Signal 8D 140 PNP 44p
(2-58) (TO-220A8)
25A 561 PNP 13p "25A 473 PNP 40p
2SA 562 .. 12p "25A 489 75p
25A 493 17p *25C 790 NPN 50.5p
25A 495 12p 25C 1173 ,, 35.5p
2S8C 372 95p | "2SC 1447 50.5p
2sC 373 .. 96p | "2N 5296 59p
25C 382 . 26p Matal Power
25C 383 . 24.5p (TO-66)
2SC 388A |, 22.5p 25C 5154 NPN 48.5p
25C 733 . 6p 25C782 £1.08
2SC 734, 11.5p (TO-3)
25C 735 . 11p "2SC 643A . £2.05
28C 1000 |, 16p 2SC 1434 £14.30
28C 1681 |, 16p "2SC 1576 £2.43
(T0-92) 25C 1617 . £1.29
BC 451 NPN 11p "2N 3055 i £0.86
BC 452 e 11p 'S 2530A . £3,48
BC 453 = 11p $1299 = £4.09
BC 454 PNP 11.56p Integrated Circuits
BC 455 o 11.5p | TA 7093¢ £1.49
8C 456 - 11.5p | TA 7109AP £1.57
Plastic Power TA T1V7P £2.36
(2-7) TA 7206P £1.55
§1234 NPN 335p | FET.
(T0-126) {2-5J)
BD 135 NPN 33.5p | "25K12 £1.04
8D 137 e 36.5p 2SK30A 27p
BD 138 PNP 40p "35%35 £1.45

DIODES T

Zenar Vari Cap
0525.6 14p 151658  25p
0526.2 12p
0526.8 13p Switching
0527.5 13p 151554 4p TLR 104 21.5p
05285 13p > TLR105 21.5p
0529 1 13p Pulse Ractifier TLR 106 215p
05210 13p 152756 235p TLR 114 30p
05211 13p Di TLG 102 36.5p
05212 13p 5;893 o TLG 103 355p
05213  13p 1 P TLG 105 35.5p
O purgone | Do
S e SFOR 2841 52 5p
{IN4001) Triac

§50898 8p *SM6G14  £1.61
(IN4002) 5
$5089F 11p
(IN4006}

ERIE ELECTRONICS LIMITED

South Denes, Great Yarmouth, Norfolk.
Tel: 0493 56122 Telex: 97421

Components ITT
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Light Emitting
Diodas

TLR102 215p
TLR 103  21.5p

Sevan Segments
TLR 301 £1.08
TLR 302 £2.22
TLR 306 £3.08
TLR 307 £3.08

Uni Junction
"2SH21 57p

' e om B
‘Metac Digital
Watcher

N TLCa LiQuip 1\ _
CRYSTAL

ELECTRONIC

WATCH

Continuocus display with
backlighting, 6 function
watch. Hours/minutes/
seconds/date/a.m./p.m.
setting. Available in 18¢t,
Gold/Rhodium plated.,

S

W

‘- Stimline Case.
829.95 00,

TLESEA .
%/ QUARTZ CRYSTAL

ELECTRONIC
WATCH

8 separate functions,
Hours/minutes/day/dste/
a.m./p.m. indicators/Auto-
Fade. Available in 18ct.
Gold/Rhodium plated,
Slimiine Case.

+£1.80 V.AT.
2 year Guarantee f

DIGITAL NS
MAINS CLOCK

Bright Planar Gas digit
display. A.M./P M,
Indicator and flashing
sacond indicator, 24 hour
bieaper atarm, 5 minuta
repeatar. Mains failure
indicator. 5°' across x 3%"
deep. Attractive White

Case. Hundreds sold.

£ 13'95incl. V_A,T‘H
'‘MISTRAL DIGITAL
CLOCK |

In kit or built form. Large
4 digit display. Push
button setting. 12-24 hour
read out. Pleasing green
display. Pulsating second
indicator. Build in 1 haur,

Completeit £.I.I'°7Inc|. V.A.T,
N\ ek £14:95.c.var. 4

REMEMBER with every WATCH you get METAC SUPER
COVER.Fult 2 years guarantee, Two year replace or repair if faulty,
Free Calibration check 1st, 2nd & 3rd year. Free Technical advice,

ToMETAC INTERNATIONAL. Cross Lane, Braunston,
Northants. Tel: Rugby 890672

Please supply the following:— . .. T il =
Name . . ... D Wi s et e e
Address. .. .. ... Lo s v e TN 5a 64 ;

I enclose cheque/Postal Order/Money Order ]
| wish to pay by Barciay Card/Access and my number is-

Signature . . . ... ...... [ i
Mail Order Customars. Please add 58 pence per order to
cover postage and.insurance.

79



FOR DETAILS ON ADVERTISING IN

M!NIADS, OR ELSEWHERE IN ETI

14175/ -
14507 ~
use —
14582/ 4502

01118013 .83 14507/4830
Wi2s18812 &T1/718N 14508/ 4508
413714013 re/1a01) . 14¢18a510
01471814 3 073714013, 1481174511
815/18018 . 40T5/18015 18502/ -

4016714818 4076/18016 1451474514 .
171407 102 7174017 0.85  14SISA4518 .47
@714 112 418N .24 USSR 151
4019712518 0.68 4001714081 824 1481V - 402

2014020 1.24  40R2/14082 0.24 1Sk 1.3%
021714021 Lz .S - 030 14518746000 (k1]
Lt 107 e - 080 s/ 1.38
6023/1823 a2e  40m - L1 148217 - 277
H024/14024 647 4es3/1am 0 145 - 213
AEG/ 1 405 020 A - 208 14524/ - N/S
e - e On - 1.1 14528/ — 215
2027T/14027 080 %8s - 1.VE 4525 178
L Al ] 1.00  a0v7/ - 413 1 1.2
) - 127 Wmes 14528 122 182 - 1.72
4030/14507 08 s - 201 145307 - .93
an; - 8 BNy - 1.78 14831 — 1.74

4032/ 14832 1.1 Wy - 2,10 1483254532
/- 155  A0fgys - TI6 MM/ - [ L]
4034/ 14004 211 0154 ~ 228 105%7 - 400
4035/1403% 1.31 010y — 088 1537 — 1317
“oar - 10 4ionase K18 14539/ — 1L24
437 - 19 W08/ - 21 145417 — 1.62
4839/ 14038 129  @I181/714581 430 M54 - 182
N - 108 WQIR2/TaNN2 1.73 14549/ - 4.19
S0 14040 110 40184/ - 228 14558/ - to.58
- 083 4067/ - 228 14583/ — 408
ADAY/ 142 Ny 40 - 178 148547 — 1.87
043/ 14043 142 108y - 425 14585:4885 Yot
4044/ 14044 1.4 I - 578 14558/4556 r.at
045 - t58 W7 - 934 148677 - 4535
ABAS/ 149048 1.4 My - 17.07 145547 — .25
a7 - 1.01 148/ - 1.8 WSS - 4.8
oy - (X BTl 2.87 eSe — .17
A/ L ADAS o8 s - 498 s/ - 0.70
550/ 14060 08 leaXs/ - 7.93 14582/ 55
406 1716051 104 Lhdsds — 11,50 15y 157
A0S2/14052 104 1450 - 287 14888/ - 11s
081/ 14083 1.04  l4%ls — 207 14568/ — 372
A5 — 1.29 4%/ - OS5t 1457 - o
[ T 148 18D — LI sk e 833
o - L gl = LI (4S040 4.3
a87; - A MR - LI lassy i 1654
oSy - 520 416} - Lie ey - o
588y L

Frae on requast: Dt e AT S 1274 aed BKSO75) clech Ehpt, & ond 8 dlgit
W thech Spginind circal. etz trysia] WBeass. il LED. displas # yoy
con oond on BAE M mates Bings ¢ IMa ensier fwr oy

CLOCK CWFT AYS-HPTAA 4 dgnn basic cch C3.58. MK 50253 4/6 @il
sarw/wenrs (099,

ECOROWY PED LED OILMAYT [Cisss & yashily, but gesrsalod by o3, doily
relncuabiv N opl
BN TRE (e A1) 7Rp. M-T276/00TZBE 12mm (057 Oouble Oigit
C1E0. OL-MTE/R- T3 Ham B8 £1.50.

BPANFT CA 3130 FET-Mgeler {03 £1.00. CA 3140 FET—byeler #35p. 741
icly 239.

Toms CW0 A VAT W al pricos o &% Paai oz, IR 259 pov priar, raporl
EP.08 e YAT). A ordary proconssd mm oy of recoipl

REENBANK ELECTRONICS [Dept. T9
94 Kew Chester Raad. Wew Ferry. Wirral, Merseyside L62
SAG, England. Tel: 051-645 3391

Same Day Despatch
Glass-Fibre PCBs

G.PPowsr Suppiy — ETI 131 90,
Swael Simteen . ETI 457 = 180p
Wae i ETI 455 240y
Touch Switeh _____ ETI 539 _______ 75,
o ETI 438 T g5,
£ 122 — 150p
315p

OTHER PROJECTS AVAILABLE Ex STOCK
EMD22 — 115 ETI309__100, ETI44Y 50p

ETL1%6 ___85p ETI12__170p ETI629a__225;
ETII11a8 690y EVIAII___ 140, ETI5298__ 225
EVI120 . 80p EVIA22.. 270 ETIS33ARE_100;
[ (R3] S0p ETIA24__ 14D ETIS34____ 50,
EV1 (227505 ETIAI3a___90, ETI?SI___225,
V120175, ETIAIIB___80p ETIOSV.___ _30p

RESISTORS H.S.Carbon Film Vaw 5% E12 Suiries —_1p
Mited wes S0 45, 10¢ 30
ELECTROLYTICS I0mF 12v 10 25 50 3I30mF 25v_— 6p
TANTALUM BEAD 2.2 g d4ImFaonly— 7p
THIS MONTHS SNIPS
CAJ046___40p wATAI____ 25p HAI4____ 25,
NE 555 40, 7470 To 1493 40p
Minieryre Gioss Rend Switthes. 1818 0 50p
Toggls Switches by Arrow OPST 240v. Ja___ 17,
Slide Switchos SPST. 240w 32 8p

STOP PRESS FRONT PANEL ter ETI 122 200p
All pricas include VAT, Add 20p P& P List 10p.
RFEQUIPMENT seants Ltd

WIMBOANE OORSET

3 LACY CLOSE

PRINTED
CIRGUITS

HARDWARE

Readily available supplies of Construc-
tors’ hardware, Aluminium .sheet and
sections, Printed circuit boards, top
quality for individual designs. -
Full range of E.T.I. boards always in
i stock. Prompt service.

Soni‘l Sp for_citalo?ue.
'RAMAR CONSTRUCTOR
SERVICES

MASONS ROAD
STRATFORD-ON-AVON
WARWICKS. Tel. 4879

L e

last, of BRAND NEW DEVICES

ezt Wy not scesomy fsllecis

4 off 0 500 0.5 Cam. Catk, T-uey, LEO Oisplay .. ., . .. £3.9%
4ol PO 357 0.375 Com. Cath. T-30g. LEO Disphay. . ..., _. £3.13
SERVIITAZ"ARed LEDwilh CHp .. .. .. asyl B EA, . 30p
Power Pack No. 1: Coslaims 7 off TIP29SS. 7 OH TIP36SS +2I|5.
MSE o o i o - e L BT rorom Ay e ... £2.00
Powr Pack Mo. 2: Coslaimg § of [N400Z. 5 of 1N4003, S off
ey Ty T e — Sp

Poww Pich We J l:uum z dl I-A:/:lil.wnlrﬂm. 2 0f 2A/600Y
£1.00

....................... Peraseaars

Al £1.75
AEND PACK Neo. 2 Costaws 8 Trensistory 4+ cirewt lor 20W 8 ohm

. VATHNCLALL ORCEMS, 20, PSP
AUDIO-OPTICS, 19 MIDDLEWAY

L.CHINNOR, OXON, Tel 0844 52683 |

F_fWﬁBTE-‘:r]iiaf "Month RE TAL
OFFERS, while stocks

~ PRECISION
POLYCARBONATE
CAPACITORS

+0V AC
All High Stability — Exwemely Low Leakage
RANGE: DIMENSIONS
VALUE (mm) PRICE S O <
D EACH & BC Range 1% Fa

(F) L

0.14F 27 127 8Bp U7l LIz Tip Slp
0.22uF 3 16 88p 1oaF 138 81p  sop
0 25F i 16 2 22 E1.98 €132 7ip
047,F a3 19 ELIO 47.F E2LN2 €1MN €123
0.5uF 33 15 £1L16 hauF ELAN £2.02 E147
0 68,F S08 18 €123 1gF LLYN £142 120t
1.0:F 508 19 €137 18.F £7.014 €376 CLAN
264F 508 254 €185 2 .66 1644 E3.90

LANTALUM BEAD CAPACITORS — Values avadable: 0.1, 023,
047, 10.22. 0% 8 (xF a1 1SV 723V or 35V, [DaF a1 18V -208 0r 25V
220.F 01 6V 0r 16V 13,04F ut 6V ar 10V; 47.06F a1 1V or BV: 100 0F
b1 IV, ALL a1 12p each, 18 far €1.10. 50 for E5.00. 1040y US040

IRANSISTOR & €y BC267 12 C4aK45 28p
ACI2% lip “BOZNA 19 (T2 p
ACITE 16p  BCS4T/53A 12D - 2N2976(; 12p
ADI49 e BCYT2 13p  2N2026Y o
AFITH 40p  BDI31:132 3p *ZN29260 1p
AF218 4%p  BF115/167 28p  2NI0S 50p
BCI07 9 % BFI73 Hp NS5 3hp
RCI14 12p  BEITR 8p  aNET02

BC147/R op BFIAg 2p T4 ip
RC153 I6p CBEYS4 145 12p TipInA 3lp
HC157°8/9 12p BF196/197 13p  TI31A 33p
a1T7 18p  BF200 27p  [IP32A &ip
BCIB2/IR2 1tp “BF262'263 &lp  TIPI0SS 65p
BRI 18D, Lip  RFY30-51°852 20p wpUIn 48p
TBCIBIBAL  12p  BFXA4/36/B8  30p  NFS53 5lp
HU2124212L,  12p  BFXRS 250 1 % pin Ip
BCANZI 1p  BRIOI ip INU4 L3
RU2147214L Hp  GETRTZ I3p  SNTROIIND  pise

POPLLAR DIOIDFS — IN?I4 6p. Rinr 45p. N for sy INS1RAp. 6 Tor
43p. 14 fur 902 1544 3p. 17 for 30p, 26 for £1.00; IN4 135 5p., 6 or 27p,
1210 Wap, INADUI 3 3p. BOT 6p; 1) & 1p: G4 Fpi DOG mp: (N7 Nap,
LOW PRICE ZENER DIDDES —4MmW Tol = 5% a1 SmA. Values
avalable. WO LIV XAV, LIV A1V, S6V, 6.2V @8V 5 5V, nav,
GEV, 1OV 11V, 12V, LIV, 1I35V_ 13V, 16V, IKV, 20\, 2TV HY. 7V,
NV, AN a1 Tp emch: 5 For 33p: 10 for 65p. SPECIAL OFFER: I
Zeners for £6.00.
PRESISTORS —HIgh stahility, Inw st carbon film 5% 5W ot
AC W i COE L2 weries only —Inom L2901 2 2M1% ALL at Ip
cuch »p for 10 of uny ane valoe, 70p far MK} of any one voloe.
SPECIAL PACK. 10 of pach value 2211 10 22012 (740 rexintora) L3,
SILICON PLASTIC RECTIF IERS — 1A amp. hrand new wire enided
PO 100 PV, 7p (4 tor 26p), 400 P01\, Apid lur 30p).
BRIDUE RECTIFIERN = 2' s aimp, 2V 40p. 150V L3p, 600V 33p,
SUBMINIATURE VIERTICAL PRESETS—0.1w miv. ALL w5
each: SML 10a:, 2 70:L 602 Ttk 22h10, §
RO Q2KEL 4R AMACL 100K 250K 60K!Y, | A L5WL) 15
PLEASE A[}D 205 POST AND PACKING OON ALL ORDERX, ALL

EXPURT ORDERS MUEASF ADD COST OF SEA AR MAIL.
PLEASE ADD K VAT t0 all upms ¢xcept theme maeked with

which ure 12'5%
Send § A E far lisis of andditonal ex.stock iiems
Whalesale jirice llas avad[ahi 10 bona flde campanies

MARCO TRADING
(Dept. P3)
The Ol¢ School. Edstastan, Wem, Shropshire
Tel. Whixall (Shropshire] (STO 094872} 464/5

{Propes: Minicost Trading Lid.)

GLASS FIBRE
P.C.B.S

Send 1:1 master and 7p per square
inch tinned or 10p per square inch
drilled and tinned PLUS 40p per
board. Discount for quantity

E.T.I. boards glass fibre drilled and
tinned. )
100w guitar amplifier E£.7.1
413 .. ’ o w0440
Mixer pre amplifier ET.I. 419 . 60p
Audio 1 level meter £.T.1. 438 75p
G.P. Power Supply ETI 131. . 96p
Sweet Sixteen Amp ETI 457 £1.92
' High Power Beacon ETI 240 . §2p
Sound Light Flash Trigger ETI
BHIAB] Aeme sin % 1 I8 b ¥t mies 49p

PROTO DESIGN

4 Highcliffe Way, Wickford, Essex

SS511 8LA

P.CB.5 FOR ET1 PROJECTS

G.P. Power Suppty ETIHIY 94p
Sweel Sixteen Amp ETI 467 £1.94
WaaWaa | ETI 455 £2.65
Touch Switch ETI 533 58p
Marker Generator EN 706 50p
Audio Expander-Compressar .. ETI 4423 £3.00
Temperatuse Meter . ET1 130 50p
Calculator Stopwatch S ET1534 42p
Audio Noise Generator ETI 441 41p
Audio Millivali meler ETI 128 £1.85
Audio Level Meter ET1438 75p

Active Crossover
Active Crossover

ET1 433A. 86p
ETI 4338 86p

Logkc Probe A £Ti120 35p
Logic Pulser - ETI 121 35p
Logic Teste: ET1122 £1.85
Tone Burst Ganerator ETi124 83p
Graphic Equalizer EYI 4271, E1.96
Internanional 25 Amplifter . £4.22
F.M. Tuner ET1 761 £2.23
Line Amplifier . . . ETI 430 35p
Electronic Ignition ETI 312 £1.86
{mpedance Meter €T 116 88p
Digital Display . ETI1533a 42p
Digital Display ETI 833 35p
Digial Volimeter ETI117a 3Sp
Digital Volimeter ETI 1170 35p

New proyects and olher in TOP PROJECTS BOOK 3 availabha a1 1.25p
por . CB. o singh sldad o 1.5p par w. £, fer dovtle sided min,
3501, . N8 boards 1o Fibre-giass and price inc. OAILLING ANG 1
TG, i i ha & A .
Somsi 1.2.0. e hll at of beards and Compoments avaliable including
casns, prosis snd devdware. of.

Masil ordere, plesss, to: D.B.M. PRODUCTS
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Unit 14 Southem Road, Aylasbury, Bucks.
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TRANSISTOHS + ICs

M’:IZT UI0IA TDN 52
m LTI T A1y

IDIGI Hp LMTIG 14011 40y

AI52 My AT DI 82

8C107/8 10p 7400 TIL i6p

A 129 7401 16p

MR8 12 1402 T6g i

BLIR/IBH  1Zp 1404 199 J

acIse/1aaL 13 Hie 16g

BFYSD 21p 3 59

BFYS1 o0y a2 169

BFYS2 208 1430 I6p

013} O TMD 16p

80132 [T]] 41 L]

BRY3Y W e 95p

TIP284 M UM 3y

TiPA2A 52p 415 50p

201711 250 7480 45

203053 259 4121 n

23054 Wy 85p

2N3055 55p CIOGDSCR  70p

202 120 S-DEC

ot 29 Brondboacd  £2.15

045 2 TEC

0Tt 2 Bresdbsard  £3.93

14100 Amp_ 29

Prices VAT inclusive + 20p PRP
1,500 wypes of Diodes, Transistors, + ICs. SCRs, Triacs,
in stock plus: Full range of passive components
List 10p + SAE

AITKEN BROS. & GO.

38 HIGH IRIDGE NEWCASTLE-ON- TYNE NE1 1EW
“Your Flectronic Cemponent Centre ior North East
Callers weltome

SHOP FROM HOME with our catalogue.
Fully illustrated and covering over 3,000
components, audic and disco accessories,
tools and test meters. Reviewed as one of the
best catalogues available. Send 30p now for
your copy l[issue No 5). Access, Giro,
Barclaycard, Government and educational
orders accepted. (Giro No 331-7056).

B. H. COMPONENT FACTORS LTD.

Leighton Electronics Centre

59 North St., Leighton Buzzard, Beds
Tel: 2316 (0286) Shop hours: 9-12.30,
1.30-5 p.m. Closed Wednesday

TURN YOUR SURPLUS capacitors, transistors,
etc., into cash. Contact COLES-HARDING &;
CO,, P.O. Box 5, Frome, Somerset. Immedlate
seulemmt : 5

—

MM5316 sophisticated alarm clock
chip, £4.99.
5-L7-02 maitched full alarm clock
display, £5.60.
10% off over £ 10. Post 25p.
Pinewood Electronics
57 Monmouth Road. Dorchester

OVER 2,000 ELECTRONIC
COMPONENTS INA

Bl NEW FREE

TANDY

Natienwide supermarket of sound!

Please send me the 100 page
Tandy catalogue

I Name.

I Address .— o o e

[

I Tandy Corporation (Branch UK). Bilston Road
Wednesbury. W. MidlandsWS10 7]N. £T

LOCE CAPITALS PLEASE

By

Treasure Locator Kits by

DETECTOR PRODUCTS
Suppliers to the UK & Abroad
Circuits & Instructions . .. . . ... ... £2

Complete Kit :
Total£14 inci. VAT p&p

Solid aluminium frame with an efficient
Faraday screen, For enquiries please send
s.a.e. to:
DETECTOR PRODUCTS
58a King Street, Blackburn, Lancs
Tel. 62561 or 54105

WANTED: ETI Jan, Feb, Nov 1873. lJan,
March, Sept, Nov 1974. Jan, June, Aug,
Sept 1975. — St Legnards House, Ashtree
Close, Worlingham, Suffolk

\ Tel: Kidderminster 61907 or 67390. )

F N

F E =
Best choice forused TV
Waorldwide exporters of colour and
mone TV. Unlimited supplies.

Midland TV Trade & Retail Services,
Worcester Road, Kidderminster, England.

Ve T
D RED | 15p | 199 | acullescaty
G/Y; 27p | 33p | trwinie

‘panel
dip 1 oR | 27 | 3%

?'n'?'-l . 'Nli_r; SCR's 50V 100V 400V jDiac
1.5kV 1508 E1]TO5 1A - 27
4350 2.5kv SMrz 2.8 | TOSE M.;.T: !I: ::: ne

AVDE)L BOND Jgm  @llp § 400V TRIACS 24 80p 104 £1.05

AC126/6/7/8 Mg | 243063 18p | VOLTAGE AEGS
ADIE1/162 q 2NI0B4 4y Sv 7605 Paamc

AF117 2N3055 4 | 12vIEI2 1 Amp
AF124/5/8/7 )h 23702/3/4 1 15y 7815 M
BC/107/8/9 fp | 20903/4/5/818 | 18V 7818 £1.50
BC108C 1% | 20646 723 DIP14 GOp
BC147/8/9 109 | MPFIR

B157/8/9  11p | 2:N3B19 SRIDGE RECTS.

B167/8/9  11p | MBI 24 SV

BC169C 12p | 8A100
BCI77/8/% 1%
BC1B2/3/8. 11p | M9I4

24100¢ Mg
A200v  41p
A400v My

BC198/7 Np | INADOY

BC212/3/4 12 | N4002/3 TENERS 2.7-33V
BOY70/71/72 139 _BZYBB or um Bp
BF194/5 12p | IN4DOG/T

BF196/7 ap | m4t148 555 Timer
BFY50/ 51 1% | 8A100 568.2:556 £3.10
BRX29 p | om? LM380  £1.00

Bh3d Mp | OATO QA7S INatA £1.10

ETIEET YT TR RIS I 1) H

BSX19/20  18p | OA81 OASQ - 1400 A
acH 1 1

208 1:: D195 Cll SOCKETS
201711 Wp | QA202 Bpun 12p
2219 2y 14 pin 13
M2I0415/6/ 18 | OF. AMPE 18-pin !
2004 /6 /64 Mg | 709 i - 20p | Mion + bushes
229268 T | 741 Bpn TOITOM
NG 12 | 748D(L  34p | DwoPen Top

PRICES INCLUSIVE + 18p P8P (1st clane)

ISLAND DEWICES, P.0. Box 11, Margate, Kent

VALVES

Radio-TV Industrial Transmitting
2200 Types. 1930 w0 1975, many obso-
lete. List 20p. S.A.E. for quotation. Postal
export service. We wish to purchase all
types of new and boxed valves. whole-
saler’s Dedler’s, et¢,, stocks purchased.
COX RADIO (SUSSEX) LTD., The
Parade, East Wittering, Sussex, Wast
Wittering 2823

LED WATCH

{Hour, min_, sec.. date, day, month}
£20.00 sach including postage &
vaT

Camptiell Gyroplanes Ltd.

High Street Farm

Boxtord

Newbury, Berkshirs

H.M. ELECTRONICS (eT1)
275a FULWOOD ROAD, BROOMHILL
SHEFFIELD $10 3BD

BEC CABINETS [illus'd}

with wooden snd chesks il
Also "

METAL CASES '( X

DRY TRANSFER LETTERING *

Send 15p tor leaflets {Refundabls)

Dorset 100 POLYESTER CAPACITOAS £2.15 T A ey ey e
r & 100 tully guaranived electrically tasred potyesier CANICIONS No baely
e e L A
MOTOROLA M 6800 3505 Prome desparch & Y
MICROPROCESSORS i ST DL RF Sig. Gen. TF 144G — £15; Home—Bunll
22 v 47 trace — £20; Avo 7 — £10;
DO YOU NEED ASSISTANGE? o3 s e, gc"’f dgal e = R L Waiden
HARDWARE AND SOFTWARE EXPERTISE 1§ £2.25 includen P& P inciair Scientific —
AVAILABLE MALLOY, W.G.M. ELECTRONICS {E.T.1.} Newton 525 (Dorset). .
MEK kits & componeﬁ'E"supphed. 66 Woodvals Avenus, Gelfest BT13 JEX. N. lietand :
Send SAE to - :
FRASER-MANNING LTD. :
26 Hervey Streset, ipawich, Suffoli I"DEx Tg ADVERTPERS =

Ambit. .. ....... .00 00 P and Devices ... .. nisde

B.H. Componsnts . . . Minieds Les Ingtruments . . ... .. .. .- pld

BLET........... e p75 Lynx Electronics . . . P40

Hi-Pek. ... . e S pA &S Mephin .......c0eeianansas p34

Bi-Pre-Pak P ... pB3 Merco Trading .. .. ... . -- Minisds

B.N.R.S.. v P24 Marshalls ... ....coonnonnnns po

Bywood . ... ..- ot S O p25 Matsc. ..... oo e O il p79

Cambridge Learning p78 Mindkite .. ... p82

Catromics . ........ ph3 P.B. Electronics ...........- pis

Chiltmead . . ... ...... . p78 Potytechwic of N. London . ... .. p77

Compalec . . = p&9 Pronto Electronics .. ... .. ... p?7

Manutactuer. Crofton. = . p?7 Pulse Electronice ... . ...... (313

PACIFIC ELECTRIC Yy o R . pa7 Andic Rotor ... ..... ... pes

DOMM ... ... . «urnrrnaans - p54 RO, - iicsin daomamanns Minisds

Export: o El i D.llgn A p71 R_F. Equipmant Spares Minisds

Pacific jl'rading Company Electrovaiue ... oo p75 Sintel ... ..o wrereeo. B

77A Waterioo Road, Xowloon, Hongkong Erie Electronics. . .. ... ... p78 Tandy Corporation Miniade

Telex: 84672 VRHGT HX Greenbank Elsctronics . . .. Minisds | T T S R P pt7

Cable: PACIFICTRA P Ao e s e s TR s p2 B Wilmslow Audio . . .. ... ... pB2

r—
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Wilmslow
Audio

THE firm
for
speakers!

Baker Group 25. 3. B, or 15 chm £9.00
Baker Group 35, 3. Bor 15 ohm £10.75
Baker Deluxe. 8 or 15 ohm . .. €12.38
Baker Major, 3, B or 15 ohm £10.89
Baker Regent. 8 or 15 ghm £9.00
8sker Superb, Bor 15 ohm €18.31
Celestion MH 1000 horn. 8 or 15 ghm £13.50
EMI 14" x 9°* bass 144/700 B ohm £11.92
EMI 8 > 5, 10 watr dsc. roll /s 8 chm £3.56
Elac 59RM 109 15 ohm. 59RM114 8 ohm €3.38
Etac 6% d/c roil/s B ohm €3.83
Elac 10" 10RM239 B ohm £€3.8)
Fane Pop 15 wartt 12* £5.50
Fane Pop 55, 12" 60 watt £15.50
Fang Pop 60 wau, 15" €17.95
Fane Pop 70 wan 15" . £18,75
Fane Pop 100 wan, 18" £27.956
Fane Crescendo 124 or B, 8 or 15 ghm £372.96
Fane Crescendn 15, Bor 15 ohm £49.95
Fane Crescondo 18, 8 or 15 0hm £67.85
Fane BO1T B8 dseroll /s B ohm £8.88
Goodmans BP 8 o 15 ohm. £8.20
-Goodmans 10P B8 or 15 ohm. ¢ £6.50
Goodmans 1 2P B or 15 ohm. £14.95
Goodmans 1 2P-D B or 15 ohms £18.98
Goodmans 12P-G 8 or 15 ohms £19.50
Goodmans Audiom 200 B ohm £13.48
Goodmans Axent 100 8 ohm £7.80
Goodmans Axiom 402 8 ot 15 ohm. £19.80
Goodmans Twinaxiom B* 8 or 15 ohm £9.50
Goodmens Twinaxiom 10°" 8 or 15 ohm £3.78
Ket T27 £5.18
Kef T15 £0.28
Kef B110 £8.78
Ket B200. £7.88
Kef 8139 £16.08
Kot DNB €2.08
Kel ON12 .. £8.39
Kel DN13 €4.08
Richard Aften CGBT 8" d/c roll /s . £7.08
STC 400 1 G super tweeler . £8.80
STC 4001 K super twester £85.90
Baker Major Module, sach £13.28
Goodmans Mazzo Twinkit, peir £48.80
Goodmans DIN 20, 4 ohm. each £13.28
Helme XLK 30, palr £21.9%
Hetme XLK35, psir £28.78
Helms XLK40, palr £38 50
Kefkit I, pair £81.00
Ketkit Vi1, each a £48.00
Pearlam 20-50, pair £30.50
Pesrless 20-60, pair 3 £83.00
Richard Allan Twinkit, each £13.40
Richard Allan Triple B, eech £20.28
Richard Alian Triple. each £28.18
Aichard Allan Super Triple, sach £29.28
Wharfedale Linion 2 kit pair £21.80
Whariadale Glendale 3 XP kil, pair £47.850
Wharfedsle Dovedale 3 kil pair £89.40
Wharfedaie Super 10RS 7DD £131.80
Castle Super B RS/ 00 . . £9.2¢
Jordan Waets Module 4, B or 15 ohm £15.38
Tannoy 10" Monfior HPD £78.00
Tennoy 12* Monitor HPD £08.00
Tannoy 15°° Manitor HPD £98.48

Prices correci st 19.7.768

ALL PRICES INCLUDE VAT
Catinets. wadding, Vynair, crossovers sic,
Send stamp for free booklet '"Choosing a Spesker’

FREE with all orders over £10 — “HIFi
Loudspesker Enciosures’” Book

All units are guarsntead naw and perfect
Promp! despatch
Carrisge: Speakers 55p each.i2" and up B5p sach.
tweaters and cressovers 33p each, kils .1 aach (2
pair),
Dept. ET} )
" swan Works, Bank Square, Wilmsiow,
Cheshirs 8K9 THF. Tel. Wilmslow 29586

{Discount HiFi, PA and Radio st 10 Swan
Strent, Wiimeiow)

BUILD THE

TREASURE

TRACER
N MIC HI

METAL
LOCATOR

AS SEEN
ON BBC-1
& BBC-2

TV

Genuine 5 silicon transistor Sircuit,,
does not need a tramsistor radio to:
“operate. A
# Incorporates unique varicap tuning,

for extra stability. i
o Search head fitted with Faraday:
screen  to  eliminate capacitive’
effects.
e Loudspeaker or earphone operation,
(both supplied),
@ Britain's best selling metal locator;
. kit. 4,000 already sold.
e Kit can be built in-two hours using;
only soldering irom, screwdriver,
liers and side-cutters.

drilled, tinned, fibreglass p.c. board:
with components siting printed:
on.

o Complete after sales service,

@ Weighs only 22o0z; handle knocks
down te 17" for transport.

82

Send stamped, self-sddressed en-
velope for literatyre.

=

£12.50

Plus85p P& P
Plus £1.00 VAT (8%)

‘Built, tested
and Guaranteed s

Plus85p P& P
Plus £1.40 VAT (8%)

Complete kit
with pre-built
search coil

MINIKITS ELECTRONICS,

6d Clevetand Road, South Woodford, |

LONDON E18 2AN
(Mail order only)

o Excellent sensitivity and stability.{ !
o .Kit absclutely complete including"

electronigs today

reader sewices

BACK ISSUES

These cost 40p cach. Postage and packing costs
15p for the firsi. and 10p for sach subsequant
issue. Orders to ETI BACK (SSUES Dep!. pleass.
We CANNOT supply the following lssues:- All
1972; January,- February and Movember 1973;
January. March, September, Oclobar, November
and December 1974; January, Juns, July,
fugust. Sepiember, November and December
875; Janusry, March 1976; April. Augusi,
October 1973.

SUBSCRIPTIONS

The annual subscription to ETI for UK readers is
£5.00. The current rate for readers overseas |is
£5.50. Send orders 1o ETI SUBS Depi. PAYMENT
IN STERLING ONLY PLEASE,

BINDERS

Binders, for up 10 13 Issues. are avsitable for
£2.50 inctuding VAT and carriage. Send arders 10
ETI BINDERS DEPT. . .,

EDITORIAL QUERIES

Written queries can only be answered when
accompanied by an SAE. and the roply can take
up o three weeks. These must ralala 10 recent
articles and not Involve ETI 3taff in any research.
Mark your lstler ETI QUERY . . . Telophone
queries can only bs snswered when technical
staff are tree, and never befora 4 pm.

MINI-ADS & CLASSIFIEDS

This is a pre-payment service — rates on

applicstion {o ADVERTISING.

SPECIAL ISSUES

Prosantly we produce tive specisis — Top Projact
2 and 3. Electronics H's Easy (parts 1-13 and
Parts 14-24) and 4600 Syninesiser (publishad by
Maplin). Prices are 78p. €1, €1.20 and £1.50
respectively. Post and packing 13p per copy.
Orders to ETI SPECIALS Dapt. piasss,

ETI Book Sarvice salls books to our rasders by’
maH order. The prices advertised in the magazine
Includs postags snd packing. 8end orders to ETH
Book Service, P.0. Box 79, Maldanhsad, Rerks.

NON-FUNCTIONING PROJECTS

We cannot solva tha probiems faced by
indlvidual veaders bullding our projects uniess
they ara concerning interpretatlon of our
sriicles. Whsn wa know of any error we print a
correction as aoon as possible al the end of
Nowa Digast, Any usatul addenda to.a projsct will
bo simuarly dealt with. We cannot advise readars
on moditications to our projects.

PCBs

PCBs are avallable for our projects trom
companies advertising In 1he magazine, such as
Ramar and Crofton, who do en excellsnt sarvice.

T-SHIRTS

ETI T-shirts ars svallabis in Large. Medtum, or

$mall sizes. They are yellow cotton wtih biack
rinting and cost £1.50 aach. Send orders to ET!
-SHIRTS Dept. ...

ADDRESS FOR ET1 DEPARTMENTS -
36 EBURY ST, LONDON SWmw OLw

PLEASE MARK REVERSE UF EACH CHEQUE
WITH NAME & ADDRESS AND ITEMS
REQUIRED.

ALLOW 10 TO 14 DAYS FOR DELIVERY
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FRDM Bl- PRE -PAK

®Stll’llll9 Sound Droducts

UNIT 1 PRE-AMP/CONTROL MORE POWER — LESS SPACE

STEREO MODEL
$5.140 Mk. 3
POWER AMP

£7.80

Built for
,,,,,,, = hard work
with active tone ' Now with built-in
control circuitry 40 watts output capacitor
R.M.S.
UNIT 1 latest add he Sthng Sourigd ® toout sensitivity - 50 mV._ adjustable into 4} Resuling lrom resmarch and development the Mk
+ { ® Output - 200 mV for SO mV in 3 version of 1his most popular power amp  now
modules 15 YoiNg 10 A8SuIE Many many Mare ® Bass contral <15 dB a1 30 Me inchades bult i oulput capaciior with improved
construcuys of abtaming quakty where prc ® Treble conteol 15d8 xn 10 KH; £3 9 5 stabibty under severe working conditions Greatly
has prevenied 31 before ® Batance contrnl volume control, % wsed tor P A disco and similar work, SS t40
UNIT 1 olfers full stareo faclites s spindles + 8% VA T Bilers fantastie vaiue for the prce
Quarantesd and 635y 1o Connect up ® Operating voltage — 10 1w 16V e i

SUPER SPARK MK. 5 C.D.l. UNIT X-44 CROSS-HATCH A USEFUL CATALOGUE
housands are 1N Lse saving MOONALs ime and money Very rasy 1o GENERATOR oL FREE

wstall Incosporates swriich for insiani change o canventional ignition

Easy 1o st for pos or neg earth ant.burglar immobilising switch Qperates 3t R F level
& E ul TV P nto | sockel ol e Send us 3 large S A E with 10p stamgi and we
shong e (TG ] DO “;""“':‘;'“‘,’:‘o"s‘- ‘I’ ! ‘fds 50 Ope W d ¢ s -butten will send you the 1atest Bi-Pre Pack cataloyue
Sue /% n A% 2% (193« 5B A R upe'almn Runs on & self-contaned penlie type batteries free by return Packed with uselul hines 1t < a
} 18 Will hit easily 1o a large pochet Strong plashc case eal money saver Semi-conductors, tom-
] w s E pONeNts, sccessories, surprise bargains.
«i £7.95 resree £10.50 sonr £27.50% ose o

follow instructions

MORE STIRLING SOUND MODULES # wme o Stlrlmg Sound

TUNING F M Front End with geared tunmg and A F C

§5.201 facdity 88-108MHz £5.00 o .,'l.‘&
$5.202 T F amp A meterand/or A F C can be connected A .

{s1ze¢ 3" % 2) For use w-llh S8 20 £2.65 POWE R il 2
$5.203 Stereo decoder PACKS ; -

For use with Sturling Sound modules or with arty
other good mono F M. runing section A L ED
beircon can be added (Price 18p) 10 indicate when a

Slereo signal is wned in {3°' x 2°°) £3.85
POWER AMPS
§5.103 Basic 3waltrm s | C power amp £1.75
§5.103.3 Sicreo version of above £3.25
$S.105 5§ watt amptfier 10 run from 12V (3" x 2 x W) £2.25
§5.110 Mk. 3 Simfar 1o SS 105 but more powerful gving 10W
mio dohms using 24 volts £2.75 "
$5.120 Mk.3 20 wat module when used with 34 vohts inta 4 £3.25 with low NP A range of
§$5.12% De-fuxe 25 watt R M § power amp having 0 04 ;
5107100 at all fevels Qperates from SO0V 10 give voltage L 5 models to
25w..m s o B ohms £5.00 take off point choose from
CONTROL
§5.100 Acnve tone control Sleseo. + 15dB cut and boost Not only do these excellent power packs stand up
with sutable network £1.60 unflinchingly to hard work, nclusion of a t1ake-off
§S5.101 Pre-amp for ceramic p u  radio & tape with passive point at around 13 15 V adds to thewr usefulness
one cuntrol detals £1.60 and once again prce value 15 outstanding
$5.102 Sterea pre amp with R1 A A equalisation  mag . Generously rated for rehabihity
P u . tape and radio mn £2.25 5
VOLTAGE STABILISER §$$312 12v/1A £3.75
$8.300 Powar Supply Stablisier. Add this 10 you ss 31 8 1 8V/ 1 A £4 1 5'

instabiised supply to obtan a steady workirig

voltage from 12 1o S0V for yous audio system . l SS 324 24V /1A £4.60"
warkbench etc Money saving and very reliable £3.25 ss 334 34\/ / 2A £5.20.
NEW SHOWROOM o o o ovion poamace ™ o6 Pt of our S$S 345 45vV/4A £6.25°

TERMS OF BUS'NESS Please add 50p for P/p either mode!

VAT at 12 %1% must ba added to total vaius of order sxcept for items marked “ or (B %), when T — e — —— i — —— — — — — — — —
VAT IS TO BE ADDED AT 8% . No VAT on overnnns orders. POST & PACKING add 30p for I.PRE-PAK) LTD 2 A ESTCLIFF.ON-
UK orders unisss marked otherwise. Minimum mail order acceptable — £1. Overssas orders, g?ASFSRSLEIQ%S%OIL)JI;VFD i 3 Y gt

acd £1 for postage. Any difference wili be credited or charged. PRICES subject 1o alterstion |

without notice. AVAILABILITY AN tiems svsilable ot time of going to prezs when every sffort
8 made 10 snaure corractness 0' information_

Order your Stirling Sound products from I

BI-PRE-PAKLTD YR

Co Reg No 820919 I NAME
222 224 WEST ROAD, WESTCLIFF-ON-SEA. ESSEX $SO S0F, I ADDRES
TELEPHONE: SOUTHEND (0702) 46344 (€T1.9)
FACTORY — SHOEBURYNESS. ESSEX i Y ) Y e e e e i o

l Please send

for wheeh Fenciose’t




ONIC COMPONENTS
L CH QUALITY-FIST SERVICE

BUILD IT YOURSELF .. .
IN STAGES

Get started wilh a 49 nole instrument —
fealures tremula and reverberation.
ldeal fo learn on, Leaflei MES 51. Price
15p gives full details to build Ihis
complele instrument.

Extend the range of MES 51 by adding
another keyboard and several new lone
colours, Lealiet MES 52. Price 15p also

Fully controllable attack and delay
controls [normally found onty on the
most expensive organs]. up lo seven
foolages on each keyboard. up lo 70

‘controls including drawbars. and -3 13

nole pedalboard. make up the addilions
described in the step-by-step 32 page
instruction leaflet MES 53, Price 35

We stack all the parts for this brilliantly
desigried synthesiser. including all the
PCB's. metalwork and a drilled and
printed front panel, giving a superb professional linish. Opinions of
authority agree the ETI International Synthesiser is technically superior

1o most of today's models. Complete construction details in our booklet

now available price £1.50. or send SAE fer specilication.

A really superior high guality stereo graphic equalizer fealuring 9 octaves per
channel. We stock all the parts [excepl woodwork) including the metalwork drilled
and printed. 15p brings you a reprinl of (e article.

shows how to use 61 note keyboards.

This is a fully constructed and lesied eieclronic clock module as illustrated. Data
shesl supplied. Simple to connect Lo alarm and your bailery/mains radio. Smartcase
avajlable shartly. Dala sheet availabie separalely. Please send SAE.

* Sleep Timer

+ Snoozs Temer

* Time can be set accuralely 1o
within one second

* lLeading Zero Blanking

Bright 4 Diglt 0.5" Display
Flashing Colon (1Hz]
Swilch tor Display Seconds
Alarm Set Indicator

P.M. Indicalor

Power Failure Indicator

* Automatic voice operated fader.

% Belt drive turntables

* Monitor facilities (Headphones and VU meter)

* Sound operated light show — plus many other advantages.

Full details 1n $ept. f0ct. editions of this ' SIMPLE ALARM KIT — £9.38 ALARM CLOCK'KIT — £10.99
magarine ALARM CLOCK & RADIO CONTOLLER KIT = £11.51 k

SMART PLASTIC CASE with fully punched chassies — £2.4

Send for our leaflet MES 41, giving full details for construction. Price 20p. Please send SAE far our Clock data sheel

Soon you'll be the Deejay everyone wants at their party!

Ger our FABULOUS

NEW1977/78 CATALOGUE
PUBLICATION DATE DCT.26. 1976 ON APPROVAL

All new @ Completely re-writien @ Hundreds of new lines-
Lots of exciting new projects to build - PRICE- 50p
SEND NO MONEY NOW OQverseas send 8 Imiernational reply coupans.

Please rush me a copy ol your brand new
1977/78 catalogue the instant 1t is printed (Ogt.
2Bth, 1976). Only it | am completely satisfied that
it is worth every penny will | send 50p within 14
days of recaipt. 1f | am not satisfied | may rewum the
catalogue 10 you withln 14 days withoui cbligation.
{ understand that ! need not purchase anything
fram your catalogue should | choose 10 keep it

JOIN QUR MAILING LIST NOVY! %« SAVE ££'s ON SPECIAL OFFERS! ACRESS .

Published every two months our Newsletter gives * DETAILS OF NEW PROJECTS
full details of our latest guaranteed prices. AND NEW LINES
Send ji-st 30p towards cosi of postage and we'll 3end you the next six issues as they are

nublished. ¢4 5r voucher is sen1 with gach newsletter whieh may be used ¢n purchages.} ETH

('
. NAME
|
|
|

L--------_---J
MAPLIN ELECTRONIC SUPPLIES

All mah to. P.O. Box 3, Rayleigh, Essex S56 BLR
Shop: 284 London Road,. Wesichi’-on-Sea. Essex
{Closed on Monday). Tel: Southend (0702) 44107

| — L=

! you do not wish 1© cut magazine. write your
request for catalogue on seaprate sheet
1975/76 GREEN COVER CATALDGUE STILL
AVAILABLE. PRICE 40p



