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LARGEST SELECTION OF ELECTRONIC|ELECTRONG B

COMPONENTS AND EQUIPMENT. Mpoy
LOW PRICES- MEAN LESS VAT [EQUIPMgNy TS AND

Henrys Radi

ore sel .
S ection _ p;
Build the Texan and Stereo FM Tuner O every pyya . Bi99er Stock
for Pose. | et N
NEW Your reqyire 4 quote
TEXAN 20+ 20 WATT enclose 54 Ment, {Pleas
with S CEL)
IC STEREO AMPLIFIER LOW 2l enquiies)
Features glass fibre PC s =
board Gardners low freld PRICES
transformer  6-1C's O S AR [
10-transistors plus diodes . .
et e 4
s / BUILT + TESTED A
esianed by Texas Instruments enqineers for Henry's and PW 1972 Suoolied
s avork letaned construction handnook and ail necessary parte. Ful FSTEREO FM EuodNER TAPE HEADS P&P 15p
aput and control faciities Stabilised supply. Overall size 157" x 2 x 6 mains B e o 1) e ATl LT udicatoiserabiiediooned Marriot XRSP/ 17 % Track High £3.50
operated Free teak sleeve with every kit supply — mains operate« 1gh performance and sensitivity with unigue station Marrot XRSP / 18% Track Med £3.75
indication IC stereo decoder Overall size in teak sleeve B’ x 2 x 6'" Complete kit Marnot XRSP /361 Track Med £7.50
£29.95 inc VAT  C+P with sleeve Marriot XRSP /63 Track High £1.89
g Marnot Erase Heads for XRSP
Join the large band of happy constructors!  £26.25 wcvar  sunTe TesTen £31.20 c+PSOp 17/18/36 (XES11) 88p
Marriot BXIZE34 V; track erase 81p
R/RPI Record Play % Track a8p
H/RP Single Track Rec/ Play 37p
SPECIAL OFFER Bogen Type UL290 Erase €1.69
3 Miniature Stereo Cassette
GARRARD CT4 STEREOQ %TI Rec /Play £2.59

SINCLAIR MODULES AND KITS ‘
CASSETTE TRANSPORT

Syt

ST80 sterec amplifier £14.05 | -
MECHANISM o - R e e 8 DIGIT POCKET
Features * Stereo Heads  Built-in Motor Stabilisor 740 15 wartt amplifier £6.40
Auto-Stop + Eject 260 25 watt amphfier €817 ;Agzggiagzpf;gs (carr /packg 35p) ELECTRONIC
« Pause Control % 12v DC Operation PZ5 power supplies for 1 or 2 740 £5.73 x T £28.
Robust. Precision engineered mechanism based on the PZ4 power supphies (STA3) 2 x Z60 ST80 P26 £32.60 CALCULATOR
STARR' patented design Ideal for use in Car stereo for 1 or 2 Z40 £8.18 2xx 760 ST80 PZ8-trans £40.42
cassette players. Hi-Fi stereo cassette recorders, industrial Transformer for PZ8 £4.86 805 Kt £42.25 Sinclaic
and many other applications. Suitable for the 'PW’ Ascot FM tuner £14.05 Qamburdge Built
Stereo Cassette Deck Stereo Decoder £8.35 SINCLAIR SPECIAL PURCHASES Cambridge Kit
1C20 power amp kit £9.34 ‘Project 6Q stereo preamp £7.94 (post 20p) (B:ambr.dge Memory G
q PZ20 power suppiy for 1 or 2 1C20 £55.88 *Project 605 Kit £23.44 (post 25p) uilt
£13.50 inc. VAT P&P 35p et ) a 2 e 300
Scientific Kit

ELECTRONIC FOOTBALL & TENNIS TEST METERS & TEST EQUIPMENT
WITH THE FABULOUS =

THL33 Muitimeter TE22 Audio
16 Range Multimeter, 2KQ/V G
enerator
VID EO SPO RT Max curcent Range 260 mA £8.10 | 20200 kHz in 4 625 line receiver UHF transistorised_tuners UK
Ty and Ins bands. Sine and operation Brand new. (Post/ packing 25p each)

Sguare oulput
Max  output 7V
Varior Diat

£25.00

ON YOUR OWN TV

TYPE A vanable tuning. Slow motion drive £3.50.
TYPE B 4 button push-button {adjustable} £4.60.
TYPE C vaniable tuning £2.90.

TYPE D 6-button UHF /VHF £5.20.

IT1-2 Multimeter

16 Range Multimeter
20K81/V

AC/DC vaits Ranges to 1000

Play three exciung electronic ball
games FOOTBALL TENNIS HOLE
IN THE WAL or your own TV7 Just

plug Video Sport into the aenal v
> o-p:l:('e”ou’sgtv ar;g awy’cxym;gg Max DC current Range
S U (R 250mA i
;;:’a'ng and your TV Mains Ideai as small tesimeter EZ:i?alAumo EMI SPEAKERS
D or
o. £6.43 T EE TR SPECIAL
OUR INCREDIBLE PRICE N €26.50 | PURCHASE

—_— =

AF105 Multimeter

13 in x B in chassis speakers

£29.50 inc. VAT

\ . Car king 30p each
gg.(nnsnge multimeter TE20D RF Sugnal L’ )r packing 30p each or 50p
Mirrored scalé. overload pro-
PEMON STRATIONS CEnD Generator 150 TC 10 watts 8 ohms twin cone £2.53
NOW IN ALL CENTRES! AC/DC Volts Ranges to 1 2KV 450A Built-in tweeter B ohms €4.43
DC current ranges 10 12 S el O I EW 15 watt B ohm with tweeter £6.61
o Resistance to 100 mt! = vsiallCalbiaione e i 3P50 20 watt 8.15 ohm with tweeter £10.96 each
Loads. Battery. Instr & case ‘Polished wood cabinet £6.00 carr etc 35 p
STOP PRESS €15.75 Shape as TE22D £23.50 each or 50p pair
ViDEO SPORT NOW AVAILABLE AS A -
KIT
FULL KIT AND PARTS WITH C1000M Multitester EMJgQLG!lTré‘LeMeE}",METDEc%Qu and
INSTRUCTIONS Compact Test for Batteres TE-40 AC corrent and Ressance -
ONLY £19.50. C+P 50p (‘:?(qufzcmcs house wiring. etc £5.08 Millivoitmeter Reads strom 1mV to 1000 V DC (10mA i/p
1mV-300V. 1 OHz-2mHz ;f;’::;;‘ﬁi’mmm
Lﬁ?\ ;‘g";cgljn% Ol}?plf ?ncslf 1mV to 1000V AC (100K to 10m 1/p resistance)
SPECIAL PURCHASE \CE 680R bl desemling) oot e Coert Ao 1A AC 10
- bratod i 10 dB stops Resistance from 11210 10 mA
MULLARD TYPE LPI ‘ 79 AND Compaci Precision mul Working. but may go out of calibration
-muter  20KEL/Y. 10 £|7 00
LP1171 AM/FM TUNER MODULES G D ] N s e T, G G0
These two modules together torm a high quality AM/FM accuracy. TE-65 Vacuum Tube Voltmeter Clasgies
tuner covering the long. medium and VHF broadcast bands Damped_movement 6' scale. 15-1500V. Resistance Range to 100 £6.50

Requires only 16 resistors and capacitors and a switch to
complete

Supplied with circuits and
spec daia

LP1179

FM Coverage 87-108 MHz
Bandwidth 300KH:z
Selecuvity 35 dB

Signal to noise at imiting
threshold 40 dB \J
Audio output 75mV

P 171 - -Fe
AM Bandwidth 6-5kHz
Senstivity 1mV

Built-in AGC 3
Supply 6V negative earth \ . ~

{P1179 and LP1171 £4.80 each or £8.63 parr C+P 30p
Surtable Ferrite Aersal 83p.

Mullard Modules

LP1157 AM /TYPE £2.88
LP1135 10.71F Unit £6.81
LP1186 10 7 F/M Tuner £7.31
Gorler Pesm F/M Tuner £5.03

Mirror Scals. Sup
plied wih Loads.
Accessories and
shatterproof case

£19.98

Accessories for 680R

ICE 6603 Electronic Adden Amp £22.68
ICE 662 Transistor and Diode Tester £12.90
Hivoltage Probe £6.42
Temperatures Probe €12.90
Gauss Meter €12.90
Current shunts 5-100 A £4.86

mi

Appearance similar o TE-40 £24.30
RF22 RF Probe for TE-65 £3.18
HV20 30KV Probe for TE-65 £3.78

HENRY’S NEW

Microtest 80
Pockel Precision
Muitimeter 20K<2/Y.
2% Accuracy. 40
Rangas. Shatter
proaf Case. Mirror
Scale Auto-zerotng
ohmz range.

£11.88

Henry's Radia

EDGWARE ROAD, W2

TE-15 Grid Dip Oscillator
Absorption Wavemeter 440
KHz-280mHz 1n 6 Ranges Battery

operation
£21.54

1975 CATALOGUE

TWO NEW STDRES NOW OPEN

If you live in the Midlands come and see our new
components section at 94-96 UPPER PARLIA
MENT STREET. NOTTINGHAM Phone Notting
ham 40403

Components are back in Tottenham Court Road
Try our new store at 231 TOTTENHAM COURT
ROAD. Phone 01-636 6688

Electronic Centres Edgware Road
404-406 Electronic Components & Equipment 01 -402 8381 call for
354 Disco. Lighting & High Power Sound 01-402 5854
303 Special Bargain Centre
Also at 94-96 Upper Parliament St., Nottingham.
Nottingham 40403
231 Tottenham Cou

Road W1 01-636 6688

Phone or

Best prices
Barclay and
Access
welcome.
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Main Features

HEATHKIT 10-4540 OSCILLOSCOPE REVIEW
A new scope with 20mV sensitivity up to SMHz

OP AMPS

A new series to give you all the basics

MULTIMETER GUIDE

How to choose the right meter

ELECTRONICS IT'S EASY

More about filters

Projects

ACTIVE CROSSOVER

Revolutionise your hi-fi with a 2 or 3 way unit

DIGITALSTOPWATCH. . ... ... . i 20

Split facility and timing down to a thousandth of a second

LOGIC PROBE
Separates the Os from the 1s in CMOS or TTL

LOGIC PULSER. -

A companion to the logic probe, invaluable in digital servicing

Data Sheets

TCA210, AN AUDIO PREAMP & AMP IC
AY51224A, A 4 DIGIT CLOCK IC
ERG303D, A 20W POWER DRIVER IC

News & Information

NEWS DIGEST
INPUT GATE

Free Competition

Three New Scopes from HEATHKIT for ETI readers who know
their waveforms

Special Offer

THE NOVUS 3500 ELECTRONIC SLIDE RULE — A NEW *
SCIENTIFIC CALCULATOR QO
Available to ET! readers now at over 30% discount! 33
¥ 43 Y\O
&,
CA AN o
& L
" & &




l'pA” SEMICONDUCTORS

TRANSISTORS 74 SERIES T.T.L.I.C’s [ SUPER UNTESTED PAKS | UNTESTED
J *

. .BRAND NEW FULLY GUARANTEED BI-PAK STILL LOWEST IN PRICE. FULL SPECIFI- | PakNo. _ Description Price _TT_L PAKS }
acr om Sl ol soas amoavs 0| CATIONGUARANTEED ALLFAMOUS | U3 GasSmbinSroomiots,, 08| suw comns o
AClls 120 BGIA 045 BFYSI 020 IN726 029 MANUFACTURERS U3 75 Germ. goid bonded sub-min. like OA47 . 0.60 | UIC00 =12x7400 B
ACII7TK 030 BCi74 0.15 BFY_%; ,0.2]0 2N727 0.29 Type Quantities Type Quantities U 4 30 Germ. transistors like OC81. AC128 0.60 8:%& = 12x7401 0.60
ACI22 012 BCI75 0.22. .BFY33 0.18 2N743 0.20 1 25 100 1 25 100+ | U5 60 200mA sub-min. silicon diodes 0.60 =12x7402 9.60
AC125 018 BCI77 Q19 BSXI9 0.6 aN744 020 | 7400 Q4 003 002 7486 032 031 030( 16 30 Sil trans. NPN like BSY95A, 2N706 0.60 | UICO3 =12x7403 0.60
ACI26 018 BCI78 019 BSX20  0.16" 2N9l14 015 | 7401 0.4 013 012 7489 370 347 3.24| U 7 16 Sil. rect. 750mA up to 1000 0.60 | UICO4 =12x7404 0.60
ACI127 019 BCIT a1y’ BSY25  0.16 N918 030 | 7402 014 0.3 002 7490 060 038 056 US 50 Sil diodes DO-7 250mA like OA200/202 0.60 | UIC05 =12x7405 0.60
AC128 019 BCI8D 025 BSY26 0.6 2Ng29 021 { 7403 014 013 012 7491 102 097 093| U9 20 Mixed voltages. } Watt Zener Diodes 0.60 | UICO6 = 8x7406 0.60
ACI32 015 BCI8l 025 BSY27 0.6 2N830 031 | 7404 014 013 012 7492 069 066 059| Ulo 20 BAYS50charge storage diodes DO-7 060 | UICO7 = 8x7407 0.60
ACI34 0.5 BCI82 0.5 'BSY28 0.6 N1I31 020 [ 7405 014 003 012 7493 063 0.66 059 Ull 20 PNPSil. trans. TO-5 like 2N1132,2N2904 . 0.60 | UICI0 =12x7410 0.60
ACI37 015 BCIS2L  0.15 185Y29 0.16 7N1132 022 | 7406 036 031 029 7494 079 0.76 0.69] UI3 30 PNP-NPN Sil. trans. OC200 & 25104 0.60 | UICI3 = 8x7413 0.60
ACH4} 0.19 BCI83 015 BSY38  0.19 2NI1302 015 | 7407 0.36 031 029 7495 079 076 0.69| Ul4 150 Mixed silicon and germ. diodes 0.60 | UIC20 =12x7420 0.60
ACl4IK 030 7408 023 022 021 759 089 086 080 UI5 20 NPNSil. trans. TO-5 like 2N696 0.60 | UIC30 =12x7430 0.60
ACl42 019 7409 023 022 021 74100 139 134 1.30| U6 10 3Amp Sil. rect. stud up 10-1000 PIV 0.60 | UIC40 = 12x7440 0.60
ACI42K 026 7410 014 013 012 74104 0.56 054 0.51| U7 30 Germ. PNP AF trans TO-5like ACY17-22 . 0.60 | UIC4l = 5x744] 0.60
ACI51 16 7411 023 022 021 74105 056 054 051 U8 8 6Ampsil rect. BYZI3tupe up to 600 PIV 0,60 | UIC42 = 5x7442 0.60
ACI54 020 7412 026 025 024 74107 041 039 037 UI9 20 Silicon NPN trans. like BC108 0.60 | UIC43 = 5x7443 0.60
ACIS5 020 7413 030 029 028 74110 036 051 0.46) U2 12 1.5 Amp sil. rect. top hat up to 1000 PIV 0.60 | UICH = 5x7444 0.60
ACI36 020 7416 028 027 026 74111 083 081 078 | U2 30 AF. Germ.trans. 2G300 series & OC7] 060 | UIC4 = 5x7445 0.60
ACIS7T 025 7417 028 027 026 74118 093 088 083 | U23 25 MADT's like MHz series PNP series 0.60 | UICH6 = 5x7446 0.60
AC165 0.20 7420 0.14 013 0.12 74119 139 130 120 | U2¢ 20 Germ. 1 Amprect GJM up (o 300 PIV 0.60 | UIC47 = 5x7447 0.60
ACIS6 020 7422 028 027 026 74121 046 044 041 | U25 25 300MHZ NPNsil. trans, 2N708. BSY27 060 | UIC48 — 5x7448 060
ACI67 020 7423 037 036 035 74122 0.65 0.63 0.60 | U2 30 Fastswitching sil. diodes like IN914 0.60 | UIC50 =12x7450 0.60
ACl68 025 7425 037 036 035 74123 064 068 065| U2 10 1 AmpSCR's TO-5up to 600 PIV «1.20 | UIC51 =12x7451 0.60
ACI69 0.5 7426 037 035 033 74141 079 076 073 | UXR 25 Zener diodes 400mW DO-7 3-33 volts mixed 0.60 | UICS3 =12x7453 0.60
ACI76 020 7427 037 035 033 74145 120 116 111 | U33 15 Plastic lAmp sil. rect. IN400O series 0.60 | UIC54 =12x7454 0.60
ACI77 025 74 042 039 037 74150 139 130 1.20 | U34 30 Sil PNP trans. TO-5 BCY26 253024 0.60 | UICB0 =12x7460 0.60
AC178 029 7430 014 013 012 74151 102 097 093 |U35 25 Sii.trans PNP TO-18 2N2906 .. 0.60 | UIC70 = 8x7470 0.60

79 028 7432 0.37 035 033 74153 093 088 083 | U36 20 Sil NPN trans. TO-5BFY50/5!/52 0.60 | UICT2 = 8x7472 0.60
ACI80 020 7433 039 037 035 74154 157 143 148 | U37 30 Sil truns SO-2 PNP OC200. wS322 0.60 | UICT3 = 8x7473 0.60
ACI80K 030 7437 032 030 028 74155 111 106 102 | U8 30 Fast switchssil. trans. NPN 400MHz 0.60 | UIC74 = 8x7474 0.60
ACI8! 0.20 7438 032 030 028 74156 111 106 1.02 | U39 30 RF.Germ PNP trans. 2N1301/5 TO-5 0.60 | UIC75 = Bx7475 0.60
ACIBIK 030 7440 014 013 002 74157 043 088 0.83 | U40 10 Dual trans. 6 lead TO-5 2N2060 0.60 | UIC76 = 8x7476 0.60
ACI87 022 7441 069 066 059 74160 130 125 1.20 | U43 25 Sil. trans. plastic TO-18 BC113/114 0.60 | UICBO = 5x7480 0.60
ACI8TK 023 7442 069 066 059 74161 130 125 1.20 { U4 20 Sil. trans. plastic TO-5 BC115 0.60 | "UIC8I = 5x7481 0.60
ACIS88 022 7443 LIl 1.06 102 74162 130 125 120 |U45 7 3ASCR TO86 up tn 600 PIV %120 | UICB2 = 5x7482 0.60
ACI88K 023 7444 L1l 106 102 74163 130 125 120 |U46 20 Unijunction trans. similar to TIS43 *0.60 | UIC83 = 5x7483 0.60
ACY17 0.26 7445 148 144 139 74164 1.67 162 1.55 | U47 10 TO220AR plastic triacs 50V 6A %1.20 | UICBB = 5x7486 0.60
ACYI§ 0.20 7446 LIl Lo6  1.02 74165 1.67 162 155 [U48 9 NPNsil. power trans. like 2N3055 1.20 | UIC9 = 5x7490 0.60
ACYI19 0.20 7447 1.02 099 097 74166 148 144 1.39 | U49 12 NPNsil plastic power 60W like 2N5294 1.20 | UICS1 = 5x7491 0.60
ACY20 0.20 7448 .02 099 097 74174 148 L+ 139 u1ce2 5x7492 0.60
ACY21 0.20 7450 014 013 012 74175 .02 087 098 |Code Nos. mentioned above are given as a guide to the | UIC93 = 5x7493 0.60
ACYZ2 047 7451 0.4 013 012 74176 116 111 106 |type of device in the pak. The devices themselves are | UIC34 = 5x7494 0.60
ACY27 019 7453 0.4 013 042 7177 L16 111 L06 |normally unmarked. UIC95 = 5x7495 0.60
ACY28 Q19 7454 014 0.3 0.2 74180 116 L1116 UIC96 = 5x7496 0.60
Reya 02 ma el M oNR TR e N we : } UICI21= Saai2) i
ACY30 7470 0.30 0. 0.2 ; 4 = 5x74] 0.60
ACY31 0.29 7472 030 027 025 74184 167 162 153 QUAL] TY TESTED PAKS l UICHI = 5x74141 0.60
Ag% 3%! 7473 038 036 032 ;4113? :gll :;2 :7: | gig:gr gx;::g‘: 0.60
A 7474 038 036 032 74 i ] - 3x 6o
ACY36 029 7475 0.56 0531 052 74192 181 176 L71 | Pak No. price] UICI83= 5x74193 0.60
ACY40 0.8 7476 041 040 039 74193 181 176 171 £ p | UICI99= 5x74159 0.60
ACY4l 0.19 7480 056 054 051 74194 120 116 L1L [ Q | 20 Red spot transistors PNP 0.60| UICX1 25 Assorted 74s 1.50
ACY# 0.36 7481 102 097 093 74185 102 097 093 | Q2 16 White spot R.F. transustors PNP 0.60
ADI30 039 7482 083 079 074 74196 LIl 106 102 | Q3 4 OC77 type transistors 0.60
ADI40 049 7483 L1 106  0.87 74197 111 L06  1.02 | Q 4 6 Matched transistors OC44/45/81/81D 0.50 VOLTAGE
ADI42 049 7484 093 090 088 74198 25 230 245 | Q5 4 OCT5transistors 0.60
ADI43 039 7485 148 144 139 74199 231 221 211 | Q 6 5 OC72:ransistors 0.60 REGULATORS
AD149 Q Devices may be mixed to qualify for quantity price (T1L 74 | Q 7 4 ACI28 transistors PNP high gain 0.60) ———

ADIg] 0136 series only) daia is available for the above series of 1.C's in Q8 4 AC126 transistors PNP 0.60/ TO.3 Plastic Encapsulation

ADI62 038 booklet form. PRICE 35p Q9 7 OCBI type transistors 0.601 1A 78051129

ADI6l & Q10 7 OC71 tvpe transistors 0.60 5V (equiv. to MVR5V) 1.25
ADI162(MP) 169 Qi1 2 AC127/128 Compmentary pairs PNP/NPN . 0.601 A 7812 L130

ADTI40 051 | % D.T.L. 930 SER]ES l 12 3-AF116 type transistors 060 12V Equiv. to MVR12V) 125
AF114 0.25 T Quantities 213 3 AFI117 type transistors 0.80 [ A 7815/1.131

AF115 0.25 ype S e Type Quﬂ"""ts w4 | QU 3 0CITLILF type ransistors 0.60 15V (Equiv. to MVRI5V) 1.25
AF116 025 014 013 012 2 6 1ot 5 Q15 7 2N2926 Sil. Epoxv transistors mixed colours . 0.80| 57818

AEIN7 025 BP930 o of 0F B ”2‘5 026 023 | 57 5 NPN2xSTI4] & 3 xST140 060| "1V (Lquiv 10 MVRIBV) 125
AF1I8 036 BP932 25 o oo 13P951 0.65 060 g.os QI8 .4 NADT's 2 x MATI00 & 2 x MAT120 0.60

AFI24 031 BESSS o8 TN gF Hs 04 013 017 1 Q9 3 MAT's2x MATIOl & 1 X MATI2|

AF125 0.31 BPS35 o'l; s 013 BPY093 "‘g 0':0 038 Q20 4 OC44 Germanium transistors A.F

AFI26 029 ngi" O bH O BP90S4 gj, 3‘40 038 1 @1 4 AC127 NPN Germanium transistors . .

AFI127 029 B ’942 2L 0h 0l BP9097 il o'sg Q22 20 NKT transistors A.F R.F.coded .

AF139 031 B i B o BP9099 04z 0 -38 1 323 10 OA202 Silicon diodes sub-min . ALL PR'(:ES
AF178 051 B - Q24 8 OAS! diodes .

AF179 0.51 Devices may be mixed to qualify for quanuty price. Larger Q25 15 INS14 Silicon diodes 75P1V 75mA X ExcLuDE v A T
AF180 0.51 quantity prices ap application: (DTL 93¢ Sertes only). 1 Q 8 0A%5 Germanium diodes sumb-min-IN59 . . sl
;R'r;lgé gg: - Q27 2 10A 500 P1V Silicon rectifiers 154258 *0,

1 = Q28 2 Silicon power rectifiers BYZ13 o
AF233 038 * THYRISTORS _l (29 4 Si. transistors 2 x 2N696. 1 » 3N697. 1 » 2N698060 . Postage & packing
ALIO2 068 Q30 7 Silicon switch transistors 2N706 NPN add 25p ‘overseas
AL103 0.68 PIV 06A O8A 1A 3A 5A 53 7A 10A 16A 30A |Q3l € Silicon switch transistors 2N708 NPN X add a e
ASY26 026 TOI8 TO92 TO5 TO66 Toss T064 TO4 TO48 TO48 TO4 18 | Q32 3 PNPSii.trans. 2x 2N}131. 1 x2N1132 X extra for airmail.
ASY27 0.31 0 013 015 — — — — Q33 3 Silicon NPN transistors 2N1711 0.6 iy
ASY28  0.26 % 015 018 — — — — — — — — |Q3% 7 Si.NPN trans 2N2369. 500MHz (Code P397) 0. Minimum order 75p
ASY29 026 % 018 02 — — — — — — _— — |Q35 3Silicon PNPTO52x2N2004 &I x 2N2905
ASYS0 0.26 50 022 028 020 025 036 036 048 051 054 L8 Q36 7 2N3B46 TO-18 plastic 300 MHZ NPN
ASYS5! 0.26 160 025 030 025 025 048 048 051 057 058 143 Q37 3 2N3053 NPN Silicon transistors X
ASY52 0.26 150 03t 038 — — — — — — — —_ Q38 5 PNP transistors 3 x 2N3703. 2 x 2N3702 0.60
ASY54 0.26 200 038 044 025 030 050 050 057 062 062 1.63 |Q39 5 NN trunsistors 3x 2N3704,2 x 2N3705 0.60 D.LL. SOCKETS
ASYS5  0.26 00— — 0§30 039 055 057 062 071 0.77 178 Q40 5 NPN transistors 3 x 2N3707.2 x 2N3708 060 { L =2
ASY56 026 600 — — 039 048 069 069 078 099 090 — |Q41 3 Plastic NPN TOI8 2N3904 0.60 125 100+
ASY57 026 80 — — 058 065 081 081 092 122 139 407' [Qa3 5 BCIO7NPN transistors 0.60 | TSO 14 14 pin ty pe 0.31 0.28 0.25
ASY58 0.26 Q5 NON transistors 3 x BC108. 2 x BC109 0.60 | 7501616 pin l\}po 0.35 0.32 0.30
ASY73 026 N Q45 3 BCI13 NPN TO-18 transistors 0.60 | 7502424 pin type 0.65 0.64 0.62
ASZ21 041 LINEARI.C.s j 346 3 BC115 NPN TO-5 transistors 0.60 | BPSAE pin (vpé (low cost) 014 6.12 .10
;‘g:g; gm Q47 4 NPN high gain transistors 2 x BC167. 2 x BC]GB BPS14 t4 pin tvpe (low cost)

. - ) 0.15 013 0.11
BCl09 008 Type e T Quanguies Q48 3 BCYT0 PNP transisiors TO-18 oeo 8PSI16 16 pin type (,o“ cost)
BCI13 0.10 o b B "o o 12 0+ 1349 3 NPN transistors 2 x BFY51.1 x BFY52 0.60 16 0.4 0.12
BCI14 0.16 227'3) 8-23 o s TAA30A 171 167 157 G50 7 BSY28 NPN switch transistors TO-18 060 fb —
BCII5 0.6 12;:” o oD G uA703C 026 024 022 55, 7 BSY95A NPN transistors 3KMilz 0.60
BCI16 016 %_’ np R uA709C 019 0.18 017 155 g BY]100 type silicon rectifiers 1.20 DIODES _]
BCI17 0.19 _27‘ Uh &S s uA7lIC 032 031 028 553 95 it & Germ. trans.. mixed all marked new . 1.50
BCl 010 Al oz 025 o :23;55 032 031 D28 1051 6 TIL209 Red LED *120
e o 72741F 028 027 026 76003 139 131 130 I 59 & BEP &
BCI12z5 012 72147 079 0.74 0681 76023 139 134 130 ONE o B 036
BC126 019 72748P 0.35 033 031 76660 0.88 0.86 083 - V0 o9 85%19 3436
BCI132 012 SL201C 046 042 037 LM380 093 050 0.88 VOEL BOND 1 AZ13 : 28
SL701C 046 042 037 £555 045 043 040 A B el o cGez
i o :: SL702C 046 042 037 :r'sss 088 086 083 = BAIOO 010 (OA91EQ) 0.06
Bi%  ols ’ TAA263 0.4 085 056  TBABOO 139 131 130 e = %:%‘} )
g(c::g; 3_1? TAA293 093 088 0.83 ZN414 111 SO LVE TH OSE ST'CKY 32:;: :]“;.. o
— — .12 OAS5 Short
BCli0 031 [ SILICUN KEC i1FieKS ] PROBLEMS! BAI55 0I5 Leads 021
BCl41 0.31 - .. BAIB5 014 OALD 0.14
BCl3 031 with BAIZZ  0.15 OAT 007
BCI45 0.46 i 300mA  750mA 154 3A  10A  30A BBI04 0.15 0AT0 0.07
BCl:g g.ll(’) D (S016) Plastic éSOIG) (SOlO) (sOIO) (TO48) BY 100 016 OAT9 0.07
BC1 1 50 0.06 IN30U1 BY 101 wi2 OAB1 0.07
BC149 0.12 100 0.07 - iN4002 0.06 009 0-16 '0 2I ~0 69 BYiU5 018 0A85 0.09
Bglgo g;: 200 009 INI003 8‘3Z, g.:i g-%g 'g-ﬁ 'g-gg BY114 0.12 0A%0 0.07
BCI5I 100 014 INdow O . .28 %0.35 0. 1BY124 0.12 0AS! 007
BCIS2 0.8 600 016 IN40U5 009 016 033 %042 %176 CYANOACRYLATE C2 ADHESIVE BYI26 015 OA% 007
B o oo R B2 G 035 Ud os wam . ByZT 016 0A200  0.07
1100 - INgo07 O : & 8 ' The wonder bond which works in BYI u.16 0A202 0.07
BC157 0.9 1200 0.32 028 054 %069 «2.88 seconds—bond plastic. rubber, transistors BY130 0.17 SD1o 0.06
gg:gg 3:2 = —= : - components permanently, immediately! g\‘”&: %g: 1531:: ggg
- e L T . 2
BCI60 046 l - SO e | LIACS J BYX34/30 043 INMA 007
Clgt 051 BR 100 023 OUR PRICE ONLY 60p BYZI0 036 IN9I4  0.06
ggllg g‘li Case 100V 2‘;f:V 43‘;"/ D32 023 BYZiIl 03I IN916 0.06
2Amp TO5 031 . ! . . . BYZI2 031 IN4148 006
BCIGY 012 Gamp TOSE o051 01 077 | (lhese two dacs are for 2gm phial 8YZI3 026 1s021 0.0
BCI70 012 W0Amp TO48 077 092 L2 acs) 15951 007
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VISIT OUR _
COMPONENT SHOP
18 BALDOCK STREET, WARE. Herts (A10)

Open Mon.-Sat. 9-5.30 p.m. Tel. 61593

BOX 6 WARE HERTS |5
| AL60" ONLY £3.95

50w. PEAK (25w. R.M.S.)

@ Max Heat Sink temp 90°C @ Frequency Response 20Hz to 100K Hz @ Distortion better than 0.1 at 1KHz
@ Supply voltage 15-50 volts @ Thermal Feedback @ Latest Design Improvements @ Load — 3, 4, 5 or 16
.ohms @ Signal to noise ratio 80dH @ Overall size 63mm x 105mm x 13mm. Especially designed to a strict
specification. Only the finest components have been used and the latest solid state circuitry incorporated in.
this powerful little amplifier which should satisfy the most critical A.F. enthusiast.

[ STABILISED POWER MODULE SPM80|

SPMB80 is especially designed to power 2 of the AL60 Amplifiers, up to 15 watt (r.m.s.) per channel simultaneously. This
module embodies the latest components and circuit techniques incorporating complete short circuit protection. With the
addition of the Mains Transformer BMT80, the unit will provide outputs of up to 1.5 amps at 35 volts. Size: 63mm x 105mm
x 30mm.

These units enable you to build Audio Systems of thé highest quality at a hitherto unobtainable price. Also ideal for man
other applications including:—Disco Systems. Public Address Intercom Units, etc. Handbook available 10p. ‘

TRANSFORMER BMT80 £2.60 PRICE £3.00
[ STEREO PRE-AMPLIFIER TYPE PA100 |

Built to a specification and NOT a price, and yet still the greatest value on the market, the PA100
stereo pre-amplifier has been conceived from the latest circuit techniques. Designed for use with the:
ALS50 power amplifier system, this quality made unit incorporates no less than eight silicon planar
transistors, two of these are specially selected low noise NPN devices for use in the input stages.
Three switched stereo inputs, and rumble and scratch filters are features of the PA100 which also has
a STEREO/MONO switch, volume, balance and continuously variable bass and treble controls.

£13.20

GUARANTEE

SATISFACTION OR
YOUR MONEY REFUNDED

MK 60 AUDI10O KIT

Comprising.2 x ALS0, 1 x SPM80, | x BTM80, | x PA100, 1 front panel, | kit of
parts to include on-off switch, neon indicator, stereo headphone sockets
plus instruction boeklets.

COMPLETE PRICE: £27.55 plus 45p postage.

TEAK 60 AUDIO KIT

Comprising: Teak veneered cabinet size 16%” x 11%” x 3%”, other parts
include aluminium chassis, heatsink and front panel bracket, plus back
panel and appropriate sockets, etc.

KIT PRICE: £9.20 plus 45p postage.

PLEASE ADD V.A.T.
AT 25% TO ALL
ITEMS EXCEPT
% ‘ADD 8%
#FNOVALT.

GIRO NUMBER
388-7006

[STEREO 30 COMPLETE AUDIO CHASSIS |
7 +7WATTS R.M.S.

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 quality ceramic'
pickup, 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, mains switch, fuse & fuse holder and

universal mounting bracket, enabling it to be installed in a record plinth, cabinets of

your own construction or the cabinet available.

PR“:E £I 5.75 post:glgsz:gg_cki_hg

iplus 45p
‘postage & packing

Ideal for the beginner or advanced constructor who
requires Hi-Fi performance with a minimum  of
installation difficulty. Can be installed in 30 mins.

plus 45p

TRANSFORMER £2.45 e S

TEAK CASE £3.65

AL 10/AL 20/AL 30

The AL10, AL20 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 3 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 cartridge tape players in the car and at home.
AL10 £2.30, AL20 £2.65, AL30 £2.95

EM.I. LEK 350 Loudspeakers

Enclosure kit in teak veneer,
including speakers. Rec. retail price
£4.50 per pair,
OUR SPECIAL PRICE
ONLY £27.75 per pair P&P £3
WHILE STOCKS LAST!

HEADPHONES

4-16 ohms impedance.
frequency response
20 to 20,000 Hz ster-
eo/mono switch and
Volume Control £4.55

ERONT PANEL:

- FOR PAl00.
Attractive matt silver.
Finish with black trim
and lettering. Adds
that professional
touch. £1.10 only.

Enjoy the quality of a magnetic cartridge with { RECORD CASES . _ . TYPE B1223 200 ohms impedance. Complete
your existing ceramic equipment using the new | 7in E.P. 18 3/8th in. x 7 in x 8 in (50 records) ACOS GP91-1SC200mV at 1.2cms/sec EL.11 | with stand, on/off switch ;m“l) 2.5mm and 3.gmm
Bi-Pak M.P.A.30 which is a high-quality i i . . *£2,48 | GP93-1 280mV at lcm/sec £1.43 | b1\,05, Suitable for cassette tape recorders.
pre-amplifier enabling magnetic cartridges to be | 12in L.P. I3%in x 7 3/8th in x 12% in (50 records) | GP96- 100mV at lem/sec £2.31 PRICE £1.67
used where facilities exist for the use of ceramic +£3.30 | TTC J—2005 Crystal/Hi Output £0.97 s n e nr—
s st f 0 JOST OUT!
Used in the construction are 4 low noise, high | Holds 15. 10in x 3%in x 5in. Lock and handle J—20065 S{em%a/m Output £1.52 -
gain, silicon transistors. It is provided with a *£1.50 .J—2105 Ceramic/Med Output £1.81 STEREO FM
;tg:dard DIN input socket for ease of connec- 8-TRACK CARTRIDGE CASES J—2203 Magnetic 5mV/Scm/sec £4.78 TUNER

o ) ) Holds 14. 13in x 5in x 6in. Lock and handle including stylus £2.88
Supplied with full, easy-to-follow instructions. *£2.20. J—22038 Replacement stylus for above WRITE NOW FOR

Holds 24. 13 3/8th in x 8 in x 5 3/8th in Lock and AT—55 Audio-technica magnetic g3 9g
PRICE £2.65 | 1 *£3.20 cartridge 4mV/5cm/sec - FULL DETAILS
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NEW INOUCTION COOKING CONCEPT

Aonew system of induction heating, designed for ‘cool-
top’ electric cookers is currently being demonstrated by
.RCA. The system, which uses fast-turnoff thyristors
operating at 30kHz, is estimated to halve electricity usage
and to offer an efficiency of up to 70% compared to 35-
45% using conventional elements. .

~ The “basic concept of the system depends on eddy
currents generated in the base of a cooking vessel by the
high-frequency current in an induction coil placed beneath
the cooker surface. The coil itself does not heat up, so that
the working area temperature is only as high as that of the
vessel being heated. As a resuit, heat losses are kept to a
minimum.

Unlike conventional electric heating systems, the
induction method provides instant power regulation from
zero to full power with an ‘inertia’ even lower than that of
the most modern gas cooker.

CBM SCIENTIFIC

The new CBM SR 7919D features
logs, trigs, inverse trigs a memory, ,
square root, power raising and
exponent entry. This calculator
costs £18.30 and is aimed at the
‘student scientific’ market.

news digest

MAINS
SUPPLY —4
VOLTAGE

A.C.IDC.
CONVERTER
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=
— E
(% D.CJAC. \

]: CONVERTER 'l‘i

I

HEAT/POWER
CONTROL

A pilot trial of the proposed
. Viewdata Service will start in January

and if the results are satisfactory

the service will be made available

to the public in 1978. The system

will be provided by the Post Office

VIEWDATA TRIALS IN JANUARY

over the public telephone network,

and Keyboard.

The 8-digit display converts to

a b-digit mantissa plus 2-digit
exponent display. it is battery
operated with a mains adaptor

as an optional extra at £2.50 + VAT.
The calculator is guaranteed for

| year.

equipment

REFERENCE

and will provide subscribers with
data for display in the same
format as Oracle and Ceefax.
Information is to be provided
by organisations independant of
the PO, who could be provided
with some of the revenue collected
by the Post Office. Apart from the
VDU, likely to be a colour TV
with teletext decoder, the user
would require some form of modem

Compared to broadcast
teletext the service will have
unlimited capacity. The cost,
however, is likely to be much
higher - one will have to pay for
phone calls and information
in addition to the cost of the

SUPER-STABLE VOLTAGE

A monolithic temperature-stabilised
voltage-reference |C, which out-

performs standard Zener Diodes by

OATA BOOKS

a factor of 20, has been developed

by National Semiconductor. The new

The autumn editions of DATA books
are now available. The Transistor
DATA book costs £31.60 (per

year) for two issues and lists

19000 types from 128 manufacturers.
The Linear IC DATA book is
available for £27.60 (per year)

for two issues and lists 7473 devices
including 700 new types. The books are
obtainable on trial from London
information, Index House, Ascot,
Berkshire, SL5 7EU.

1ppm/OC.

precision reference, LM199 provides
a 6.9V reference that offers an ultra-
low temperature coefficient, excellent
long term stability, and low noise.
Drift is guaranteed to be less than

The LM199 is easy to use. Two
leads are connected to the temperature
stabiliser, which can be operated at
any point between 9 and 40V. The
other two leads are tied to an active
Zener. Active circuitry lowers the

Zener impedance to 0.5 and allows the

LM199 to operate over a current

range of 0.5 to 10mA with virtually

no change in temperature coefficient.
The low dynamic impedance makes

the LM 199 two orders of magnitude

less sensitive to operating currerit

than standard 7.5mA reference

diodes. The device is packaged in a

four-lead TO46 metal can.

SOLAR POWER ARRAYS'

The MST 100 solar power module
as used on Everest by the BBC Film
Crew are available from the
Electronic Components Division

of Ferranti. With a one-off price
of £60 per module, applications

on boats and caravans are also
anticipated.

The modules produce a typical
output of 1.7W into a 6V battery
system under the maximum earth
surface insolation of air-masg one
(approximately 1OOmW/cm2)

Each consists of 20 semi-circular
silicon photo voltaic cells connected
in series, mounted in a rugged

glass metal sandwich, with a

sealed edge, and with the cells
embedded in transparent plastic.
Ferranti Limited, Electronic
Components Division, Gem

Mill, Chadderton, Oldham, Lancs. -

FOR READERS WHO FANCY A
BIT ON THE SIOE?

A modification now available on the
Solon 65W soldering iron is this
adfustable-angle bit. It is claimed to
improve accessibility or visibility

in awkward applications. GEC-
Henley Ltd., Gravesend, Kent.



wemmm Please mention news digest in any enguiry.

PUSH BUTTON DIALLING IC

The D4037 from General Instrument
Microelectronics is a MOS LSI device
which converts keyed numbers into
pulsed signals identical to those
produced by a conventional dialler.
The IC has a re-dial facility at the
touch of a button, so the dialler

can try again if his number was
engaged. The device has provisional
Post Office approval.

AMATEUR COMPUTER CLUB

A recent newsletter of the
Amateur Computer Club describes
a low cost mini computer project.
The letter claims the WEENY-BITTER
a 256 word 8 bit machine, can

be built (without peripherals)

for around £50. Future articles
will describe in detail the
hardware, programming techniques
and upgrading. Enquiries to

J.T.C. Aslett, Secretary of the
Amateur Computer Club, 7
Doordells, Basildon, Essex.

CHRISTMAS HOLIDAY LECTURE

‘Electronics in Crime Prevention’
is the title of this year’s Christmas
Holiday Lecture to older school
children. Geoffrey Philips, Director
of Police Scientific Development
Branch, will deliver the lecture at
the Institution of Electrical
Engineers (IEE), Savoy Place,
London WC2R OBL on Tuesday .
30th December and Wednesday
3lIst December 1975 at 2.30pm.
The lecture will include a
number of demonstrations, short
films and video tapes and a number
of coloured slides.

TIME ZONE WATCH

The latest watch module from
National Semiconductor accurately
tracks two time zones, and is
designed to make a traveller’s
digital watch. The MM5880 is

a 6 function device which drives
four digit LED display. Hours,
minutes, seconds and month-
with-date are controlled by a

single push-button.

A second push-button controls
the display of time zone. Resetting
the second zone time does not
affect the time of the first zone.

The MM5880 presents calendar
information in the American
style (month-date); the MM5860
presents it in European fashion
(date-month). Either model
can be connected to display 12
hour or 24-hour time.

INTELSAT IV SATELLITE

The first in a series of six new
Intelsat 1V-A communications
satellites was launched on 25th
September carrying new technology
designed to handle global
telecommunications traffic.

The first satellite will carry telephone
transmissions to and from the

United States, Europe and West
Africa.

The Intelsat organization is
made up of 91 member-nations
using the Intelsat global satellites
over the Pacific, two over the
Indian Ocean and three over the
Atlantic. The new satellite will
have an average assigned use of
6,000 circuits, or 20 colour
television channels. Intelsat
IV-A carries a newly-designed
antenna that can concentrate
signal beams like spotlights
into world business centres on
both sides of the Atlantic. The
new satellite has an overall height
of 6.97 meters and a diameter of

ﬁTFLSAT |

SATELLITE CIRCUIT
CAPACITY GROWTM

1985-75

]

2.35 meters. Solar panels, covered
with 17,000 solar cells, provide
the craft with primary power of
600 watts. The satellite is designed
to have an in-orbit life of seven

years.




Th

e Science Research Council will be providing a high power Laser for
researchers from British Polytechnics and Universities. The Neodymium
Glass Laser and associated equipment will initially cost £1 million. The
photo above shows Laser research by Siemens who have succeeded in
producing low-loss fibreoptic cable.

AMI MICROCONTROLLER

AMI Microsystems have introduced
a microprogrammable display
processor for low-cost processor and
control applications. The $9209
contains in a single MOS/LSI chip
all the essential elements of a
computer’s central processor:
arithmetic and control system;
Program and data storage,
and data input/output facilities.
These elements fit the 9209
for a broad range of specialised
calculator and non-calculator
fixed program applications,
such as in a credit verification
terminal or special:purpose industrial
timer. Other typical applications
include portable data entry devices,
low-cost point-of-sale terminals
and appliance controllers. For
applications requiring increased
processing capabilities, several
9209 modules can be connected
in tandem, using additional
external hardware.

Incorporated in the 9209 is
a 6k micro-instruction ROM
organised as 756 x 8-bit words;
a 256 bit RAM providing four
16 x 4-bit data registers, a 4-bit
paralle! binary adder; two 4-bit
accummulators; 6-bit RAM and
10-bit ROM address registers;
input,output and microinstruction
decoding and control logic.
The instruction set includes

ADORESS |,
K ‘i DECODE l' o
[
| aooess \
INSTRUCTION CONIROL
L2 —— g0 ALY

\;

A

KEYBOARD/DATA ¥ QISPLAY/DATA
INPUT  INTERFACE BUTPUT INTERFACE

9209 General Block Diagram

33 basic instructions for arithmetic
processing, data manipulation,
testing, data transfer, addressing
and 1/O operations. Typical
instruction cycle time is 15uS.

The S9209 is available in either a
28- or.40-pin DIP, either plastic

or ceramic. It has been pre-
programmed into several standard
special-purpose devices, and samples
are available ex stock.AMI,

{O8A Commercial Road, Swindon,
Wiltshire.

MORE EMI-SCANNERS

A further |5 hospitals in the
United Kingdom are to be equipped
with the EMI-Scanner brain

X-ray system. These latest orders
will bring the total of EMI-
Scanner systems in use in UK
hospitals to 22 making the
National Health Service the

largest user outside North America
of this advanced British-made
brain examination system.

A new, high powered satellite
space bus capable of fulfilling

a variety of communication
missions has been unveiled by
General Electric Company of

the USA’s Space Division at

the Telecom 75 World
Telecommunications Exhibition

in Geneva. The system is being

built for the Japanese Government’s
experimental broadcast satellite

programme to prove the feasibility
of transmitting a high quality
colour television service to the
entire Japanese terrirtory. This
includes the offshore islands of
Okinawa and Ogasawara, 1,500km
and 1000km southwest and south
of Tokyo, as well as the main
island chain extending in an arc
2,600km long. Down-like
transmission frequency will

be in the 12GHz band, with

two 100-ATT channels.

The new Extel 8400 range of digital
cassette tape recorders interface with
most computer equipment, but with
prices starting around £900, not many

of us will be buying them to hook
up to our calculators!

Continued on page 76




The people for component bargains

- Makers of
Stirl'nq cund
audio equipment

ORIGINATORS OF PRE-PACKED COMPONENTS IN BRITAIN — AND STILL LEADING!

* TOTAL VALUE AT
REGULAR ADVERTISED
PRICE (INC. VAT).

* ALL 4 UNITS PUR-
CHASED TOGETHER
INC. VAT & P/P IN U.K.

* IF YOU BUY UNITS
SEPARATELY YOU
STILL SAVE

* ORDER NOW FOR DELI-
VERY BY RETURN

SPECIAL

3315%

'YOUR CHANCE TO SAVE £12

ON THIS MODULAR STEREO FM/AMP ASSEMBLY

£30

1. THE FRONT END
Ganged tuning: AFC facitity
Reduction-geared drive, 88-108 MHZ.

E18 £5.34

inc. VAT
£8.01

2. THE I.F. BOARD
Using 1.C. Designed for use with above
front end. Usual price inc. VAT £6.76

£4.50

3. STEREO DECODER USING I.C.
Designed for use with the above modules,
can also be used with other mono F.M
tuner. Ready aligned

(L.LE.D. for stereo beacon available at
18p)

Usual price inc. VAT £4 82
£7.22 L

4. 545 WATT MUSIC POWER

1.C. AMPLIFIER
Useful stereo power amplifier with good
performance, at a very economy price
Usual .
price £5 34
£8.01 [

j

OFFERS

LM 380 AUDIO IC
{Marked SL60745). Brand
new and to spec., 3 watts
R.M.S. out. With data.

75

P
THREE SN 7490. Brand
new |.C. to spec. decode

counters, & 1ah Lo £1.20
FIVE SN7400 Quad 2
input Non gate ICs . . 60p

SUNDRY

P.l PAK Approx 170 short-lead
semi-conductors and components. PNP. NPN
dodes. rectfiers. etc on ex-computer panels
At least 3070 factory marked Some data
supphed "50p.

UHF 625 fine tuner rotary £2.50.
Rev Counter {for cars) (8 £1.00.
Books by Bernard's Publicat:on

Butterworth's. etc

Newnes

| e

| THE FREE CATALOGUE |

New edition better than ever. It's '
your's for free and well worth getting
— only please send large S.A.E. with

l 10p stamp if we have to post it to you.

N |
V.AT. — IMPORTANT

Rates quated in qood faith in accordance with
Customs & Excise ruling n the event of
overpayment by customers the difference wil
be credited

TERMS OF BUSINESS:

FOUNDED IN 1959

VAT 2l 25° mus! be added 1o fotal value ol order. excepl for ftems marked
when VAT is to be added al 8, No-VAT on overseas orders. POST & PACKING Add
25p for UK orders except where shown otherwise. Mimmum mall order acceplable —
£). Overseas orders. add £) for posiage. Any ditterence will be credited or ctharged.
PRICES Subject to alteration without notice. AVAILABILITY All items available at
time of going to press when every eflort is made 1o ensure correctness of informalion.

BI-PRE-PAK LTD
Co Req No 820719

222 224 WEST ROAD,WESTCLIFF-ON-SEA, ESSEX SSO SDF.
TELEPHONE: SOUTHEND (0702) 46344.

NEW RANGE TRANSISTOR & COMPONENT PACKS

TP SELECTION

TP5 20 Transistors. PNP German utTt
wm, Red Spot A F
TP6 20 Transistors PNP German ut2

um. White spot RF glass
1 2N174 150w 80vce Power

Transistor. with mounting

TP7 uT4

assembly

TP19 100 diodes. mixed Germanium uts
Gold-bonded. etc Marked Un
marked

P23 Twenty NPN Siicon uncoded

TP e somiar v BEvERSS uT?

UT SELECTION
50 PNP's Germanium. AF & RF cP

150 Germanwm diodes.
100 Sihcon diodes. min. glass
similarto IN914. IN916

40 250mwW Zener diodes OAZ
240 range average 50% good

30 Siicon recttiers 750mA
mixed voltages. Top Hats, etc

CP SELECTION

Mixed bag of capacitors —
Electrolytic, Paper. Silver Mica

min (Approx. 150 — sold by weightf

CP2 200 (approx } Resistors. various
types, values, watts (Sold by.

weight.)

CcP3*

40 Wire-wound fesistors, mixed

2N696. 2N1613. etc Comple cP4 12 pots — pre-set, w/wound

mentary to TP24 40 NPN Silicon planers Simitar carbon. dual, with/without
TP24 1\8%"” SPNPI thc:)n ;;cyogid uTts 10 2N3707-11 r:r\gc Low noise switches — all mixed

L tmalar o

2N2904 5 o

TP29 & power diodes 400V
Silicon FST 3/4

1 25A

ALL ABOVE PACKS —'60'p EACH.TP Tested & Guaranteed: UT Untested. unmarked; CP Components.

CAPACITOR DISCHARGE IGNITION KIT

Simple to assemble and fit Improves ¢ar performance .
saves on fuel PP 30p £750

BI-PRE-PAK X-HATCH GENERATOR MK. 2

Four-pattern selector switch
3" x5Va" x 3"

Please add 33p for postage and packing
Is invaluable to industrial and home user alike tmproved circurtry
assures reliability and sfill better accuracy Very compact
self-contained Robustly built Widely used by TV rental and other
engineers With reinforced fibreglass case. instructions. but less
batteries (Three U2 type required )

TV SIGNAL STRENGTH METER

_omplete kit as described in  Television” £19 50 pius 40p for P&P

or (8%,

NAME
. ADDRESS

ELECTRONICS TODAY INTERNATIONAL—DECEMBER 1975

12 252N3702/3 Transistors, PNP
ut Silicon. Plastc to 92

Ready-built
and tested £9.93
In kit form £793 "

Please send

tor which | enclose

L----m-----

Heat sinks. assorted To fit SO-2
cP7 {OC72) TO-1 ({AC128), etc

S$S300 POWER SUPPLY STABILISER

Add this to your unstabitised supply to obtain a steady working
voltage from 12 to 50V for your audio system workbench. etc

Money saving and very reliable £3.25
PLASTIC POWER TRANSISTORS
40 WATT SILICON

Type Polarity Gain VCE Price
40N1 NPN 15 15 20p
40N2 NPN 40 40 30p
40P1 PNP 15 15 20p
40P2 PNP 40 40 30p
90 WATT SILICON *
Type Polarity Gain VCE Price
90N1 NPN 15 15 25p
90N?2 NPN 40 40 35p
90P T PNP 15 15 250
90P2 PNP 40 40 35p

If you prefer not to cut coupon out. please mention ET1.12 when writing
----------q
To BI-PRE-PAK, 222-224 WEST ROAD
WESTCLIFF-ON-SEA, ESSEX

ET112 I
|



A. Marshali {Londen) Ltd Dept:ETI

, 42 Cricklewoqd Broadway
g London NW2 3ET Tel: 01-4520161/2
1 Telex:.21492
i & 85 West Regent St Glasgow G2 2QD
Tel: 041-332 4133
& 1 Straits Parade Fishponds Bristol

BS162LX Tel: 0272 654201/2
Callin and see us 9-5.30 Mon-Frj 9-5.00 Sat & 27 Rue Danton Issy Les Moulineaux
Paris 92 Tel: 642 2985

Trade and export enquiries welcome - Catalogue price 25p

Top 500 Semiconductors from the largest range in the UK PW TELETENNIS KIT
As featured on BBC Nationwide and in the
Daily Mait 2 Oct "74. ldeal game for whale

SN356 0.80 | 2N3390  0.45 | 2N5295  0.48 | AF116 0.35 | BC207 0.12 | BF169 0.27 [LM309k  1.88 | OC42 0.50
INESA  o8e|2N3391 o028 | INS298 o048 | AF117 0.35 | BC208 0,11 | BF160 0.23 | LM5TI 1,50 0C45 032 {,’.L“';Yin",ggzzg.‘:og‘;‘:"y TR WY €t (P
2N457A 1.20 [2N3391A  0.29 | 2N5298 0.50 | AF118 0.35 | BC212K 0.16 | BF163 0.32 | LM380 1.10] oC71 0.17 Pars list 25 follows. A Resistor P k £1.00
2N490 3.18 | 2N3392 0.15 | 2N5457 0.49 | AF124 0.30 | BC212L 0.16 | BF166 0.40 |LM381 2.20| 6C72 0.25 p & p 20p; B Potentiom f"%"'&i 25p&
2N491 4.38 | 2N3393 0.15 | 2N54568 0.45 | AF125 0.30 [ BC214L 0.18 | BF167 0.25 |LM702C  0.75) OCB1 0.25 p 20p cpcwacuorpac:zrs 10 &' 20
2N492 3.00 | 2N3394  0.15 | 2N5459 0.49 | AF126 0.28 | BC237 0.16 { BF173 0.27 | LM7097099 0.48 | 0CB3 0.24 DSemn»conduclorPack£14.50p&p20p
2N493 5.20 | 2N3402 0.18 | 2N5492 0.58 | AF127 0.28'18C238 0.15 1 BF177 0.29 | 8DIL 0.38| ORP12 0.55 E IC Sockets £4.00 3 5 28 pé
2NB9E 0.22 | 2N3403 0.19 | 2N5494 0.58 | AF139 0.65 | BC239 0.15 | BF178 0.35 [ 14DIL 0.40| R53 1.80 Transtormer £1.15 p &pp 2596 FP(:B'
2N697 0.16 | 2N3440  0.50 | 2N5496  0.61 | AF186 0.46 | BC25) 0.25 | BF179 0.43 [ w710 0.47| sLa14A 1.80 £7:50 p & p 20p H S witches £4.50 p &
2N698 0.82 | 2N3441 097 | 2N6027  0.45 | AF200 0.65 | BC253 0.25 | BF180 0.35 [LM3300  0.70{ sL610C 1.70 20p: 1 UHF Modular Kit £7.50 p & 500"
2NB99 0.59 |2N3442  1.40 | 2N5777  0.45 | AF239 0.65 |BC257 0.15 | BF181 0.36 [LM723C  0.90| SL611C 1.70 =0 PSR <op
INT06 014 |2N3414 010 | 3N128 0.73 | AF240 0.90 |BC258 0.16 | BF182 0.35 | LM741T099 0.40| SL612C 1.70 Special Prices — compiete kit exciuding
IN706A  0.16 | 2N3415  0.10 | 3N139 1.42 | AF279 0.70 |BC259 0.17 | 8F183 0.55 [8DIL 0.40| SL620C 2.60 case £42.00 p & p 50p. Sections A-F incl
2N708 0.17 |2N3416 0.15 | 3N140 1.00 | AF280 0.79 {BC261 0.25 | BF184 0.30 | 14DIL 0.38| SL621C 2.60 £23.50 p & p 30p. Assembly mstructions
2N709 0.42 [2N3417  0.21 ['3N141 0.81 | AL102 1.00 |BC262 0.25 | BF185 0.30 [ LM747 1.00} SL623 459 with.complete kit or 75p on request
INT11 050 | 2N3638  0.15 | 3N200 2.49 | AL103 1.00 | BC263 0.25 | BF194 0.12 | LM7488DIL 0.60| SL540C 310
2N718 0.23 |2N3638A  0.15 | 4036 0.40 | BC107 0.14 [BC300 0.38 [BF195 0.12 | LM7805  2.00| SL641C 3.10
IN718A  0.28 [2N3639  0.27 | 40362 0.45 | BC108 0.14 |BC301 0.3a{BF196 0.13 | 14DIL 0.73{ SN76003N 2.92
2N720 057 | 2N3641  0.17 | 40363 0.88 | BC109 0.14 | BC302 0.29 | BF197 0.15.)LM7805  2.50! SN76013N 1.95
2N914 0.39 [2N3702  0.11 | 40389 0.46 | BC113 0.15 {8C303 0.54 |\BF198 0.18 |LM7812  2:50| SN76023N 1.60
2N916 0.28 {2N3703  0.12 | 40394 0.56 [ BC115 0.17 | BC307 0.17 | BF200 0.40 |LM7816  2.50{ SN76033N 2.92
INg18 0.32 | 2N3704  0.15 | 40395 0.65 [BC116 0.17 |BC308A  0.15 | BF225 0.23 | LM7824  2.50| sT2 0.20
2Ng29 0.37 |2N3705  0.15 | 40406 044 [BC116A  0.18 |BC309C  0.20 | BF244 0.21 |MC1303  1.50| TAA300  1.80 P.C. Marker Pen Daic 33PC 0.87p Zenars
2N930 0.22 | 2N3706 0.15 | 40407 035|BC117 0.21 |BC327 0.27 | BF245 0.45 |MC1310  2.92! TAA263 1.10 A00MW—11p; IW — 17p
2N1302 0.19 | 2N3707 0.18 | 40408 0.50 | BC118 0.14 |BC328 0.28 | BF246 0.58 | MC13300P 0.90| TAA350 2.10 IC Sockets 8DIL 16p; 14DIL 17p; 16DIL
IN1303 018 |2N3708  0.14 | 40409 0.52|8C119 0.29 [BC337 0.20 | BF247 0.65 | MC1351P  0.80| TAABS0  0.60 20p.
2N1304 0.26 | 2N3709 0.15 | 40410 0.52 | BC121 0.35 | BC338 0.20 | BF254 0.19 | MC1352P 0.80] TAAG1IC  2.18 Resistors Yaw — 2p; Yaw — 3p; 2%w
2N1305 0.24 { 2N3710 0.15 | 40411 2.25 [ BC125 0.16 | BCY30 0.80 |.BF255 0.19 | MC1466  3.50| TAA621 2.03 9p; 5w — 10p; 10w — 12p.
IN1306 0.31 | 2N3711 0.15 | 40594 0.74 | BC126 0.23 |BCY31 0.85 | BF257 0.47 | MC1469  2.75| TAA661B  1.32 Scorpio Car ignition Kit — £11.50 +
2N1307 0.30 | 2N3712 1.20 | 40595 0.84 | BC132 0.30 | BCY32 1.15 | BF258 0.53 | MEO402 0.20| TBA641B  2.25 VAT
2N1308  0.47 |2N3713  1.20 | 40601 0.67 | BC134 0.13 | BCY33 0.85 |'BF259 055 | MEOZ04  0.13{ TBA6S1  1.69 1IMF440V — €1.10.
2N1309 047 | 2N3714  1.38 | 40602 0.61 [ BC135 0.13 | BCY34 0.79 | BFR39 0.2a | MEO412  0.18| TBABI0  1.50 RSTBO246 £1.20. Transformer
2N1671 154 | 2N3715  1.50 | 40603 0.58 | BC136 0.17 |8CY38 1.00 {{BFR79 0.24 | ME4102  0.11| TBAB20 1.15 £3.00
2N1671A  1.67 [ 2N3716 1.80 | 40604 0.56 | BC137 0.17 | BCY39 1.50 | BFS21A 2.30 | ME4104 0.11| TBA920 4.00 OPTO & LED'S
2N16718  1.85 | 2N3771 2.20 | 40636 1.10 | BC138 0.24 | BCY4Q 0.97 | BFS28 0.92 | MJa80 0.95| TL208 0.30 Red. green and yeliow
2N1711 0.45 | 2N3772 1.80 | 40669 1.00 | BC140 0.68 |BCY42 0.28 | BFS61 0,27 | MJaB1 1.20) TIP29A 0.49 0.16 diameter. 31p
2N1807 5.50 | 2N3773 2.65 | 40673 0.73 | BC141 0.68 | BCY58 0.30 | BFS98 0.25 | MJ490 1.05] TIP30A 0.58 0.20 diameter 33p
2N2102  0.66 | 283779 3.15 [ AC126 0.20 [ BC142 0.23 | BCY59 0.32'| BFX29 0.30. | MJ491 1.45] TIP3 1A 0.62 DL707 £2.35 or 4 for £8.00
282147 0.78 | 2N3790 2.40 | AC127 0.20 | BC143 0.25 | BCY70 0.17 | BFX30 0.27 | MJ2955 1.00] TIP32A 0.74 Minitron £1.5§
2N2148  0.94 | 2N379) 2.35 | AC128 0.20 | BC145 0.21 |BCY7Y 0.22 | BFx84 0.24 | MJE340  0.48] TIP33A 1.01
2N2160 090 | 2N3792  2.60 | ACI51V  0.27 | BC147 0.14 |BCY72 0.15 | BFX85 0.30 | MJE37TO  0.65] TiP3aa 1.51
2N2218A  0.22 [ 2N3794  0.10 |AC152v  0.49 | BC148 0.14 |BD115 0.75 | BFX87 0.28 | MJE371  0.75| TIP36A 2.90
2N2219 024 [ 2N3819  0.37 | AC153 0.35 | BC149 0.15 [BD116 0.75 | BFX88 0.25 | MJES20  0.60| TiP36A 3.70
2N2219A  0.26 | 2N3820 0.38 | AC153K 0.40 | BC153 0.18 | BD123 1.00 [ BFX89 0.90 | MJES21 0.70} TIP41A 0.79
2N2220  0.25 | 2N3823  1.42 | AC154 0.25 | BC154 0.18 | BD123 0.82 | BFY50 0.23 | MJE2955  1.20| TIP42A 0.90
2N2221 0.18 | 2N3904  0.27 | AC176 0.30 | BC157 0.16 | BD124 0.67'| BFYS51 0.23 | MJE3055  0.75| TIP29c 0.80 -
2N2221A 021 | 2N3906 027 [AC176k  0.40 | BC168 0.16 |BD131 0.40 | BFY52 0.21 | MPB111 0.32| TIP30C 085 Cmos  Circuits—CD  Range
2N2222  0.20 | 2N4036  0.67 | AC187K  0.35 [ BC160 0.60 | BD132 0.50°| 4FY53 0.18 | MPB112  0.40| TIP31C 1.00 4000 0.36 4016 0.6 2030
IN2323a 00| 3N4037 042 |ACiBEK o040 |BCI67B 015 |BD135  oa3lsFveo 075 imP8II3  0i47| TP32c 128 o ey S
IN2368" 025 | 2N4058 018 |ACY18 0324 |BC168B 0015 [8D136  0.49| BAY30  0.48 | MPFI02  0.30{ TIP3k 145 O aae oI AELI
INo36a o020 2N4089  01s |AaCvis  027|BC1E8C 015 [BDI37 0S5 |BSX20 021 [ MPSAOS  025| TiP3ac  2:60 B N i
2N2369 0.22 | 2N4060 0.15 | ACY20 0.22 { BC1698 0.15 | BD138 0.63 | BSX20 0.21 | MPSADE 0.31{ TIP4a1c 1.40 4007 0.36 $019/0.86 404”'36
IN2646 0.5 | 2N40B1 015 |AGv21 026 [8C169C 015 (8D139  0.71[BSX21 029 [MPSAI2  035| TIPa2c  1.60 R REREE - et
IN2e4s  ooa|2N4062 018 |ACY28 020 |BCI7T0 0415 |BD120 087 (BUTO4  2:00 | MPSASS  0.26| TIPaQ 070 L2 Al oy
IN2904  022|2N4126 021 |ACY30 08 |BC171 016 |BD529  080(BUIOS  2.25 | MPSASE  0.31| TIPS3 053 i o2 2y Se R e
2N2904A 0.24 | 2N4289 034 | AD142 0.57 |BC172 017 |BD530 0.80 | C1060 0.85 | MPSUO5  0.65| TIP2055  0.98 o 02l e o e 2ies
IN2905  0.25 | 2N4918  0.95 | AD143  0.68 | BC177 0.28 | BFR39 0.24 | Ca3180A 085 | MPSUO6 = 0.58] TIP3055  0.50 B R B e
IN2905A  0.26 | 2N4920  1.10 | AD149v  1.20 [BC178 0.27 | BFR79 024 | CA3020a 1.80 | MPSUSS  0.63] Tisd3 0.28 OO 02510 2 O T e
2N2906 0.19 | 2N4921 0.80 | AD150 0.63 |BC179 0.30 | BDY20 1.05 | CA3028A  0.79 | MPSUS6 0.80; ZTX300 0.13 4014 1.72 ‘8270"3 40500'55
2N29064 021 2N4922  0.83] AD161 115 | BC182 0.12 | BF115 0.36 | CA3035  1.37 | NESS5V  0.70 ZTX301 013 e ot 4028 1.50 g
IN3907 o022 2N4923  1.00 | AD162 115 |BC182L 0012 |BF117 0.55 | CA3052  1.62 | NE556 1.30) 71x302 020 - 20297350
2N2907A 024 | 2N5190  0.92| AD161 pe | BC183 0.12 | BF121 0.35 | CA3046  0.70 [ NE560 4.48 | ZTX500 0.15
2N2924 0.20 | 2N5191 0.96' | AD162 1.05 | BC1B3L 0.12 | BF123 0.35 | CA3048 2.11 | NESB1 4.48| 2TX501 0.13
2N2926 020 2N5192  1.24| AF106 0.40 | BC184 0.13 | BF125 0.35- CA3089E  1.96 | NES65A  4.48) ZTX502 0.18
IN3053  0.25 | 2N5195  1.46 | AFI09R  0.40 | BC184L 0.13 | BF162 0.20 | cA30900  4.23 | 0C23 1.35| ZTX530 0.23
IN3054  0.60 | 2N52a5  0.47 [ AF114 0.35 | BC186 0.25 | BF153 0.25 | LM301A  0.48 | OC28 0.76
2N3055  075| 2N5294 0.4 | AF115 035 |8C187 0.27 | BF153 0.16 | LM308 250 | 0C35 0.60 Veroboard
Copper Plain
01 015 0.1 0.5
€p €tp £p £p
2.5x3%in 3% 26 -
2.5x5in a0 39 - 19
Iux3%in 40 39 - -
3%x6in a5 a7 - 32
3%x17in 161 1.26 1.00 1.92
ae a PINSXBZSOO 30 30
i — H i ’ N X 1.16 1.18
TTL Integrate rcuits uality & Prices you can’t beat ,SN“m sna1zs 2 Trade snd Retail Supplied
SN7400  0.16 [SN7410  0.16 |'SN7432  0.2B |SN7461  0.16 | SN7481 1.25 325332 3'% SN74153 8:22 §N7417g T2
SN 7401 0.16 [SN7411 0.25 | SN7437  0.37 |SN7453  0.16 [SN7482  0.75 | SN74100 1.25 | SN74154  1.50 [ SN74180  1.40
SN7401AN 0.38 [SN7412 0.28 | SN7438 0.35 [SN7454 0.16 |SN7483 0.95 | 5N74107 0.36 |SN74165  1.50 | SN741B1  1.85
SN7402  0.96 {SN7413  0.35 |'SN7440  0.16 [SN7460  0.16 {SN7484  0.95 [SN74118  1.00 [SN74157  0.95| SN74190  2.30
gz;:gi g»:g 2:;3:? g-g: g:;::;m g.:s SN7470 0.33 [SN7485 1.25 | SN74119  1.92 |SN74160  1.10 | SN74191  2.30
b o .65 [SN747 026 |SN7486  0.32 N74 . i
SN7405  0.19 |SN7420  0.16.| SN7446  0.90 sn747?3 0.36 [SN7490  d.as 2:;::%; 3'23 2:;::212 Hg §~;413§ ”: Potentiometers
SN7406 045 [SN7423 029 | SN7446  0.95 |SN7474  0.36 [SN7491  0.85 | 5N74123  0.60 | SN74183  1.10{ SN74196  1.60 Losayogloo
SN7407  0.45 |SN7425  0.28 | SN7447 095 [SN7475  0.50 |SN7492  0.45 [ SN74141 085 | SN74164 2,01 | SN74197 158 Single Doubl
SN7408  0.19 [SN7427  0.29 | SN7448  0.90 | 3N7476  0.35 |SN7493  0.45 | 3N74145 0.90 | SN74165 2.01| SN74198  2.25 Rotary Pots 1'33" 4‘;‘;“
SN7409  0.22 [SN7430  0.16 | SN7450  0.16 | SN7480  0.50 | SN7494  0.82 [ SN74150 1.50 | SN74167  4.10]| SN74199  2.25 Rotary Switched 28p _
Sliders asp 75p

Full range of Capacitors stocked. See
catalogue for details

Presets Horizontal or Vertical
W 8p Iw 10p

LONDON — GLASGOW - PARIS

AND NOW
1 STRAITS PARADE
FISHPONDS Construction Kits
B R I ' BRISTOL BS16 2LX DH70  Teamsemiess 53
I L - TEL: BRISTOL 654201 /2 T = 3
EW20 Electro. Dice + Sen £7.79
IT'S OUR SERVICE THAT MAKES US GROW T omor

P&P 25p Mail Order
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'Spectral amplification is a new trend in Hi-Fi systems; Be one of

the first to have a two or three way amplifier by using our simple

design...

ACTIVE
CROSSOVER

NO SINGLE Iloudspeaker can

. adequately handle the whole range of

audio frequencies in high-fidelity
reproduction. Thus to obtain the best
possible fidelity we must resort to
multiple speaker systems where each
driver is designed to cover one portion
only of the audio spectrum.

This means that some method must
be used to divide the audio spectrum,
from the amplifier, so that an
individual driver only receives the
band of frequencies for which it was
designed. This is especially important
for midrange and tweeter drivers for
they are seldom capable of handling
frequencies lower than a specified
limit without being damaged.

PASSIVE CROSSOVERS

In simple systems a single capacitor
may be used to block low frequencies
and pass only highs to a tweeter. But
unfortunately such a capacitor only
provides 6 dB per octave attenuation.
With some tweeters this attenuation is
not sufficient to suppress the resonant
frequency of the tweeter. The driver
could thus be damaged when operated
at high power levels. Additionally, the
presence of frequencies other than
those in the desired passband leads
to high levels of intermodulation
distortion and a general ‘muddiness’ of
reproduction.

Hence all good multi-way systems
use networks which provide at least 12
dB per octave attenuation, in the stop
band, to control the audio band
presented to each drive unit. A typical
network for a threeway system is
given in Fig.1. To keep power losses
down in such networks the coils must
have dc resistances of less than one
ohm. This means that heavy gauge
wire must be used, making the coils
large and expensive. Additionaily the
high value of capacitance required
would normally call for the use of
non-polarized electrolytics, however,
there are several disadvantages with
these. Firstly, the tolerance on non-
polarized electrolytics is plus or minus
50%! This means that a crossover using
them could quite easily give a system
which had peaks and/or deep holes in
the response. Additionally such
capacitors have disadvantages such as

§
| R 43

aghonir

Next month the second part of this article will
describe a complete two-way filter amplifier —
the INTERNATIONAL 435.

L2
0.35mH

L1 80
0.35mH SPEAKER
(TWEETER}
c3
28uF

3 5mH

Fig. 1. A conventional
three-way crossover
system using capacitors
and air-cored inductors
is a bulky and very
expensive unit. Our
drawing shows a
typical unit.

INPUT o 8Q
v 2.84F SPEAKER
(MID-RANGE)
(o, ‘ *
L4

l 109 8Q
28uF SPEAKER

(BASS)

T47pF

limited life, fairly. low working
voltages and problems due to leakage.
Thus all good crossovers use polyester
capacitors which, again, are rather
expensive.

This all leads to the fact that, for a
multi-way high-fidelity system, the
crossover can and should .be quite
expensive. In fact it can cost almost as
much as the bass driver!

Many people try to save money by
trimming crossover cost — they use
lighter wire and electrolytics —and then
wonder why an otherwise expensive
system does not sound right. The,
crossover design is one of the most
important features of the whole
system — it is better to compromise on
a less expensive woofer than to

oompromlse on the crossover.
{Main text continued on page 14) ‘

ETI 433 ACTIVE CROSSOVER
SPECIFICATION

Cutoff Slope (High pass)
(Low pass)

Maximum Output
Distortion (at 2 V out)
Noise (Below 2 V)
Cutoff Frequency
Input Impedance

Output Impedance (Buffered)

Minimum Load (Buffered)

12 dB / octave
6 dB / octave

2V rms.

< 0.05%
86 dB

As required
47 k

< 10 ohm
500 Ohm

Frequency Response {Sum of all ouputs)
20 Hz to 20 kHz
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HOW IT WORKS — ETI 433

The input signal is initially amplified
by IC1/1. Switch SW1 together with
R3 and C2 provide a maximum of 10
dB. of boost below 50 Hz at a rate of
6 dB per octave. The frequency at
which the boost comes in may be
altered by selecting a value of C2
such that its reactance is 220k at the
frequency where the woofer is
normally 3 dB down. Thus if the
turnover frequency is required to be
100 Hz the value of C2 should be
halved.

If the boost facility is not required
R3, C2 and SWI1 should be deleted
and a link installed between points B
and C. The mid frequency gain is set
by R2/R1 to about 13 dB and the
input impedance is equal to the value
of R1, that is, 47 k.

The first high-pass filter consists of
IC1/3 where R13, R14, C7 and C8
set the cut-off frequency. The values

of C7 and C8 required may be found
from Table 1. This output is the high
range in a two way system, or the
mid plus high of a three-way system.
This signal, when subtracted from the
input signal by IC1/2 gives the bass
range output. A second high-pass
filter, where C21, C22, R32 and R33
form the frequency determining
network, gives the output for the
tweeter in a three-way system. This
when subtracted from the
mid-plus-high signal leaves the mid
only as required.

Each of these outputs goes to a
level set potentiometer and then is
buffered by amplifiers IC2/1 and
IC3/1,2,3. These outputs are now
capable of driving loads in excess of
500 ohms. If the crossover is to be
used to drive a constant and known
load (that is, it is to be used on only
one type of amplifier) the buffer

amplifiers may be omitted and the
outputs taken directly from the
potentiometers.

The full-wave power supply
provides plus or minus 13 volts which
is regulated down to plus or minus
7.5 volts, by series regulators Q1 and
Q2, where zeners ZD1 and ZD2
provide the necessary reference. If
the unit is to be powered from the
power amplifier C11, 12, and D1 to
D4 should be deleted. Resistors R19
and R20 are altered to suit as shown
in Table 2. The collector of Q1 now
goes to the positive supply rail of the
amplifier and the collector of QZ to
the negative supply rail. If the
amplifier supply rail is above plus and
minus 20 volts, or if both printed
circuit board are being used, (that is
it is a buffered three way system) a
heatsink must be added to Q1 and
Q2.

470 UF 25V
See Table 1.

D1-D4 Digde 14001, 1N400S0r similar
Z0D1,2 Zener Diode 8.2 volt 400 mw

Q1 Transistor BD13S or simllar
Q2 Transistor BD136 or similar

IC1 Integrated Circuit TCA220

T1 Transformer 240V/18V CT 150 mA
SW1 toggle or slide switch SPDT

SW2 Toggle switch DPDT 240V rated
PC Board ETI 433A

The TCA220 js avajlable from Doram
Electronics, P.O. Box TRS, Leeds,
LS12 2UF,

PARTS LIST — ETI 433A
SYSTEM
6 Resistor 390
7 K 1k

Cl11,12 Capacitor R25,26,27,28 Resistor 33k* W 2%
Cc7.8 o R22,32,33 o 33k YW 5%

* These may be any value between 15k and
82 k provided al} are the same value and
preferably of 2% tolerance

RV3,2 Potentlometer 10k Lin

C19,23 Capacitor 330 pF ceramic
20,24 C2

3 560 pF ceramlic
C21,22 See Table 1.
IC2 Integrated Circuit TCA220
PC board ETI 433B

3-WAY SYSTEM WITH BUFFERS
ADD

R24,39,43,46 Resistor 220 %W
I G

. K aW
PARTS LIST — ETI 4338 R40,41,44 33k MW

3-WAY WITHOUT BUFFERS C18,26,28,30 Cagacltor 330 pF ceramic
All 2-way systgm PLI}J’S v C25,27,29 0.047 UF polyester
R29, Resistor 390 YW Ccl7 lé.lF AG Tantalum
R30,35 e 1Y YaW Cc31,32 25 UF 25V electro
R31,36 10k

5%
5%
5%
5%
2%
5%
5%,
5%
5%
*These may be any value between 15k
and 82k provided they are all the same
value and preferably 2%.

RV1,2 Potentiometer 10k lin.

Cc3,5,9 Capacitor 330 pF ceramic

0 I 560 pF ceramic
0.015 UF polyester
1 UF Tag tantalum

10 25v
25 ﬁ 25V

"
o
"
o

1
"
4 2 0

7 (1}

6
2
1
1
1

4
6 Vi = YaW 1C3 Integrated Circuit TCA220

MID IN z R1 47k

BUFFER = =
R21 33k zx " oS > S TO TRANSFORMER  ha 220
R22 33k e =u ° o> NDARY
D) L T g 2% SECO R4 390
R24 220 == ay 2 = s - 22 v
R25 2% * =0 25 252 ol o 3] R7 29(:-
R26 2% * €10 HI KI J R8 2% *
R27 2% * c24 PRCEER D RO 2% *
R28 2% * T R36 P D R18 \> O'.' R10 390
R29 390 < R32 — R13 e C4 -.m -,m
R30 1k g” = {7z P {RrE] A7} ¢ i
2321 ;g: 5 u c22e== { R33 F F v SFeces R R13 33k
R33 33k c27_c25 RZ7 +7-5V [_R9_] @ @ :}g gg:
R34 390 -
R3s k(e , , . R17 T
R36 10k 4 C14 R18 10k
R37 33 1Ic3 MNefor 92 g9 1k
R38 390 k, bl | R20 1k
R39 220 g " = ' ci3 c11
R40 33k Ad i i E P E T el O €2 0.015
R41 33k wf ol fo T wlalols c17 el~fel- + 2
R42 390 §§l§§l§‘l2 §2§22[§O bt £ o B 1 c R e
R43 220 u 3+ 05V €5 330
R44 33k YTy coN TTYTT T 7 B c16 Co 560p
R45 390 c3ol c2% €23 | ci8 Y « c7 »
R46 220 w Efco fes Qe c8 *
€17 1 €25 0.047 ca8 €19 A o CES €9 330p
C18 330p C26 330p | = C10 5
C19 330p C27 0.047 || S S g e A cn 4?8"
C20 560p C28 330p 3 5ax & of = C12 470
c21 + c29 0047 [ QW 3w 5 D 25 = = €13 10
C22 * €30 330p 54 pu o Ouw pre o = TO SW1 C14 10
€23 330p C31 25 I3 =53 a Bu 25 @ z C15 25
C24 560p C32 25 s 22 oD =X - C16 25

MID+HIGH OUT
BUFFERED
Fig. 4. Component overlay for complete three-way system. Capacitance values are in microfarads except where otherwise noted,
gt g
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FREQUENCY IN HERTZ

Response curves of the active filters.

ACTIVE CROSSOVER

Fig. 5. Printed-circuit layout for the two-way board. Full

size 77 x 90 mm,

ACTIVE APPROACH

Having now established that effective
conventional crossovers cost money,
we may now wonder if that money
could be spent in a better way by
using a completely different approach.
There is a better way, but until
recently it has been much too
expensive to be generally used. The

14

4

‘355‘4‘]

87p1° 8) 848

AT

o
2§ ol
20) @

CROSS OVER VALUE OF
FREQUENCY C78orC21,
IN HERTZ 22 in uF
100 0.082
130 0.068
150 0.056
200 0.047
230 0.039
270 0.033
330 0.027
400 0.022
500 0.018
600 0.015
750 0.012
900 0.0082
1300 0.0068
1500 0.0056
2000 0.0047
2300 0.0039
2700 0.0033
3300 0.0027
4000 0.0022
5000 0.0018
6000 0.0015
7500 0.0012
9000 0.001

ETI 433B

,

Jif

Qi

Fig. 6. Printed-circuit layout for the add-on three-way

board. Full size 77 x 90 mm.

method is to wuse an electronic
crossover, after the preamplifier,
followed by separate power amplifiers
for each driver. This is feasible because
a power amplifier can now be built at
a cost which is about the same as that
of the passive crossover. Indeed quite a
few manufacturers are bringing out
systems based on this principle.

Even well-designed crossovers have
several serious disadvantages. As we
have already said they are expensive,
they waste power, they reduce
damping factor (in the crossover
region damping factor may drop to
less than unity) and they only perform
correctly into their designed load
impedance. Practical drivers exhibit
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The basic two-way electronic crossover.

their nominal impedance only over a
very small portion of their passband,
and impedance may well increase to
several times the nominal value at the
high end of the range. |t is possible to
compensate for this, to some extent,
by using extra networks across the
driver (the series RC networks in Fig.
1) — but this adds even more expense.
Further, it is very difficult to alter the
crossover frequency and also difficult
to trim the crossover for best results.

However, if we were to use an
electronic crossover incorporating
active filters, we overcome most of the
problems mentioned in a single stroke.
The bulky and expensive inductors
and the large and expensive capacitors
are eliminated. Damping factor is
restored {(due to seperate amplifiers
being used to drive each speaker
directly) and it is quite easy to change
or trim the crossover frequency as
desired.

Further, as electronic crossovers may
have gain, it is quite a simple matter to
match the various drivers of the
system for sensitivity. This can be only
achieved, in passive designs, by
attenuating the more sensitive units
down to the level of the least sensitive
unit. A process which can be quite
wasteful of amplifier power.

Of course with active crossovers, as .

with anything, there are disadvantages.
In active filters we generally use
operational amplifiers to implement
the filters and therefore, bandwidth
and noise become considerations.
Further, as said before, a separate
amplifier is required for each driver or
group of drivers — and this can be
expensive.

Nevertheless the technique is now
quite feasible and is certainly
worthwhile. Consequently - we have
developed a minimum-expense method
of building a very fine system
based on active filter techniques. This

This board provides three-way crossover plus output buffers if

required.

month we describe a basic two or
three way active filter system which
may be incorporated into existing
amplifiers. To follow next month will
be an active filter/amplifier
combination based on the 422
amplifier and later still we will be
describing how a complete system,
including a three-way speaker system,
may be built.

For those interested in the design of
active filters a full article on this
subject will also be published in the
near future.

DESIGN FEATURES

There are several different
approaches which may be used in the
design of active filters. The first and
most commonly used method, is to
use separate filters for the bass, mid
and high range speakers. This method
is capable of compensating for
amplitude, if the components are
chosen correctly, but not for phase. In
fact there has to be a phase change of
1800 between filters to eliminate the
hole that would otherwise occur at the
crossover point. This is the reason for
the tweeter being reversed in phase
when a conventional crossover is used
in a two-way system.

Another design approach, and the
one that we have elected to use, is to
use -an active high-pass filter to
generate the signal for the twester, and
to subtract this signal from the input
signal in a differential amplifier in
order to generate the bass output. This
substraction process generates the
required crossover characteristic with
both amplitude and phase taken in to
account.

Initially we were worried because the
bass output had a slight peak before

. the cutoff point but the peak is

necessary to maintain that response
when phase is taken into account.
When the output of all channels are
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summed the combined response is
within plus or minus one quarter of a
dB of being flat over.the whole range.

With this type of active filter the
initial slope can be varied by adjusting
the feedback resistor (R13, R32) to
give a slow rolloff (Bessel filter) or to
give a slight peak and fast cutoff
{Chebishev). The sharper the initial
cutoff the greater the apparent peak in
the bass response.

As several operational amplifiers are
required to implement this design we
elected to use the TCA 220 triple
operational ‘amplifier. This IC,-as well
as containing three op-amps in the
same package, is cheaper than using
three separate op-amps of the 741
type or similar. Unlike the 741 type of
op-amp, the TCA 220 requires a
pull-down resistor on each output and

a compensation network. An

additional resistor is required to bias
eaeh complete IC. The use of the TCA
220 simplifiess and cheapens the
construction of the filter system
considerably.

With active filter crossovers it is a
relatively simple matter to alter the
gain-versus-frequency characteristic of
the filter, within its pass-band, in order
to compensate for non-linearities in
the associated driver. An example of
this kind of compensation is our
inclusion of low frequency
equalisation for the woofer. Most
woofers begin to drop off in the 50 to
100 hertz region. This may be
corrected to some extent by adding
boost below this turnover frequency.
In our design we have provided 6 dB
of boost which may be switched in
when desired and which is limited to a
maximum of 10 dB. The 10 dB limit is
necessary to prevent the amplifier
being over driven at low frequencies
even at fairly low average listening
levels.

The turnover frequency may be
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ACTIVE CROSSOVER

selected by means of a simple
component change to suit the driver in
use.. This equalisation technique can
effectively extend the low frequency
response by another octave, eg, from
50 hertz down to 25 hertz.

CONSTRUCTION

The configuration of the electronic
crossover used will depend very much

on the system. into which it is to be

built. The prospective builder should
therefore carefully determine his
individual requirements before
commencing to build a system.

If a fixed load is to be driven (ie,
numbers of amplifiers) as would be the
normal case, the buffer amplifiers are
not required, and the output may be
taken directly from the
potentiometers. )

It must also be decided whether you
want a two-way or a three-way system.
Rather than use three separate
amplifiers to drive the woofer, mid
and tweeter drivers separately, it may
be better to use a conventional
crossover for the mid/high crossover

and a two-way electronic crossover for
the bass/mid.

Mono or stereo? If a stereo unit is to
be built only one power supply is
required and the bass-boost switch and
the level potentiometers can all be
dual units.

If the amplifier has a dual power
supply with voltages exceeding * 10
volts it may be used to power the
crossover. This course of action will
save one transformer, four power
diodes and the filter capacitors.

Mechanical layout is not given as the
unit will most probably best be
mounted within the amplifier case.

Keep it well clear of the power
transformer and mount it using
insulated spacers. This is necessary to
avoid the possibility of earth loops
which will cause a high hum level. !
Full component overlays are given

for all alternatives but only the
circuitry required should be
assembled. In a three-way system

without buffers one section of IC2 is
not used. In this case just leave out the
components associated with the

unused section in order to reduce
power consumption. )

If the unit is being powered from the
main amplifier, or a three-way system
with buffers is being used, a heatsink is
required. The heatsink recommended
is a piece of aluminium 60 x 85 mm
bent into a ‘U’ shape and mounted
vertically on the end of the board. The
transistors should be insulated from
the heatsink.

For a stereo system delete the power
supply components on one of the
boards (up to C15 and C16) and just
link the two boards together. o

TABLE 2

MAIN AMPLIFIER | VALUE OF
SUPPLY VOLTAGE R19,R20
1015V 1k
t15-20Vv 1.8k
+20-25 V 2.7k
+25-30V 3.9k
*30-40 V 5.6 k
*40-50 V 8.2k

BARGAIN BUNDLES

Send to: BI-PAK SEMICONDUCTORS
DEPT. W.W.2, P.O. BOX 6, WARE, HERTS.

Bi-Pak bring you, for 2 months only a fantastic inflation
beating offer designed to help you, the customer. With every

Pak comes a useful FREE GIFT. In addition to this, our star
attraction is the D.1.Y. Printed Circuit Kit. With every kit sold
during this offer comes a voucher to the value of £1.50 to be
spent on any items from our Retail Catalogue

PRINTED CIRCUIT KIT. Containing 6
sheets of 6 x 4" single sided laminate, a
generous supply of etchant powder, etching
dish, etchant measure, tweezers, etch
resistant marking pen, high quality pump
drill with spares, cutting knife with spare
blades, 6" metal ruler, plus full easy-to-fol-
low instructions. £7.80.

I\ | \NSTRUCTIONS o
W) = S E
W\ ==

DIODE + RECTIFIER BUNDLE

20 GERM G.P. DIODES DIRECT REPLACEMENTS FOR (OA81-85
0A91-95) 2xBY100 4x15A 50v

2xINAOO1 4x15A
PLUS FREE BOOK 4xIN4004 4x 1N 4148

No. BP9 ""38 PRACTICAL TESTED DIODE CIRCUITS FOR
THE HOME CONSTRUCTOR"’

ALL FOR ONLY £1 50 OFFER WORTH
£3.00

3 for the PRICE of 2
Buy 2 x C60 cassettes for 72p per pair
— GET 1 x C60 ABSOLUTELY FREE
Buy 2 x C90 cassettes for 96p per pair
— GET 1 x C80 ABSOLUTELY FREE

S.C.R. BUNDLE

2 x0.6 100v 2 x 3A 50v
2 x 1A 50v 2 x 5A 400v
2 x 1A 400v

PLUS FREE

2 METERS OF 18SWG
MULTICORE SOLDER
ALL FOR ONLY

CFF

[a)
WATCH THIS SPACE FOR THE GREAT BI-PAK CHRISTMAS COMPETITION WITH A
FIRST PRIZE OF A COLOUR TV PLUS 52 OTHER PRIZES
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cut the cost of ownership

Dana offer the high-quality 3800B and 4200 DMMs at quantity prices — and savings
only start there. Because they have a one-year specification the costs of calibration, and
therefore the total running costs are reduced. What else?

Athree-pole active filter and dual-slope integration ensure outstanding noise rejection.
As a result you get what is practically unknown in an instrument in this price bracket:
freedom from errors caused by all types of noise — not just mains hum.

The 3800B is a 3%2-digit (2,000 counts) DMM, and the 4200 is a 4'2-digit (20,000 counts)
DMM. Both instruments measure resistance, a.c. volts, d.c. volts and d.c. current.

One-year stability is outstanding: a highly stable zener diode voitage reference
guarantees the stability of bothDMMs to be within their rated accuracies for at least a
year after calibration. D.c. accuracy is assured by an extremely high input impedance:
1,000 megohms on the 2-volt range.

Both models have isolated b.c.d. outputs available, and the 3800B will feed data
cut at up 60 readings a second. At £145.00 for the 3'2-digit DMM and £ 220.00 for
the 4Y2-digit DMM one of these has to be the offer you can’t refuse.

Makers of High-quality Instruments : Frequency Counters
: Digital Voltmeters
- Dana Electronics Ltd., Waveform Generators
Collingdon Street, Communications Test Equipment

® Luton, Beds. Telex : 82430  Microwave Counters
Others measure by US. Telephone : 0582 24236 Frequency Synthesizers
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ETI PCB's

THLE PROJECT ISSUE  [BOARD | TOTAL TITLE PROJECT ISSUE B?‘AURU TOTAL TITLE PN%ECT 1SSUE ﬂ?‘AURIJ TOTAL
NO. NG. NO &
Int. Stereo Amp. int. 25 | Oct, 1975 [ Inl. 25{ £4.21 Oiscrete SQ Oecoder | 420E |June. 1974 | 4208 | £1.69 Music Synihesiser 601 | Aug. 1974 | Noise
25 watls/chan. Int. 422 Stereo Amp 422 | Aug. 1974 | 422 |£297 Cont:
Oual Power Supply 105 | Apr. 19721 014 [€£1.48 50 watts/Chan. 60IF | £1.22
Wide Range 107 |Top Pro|ecl 022 1£1.09 Plus Two Add on 423 Nov. 1974 423 91p Trans. 2!
Voltmeter No. Oecoder Amp 6016 | £1.74
1.C. Power Supply 1| Jan. 1973 11 [£1.43 Spring Reverberation 424 { Oec. 1974 | 424 |[€£1.62 Ve
Thermocouple Meter 113 | Oec 1973 | 113 [£1.67 Unit ] 6010 | £2.36
Oual Beam Adapior 114 | Oct. 1974 | 114 [£1.00 Stereo Rumble Filter 426 | Jan. 1975 | 426 76p 601J | £2.54
Impedance Meter 16 | June 1975| 116 | 1.01 Graphic Equaliser 421 | Jan, 1975 | 427 | £1.96 Exi.
Digital N7 | oct 1975 | 1174 | 68p Colour Organ 428 | Feb. 1975 | 428 | £2.10 input
Yoltmeter 1178 | 68p Simple Slereo Amp 429 | Mar. 1975 | 429 76p Mod.
Simple Freq. counter | 118 | Nov. 1975 | 118 | 68p Line Amp 430 | July 1975 | 430 | T76p 601L [ £1.06
The Revealer 213 | Top Project| 213 | 68p Fluorescent lamp 508 | Nov. 1972 | 0N 76p Key
No. | dimmer 503":« ;
ight Warni 303 Oct. 1972 | 007 | 68p ) ! 97
:;?:;zl;z (‘,arz L] 305 Aug. 1972 | 019 | 99p Photgraphic Timer 512 Aug. 1972 | 023 76p
Theft Alarm Tape Slide 513 Tup Pra|ec| 026 | 76p Pgwer
i 309 Nov. 1973 | 309 | 98p Synchroniser up
E::;;::'m' ek Digital Stop Walch 520 Jzn 1974 520A ‘52.']“5 601N [€3.04
i i Aux.
Tacho Timing Light an Oec. 1974 | 311 | 80p 5208 | o0p
Electronic lg%illgn 312 | May 1975} 312 |£1.72 Low Cost Laser 524 | Mar. 1974 | 524 | £1.30 Board
DI/ Tacho Push Bolton Oimmer 427 | Feb. 1975 | 527 | 96p 601P |£1.54
Car Alarm 313 | Mar. 1975( 313 | 67p Electronlc One Arm 529 | Sept. 1975 | 529A [€2.32 601R
Auto Amp 314 May 1975 | 314 | 75p Bandit — 523903 E%g? Radar Intruder Alarm| 702 702 (€113
ET Four Input Mixer | 401 | Top Project| 0054 [ B7p Temp. Controtler 530 | Mar. 5 Int. F.M. Tuner 751 | Sepl. 19751 751 |£2.75
No. 2 Pholo Timer 532 | Sept. 1975 | 532 87 Light Oinner June 1975 68p
Super Stereo 410 T“P P”’Ilﬂil 025 { £1.51 Digilal Oisplay 533 [ Oct. 1975 ggg; gg Print Timer TopNPrnziecl 68p
0.
100W Guitar Amp 413 m, 1973 413 | £1.73 Music Synthesiser 601 | Aug. 1974 | Oc. o \nler Com, 68p
Master Mixer 414 | Top Profect| 414a( €1.14 al']IA . eIl Apr. 1975 o4
No.1 | 4l4g | £1.52 e Digifal Alarm Tim | Sept. 1973| 5017 [£1.24
414C | £1.52 6018 | £2. Clock tronic AA/BB
Stage Mixer 414§ July 1975 | 414D] €1.89 Tﬁli]al"l:s e Wiliboard Nov. 1975 £168
414£| £1.78 vea | Bicycle Speedomeler June 1975 68p
The Over LEO. 417 | Nov. 1973 | 417 | 6Bp i [
Mixer Pre-Amp 418 | Dec. 1973 | 419 91p Xe At the lime of going to press we have stdcks of all the above hoards.
International 420 420 | Apr. 1974 | 4208 76p Boz!d Allow 7/10 days for delivery by posl. Boards also available for other
Four Channel 4208 H;: Cont: published designs at 6p a sq. inch + VAT and P&P. Large stocks of
Amp ;’ggg “:2‘ 6O1E | £3.72 components also available.
Dept. C, 124 Colne Road, Twickenham, Middx. 01-898 1569
OP. AMPS TAC126 1 THANSISTORS_ "2N4060 13p | -0Ag0 7p
= TT!.? by T7§:(3As aop_r C-M0S LOGIC Lmsa Dual Op Amp Ini Comp 8 pin 'g:t ;sp Aeloh 12: BF182 33p | ZTX507 wp,‘ g:gg?ég:‘ 822; ;p
0 .
w01 14 | s esp LCSNEW | 3730 cOswoS spormaster  8pnoll 100 | AC128 11p | BF182 22p | 2N697 13p | 2N43471 80p | -0a200  B8p
7402 14 7485 12 - 5 70 AC141 18, BF185 22p | 2N69B 30p . P
0! P Op 3900 Quad Op Amp 14 pin DIL P 14 \ 40360 40 A,
O3S 16e R |[S7486 8 130p LOW PRICES | 5367 FETOp Amp 1099 275p | AC142 18p |'BF194 10p | 2N706 12p 3gh |.0A202  #0p
Canal el (7489882700 709 Ext Comp 8/14pn DL 30p | AC176 11p |'BF195 9p | 2N708 18p | 40361 38p | INg14  4p.
7405 16p 7490 40p ‘741 Int. Com 8/14 pin DIL  25p 7 ‘BF196 14p | 2N918 aQp | 40362 40p |-INat4g8  4p
406 ELCO 3 N aaas 192|747 Dual a1 14 pin DIL 70p | ﬁg:ga ::s ‘BF197 15: oN928 20: 40364 120p
7407 38, 74 asp p | . ! 36 i
7408 14p | 7493  aop | CDA00ZAE  19p | 128 E,,"r‘ocr‘;x‘,’“amop Rey e 120p | AD143 43p | BF200 32p | 2N930 18p igz?g ::p | RECTIFIER
7409 20p 7494 75p CDA4009AE 67p | 9 P ——— AD161 36p | BF257 32p | 2N113118p a1 2259 O
7410 13p 7495 65p | CD4011AE 1% " 1INEARLC.s AD162 36p |'BFR39 30p | 2N1132 18p | 4041 P | 25p
7412 23p 7496 78p CD4012AE Yp | .cia008 DIt Cascade Am 108 s0p | 4 18p |'BFRA0 30 2N1304 21p | 40594 75p | 'BY126  12p
713 3% | 74107 30p | CDADIIAE 55R |.C\30a5 5 Traneiar Array. rapnon som RIS 10P LGER7o 30p | 5N1305 215 | 40595 85p | BY127  12p
7414 60, P . . .
716 3% | 74122 agp | Cp4O17AE 1205 | CAJ04T  Quad Low NoseAmp e DL 30ee | AF116 18p |'BFRSO 30p ‘ 2N1306 28p HACL )
7420 14p 74123 68p | CDA01BAE  175p | cA30B3E  EM U System 16 pin DIL 160p AF117 18p |'BFRBR 30p | 2N1307 28p | ! P
7422 i8p | 74141 6%p | COAO20AE  250p | Sopac ueoFun Gen 1apinDIL  27Sp | AF139 33p | BFX30 30p | 2N1308 28p | % ‘BYZ12  A5p
L7 I B Y o S S Sy 14pnOL %0 | AF23 38p | BFXB3 26p | 21309 2ap | o0, 356 | 'BYZI3  a%e
5 M381  Stereo Preamp Men DL 160p | grln7 ep | BFX85 25p | 2N1613 20p |. P
7427 37p (174154 450p || CDA0ZGAE  120p .00, Rhythm Generator 16pinDIL  900p | B P (4 MPF103 30p | IN4004 6p
7430 1 74155 76p CDA402SAE 19p K g BC108 9% BFX86 25p | 2ZN1711 20p |.
7a32  zem | 7aise  7en | CbiOreat  135n I TSI S D 14pnBL % ) ECi0s 10p | BFX87 20p | 2N1893 30p 'mgrf:gg gg" IN4007 7
7437 25p | 74160 9%p | CDO27AE TSP | .GKi500 gq Quad. Dec 14pinDIL 1100p | BC109C 12p | BFX88 24p | 2N2218 21p |. ol 2ok
7440 14p 74161 99p | CD402BAE  140p | MCI31d Seipead BIS0 160 | 2N2219 20p | 2N3819 22p|
7441 65p 74162 99p CD4029AE  175p MFCAUOB  1/4W Audio Amp PCB 70p . p 11 52019 '2N3820 57p | ZENER
7442 60p 74163 99p CD4030AE s5p ElactrordC Aten uator pCB 90p BC148 7p | BFYS 5p | 2N2 P | ON3823 50p | 3.3V to 33V
7447 75p 74164 120p CD4042AE  137p xECS(fO LS o3 (i S B ase |'BClagc Bp | BFYS2 16p | 2n2221 20p | 503523 300 | “400mw * sp
7448 70p 74166 126p | CDA043AE  202p D By T4pinDIL  100p |'BC157 11p | BRY39 34p | 2N2222 20p |.5ncqsce 3o | 1W 18,
7450 5p | 74174 120p | .CD4046AE  140p g P AM Demod. 16 pinDIL  325p |-BCI158 10p | BSX19 16p | 2N2369 14p » P
ot 1 | 74150 1830 | Chageaar '22" NES62 PLL wih VO 16pnDI 3250 "BC159 11: BSX20 18p | 2N2484 30p | 2NO459 30p
74180 100 CD4049AE p ' . |
Jasa lep | 7410, 2085 | CDA0SIAE  196m T et 1280 Bl. 300 |'BC169C 12p | ‘BUTOS 140p | 2N2904 20p MOSFETs TUNNEL
7460 15p | 74182  82p | CD4OSSAE  19sp | NES6S P ahnBlL  1e0n | BC177 18p | BU10B 250p | 2N2905 20p N AEY11 50P
270, 278, 74185 - 135p | CDAOSEAE  135p NESes  BLL Tone Dec 8pnDIL  200p | BC178 17p | MJE34045p | 2N2906 20p 85p
7472 25p | 74190 1adp | CD40GOAE 2200 | BFRST  TLLISRC lapnDIL  370p - | BC179 18p | MJE295599p [2N2926R 7p |3N140  85p
7473 30p | 74191 144p | CDA0GYAE 37p | 2567 Vi Ta, 14 5Dl 170zl MIE305565p | aN29268 70 |3N141  85p | VARICAP
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LETTERS FROM

OUR READERS

ELECTRONIC IGNITION
(ETI APRIL 1975)

| built the ETI electronic ignition
according to your articles in April
and May this year and found that
IC2/3 and 1C2/4 (Nand Gates of the
7402) packed up after a short while.
Can you offer any help?

Also could you tell me if the
waveform on the outputs of these two
gates should be symmetical.

— H. F. Slough

The failure of the 7402 may be due
to the loading (in the 1 state), | y
transistors Q3 and Q6. This can be
cured by adding two diodes in series
with output of 1C2/3 and 1C2/4 as
shown in the diagram. These diodes
should be TN4005 or germanium tran-
sistors used as diodes (bases and
collectors joined). The use of silicon
diodes increases slightly (about
150mA) the input current, due to not
turnings off the output transistor as
hard. Germanium transistors do not
alter it. Germanium diodes have too
high a voltage drop at the 20mA
required. Adding these diodes reduced
the current of the 7402 from 30mA
to 19mA (our prototype).

The waveform on the output of
1IC2/3 and IC2/4 should be symme-
rical except that it is being gated on
and off due to the regulation.

TEXAS REPLIES

May | comment briefly on the
"Electronics Tomorrow’ column in
your August issue. Your author
suggests that it is Texas Instru-
ments’ policy to ‘sell the ideas, get
the orders and then think about
designing the product’. Specific
reference was made to the TMS
3952 clock IC and passing
reference to the TIFAX Decoder
system.

The TMS 3952 was, in fact,
never released and has still not
been. As vyour author says, ‘Tl
have never made a noise about it’
so we cannot really be accused of
seliing the idea too aggressively.
With any Cl product it is necessary
to make pre-production samples for
evaluation and it is inevitable that
these sometimes get into the hands
of those who are not quite as
discreet about them as we ourselves
try to be.

Turning to the TIFAX Decoder
system, your very comprehensive
article (in the July issue) on Teletext
referred to our press conference on
6th May in which we stated our
positive commitment to designing
and producing a 'set of LSI

devices dedicated to Teletext
decoding-well in advance of getting
any orders! Since then we have
adhered to our commitment and we
shall shortly begin to sample, to
manufacturers, the first part of the
system which is a very fast, high
capacity, character-generating
ROM.

In the final analysis, of course, it

is essential to get the orders. The
life of any product must depend on
this as does the profitability and,
indeed, the life of the company
which makes the product.
— Richard B. Mann, Market Com-
munications Manager, Texas
Instruments Ltd, Manton Lane,
Beds.
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CALLING ALL SWIMMING POOL
OWNERS

My Son-in-law wrote to me from the
States saying that over there they use
automatic, mains operated plants that
produce chlorine and all that they add
is common salt. The unit has a power
pack giving 7.5V D.C. and all the
operator does is to see that if the
ammeter drops back in reading, and
then he simply adds salt. He could
not find out what is used for the
electrodes and where such materials
can be obtained, and this is what |
want to know so that | can experiment
to produce an automatic unit for
myself.

Possibly some of your readers will
have the answers?

— T.P.S. Dixon, Yellowell House,
Horley, Banbury, Oxon. o)
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Use ETI TIMING MODULES to build this

p—"

IGITA

CLOCK MODULE ETI 551

The main module is a nine digit
crystal-controlled clock with an
easily varied counting format — it
can count in “‘hrs hrs, mins mins
secs secs, 1/10th, 1/100ths,
1/1000ths,”” or in 000,000.000
secs, or, with slight modifications,
in some other formats such as
hours, minutes and fractions of
minutes, or in 00.0000000 hrs.

LATCH MODULE ETI 552

The second module of which any
number may be added to one basic
clock module, is a nine digit latch
which can either contain the same
data as the clock module, or can
store the number in the latter when
a switch is pressed or a control
pulse received. This enables one to
‘freeze’ the time in the clock module
without interrupting counting — a
stopwatch ‘split’ facility.

COMPARATOR MODULE ETI 553

The third module can give out a
pulse, set a Flip-Flop or reset the
clock module to zero. Any number
of these modules may be connected
to one basic clock module. One
comparator could be used to sound
an alarm after a preset time, or
" several could be connected together
to switch a video tape recorder on
and off at preset times, or to control
some machine or an industrial
process. {This will be described next
month.
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This STOPWATCH uses two
of the ETI TIMING MODULES - the

clock and the LATCH. This month we give
details of these two modules. Next month we will

| discuss the final module — the COMPARATOR..

WHAT IF NINE DIGITS IS TOO MANY?

{Although the counter, latches and
comparators can all accommodate
nine digits, those who only need to
‘'see’ a few digits should not be put
off. Because of the elegance of the
SR (shift register) counting system
used a nine digit counter requires
nearly the same number of com:-
ponents as a six digit counter. |n
fact, on the PCB layouts we have
only provided sufficient compon-
ents to drive 6-digit displays. Those
who require more will have to use a
few additional components.

The 6 digits to be displayed can
be chosen from any of the 9 digits:
laboratory timers usually display
minutes down to milliseconds;
stop-watches can display hours to
tenths of seconds, or tens of
minutes to hundredths of seconds,
whilst owners of video and other
tape recorders could choose tens of
hours to seconds. As yet we know no
perfectionist who wants tens of
hours to milliseconds!

COUNTING WITH A SHIFT REGISTER

The conventionat design for a
multi-digit counter used to be a
chain of BCD counters, and a large
arrangement of switches which
sequentially feed the data from each
stage of the counter to a single
‘multiplexed’” BCD output, suitable
for driving the displays. This is the
system found in most clock ICs, in
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some watch ICs and in nearly all
circuits for clocks which used TTL.

However, as first realised three
years ago, it is more efficient to
make multi-digit counters by storing
a number in a shift register and
‘circulating” it through a binary
adder adding one to a digit or
setting it to zero at the required
times. This system is found in most
timing ICs designed in the last few
years (e.g. the Mostek MK5030).

Figure 1 shows a block diagram
of an SR counting system. The main
advantages of the system are that as
the data is handled sequentially
(digit by digit) it is already in a
format suitable for interfacing to
multiplexed displays, and that
increasing the size of the counter
only requires increasing the shift
register capacity and slightly modi-
fying the control circuitry.

1

I B —
[—— e
=H==E=r=

Fig. 1. An SR counter.



THE CLOCK MODULE

Figure 2 is identical to Fig 1 but the
circuit blocks are filled in with actual
components. For simplicity we will
first discuss a clock using the "'hrs
hrs, mins mins, secs secs, 1/ 10th,
1/100th, 1/1000ths"" format.
This project does not have a
separate "'How it works'* section;
rather this is explained as we cover
the various design options. The
number in the counter is stored in a
9 x 4 bit shift register (4006 (1) and
(2)). The output of the SR is
returned to its input via a 2 digit and
carry, 4 bit, binary adder (4008
(1)), and a set of 4 AND gates
(4081 (1) ). in one pass around the
loop any digit may be left
unchanged, incremented by one, or
reset to zero. All that needs
changing is the carry input to the
adder and the common control to
the 4 AND gates.

A 10kHz signal goes to the clock
input of a 4017 decade counter and
the 4017 produces 10 consecutive
output pulses on its 10 output pins,
QO to Q9, such that only one output
is 'high’ at any one time. One in
ten of the 10kHz pulises which clock
the 4017 is blanked by the Q9

output using a two input NOR gate
(Ya of 4001 (1)). This signal is used
to clock the shift register.

Thus in one millisecond the
number in the SR is circulated once,
and the 4017 goes through a
complete cycle. The clock polarities
are such that the SR is clocked (that
is, new data is latched into its first
stage, and new data appears at its
output) at the same instant as a
change occurs in the 4017 outputs.

The data present at SR outputs
during the time in which QO is high
is defined as the value of the least
significant digit, called DO, that
present while Q1 is high defines the
value of D1, and so on. QO to Q8
can be used to drive display '‘digit
drivers’’, and the SR outputs drive
the display segments via a 4511
BCD-to-seven-segment decoder-
driver.

“SET DIGIT TO ZERO"
A digit is recirculated unchanged
until there is a ‘carry’ from the

previous (less significant) digit. At
this point it is incremented by "1’
by the adder, and the new value
recirculated. If however the digit in

PARTS LIST
CLOCK MODULE ETI551
CAPACITORS
Sixteen 10nF All ceramic
One each 27pF, 47pF 68pF
one trimmer 2-22p
two 100UF 2V electrolytics
RESIST

Nine 150 All 1/8th W

Five 120k

One each 560 ohm, 1k, 8.2k, 15k
DIODES

Seven 1N914 1N4001

CMOS

4000 4006 4017 4050 4511
4001 4008 4020 4081 75492
4006 4008 4027 4081

BC184 transnstor

2N370

5N 12MHz crystat

ET!551 pcb

Seven 16 pin DIL sockets

Ten 14 pin DIL sockets*

{One 24 pin LS| socket)*
Two soldercon pins for Xtal socket
DIL Pin Header

DISPLAY MODULE ETIS51D
Three DL33 3-Digit packs

One ETI551D pcb

6" 14 way flat cable

(14 pin DIL plug)*

LATCH MODULE ETI552

RESISTO

Eight 150 Five 120k
CAPACITORS

Eight 10nF

DIODES

Four diodes (1N914)

CMOS 4006 4019 4050 75492
4006 4011 4027 4511
2N3704 transistor

ETI552 pcb

Five 16 pin DIL sockets

Five 14 pin DIL sockets*

(One 24 pin LSI socket)*

DIL Pin Header

DIGITAL STOPWATCH

One ETI551 One ETI55-2 Two ETI551D

One connector (6" of 24 way flat cable;

with optional LS| plugs)*

Two miniature toggle switches

Three microswitches

One push-to-make switch

Battery connector

3 PCB mounting pillars

193x29x2.5mm red perspex

Verocase 7514104

* A couple of pounds can be saved If
the connections are soldered in rather
than using plugs and sockets.
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i J g 4008 ouT. | | »—i )
| o] | BINARY  pUT | |
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| K QlFLop (a 1/3 of
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+) 40 < e |
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1
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Fig. 2. Circuit diagram of the clock. Figs. 3,4,5,6 and 7 show other circuitry on the clock board.
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ETI TIMING MODULES

DIGITAL
STOPWATCH

question had already reached its
maximum value (‘5 for the tens
mins and tens secs digits, ‘9’ for
all the others), instead of the value
being incremented. it should go to
zero, and a carry be transmitted to
the next digit. This “‘Set to Zero”
signal is derived from various gates
as shown. In addition, pushing the
Reset button for more than one
millisecond sets all digits to zero.

“CARRY"

Before describing this part of the
circuit it is worth looking at the
operation of the 4027 J-K Flip-Flop.
The J and K inputs are used to set
(logical “1°) or clear (logical ‘0’) the
Q output as follows:

IfQis ‘0", and Jis "1", Q will go
to '1" a few nanoseconds after the
clock input goes from ‘0° to ‘1°.
This occurs whether the K input is
“1"or 0.

IfQis 1", and Kis “1°, Q will go
to 0" just after the clock input goes
from ‘0’ to "1’ (irrespective of the

state of the J input.) This a ‘1’ on’

the J input will set the Q output on
the positive edge of the clock pulse;
a ‘1" on K will similarly clear it. If J
and K are both “1’, Q will toggle
between "1’ and ‘0’, changing at
every positive transition of the clock
pulse. Q can be independently set
or cleared by a "1° on the set or
reset inputs.

The Q output of Flip-Flop A (2 of
4027 (1)) is set to "1’ by pressing
the Start button. This ‘1’ is then
used to set the Q output of Flip-Flop
B (2 of 4027 (2)) to ‘1’ at the start
of QO time (the period during which
QO of the 4017 is high). This Q
output is the ’‘carry’ signal, and
when DO (the digit whose value is
present at the SR outputs during
QO time) is clocked back into the SR
at-the end of QO. it is incremented
by 1 once every loop of the SR, i.e.
once every milisecond.

Until DO has reached its manxi-
mum value, D1 must not be
incremented. and the carry must be
0, every time D1 is clocked back
into the SR (at the end of QO time.)
The condition that DO is not at its
maximum value is indicated by a ‘1"
on the MAX output of the "'Set to

24

Zero'" circuit, which goes to the K.
input of Flip-Flop B and cancels the
carry at the beginning of Q1 time. If
DO has reached its maximum value,
then MAX is low during QO time,
the carry is not cancelled and
increments D1 at the end of Q1
time.

If both DO and D1 have their
maximum values, the carry will
propagate to Q2 time, etc. Thus if
the counter is counting, the carry is
set during QO time, and propagates
‘down’ the number until cancelled.
It is also cancelled by Q8 at the
beginning of Q9 time so that the
counter behaves itself if it over-
flows.

10 kHz SOURCE

The 10 kHz signal is obtained by
dividing the output of a 5.12 MHz
crystal oscillator by 512 (29 using
the first nine stages of a 4020 14
stage binary counter (see Fig 3.)
The disadvantage of using a crystal

of this frequency is that a transistor -

oscillator has to be used rather than
a CMOS inverter oscillator (which
doesn’t have enough gain at this
frequency to sustain oscillation).
The advantages are that crystals

‘over 5 MHz are cheaper, inherently
more stable, and physically smaller
than lower frequency crystals.

DISPLAY DRIVING

The digit and segment driving
circuits are straightforward (Fig. 4).
The SR outputs are fed to a 4511
BCD-to-seven-segment decoder-
driver, which drives the display
segment lines through current-li-
miting resistors. The maximum
recommended continuous output
current per segment on the 4511 is
25 mA, and with a 8V supply
(typical output voltage of a 9V
battery) the resistor value required
is 150 Ohm.

The digit driver as shown will
drive 6 digits. The digits required
are selected By wiring jumpers
between six of the nine Q0 to Q8
outputs and the six 4050 hex buffer
inputs. For convenience on the
PCBs these connections have been
laid out in a standard DIL format so
that the jumpers can be wired onto
a pin-header and the required
selection ‘plugged in’. QO corre-
sponds to the least significant digit,
i.e. milliseconds, and Q8 to the
most significant, i.e. tens of hours.

The component layouts for the clock, latch and display boards.
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Here are three examples:

The 4050 buffers are needed to
drive the 75492 hex digit driver.

THE LATCH MODULE

@ (oo |DO . The latter contains six Darlington
oF o (a) 1S wired Pair NPN transistors with the The essence of the latch module is
© e to display . . hat i ; hif i d
. required resistors and can supply that it contains a shift register an
Qz O——>0 |D2 mins D5 digit currents up to 250mA per display driving circuitry identical to
a3 | 0——0 |p3  secs D4 digit. that of the clock module. There is
4 Oo———0 |D4 secs D3 Decimal points may be it if also switching circuitry to enter int_o
o o |ps required by wiring jumpers from the the latch SRs the same data as is
o 1710 D2 required 4050 buffer output to the  entered into the clock SRs, or to
a | o o |ne. 1/100 D1 yoiimal point driving circuit (Fig.  circulate the data unchanged.
a7 | o O las  1/1000D0 5). Thus decimal points are Finally there is circuitry to time the
wanted after hrs and mins on a change between these two states.
w fFg Do display (hrs hrs . mins mins . secs  The data routing is accomplished by
o, (b)iswired  secs) for righthand decimal point @ 4019 Quad AND-OR gate which is
o to to display digits, the Q5 and Q7 time dec pts  basically a 4 pole 2-way switch
Q2 fo) D2 hrs D5 have to be lit, and jumpers are which routes data from_ the inputs of
Q3 D3 hrs D4 connected from the outputs of the  the clock SR to the inputs of the
Qs D4 , 4050 buffers corresponding to Q5  latch SR when KA is “1" and KB is
mins D3 and Q7 (D2 and D4) to two of the  'O" ltconnects the latch SR input to
€ b5 mins D2 diodes in the dec pt driving circuit. its output when KA is ‘0" and KB is
a6 o[nc.  secs D1 ilic
a7 as secs DO DISPLAYS The 4027 J-K Flip-Flops time the
The driving circuitry will drivé any  changeover of the 4019 switch.
a0 [ DO common cathode LED displays, These Flip-Flops can be wired in two
© (c) is wired such as the DL33MMB (0.08in), modes. In the ‘hold-transparent’
ar | o P 1o display DL704 or DL704E (0.3in) and mode the latch starts ‘transparent’
Q2 D2 s D5 FND500 or DL750 (0.5in and (the data it contains follows the
03 / 03 mins D4 0.6in). contents of the clock module).
' When the latch push-button s
€. / P4 mins D3 POWER ON CLEAR _ _ pressed the latch stays transparent
as D5  secs D2 A simple circuit is provided which  yntil the beginning of the next word
a6 0 |nc secs DI sets the counter to ‘0" and puts it (until the next QO time occurs) and
o " 1/10 DO into the stop mode when power is  then the 4019 switches over and
O jas turned on (Fig. 6). the number in the SR is circulated
T
L {___3 B A 4006 4006 R
—c - —
—o o e I——@ —{9bit_|— 5
: A - J o ——
{:g D J———{ant } 9 bit =
Pkp  «ka = I
N - il
TO 4511
DECODER
DRIVER { AS IN
(+)(+) CLOCK MODULE)
4027
! |I Q Q
) N _
Q o 1N914
cl cl
R R :
- K K-
/7_[/; : | ; - 120k
i o S ] e CHANGEOVER
o ' % OF 4011 (1) PUSH-BUTTON
. POWER
Qo c ON CLEAR
FROM
COUNTER
MODULE L e
Vi
T, s

Fig. 8. Circuit diagram of the latch.
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ETI TIMING MODULES

DIGITAL
STOPWATCH

and displayed: the latch ‘holds’ the
time at which the button was
pressed, accurate to within
+1msec. Further pressing of the
latch button causes the module to
alternate between the ‘transparent’
and ‘'hold" states. .

Wiring the J-K Flip-Flops the
second way makes it operate in the
‘hold-hold’ mode. In this mode the
latch starts off ‘holding’ its con-
tents. If the latch button is pressed,
in the middle of the next QO time
the 4019 is switched to loading
new data into the SR. In the middle
of the following QO time the 4019
switches back to- recirculating and
holding the data. Thus in this mode
the display always appears ‘frozen’,
but each time the latch button is
pressed the contents of the latch are
‘updated’ to show the number in
the clock module at that moment.
This mode is expected to be found
most useful in applications where
the latch is controlled by an external
source. In either mode the ‘“Power
On Clear’" circuit is connected so
that when power is switched on, or
when the Master Reset button is
pressed, the latch is loaded with
zero, and in the first mode it is set to
its ‘transparent’ state. In both
modes, two NAND gates (Y2 of
4011 (1)) eliminate any effect of
contact. bounce in the push-button
switch.

Selection of one mode or the
other is governed by wiring up three
jumpers or switches. On the PCB
there are holes for three horizontal
jumpers and three vertical jumpers.
If the horizontal ones are connected
{(indicated by faint dotted lines in
Fig. 8) the latch will operate in the
hold-hold mode. If the vertical ones
are connected (indicated by bold
dashed lines in Fig. 8) it will operate
in the hold-transparent mode. The
display selection and driving cir-
cuitry used in the latch modules are
identical to those wused in the
counter module.

Some users may find it best to
attach a display to only the latch
module, thus saving cost while still
obtaining a Stop-watch ‘split’
action. As mentioned earlier, any
number of latch modules may be
connected to one clock module. The
outputs from the clock module are
simply attached to several modules
instead of just one.
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Fig. 9. How to make connections through the board.

CONSTRUCTION

The modules are best assembled on
double-sided.PCB’s as shown, due
to the circuit complexity. Connec-
tions between copper on the top
and bottom of the boards are made
using component leads where
possible. Otherwise small pieces of
tinned copper wire are used (see fng
9 above).

The recommended method of
mounting the CMOS IC’'s is to use
Soldercon pin sockets which can be
soldered to both sides of the board
(and are inexpensive). The ICs may
be soldered in but this makes
fault-finding very difficult. On the
component side of the board, care
must be taken only to apply solder
to the flat side of the Soldercon
Pins.

Connections between modules
are made very simple, and easy to

- check, using flat cable and 24 pin

plugs and sockets (using 24-way
pin-headers and Soldercon pins in a
24-pin DIL layout). Connections
between modules and display PCBs

.are also made using flat cable and

14-way DIL pin-headers and IC pin
sockets.

The PCB’s were designed so that'

one clock module, one latch module
and either two DL33 6 digit
displays or one DL704 or FND500
8 digit display, with batteries,
switches, etc, would all fit into the
smallest of the new Vero plastic
cases, using a transparent red
perspex front window in the space
normally occupied.by an aluminium
panel. If greater complexity is
required, one of the larger boxes in
the same range may be used.

GETTING HOLD OF THE
COMPONENTS
Sintel (53 Aston Street, Oxford), who

designed these modules can sell the
following at reduced prices.

Stopwatch Module Kit (SMK). . £19.95
(This comprises the PCB and all the
parts normally soldered to it: CMOS,
SKTS, CRYSTAL, Resistors, Caps, etc.
etc...)

Latch Module Klt(LMK) . £11.25
(This comprises all parts plus Vero
pillars for support and flat cable for
interconnection with SMK)

CHOICE OF DISPLAY MODULES

DL704 Display Kit (DL7K) (.3"”). £6.96
gThis kit comprises a display PCB and’
DL704).

DL33 Display Kit (DL3K) {.1"”). . £7.10
(This kit comprises of a display PCB and

3 DL33 3-Digit packs)

FND500 Display Kit (FNDK) (.5").
................... £11 15
{This kit comprises a display PCB and
6 FND500)

CASE

Verocase . . . ............ £3.17

(This case is big enough to accomodate
one SMK and one LMK plus two DL3K
or one of DL7K or FNDK, and the case
is supplied with a red perspex panel).

ALL PRICES ARE INCLUSIVE
OF VAT AND P&P

EXTRAS

A stop-watch which gives time to
millisecs is great but the average
human finger can’t do much better
than 1/20th of a second. We
expect some constructors will need

to actuate their modules using
electronic, rather than mechanical,
pulses.

ELECTRONIC START-STOP

Electronic starting and stopping can

+12v

AAAA r\/\/\l; AMPL

741

Microphone
{near Starting
Gun)

Set Threshold

+12v

To Stop-Watch {+)

1N914
Tk

To Start Input
{Flip-Flop Set)

To Stop-Watch (-}

=Y Clamp

=

Fig. 10. A simple circuit for using the sound of a starting gun to start the Stopwatch.

{
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The insides of the stopwatch. The clock board is at the
top,the latch beneath. Here we show one display, but a
second display module will plug in directly. A small saving

can be made by soldering the flat cable directly onto the
boards rather than using the LS/ plugs as shown.

R Ty W T B 5 A P ARG RO
be achieved by feeding positive —
going pulses to the set and reset o
inputs of the clock moduie 4027 A = i
Flip-Flop. These pulses do not have 2B

to be ‘clean’ but it should be noted
that the state of this Flip-Flop is not
determined if both these inputs are
high simultaneously.

Obvious electronic timing sys-
tems would be ones where the start
time is derived from a signal driving
a solenoid operated starting gun, or |

(ACTUATED BY
BREAKING LIGHT BEAM}

from sound puises. Below is a Fig. 11. This
simple circuit of a suggested sound circuit shows
operated start system (see fig 10). how a light

beam can be
used to stop

A simplified suggested light RS SE he 10k g
operated start or stop is as shown in Stopwatch. v Satol 8, L
fig 11 =

NPN
Photo Darlington
Detector (BPX29

V+ -

3 +V

O #:ﬂ

Current 10 AMPLIFIER

Voltage
Converter
[
.L To Stopwactcg {+)
1N914
S
% o Stap
741 —AMA—° S
* " Comparator Start
1NS14
To Stopwatch ()
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— ]

) 4027 (8)
‘COUNT ENABLE LINE' ()
o
Close Switch to Count:
120k Open to hoid.

s
Fig. 12.Controlling the counting with a
toggle switch.

COUNTING CONTROLLED BY TOGGLE
SWITCH OR CONTINUOUS SIGNALS

If the count enablé line (normally
driven by the Q output of the 4027
A Flip-Flop, on the clock module) is
high the module will count, if it is
low it will hold its value. Thus the
counting can be controlled by
driving this line from an external
signal instead of from the flip flop
output. For example the counting
can be controlled by a toggle
switch:

BACK!

7 —NPN silicon driver transistors
6—PNP silicon driver transistors
4—1N4001 rectifier diodes
1—1N914 switching diode
9—Carbon resistors
1--100uF/25v filter capacitors
2—.01uF/ceramic disc capacitors

1—Slide switch for time hoid
2—Etched and drilled p.c. boards

2—Push button switches for slow and fast settings

1 —Fully illustrated assembly manual

|
1N914 1N914

Q
(/ Master

< i >+ > Stop-Start

Count enable One pole change- Count enable Switch
Clock (1) over toggle switch Clock (2) (Start = open)
120k (+) 120k
77

Fig. 13. Two clock modules can be wired up to give a chess clock.

CHESS CLOCK

To build up a system which
compares the accumulated time
spent in each of two states, such as
a chess clock; one could use two
clock modules with their count
enable lines connected like this:

They should also have their reset
lines connected together. When
using more than one clock module
in one system, such as this chess
clock, considerable savings can be
made by constructing the crystal
oscillator and 4020 divider on only
one of the modules, and taking the
10KHz signal from this to the other
boards.

* A FANTASTIC BARGAIN OFFER FROM THE

6 DIGIT DIGITAL GLOCK KIT

To celebrate the opening our new subsidiary company, SABTRONICS INTERNATIONAL,® we are slashing
the price of this fine quality digital clock kit which would normally sell for over £12.00. Rest assured, you
will get only first quality, prime tested components. SATISFACTION GUARANTEED OR YOUR MONEY

£6.96

KIT COMPRISES OF THE FOLLOWING:

1—NATIONAL MM5314 Clock chip, 12/24 hour, 560/60 Hz option
6—Bright red common cathode readouts, 0.27'’ digit height
{legible within ten feet over a wide viewing angle)

{READOUT SHOWN
ACTUAL SIZE)y

* TIME HOLD

NO ELECTRONICS KNOWLEDGE REQUIRED TO BUILD:THIS KIT. All you need provide is a 9-15 volt/200-mA transformer and a
case of your choice {(or leave it uncased and it still looks good).

ENDLESS POSSIBILITIES

Virtually any timing necessity can be
satisfied using a system made up from
the ETI TIMING MODULES. In our
clock we used two displays — but we
could have used just one display
show the contents of the latch). We
could have made a more complicated
Stopwatch by adding more and more
latches. With ten latches and ten
switches you could give individual
times to the first ten runners,
swimmers, racing cars ......

The possibilities mushroom when
you consider the comparator module
as part of a system. A clock becomes
an alarm clock or timer. If you use the
output to reset the clock you have a
programmable pulse generator with a
period ranging from milliseconds to
tens of hours. <

+ 75p Airmail Postage, etc.

* 12/24 HOUR

* 50/60 Hz

* BRIGHT DISPLAY
* SLOW SET

* FAST SET

ORDERING INFORMATION: 25005

currency ge rates fl daily it is imp

an approximate equivalent of the actual U.S. Dollar price $ 16.50 post paid via airmail. To order send a Bank Draft or
Intemational Money Order in U.S. FUNDS for $16.50 for each kit. SENT ANYWHERE IN THE WORLD.
*Sabtronics International is a wholly owned subsidiary of Euray Trading Incorporated, Dallas. Texas. U S A

P.0. BOX 64683, DALLAS,

SABTRONICS INTERNATIONAL
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TEXAS 75206, U.S.A.
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Complete the couponand
wellsendyou
our complete,new catalogue.

HEATHKIT |

Including our full range of test

The new Heathkit catalogue .
equipment,amateur radio gear, hi-fi

isnow out. Full as ever with exciting,

new models. To make building a 7 o '05‘;:‘0';'“ i equipment and many general

Heathkit even more interestingand “ i interestkits.

satisfying. ’ So,when you receive your
And, naturally, being Heathkit, every kit is absolutely catalogue you should have hours of pleasant reading.

complete. Right down to the last nut and bolt. So you won't And, if you happen tobe in London or Gloucester, call

find yourself embarrassingly short of a vital component inand see us. The London Heathkit Centreisat 233

on a Saturday evening-when the shops are shut. Tottenham Court Road. The Gloucester showroom is next

.You'llalso get a very easy to understand instruction to our factory in Bristol Road.
manual that takes you step by step through the assembly. At either one you'llbe able to see for yourself the

. Clip the coupon now (enclosing a 10p stamp for postage) one thingthe catalogue can’t show you. _
and we'll send you your copy to browse through. Namely, how well a completed Heathkit performs.

With the world's largest range of electronickits to Heath (Gloucester) Limited, Dept. ETI-95, Bristol Road,
choose from, there really is something for everyone. Gloucester, GL.2 6EE. Tel: Gloucester (0452) 29451.
DC-5 MHz, 100mV oscilloscope AM/FM 60 watt r.m.s. stereo receiver. Deluxe digital alarm clock.

Y\ \——

& i i

r--’— -------------------------------------------1
[

‘The newHeathkit catalogue.Out now FREE.

To: Heath (Gloucester) Limited, Dept. ETI-125, Gloucester, GL2 6EE.
Please send me my Heathkit catalogue.Tenclose a 10p stamp for postage. [N

Address

Name

Postcode
inn——— [ u]] details in the catalogue. Offer available for limited period only.
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THIS NEW 'SCOPE is likely to
replace the 10-102 as Heathkit's
most popular scope. The 10-4540
is long and low and looks really
up-to-date with its flashy blue and
white front panel and bigger screen.
The case is big — 8 inches high, 13
wide and 17 deep — but it is easy to
stack equipment on top (the handle
is recess-mounted).

The 10-4540 really is a new
scope—our model was one of the
first in the country. In fact it was
only a week before we had to send
this article to the printers when we
received the big box from Heathkit!
Consequently we have not given the
scope much of a trial, but as far-as
we- can see the spec given is
accurate.

The scope offers a bandwidth of
6MHz with a sensitivity of
20mV/cm. The FET front end gives
an input impedance of TmQ with
low capacitance (38pF). The atten-
uator provides sensitivities between
20mV and 10V/cm in nine ranges
(1-2-5 steps).

A front panel control gives
variable attenuation between cali-
brated points. Up to 400V dc can
be handled. The risetime and
overshoot are quite good for a
"scope in this bracket.

Horizontal sensitivity is
0.25V/cm and the front panel
socket will accept frequencies up to
100kHz; attenuation of x1, x10,
and variable is provided.

Seven timebase ranges, calibrat-
ed in a 1-2-5 sequence between
200mS/cm and 2uS/cm, can be
switched into variable control. The
input signal is routed to the trigger
circuits direct (for DC), via a
capacitor (for AC) or through a low
pass filter. This filter enables the
scope to trigger on the frame pulses
of a complex TV waveform for signal
tracing. Trigger level control and a
socket for external trigger are also
provided on the front panel.

TTL ICs are used in the trigger
and sweep circuits; other circuitry
is all transistor. Four main boards
(see photos on the right) carry 80%
of the electronics. These sections
are the vertical amplifier, the
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VERTICAL:

Bandwidth: DC to 5 MHz

*3dB.

Attenuator: 1. 2. 5 sequence, calibrated and
variable

Rise Time: 70 ns.

Overshoot: 5% at 1 kHz.

Impedance: 1M /38 pF.

Sensivity: 20 mV/cm.

SWEEP:

Type: Triggered.

Range: 200 ms — . 2us, 7 steps plus variable.
Trigger Source: Int/Ext/Line

Trigger Modes: AC/DC/TV, + / — Slope;
Auto/Norm.

10-540 SPECIFICATIONS—

HORIZONTAL:

Sensitivity: .25 V/cm.

Bandwidth: DC to 100 kHz.

Impedance: 1MQ/50 pF

Ext. Horiz. Input: X! and X10 attenuator
GENERAL:

CRT: 5DEP31F, 8 x 10 cm, green, medium -
persistence phosphor, 5in round. fiat-face tube.
Accelerating Potential: Approx. 1.5 kV.
Graticule: Painted, 8 x 10 cm.

Power Requirements: 110-130 VAC or
220-260 VAC, 50/60 Hz, 35 watts.
Dimensions: 8in H x 13in W x 17in D.
PRICE KIT: £99.90 inc VAT and delivery
ASSEMBLED: £174.96 inc. VAT and

Full details available upon request from:

Heath (Gloucester) Ltd .,
Bristol Road,
Gloucester GL2 B6EE.

delivery. 4

The London Heathkit Centre,
or 233 Tottenham Court Road,
London W1P SAE.

horizontal amplifier, the trigger and
sweep circuits, and the power
supply and c.r.t. drive. A tuner

section wafer switch and tag strip.

mounted behind the front panel
holds the time base oscillator. The
only other components off the
PCB's are switches and pots,
transformers, one big electrolytic
can and the c.r.t.

The power supply section pro-
vides stabilised voltages for the
sweep and vertical amplifier boards
so the instrument remains accurate
with changing mains voltages.

CONSTRUCTION

At the top of the kit package is a
155 page manual to help with
building up the kit. The manual tells
us not to unpack anything except
pack 1, the components for the first
board. One by one each of the
components has to be located and
ticked off individual. Heathkit go
carefully at one side of the bench.

Then the ''Step-by-Step’’
assembly begins. Each component
is inserted one by one, and again
ticked off individually. Heathkit go
to great lengths to be unambiguous
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HEATHKIT

10-4540 SCOPE

—most parts have four references:
the part number (e.g. Q103), the
device number (EL 131), the
Heathkit number (417-241) and a
drawing of what it looks like. This
method, however, does lead to
confusion. The simple steps are
made to ‘appear difficult and much
time is spent working out the
instructions when a look at a good
diagram can say everything in one
glance.

Heathkit's method means that
building up the kit is a little boring
and takes twice as long as it would if
the instructions were less detailed.

Building the boards took, inclu-
ding time for ticking the manual,
about eight hours (including coffees
and distractions) but building the
chassis and wiring up the controls
and boards took over twice as long
again!

The only tools needed are a
soldering iron, wire cutters, pliers,
and screwdrivers. The quality of the
components is very high. The only
instrument needed for setting up
the scope is a high impedance
multimeter, but a low capacity
probe and signal generator make
things easier, The three boards
carrying presets are mounted above
the chassis with lots of access, and
diagrams in the manual explain
clearly all steps of calibration. The
two transformers are mounted in a
cage which can be swivelled to
minimise hum on the trace.

IF IT DOESN'T WORK

If the project doesn’t work first
time there’s lots of help in thé
manual. There are several Trouble
Shooting Charts and each board has
an ''X-Ray View' diagram. The
circuit diagram is big (2ft across)
and each board has a voltage
diagram. Heathkit even tell you how
to check the transistors and diodes
for faults.

The scope costs £99.90 in kit
form.

If you do come to build up an
10-4540 start at the back of the
manual and read how it works first.
Then you can learn quite a lot by
following the circuitry as you build
up the scope.

PHOTO 2: The
board shown on
the left holds all

2 the vertical

amplification

circuitry. The
other board con-
tains the hori-
zontal amplifica-
tion circuits.
This uses a
basically similar
circuit to that of
the first board
but it is a little

simpler.

PHOTO 3:

The third board
carries the trig-
ger and sweep
circuits. Despite
the complexity
of the circuits
the board is
easily built up
using the man-
ual. There are
twelve transis-
tors and four ICs
(TTL) on this
board.

PHQOTO 4:

The final board
carries the small
components of
the power sup-
ply. You can see
how each step
illustrated in the
manual. Most
parts have a
Heathkit coding
stamped on
them so that
identification is
no problem.
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LOGIC PROE

B i

A basic tooi for digital servicing.

THE SERVICING of digital
equipment is greatly simplified by the
use of a logic pulser and logic probe,
for these two instruments enable ane
to follow circuit operation stage by
stage.

THE PROBE

The probe must be capable of
detecting pulses as short as 50
nanoseconds (for TTL operation} and

32

make them visible. It was found that
readily available linear ICs were not
suitable as they are too slow and
required dual supply voltages. Neither
could CMOS be used as it also is too
slow, for testing TTL gates, and its
threshold voltages are not consistent.
Further, TTL could not be used as it
cannot withstand the voltages used
with CMOS logic. This virtually means
that the only devices that are suitable
are discrete transistors.

The logic probe
we built in &
solder tube.

ELECTRONICS TODAY INTERNATIONAL—DECEMBER 1975

HOW IT WORKS

The probe consists of two
independent voltage level detectors
which, via pulse stretching
monostables, drive light-emitting
diodes to give a visual indication of
the logic state being monitored.
Transistors Q1 -and Q4 form the low
level or ‘0’ detector, transistors QS
and Q6 the high level or ‘1’ detector
whilst the remaining components
form the pulse stretching
monostables and visual indicators.

The high level detector works as
follows. If the input level is below
about 2.5 voits (1.3 volts above the
level set on R17 by transistor QS)
transistor Q6 will be cut-off. When
the input level rises above 2.5 volts,
transistor Q6 will turn on, as will Q7,
causing LED 2 to light — indicating a
‘1’. The transition at the collector of
Q7 will, at the same time, be passed
to Q8 turning it off. The current
which was flowing through Q8 will
now flow via R22 in to the base of
Q7 holding it on even though Q6
may by now have stopped
conducting. After fifty milhiseconds
the charge on C2 will leak away via
R19, 20 allowing Q8 to conduct.
When Q8 conducts it robs the
current from the base of Q7
turning it and the LED off. However
should the voltage at the tip of the
probe still be present Q6 will still be
turned on holding on in turn Q7 and
the LED.

Resistors R11, 12, 13 and 14 set
the operating conditions of QS such
that the threshold voltage is
optimized for either TTL or CMOS.
As CMOS logic works on supply
voltages ranging from five to fifteen
volts, transistor QS has been arranged
to track the supply so that the
correct threshold is maintained at all
times.

The low level detector works in
exactly the same fashion except that
it is inverted in order to detect pulses
which approach within 0.45 volts of
the negative line (TTL only). Each
PNP transistor and each NPN
transistor have been replaced with
their complements. In this case Q4
sets the thresholds and the circuit
operates exactly as stated for the
high detector. Note that the diodes
have also been reversed.
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CHARACTERISTICS ¥

PULSER — ET! 121

e Will source, or sink, up to 500 mA.

e Operates on supply voltages from 5 to 15.

e Suitable for both TTL and CMOS.

e Power supply drain less than 15 mA under worst case
conditions,
Press for ‘1’ release for ‘0’. High impedance at other
times (> 1 M).
Will drive capacitive loads up to 1000 pF.
Protected against accidental reversal of supply leads.
Duration of pulse 500 nanoseconds.

PROBE — ETI 120

Pulses as narrow as 50 nanoseconds will be detected.
Stretches narrow pulses to 50 milliseconds for ease of
detection.

Operates on supply of 5 to 15 volts.

Suitable for TTL or CMOS.

True ‘1’ and ‘0’ level detectors. Neither LED is alight if
the circuit is faulty or the probe is not making contact.
Current drawn from the circuit is less than 20 microamps.
Current drawn from power supply (one LED alight) 12 Fig. 1. Circuit diagram of the logic probe
mA on 5 volts, 35 mA on 15 volts.

TIL209
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ST Ty % .

LOGIC PROBE

Bem

Ao

Fig. 2. Printed circuit board for
the logic probe (2 required).
Full size 23 x 66 mm.

a

o

'Fig. 4. Linking required between the two
boards.

" As both high and low logic states
must be detected, a discrete transistor
voltage-comparator circuit was
designed to detect each state
separately. These comparators must
not load the circuit under test as
CMOS is sensitive to current and
capacitive loading. In our prototype
the current drawn was a maximum of
19.7 microamps for a high, and 10
microamps for a low.

In both comparators the transistors
associated with the pulse detector are
turned on by an input level that
exceeds the comparator threshold.

As transistor turn-on time is much
faster than turn-off time, using the
transistors in this way ensures the
highest possible speed of operation for
the particular types of transistors used.
Additionally, the delay in turning off

assists by lengthening the pulse, thus’

ensuring more reliable triggering of the
monostable on very short pulses.

The input transistors Q1 and Q6 are
protected against breakdown, due to
excessive base-emitter voltage, by
diodes D1 and D2. The diodes are also
required to ensure that Q1 and Q6
remain conducting even when the
probe tip is taken to the supply
voltage. a

Transistors Q3 and Q8 are also
protected against reverse base-emitter
voltages by R4 and R19 respectively.

In operation the probe will light LED

1 if a low level is detected, LED 2 for.

a high, neither LED if the point being
monitored is at ground potential or a
poor contact is made with the tip, and
both LEDs will light if there is a pulse
train present.

34

" A single pulse input will be

lengthened, by the monostables, to
50 milliseconds with the pulse
polarity being indicated by the LED
which is illuminated. Thus even single
pulses as short as 50 nanoseconds may .
readily be detected.

CONSTRUCTION

We assembled our probe in a case
made from a solder tube. This is
commonly availabie from component
shops for about 35p (containing Ersin
Multicore Solder). Any probe case or
tubing with a diameter of 23mm and a
length at least 90mm (excluding
nozzle) will do. The solder tube has
a detachable plastic end-cap which
supports SW1 and the LEDs. SW1 is
used to hold a small name-plate in
position as shown in Fig. 6.  Two
LEDs are mounted into the end plate,
together with SW1, and after soldering
leads to the LEDs they shouid be
passed through the holes in the plate,
and the plastic end-piece, and secured
in position with a drop of epoxy
cement. Another hole is drilled in the
stopper through which is passed the
two supply-voltage leads.

A removeable nozzle has to be
made and for this we used a polyester
resin filler (Isopon or any of the car
body repair fillers is ideal). First saw
of the original nozzle and line the
inside of the tube with grease or cow
gum. This stops the filler making a
permanent joint. Then mix some
filler and spread it for about 25mm
down the inside of the tube. Roughly
mould the nozzle shape around the
polythene tubing which comes with
the solder and bed this firmly in the
end of the tube. After a couple of
minutes the nozzle can be whittled

nn

HOLE FOR
LEADS

Fig. 6. How the probe ends are constructed.

LEDS

DARNING

PLASTIC NEEDLE
END METAL EXTENDING
FEAIE 15mm FILLER

into shape. After hardening remove
the nozzle and clean up the inside face
(saw off the rough moulding). Re-
move the polythene tubing and in the
hole R15 and the probe tip can be
fixed with more filler. Use a darning
needle or one of the needles made for
sewing up knitting as the tip. Do not
leave more than 15mm protruding or
the needle is likely to break. Finally
the nozzle can be filed and sanded to
give a neat appearance.

The electronics are built on two
printed circuit boards. The two
boards are 1dentical and care should be
taken to use the correct overlay for
each board as different transistors are
used and some components are
reversed on the two boards. Note
particularly diodes D1 and D2 and
capacitors C1 and C2. Also note how
the two boards are linked together and
that the supply rails are reversed. No
difficulty should be experienced if the
printed-circuit boards and the
component overlay as specified are
used. o

Connect the leads from the stopper

assembly to the boards. Position the
boards together, copper side to copper
side, with a piece of insulating
material between them. Make sure
that thé board assembly will fit into
the tube without bending the sides.
Cut a piece of cardboard or plastic
75 x 85mm, roll it into a tube and fit
in the probe body. Now fit the board
assembly into the tube — it may be
necessary to dress the sides of the
boards with a file to obtain a neat
fit. '
“The tip may now be connected and
both ends screwed into position.
Finally, alligator or, better still,
Ezy-hooks clips should be fitted to the
supply leads.

‘Fig. 5. Artwork for the nameplate on the
probe.

HOOK UP WIRE

B gt e S A S I SRS S L

ELECTRONICS TODAY INTERNATIONAL—DECEMBER 1975

= |




Electronic timekeeping
Sintel deliverS: designs — kits — components

Parts for the ETI Stopwatch System:

See this month’s article

STOPWATCH

Compiete Kit for Stopwatch without Latch

Conents: Verobox 75/410J — Red perspex front panel — Manganese batteries — clips
Transistors — Diodes — Wiring Pins — Screws — Sockets — 14 pin Pih-Header —

CMOS — Resistors — Capacitors — Crystal — PCBs — Trimmer — 3 x DL33MMB

displays — Full instructions . £34.39

As above except for Displays and Display PCB £27.82

(for other display options see below)

STOPWATCH with one LATCH

Complete Kit for Stopwatch with one Latch ('Split’- display free’) facility

With two sets of ¢ x DL33MMB displays. etc . £52.89
With one set of 3 x DL33MB displays . £46.32
Without Displays (see other options below) . £39.75

LARGE DISPLAY OPTIONS

The Stopwatches may be used with larger displays — DL704E (0.3"*) or FND500 (0.5'")
N.B. When using larger displays we recommend that a segment current boosting circuit
be used to obtain higher brightness; details supplied with any parts ordered

Displays Display PCBs (will hold up to 8 digits)
{each):DL704E 85p For DL704Es £1.35
FND500 £1.50 For FND500s £1.35

Note that only one of these display PCBs, together with displays, can fit in the 75104
Verobox. supplied with the complete kits.

FURTHER APPLICATIONS

For those who want to vary or extend the Stopwatch design, components are available
from us in various sub-divisions — see box by article for 'PCB Module Kits'. Send a large
s.a e. for tuller list. Some possibilities suggested are
— Multiple Latch Systems
— Multiple Counter Systems
— Alarm Systems
— Mains Power Supplies
- Chess Clocks

ADD VAT at 8 % to all Prices in this advertisement.

15p plp on orders under £3. Free on orders over £3. Orders sent by 1st Class Post.
Exports: No VAT. 35p (Europe), £ 1 (Overseas) for Air Mail p&p

Full Price List and Data with any order, or on request (a large s.a.e. helps)

Official Orders welcomed: written, phoned or telexed, from Univs., Polys., Nat. Inds.
Govt., Companies, etc. Fastest Delivery for R & D.

SINTEL

53a Aston Street, Oxford
Tel. 0865 43203

Telex: 837650 A/B ELECTRONIC OXFD

ALARM CLOCK KITS

Complete kits including slim attractive case for 6 digit alarm ctocks with bleep alarm,
snooze and intensity control, using MK50253 IC and LED displays: Kits also include
PCBs — active and passive components — IC socket — min. transformer — switches —
fiat cable — loudspeaker

6 digit Alarm Clock Kit with 0.3 DL704E displays g £22.80
6 digit Alarm Clock Kit with 0.5°° FND500 Displays £26.70

CLOCK CRYSTAL TIMEBASE

32.768 kHz Quartz Crystal: High accuracy/ stability for clock and watch timebases. Can
be used with CMOS divider and logic to provide stable 50 cps £3.60
‘50 cps Kit" — will provide 50 cps for clock ICs, giving time accurate to within a few
seconds a month; contains small pcb, 32.768 kHz crystal, 4011, 4020, 4025, trimmer,
C's, zener, R’s, IC skts. Also ideal for car or boat clocks £6.28

MK50253 12 or 24 hour. 4 or 6 digit alarm clock with alarm tone on chip. snooze, reset

to zero; proven high reliability £5.60
MK50250 Identical to MK50253 except that it is 24 hr. only £5.00
MKS030M CMOS LED watch (C with date and seconds £19.50
AY1202 4 digit clock with simplast interface to 5LTO1 £5.60
AY 1224 4 digit clock £4.25 MM5314 4 or 6 digit clock £4.44
DISPLAYS

FND 500 Very attractive 0.5*° Red Common Cathode LED — only £1.50
DL704E 0.3 C. Cathode LED 85p MAN3M 0.13"' C. Cathode LED 48p
5LT0O1 4 digit clock display — O '’ green phosphor diode £5.80
ILIXCO 3%z digit 0.5’ Liquid Crystal display, with socket £9.40

DISPLAY PCBs — each of the four display PCBs below is £1.35
For clocks with 4 or 6 displays: PCB for DL704E’s; PCB for FND500’s
For counters; up to 8 digits: PCB for DL704E’s; PCB for FND500's

VEROBOXES

Two from the range of the attractive and functional cases from Vero

75-1410L 205 x 140 x 40mm £2.64 75-1411D 205 x 140 x 75mm £2.94
Red or Green Perspex for front panei of Box'J 30p; Red for box D 40p.

ETI DVM and Frequency Meter
MC14511CP £1.95 MC14553CP £4.07
CA3130 88p

MC14518CP £1.03

CMOS

CMOS from the leading manutacturers only — at new low prices

CD4051AE 0.77
CD4052AE 0.77

CD4081BE  0.18
CD4082AE 0.18
CD4085BE  0.59
CD4086BE 059
CD4089BE  1.27
CD4093BE  0.66
CD4094BE 153
CD40Y5BE 0.86
CD4096BE  0.86
CD4099BE  1.50
MC 4501CP 0.32

CD4000AE 0.17
CD4001AE 0.17
CD4002AE 0.17
CD4006AE 0.97
CD4007AE 0.17
CD4008AE 0.79
CD4009AE 0.46
CD4010AE 0.46
CD4011AE 0.17
CD4012AE 0.17
CD4013AE 0.46
CD4014AE 0.83
CD4015AE 0.83
CD4016AE 0.46
CD4017AE 0.83
CD4018AE 0.83

CD4027AE 0.46
CD4028AE 0.74
CD4029AE 0.94 CD4053AE 0.77
CD4030AE 0.46 CD40S4AE 0.95
CD4031AE 1.82 CD4055AE 1.08
CD4032AE 0.88 CD4056AE 1.08
CD4033AE 1.14 CD4057AE 20.35
CD4034AE 1.56 CD4059AE 10.64
CD4035AE 0.97 CD4060AE 0.92
CD4036AE 1.82 Eg:gg;ﬁ$1g.gg

4037AE 0.78 . /
234838;‘«!5 0.88 CD4063BE 0.90 MC14502CP0.98
CD4039AE 2.86 CD40O66AE 0.58 MC14508CP 3.58
CD4040AE 0.88 CD40678BD 9.31 ME14510CP 1.26
CD4041AE 0.69 CD4068BE 0.18 MC14511CP 1.95
CD4042AE 0.69 CD4069BE 0.18 MC14516CP 1.03

CD4019AE 046 CD4043AE 0.83 CD4070BE 0.18 MC14518CP 1.03
CD4020AE 0.82 CD4044AE 0.77 CD40G71BE 0.18 MC14520CP1.03
CD4021AE 0.83 CD4045AE 1.15 cD4072BE 0.18 MC14532CP 1.18
CD4022AE 0.79 CD40G46AE 1.10 CD4073BE 0.18 MC14553CP 4.07
CD4023AE 0.17 CD4047AE 0.74 CD4075BE 0.18 MC14555CP 0.74

MC14556CP 0.74
MC14566CP 1.21
MC14585CP 1.45

CD4076BE 1.27
CD4077BE 0.18
CD4078BE 0.18

CD4024AE 0.64
CD4025AE 0.17
CD4026AE 1.42

RCA 1975 CMOS Databook: 400 pages of data sheets and 200 pages of
circuits, applications, etc. £2.30 (no VAT) + 37p p&p
New Motorcla McMOS Databook £2.30 {no VAT) + 47p-p&p

CD4048AE 0.46
CD4049AE 0.46
CD4050AE 0.46

HARDWARE

SOLDERCON DIL SOCKETS for IC’s, displays. CMOS. TTL
The sensible low cost way for providing sockets. As they can be soldered on the conductor
side of the board, they are ideal for use with double-sided PCB

Strip of 100 pins for 50p. 400 for £2. 1,000 for £4, 3,000 for £10.50
7-way Boss Switch: 7 ultra-min. toggle switches in 14 pin DIL £2.60
20-way Colour Coded Flexible Fiat Cable £1 per metre; £8.50 per 10

=
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SPECIAL TO ETI READERS

* Solid state — no moving parts

* Quartz Crystal controlled, accur-
ate to 5 secs. per month.

* ONE YEAR GUARANTEE ‘WITH MODEL TLE3
EVERY WATCH. . % HOURS

* ATTRACTIVE PRESENTATION ' 7 gAE”c\:jéJTES <

GIFT BOX.
inc. VAT

Gold plated or ; THE

rhodium plated

Bracelet - JET BLACK ULTIMATE = &CI)I\SJLTEES
sTAINLESS sTEe. MODEL TLES . seconps
ANODISED * DATE
BRACELET * ALPHA DAY

5 CONTINUOUS r METAC INTERNATIONAL
LIQUID CRYSTAL ! CROSS LANE, BRAUNSTON, NORTHANTS

Tel: R
MODEL TLC4 el: Rugby 890672
* HOURS Please supply the following . . .

|
|
|
* MINUTES |
* SECONDS '|
* DATE
with unique Back Light |
|

I enclose cheque [ postal order [_] money order [ —

| wish to pay by Barclaycard/Access and my number is

J

Money refunded in full if not satisfied

1.Understand 2.Become 2
electronics. radio amateur.

Step by step, we take you through Learn how to become a radio-
all the fundamentals of electronics amateur in contact with the whole
and show you how easily the sub- world. We give skilled preparation
ject can be mastered using our for the G.P.O. licence.
A1~ unique Lerna-Kit course.
- | !\m—;‘\ ) )
r ﬁ e cﬂ’ (1) Build an oscilloscope.
o | (2) Read, draw and understand
I\ ' circuit diagrams.

L oolllli2]| (3) Carry out over 40 experi-
: | ‘ ments on basic electronic
! \@ig; i circuits and see how
\JEOO sf =) they work.
.5 == & WAA
fpapupepee—————————— T T F R 3 R Y R P P R R RO
Brochure, without obligation to’ .
BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL, Dept. ETL 125 |
P.O. Box 156, Jersey, Channel Isiands. i
NAME : , |
ADDRESS Block caps please [}
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ALTHOUGH the logic probe used
alone is a very valuable piece of digital
test equipment, it is limited by the
fact that it can only observe the logic
states that occur naturally within the
piece of digital equipment under test..

The logic pulser is a further valuable:
tool that is used in conjunction with
the logic probe. It's function is to
override the naturally occurring state-
at the particular circuit node under
test. That is, if the circuit node is
normally at the ‘1’ state, the pulser
will drive that node to a ‘O’ fora very
short period when the microswitch is
pressed. If the circuit node is normally
at a ‘0’, the probe will drive ittoa ‘1’
for a very short period when the
microswitch is released. Thus it puts a
short pulse into the circuit node"
regardless of it's normal state when
SW1 is pressed and released.

A fairly powerful pulse is required to
override the normal logic state of a
circuit node and care must be taken to
ensure that the devices either driving,
or being driven from that node are not
damaged. This is achieved by making
the pulse of very short duration. In
our probe the pulse width is 500
nanoseconds. Thus although the pulse
is of high current the energy released is
insufficient to damage normal logic
devices.

The probe must be suitable for
driving either TTL or CMOS that is, it
must operate from a supply ranging
from 5 to 15 volts, it must be capable
of operating into loads having a
capacitance as high as 1000 picofarads
and must supply a current pulse of
around half an amp. AIll these
conditions are fulfilled in the ETI 121

Pulser and the prototype has been -

tested by causing it to generate several
hundred thousand half amp pulses
without any problems. The probe is
quite capable of pulling two (in
parallel) high-power TTL ‘zeros’ to a
‘1" level and this is the most severe
condition it has to meet.

_ At the same time as providing high
level pulses, the pulser should not
draw too much supply current as some
CMOS supplies may not have much
additional capability. Under worst-case
conditions the ETI Pulser drew a
maximum of 10 mA.

The probe is capable of overriding a
normal logic state but is not capable of
overriding a point that is connected to.
ground or to a supply rail. Thus by
pulsing a node and at the same time
looking at that point with the logic
probe it is possible to tell if that point

2 LOGIC PULSER

Companion instrument to the logic probe.

A basic tool for digital servicing.

is shorted to either rail.

The logic pulser combined with the
logic probe is thus capable of
performing stimulus — and — response
testing of both TTL and CMOS logic
and of determining the exact nature of
a fault at a particular circuit node.

CONSTRUCTION

Construction is greatly simplified if
the printed circuit board of Fig. 2, is
used. This should have the
components assembled to it in
accordance with the component
overlay. Note particularly the polarity
of C1, and the connections of the
microswitch such that the
normally-closed terminal of the switch

is connected to the base of transistor'

Q1. Also make sure that a red lead is
connected to the positive rail of the
board, and a black lead to the negative
rail, to facilitate later connection.

We used the same probe case for the
pulser as for the logic probe. The
probe tip again uses a darning needle
and the microswitch SW1 is mounted
into the plastic filler tip as follows.
First check switch to determine what
the contact arrangement is. Attach
colour coded wires to the switch, to’
aid later identification. |f you use a
solder tube as a case you have to saw

the pulser.

off the nozzle and cut a slot for the
microswitch, Keep the switch as far
forward as possible to give more room
for the pcb. Line the tube end with
grease so that the filler will not stick.
Wire or tape the switch into position
and fill the end of the tube with
filler. Make sure there is a hole, for
fixing the probe tip by inserting the
polythene tubing which comes with
the solder. Roughly mould a nozzle.
After a couple of minutes this can be
carved with a knife. Then remove the
polythene tubing and insert the needle.
Fix this into the correct position using
more filler. When the filler is hard
the nozzle can be removed for filing
and sanding into shape.

Connect the probe tip and
microswitch leads to the board and,
after insulating the inside of the case
with cardboard or plastic as previously
described, insert the board into the -
case. Pass the supply leads through the'
plastic end piece and then fit both end
pieces and secure them in position.
Finally attach Ezy-hooks or crocodile
clips to the supply leads.

Keep the supply leads as short as is:
reasonably possible as excessively long
leads will degrade the performance of

Internal copstruction of the pulser.
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TO POSITIVE e '\/R\s/\/\
POWER CLIP T 2%7
—] ",
o B 0.33uF
Qi
BC107
=
e R13 TO PROBE
i N/Ck  N/O ——| 22kl TIR
com R7 o
TO NEGATIVE 6k8 8C107
POWER CLIP
Fig. 2. Printed circuit board
for the pulser. Full size
23 x 65mm, or 23 x 85mm.
If this board is made to w ’

23 x 85mm (same scale as o
shown here) it will not fit =g h‘\
into a solder tube case. In \ 5 ‘
this case the board should h =
be reduced to 65mm in
length (as shown below/.
To save confusion when
ordering the board ask for
ETI1121—-85 or ETI121-65.

HOW IT WORKS

: . TO PROBE TIP TO +VE POWER
The pulser is activated whenever SWi1 cLIp

microswitch SW1 is pressed. This b

switch controls thg state of a flip-flop 3 X Slnic

formed by transistors Q1 and Q2. @ o, €2 @ \

The flip-flop is necessary to prevent ~ c1 - O N/

contact bounce of the microswitch 5 @ (bmu ,

ey 8YE (o) com

from having effect.

The output transistors of the probe,
QS and Q6, which in turn are
controlled by Q3 and Q4 are both
normally off. However when the
microswitch is pressed Q2 turns off
and the rising voltage on its collector
is coupled, via C3, to the base of Q4
turning it on. This in turn, turns on
Q5 pulling the output to the positive
rail. This generates a ‘1’ pulse if the
point under test was at a ‘0’ level.
Resistor R12 provides a current limit
of around 500 milliamps. Due to the
small yalue of C3 the pulse output is
only about 500 naneseconds long,
short enough so that there is
insufficient energy to damage the
device under test.

When the switch is released Q2
turns on and the negative-going edge
is coupled to Q3 by C2 turning it on.
This turns on Q6 causing the output
to be pulled to the negative rail. This
gives a ‘0’ pulse which, like the ‘1’
pulse, is only 500 nanoseconds long.

The output from the probe is taken
via the paralleled combination of
R13 and C4 where C4 carries the
current and R13 discharges C4
between pulses. This network
protects the probe against the
condition where the probe is
inadvertantly connected to a voltage
which is above or below the logic
supply rails.

Resistor RS - isolates the

high
current pulse from the power supply,
capacitor Cl1 providing the actual
current needed.
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TO -VE POWER
CLIP

Fig 4. The tip of
the logic pulser,
made from a
darning needle,
a microswitch,
and a small
quantity of

car body filler.

SPECIFICATION
See page 33.

Fig. 3. Component overlay
for the pulser.

SW1

PARTS LIST

R12

Resistor
R,8,9,10,11 Y
4

Capacitor

Ve

Transistor

1 micro switch

4.7 ohm
120 ohm
1k2
2k7
3k3

6k8
22 k

82 pF
0.01 uF

YaW

ceramic
polyester

0.33 uF polyester

10 uF 25 V tantalum

BC107 or similar
BC177 or similar

2 crocodile clips, Ezy-hooks or Doram probes

PC board ETI 121
probe case (see text).

polyester filler (from a car accessories shop)
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ETI/HEATHKIT COMPETITION

HRST PRIZE

THE NEW HEATHKIT
10-4540 OSCILLOSCOPE

See the review
on-page 30.

RULES

This competition is open to all
U.K. and Northern Ireland
readers of Electronics Today
except employees of the mag-
azine, their printers and
distributors and employees of
Heath (Gloucester) Ltd, and their
advertising agents.

All entries must be on the cou-

SEGOND PRIZE

A HEATHKIT 10-4560
OSCILLOSCOPE

7 THE HEATHKIT

10-4540 (£99.90 IN KIT FORM) 'I'Hlnn

ANOTHER
10-4560
SCOPE

SHOWN BELOW IS THE

10-4560 OSCILLOSCOPE

This has a sensitivity of

100mV up to 5MHz. It

costs £69.90 in kit form

and is second and third
Sarpacoss prize in this competition.
onon.Lo8s - .

o mg wes -
. e wm

#

pon cut from the magazine,
photostats are not acceptable. As
long as the correct coupon is used,
readers may submit as many entries
as they wish.
The First Prize will be awarded to the MORE DETAILS FROM HEATH

first correct entry drawn after the clos-

ing dat‘e. t:ne Sect:ond Prize to thedsecond (GLOUCESTER) LTD. BRISTOL
correct entry, etc. No ‘correspondence
can be entered concerning the competition. ROAD, GLOUCESTE R,
It is a condition of entry that the judges GL2 6EE
decision in all matters is regarded as final.
The winners will be notified by post.
The answers and a list of prizewinners will

in a future i FETI . T f=siaas st
2P P htries should be sent to: ETI/Heathkit Send this coupon to ETI/Heathkit Competition,

FAR o e PRl 0 KL ET! Magazine, 36 Ebury Street, London SW1W
. OLWw.

HOW TO ENTER ! F R E E 'v}:s:gécégu

The four waveforms at the top of the
be found in the circuit below: —
r_page can be foun T.m_t ercwcuutil elow CATALOGUE! .+ o

TOALL
ENTRANTS WHO
TICK THE BOX
BELOW.

-

S5 CUE ol T T
R @

WAVEFORMS

|
|
|

bl Yy —
- —_—
= =] e e e e e e = - —— -

=== ¥t |

o — L J e | The catalogue contains SPECIAL OFFERS open
Where would you put the positive only to readers who send for the catalogue with
and negative probes from the this coupon!
vertical input (y axis) to get these Mame
traces? Mark your answers in the 4l ¢ NAME -« o
boxes on the coupon. Use the Address. . . ... ..

letters A, B, C and D in your
answers.,




Have you noticed how your’ ET1%s going up in size?
There have been 76 pages for two years — until *
recently. In November we added 16, in December
8, and January's issue will be another bumper
issue. The reason? ETl’s rapidly rising sales and
advertising enable us to do this without increasing
the price. And ETI| readers seem to be enthusiastic
- and Tech-Tips have been flooding in, so in the
January issue there will be a super large:

SCIENTIFIC T | L081C TESTER

CALCULATORS

used family has been TTL. But CMOS is
Just over a year ago the cheapest

rapidly gaining widespread usage and
any tester, to be of value these days, must

scientific calculator cost over £50. Today:

there are a vast number available for a

be able to test both these families. Our
fraction of the price — and with far, far more

unit is able to test both families, and is
capable of being used to breadboard and
facilities. This is a rapidly moving field, so
we’ve arranged for a thorough survey of the

test simple circuits based on single ICs.
market and give you ‘‘instant comparison’’

tables on the models now available.
We also explain the terms being used to

describe the calculations that can be made. . = B
The follow-up to this month’s feature

on the Active Crossover Unit and how to
couple it up to the 50W amplifier module

S band high gain Radiors0t0pe thet moelectric
wmtomna s 10 e conanrnes | (Nontunctuomiog
DNt N/ apusant | s
Magrulving mictar 7 N, makeup linex
/
FAatae altimeter ks Radionotope thesmoeiectric
etectianica umber § ( / genecator wind cover 121
Biatogy processo ‘ L E

At An updated version of our S0W unit

ol s
Senmameter apecsocoloTjigc

Aadiorsotope thet maelectnic

gece10r power saurce.
unge: covert (71

ON MARS 7 %

Stand tow au
NASA's Viking landers will soon be on ..,';f:.",../
Mars. These remotely controlled probes of =%

Tevmunal descent tanding

superb sophistication will carry out a wholée radar undaende of

Meteoralogy
boom sssembiy

Gas chiomatagraph mass
spectrometer orocessar

View
mreor 121

oy (s
. . . . Lander struciure) / experiment funnel

series of tests to find out if there is. or ever m)m.// o A(rm.s‘ of course) which can be used to

has been, life on Mars. In January's issue we T | S ;

- e . . 3 Radar attmeies sty nawmqmm])«‘.m) increase the power (and quallty?) of your

explain the mission and tests to be made. R iy -9 existing amplifier.

At the time of this issue going to press, the features mentioned ) Vi
here are in an advanced state of preparation. However, ORDER A COPY FROM YOUR NEWSAGENTS
cir including highly topical news, may affect the

final contems.'

electronics today
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Tl DATA SHEET

The TCA210 is a monolithic integrated

circuit comprising two amplifiers for use in Bias current (pin 2) (12) >200ua ABSOLUTE MAXIMUM RATINGS
intercoms and other audio systems. The first QUTPU A -
! h . ot A b ' T AMPLIFIER Voltages (pin 8 must be externally con
is-a high-gain pre-amplifier with differentiai nected to pin 16)
input and a class A output stage which can Open foop voitage gain (Gy) 500 Pins 3,9, 10, 14 17v
deliver 2.5mw into an 800{) load. The Input bias current (pins 5 and ; "i5 5
: 2 { ] Pins 1, 15, 5, 13 17V or Vp
second is a power amplifier with a class 8 13) Y2(15+113) 2uA Pins 1. 5 5V
output stage capable of delivering 500mw Unity gain bandwidth (with ’
into a 2582 load. Up to 800mW can be 6dB/oct compensation) (8B) 1MHz et
delivered into a 15{) load for short periods. Total current (dc; no signal; Pin 10 550mA
When there is no signal, the #urrent pin 10) (110) 4mA Pin 9 550mA
consumption is 8mA. Squelch provision Bias current (pin 7) (17) > 150UA  Pin 8 550mA
incorporated in both amplifiers can be used PERFORMANCE Pin 14 20mA
to ensure maximum battery life. Pre- i Pin 3 20mA
Jj| Treametifier . Pins 2,4, 6,7, 11, 12 5mA
Output power (R|_1=800.Q) (Po) 2.5mw Pins 1, 15,5, 13 0.5mA
Bandwidth (—3dB) (8) 4AkHz
SPECIFICATION Totalt current (114) 4mA d =
input signal (Vj1) 1.5mV =Ly o
Supply voitage (VP) 12v
Total current drain (ltot) 8mA input impedance (|zi) 5008} N t];-
PRE-AMPLIFIER Output ampifier
Open loop voltage gain (Gv) 10,000 Output power wq 2
input bias current (pins 1 and (RL2=253¢; dtot=5%) (Po) 500mw PACKAGE a(] 5
15) Y2(lj+115) 2.5UA (RL2=150) ; dtot=5%) (Po) 800mwW .
Unity gain bandwidth (with > , Bandwidth (—3dB) (8) 4KkHz 16 lead plastic DIL o] i
6dB/oct compensation) (8) 10MHZz 14543 gistortion (Po=50mW) -
Noise figure at (Rg=500{2 ; 8= (dtot) 1.5% G =
300 to 4000Hz_ (F) 4d8 Input signal (Vj2) 260 ~ :]"
Total current (pin 14) l14 4.0mA input impedance (|Z.|) 1.3k o
Current of current sink I 2.5mA  Total current (dc; no'signal; Typical advertised price ® ;]co
input stage pin 10) (t10) amA £1-70.
| :
e=CIRCUIT DIAGRAM
4 14 6 12 7 1" 10
0
i ; i i
ST T 1 [
|RL ' R8| IR9 | [rR11| |R12 WK
‘ II 0% ¥ 05 TR21 1 TR26
”2 1%4 | TRIL mgﬂ = "__,‘i |
Dt
— TR27
Ll o L . LKL
(<R22 TR29
TR? TR
-
m RS RS —{ 1re R12 rmv;}—' ; ——t i
I |
1—1__ ! H! I J mz: J_J °°
150t IRs ! s il
L,L | l {\tzs
z | TR18
R3 J——? — —{;rlmz RIS { Tr20 $O° -
{ #m | | | | ( nm
) |
09 | Yo
[es g JI._ __«{imo| | ’ |R|0 | L {wzs -
you | ! I J TR19 mo 017
|
wo—o & | l_ 3 — 1 | | J | _ ‘L
e e ] i l l_% |
S
— 2 3 S 13 8
e e ——
= AMPLIFIER FOR INTERCOM SYSTEMS som—
' v +12v
S10kA 56k 56k0
LY
squelch 180 squeich
1% '” 2] 10
Q—‘D—*—' pre-ampl |, 1,6uF T output-ampl.| 125pF
10pF of 10uF S6nF o
Slen TCA210 + - T sl reazo + #50pF
(S [ T 16 510 r{ 1 4 []ienal J1n
i 595F° 56 k0 L 1T
i pF | ¥ nF T
M & | ! :é:’ | ”3:’\ a ' Eﬂ
o
| l200n | T L "0pF ATpE ==
' ¥ i i ! ! g 1
b i i i ) S |
é
iivez
— = A
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AY-5-1224A 4 DIGIT CLOCK

GENERAL INSTRUMENT

The AY51224A is a P channel MOS
contalning all the logic necessary to make a
4 digit, 12 or 24 hour clock operating from
a 50 or 60Hz input. 1t has mulitiplexed

Ic

'BCD or 7-segment outputs and will drive’
LED, Fluorescent and Gas discharge dis-
plays with the minimum of Interfacing.

The package has only 16 leads.

1t features

zero blanking in the 12 hour mode.

The chip needs a single 15V supply and

the clock reads zero until the time is set.
The IC carrles it's own multiplex oscillator.

D §SE A

SPECIFICATION ABSOLUTE MAXIMUM RATINGS
§ 50/60Hz Voltage on any pin
g:gg:: mgﬂ: l:;t;?:?on'cy +0{SV to—zV with respect to Vss +0.3 to —20V
(Note 1) Operating temperature
Clock input logic '1’ —8V to VpD range 00C to + 700C
Multiplex clock frequency DC to 50kHz Storage temperature range —650C to +
e as 3)67 P dissipation (total) 1500¢
it Blankin 150US at 6. ower dissipatio ota
PUREE e : g Hz) (Note 3) -at 700C ambient 500mwW
Control inputs I,oglc Lk +3V to —1.5V (per output) 50mw
o (Vout= VoD ELECTRICAL CHARACTERISTICS
%v, |olt1t=|4mA)1' B, 50082 Vss - ov
utputs logic * eakage vea - —12 to —18V
Vout=—18V) 10MA _
ower consumption (Vpp Tamb = 00C to + 700C
=15 volts) 10mA
Note 1  The clock input pin nt\ayvbe taken PACKAGE 16 Lead DIL
positive with respect to Vss pro- 16 15 14 13 12 11 10 8
vided that the current is limited
to 100UA. The input will behave nnnnQon
like a forward biased silicon diode
in this condition.
Note 2 The frequency is determined by
an external capacitor.
Note 3 At 6.67k|(—)12 multiple:sgfguenc;:y .
the digit ON time is an
the OFF time is 150US. guuogull
1 2 3 46 6 7 8
B CLOCK WITH 0.3” LED DISPLAY w—
17V K7
—C ) —Jzn:nos
e e, N
—t l’
470K —— W
3300pF |
1N4001 ; 4 1 9 8 7

4 DIGIT 0.3" LED DISPLAY
{COMMON CATHODE}

AY.5.1224A T
000000~
6 (1 |16 s [ 13 |2 [ng
L4 ¥
- 0
o N
™
c P
N
B ¥
N
- —f 2n3904
L B
1 1
TT V- ING14
1} ]
6 " 508
- - - §
I 2z 2
2 E T z
2 2

JFILAMEN Rt
IN
SERIES

RESET
SET

MINS
47 Uk SET
470K HRS,

INfo1a

33000 ——

D+
A

SEGMENT OUTPUT

]

b |

MINS

AY=5-12244

oG
[

]

HRSx10

2. Vss
3. Multiplex oscillator
4, 50/60Hz input
5. VGG
6. Strobe output
7. Mx 4 output {Ten Hours)
8. Mx 3 output (Unit Hours)
9, Mx 2 output {Ten Minutes)
10. Mx 1 output (Unit Minutes)
11. Segment G output/BCD or 7
segment select

12. Segment F output/50 or 60Hz
select

13. Segment E output/12 or 24 hour
select 3

14. Segment D output/2™ output/
Complement input

15. Segment C output/2” output/
Reset input 1

16. Segment B output/2  output/

Typical Advertised Price £3.10 inc. VAT

| clock will be accepted. When connected to strobe via a

e
PIN CONNECTIONS

1. Segment A output/2° output/Set
Hours input

Set minutes input

Data supplied by General instrument.

PIN FUNCTIONS mmee=mmcm—

Pins 1 and 11 to 16 {Segment output A-G) are
muitifunction. During muitiplex times 1 to 4 they
function as data outputs, either 7 segment code or BCD
according to the display mode selected. During
multiplex time 5 (Strobe) they function as inputs.

Segment Qutputs A-G (Pins 1 and 11 to 16). In 7
segment mode the digits are multiplexed out on to
these pins. Normally the outputs are at logic ‘O’
{positive to display). Interdigit blanking for % the digit
time is incorporated for gas discharge displays.

BCD Outputs 2%23 (Pins 1. 16, 15. 14). In BCD
mode the digits are multiplexed on to these pins in BCD
code. Normally the outputs are at logic ‘0’ (positive) i.e.
code 0=0000.

Multiplex Outputs 14 (Pins 10, 9, B, 7). These pins
are successively switched to logic ‘0’ to select the
appropriate digit display. A fifth multiplex time (Strobe)
is used to enable the control inputs. These outputs have
interdigit blanking. The multiplex rate is 1/20th the
multiplex clock frequency

Strobe Output (Pin 6). This pin is used to enable the
control input keyboard. it goes to logic ‘0’ to enable.

Set Hours Input (Pin 1). When taken to logic ‘0’
during strobe time this input causes the hours counter
1o advance at the rate of 1 hour per second.

Set Minutes Input (Pin 16). When taken to logic 0’
during strobe time this input causes the minutes
counter to advance at the rate of 1 min per second and
the hours counter to advance at the rate of 1 hour per
minute

Reset Input (Pin 15). When taken to logic ‘0" during
strobe time this input causes the clock to reset to zero

Complement Input (Pin 14). When left open the
segments and BCD outputs will have normal polanty
When connected to Strobe output via a diode the 7
segment and B8CD outputs will be inverted

12/24 hour select (Pin 13). When left open the clock
will run in the 12 hour mode, when connected to strobe
via a diode 24 hour operation will result.

50/60 Hz Select (Pin 12). When left open a 50 Hz
diode 60 hz operation will result
BCD/7 Segment Select (Pin 11). When left open 7

segment outputs will be provided, when connected to
strobe via a diode BCD outputs will be provided.

50/60Hz Input (Pin 4). The master clock (50 or 60
Hz) is input to this pin® Hysterersis is provided on the
input so that the input wave form is not criticial

Muttiplex Oscillator (Pin 3). An external capacitor 1s
used 10 set the multiplex frequency. If required this
input can be driven by an external oscillator.

V $s(Pin 2). Positive supply line nominally O vV
VGG (Pin 5). Negative supply line nominally -15V
Power on Reset. At power ON the chip is reset to zero.

Counting will not start until either Set Hours or Set
Minutes has been pressed

=
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ERG 303D POWER DRIVER ELECTRONICS RESEARCH GROUP
W

A 20W RMS (MAX) ICI- The yanks have
managed It with the 303D Power Driver,
This is an operational transconductance
amplifier intended for use as the driver of a
complementary pair of output transistors
(see the 400W circult below!). The 303D
can Itself drive loads down to 4 ohms with
appropriate supply voltages. Virtually any
complementary output palr _Ean be driven;
then the fulli supply of T 50 volts is
allowed. In this mode the total amplifier
power Iis limited only by the volt-amp
ratings of the output devices.

The device features internal compen-
sation and a wide bandwidth. Crossover
bias terminals (T and T') are provided but
they can be left open if crossover behaviour
is not critical. The construction is epoxy-
cast and includes an integral heatsink.,

Supply Voltage

Supply Current
Input Offset

Input Bias Current
Slew Rate (R, = 8)
1kHz Harmonic Distortion

Power Bandwidth

(R = 8)
Small-Signal Band-

width

Input Impedance
Open-ioop DC Gain

(Rf =€

Input Noise 20Hz —
20kHz

THD at 1kHz

SPECIFICATION

when driving a MJ802/
MmJ4as pair at 100W

into 8

Supply Voltage
Output Current
Internal Dissipation

The price will be about £285.

I T HH ]
HHEHHH msun
I T 100w AMP EEREnEEE
& T =
B EEEEpEI
[P unnusun GIEEDE
8 o P ] ammn|
o 111 P4 ]
S 1 |BP 4B
< T i V. G
> ) o O i n
FaSeeesst
s ! 1:*;&;1[:
: o A i
g P 48ENl T
- et 4 -
x M_Hj}‘!.LJ_
£ O A ] 1 }__ -
HHHHH i
111 T T
11TT] 11 [_tJL1 __.Lf—
2 4 P 16 32 64

Rp Load Resistance (Ohms)

Graph 1: Maximum Allowable Supply
(V1) versus load for Sinusoidal Output.

.

PACKAGE
t9v to £ 50V see
graph 1
adj. to 15SmA
20mV max.
SélA max.
15V/L sec. 10 ERG -
9 303D
15W RMS (RL = 8) 0.01% see graph 2 g
80kHzZ H ap—
3
200k f
200k
80dB :
10
0.62% (0.1% max)
[o}
— 11367 — = {—
PIN CONNECTIONS
tsov bC 1. (+) Input 7. C— Negative Bias
;’o’\\/vmi?lss‘t)ﬁfk 2. (=) Input 8. B— (Negative Base Drive);
air 250C. 3. V+Supply 9. C+ Positive Bias
4. V—Supply 10. 5+ (Positive Base Drive)
g' .."-_ Croéssover
20 WATT AMPLIFIER

INPUT

ABSOLUTE MAXIMUM RATINGS

Shortly to be available from Ambit
International, 37 High Street,
Brentwood, Essex.

|

1 5w

fn 5w

+—
ouTPUT
|

i

J

T r 1
1‘ ] i“r* 1T
SeEssazasnanant
SN T E 4 4 '
- EEEERERERAN
|t

T

.q2

T,

.Orl

Total Harmonic Distortion (%)

41344

~ P 1 S
) 11T 1
(e

t_‘
"10 100 1000 10K 100K
Input Frequency (Hz)
Graph 2: THD versus frequency {typical)
for 20 and 100 watt amplifiers at full
power.

o
&

NEEFL EAl SEEEEE|
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T T
I’;Ni\‘{"‘i""“_:""*‘_*"“" -
TN |

1

b

!

1t +
o M1 e . { ;
S ; BEANEEERERIENE
S B
sman _—'—*—1 T '; Open-Loop T 1711
Small-Signal

i o T

A (dB)
T
i 1
: H
H
1
\
!

Frequency (Hz)
Gain Versus frequency. {200V Amp).

504t

|

'

The resitors in series with CT terminals provide current limiting at 1 = V+/R3 for Bt

50 uf

f—oc
ouTRUT

47K

outputs. Adjust R2 (200--900

) for current limiting.
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ZENERS

741s V.U. METERS

WANT TO KNOW MORE? For full details send a 9 x 4'* S.A.E

DEPT ETI
PO BOX 3
ST.NEOTS

HUNTINGDON
CAMBS PEI9

-3JB

e € WHILST Standard valves 2.7v 1o 15v, 400mw  B-pin DIL First grade devices from well  Mowng coil meters. scale 36 x 21 mm
? ? Devices known manufacturer Overall 40 x 40 mm, 4004A approx
SY o STOCKS LAST ony 8 Griv 209 fEap T
LINEARS
TRANSISTORS Mcho-tomE 100p
B8C182 10p . and now the MECA000B 700
BC184 " 00(] 8 00
eaod e As demonstrated "‘Live’’ at £G1e850 2908
8C209C 11p . .
. | MINISONIC Il e dusio Far 1975 | G 1
BC214 16p 723 180p
MPS.LO1 39,
MPS.L51 ap . RESISTORS
MPS.UO7? 69p ELECTRONIC MUSIC Tngl'e rated high
Mff;‘&f’ ?:p SYNTHESIZER stability carb(gnf fi|7m
T P or 7p
ZTX500 17p L o E24 values for R7 to
Zn2209 gf: Based on the original P.E. Mini- 3M9
2N2904 30p sonic the Mark Il is a three-octave Metal oxide half watt
e 1505 | Keyboard instrument which sets new 12 values 5,’8’,_"%
standards of performance and flexibility. De- 1ME
] n .
cazosst Y g, | signed for construction by the amateur elec- ggg:r:‘;‘:o"r":}:“s
. . ‘o - . [ e . mm, hn.
CA3096AE 120p tronics enthusiast or “"do-it-yourself’" musician the Minisonic 1| and log. 5Ko 10 1Mo
DIODES has.a truly “professional’” sound which has to be heard 25p
pares f?,: to be believed. \é\:\l'vevofloa.u;d'o12\/\é,'(lnn,
TNg14 5p Star features include: n:,, recision 82
1N5401 21p . * Variable portamento. = P ! 4
18450 12p * Pre-tinished case including front panel and solid wood end cheeks . SETS
* Push-button patching bling accurate and rapid selection of * Two “span’’ ranges enables rapid switching from equal temp ent Carbon, horizontal
2 J(ZNOISE DIODES {nodulauo;e%r sngnal\r/ré\ging;g Soen scale to any pre-programmed semitonal frequency increment miniature, all values
1J@Zs)) 75p * Two exten range s 7 — z 1 h te LEDs t ive visual. indication of
™M 120p * VCO synchronization facility enables ~phase-lock’" to be achieved up o i:“::;‘; :‘;epers CCCTO 9 N ERE MR G éor(r)nﬂe:o:o’\rnizzomal 10
10 the ninth harmonic. An invaluable asset when chording in ) (AL g
RECTIFIERS conjunction with ring modutator Stable over the entice oscillator * Stereo outputs with provision for cross-panning miniature, all values
EA100/10 100p range * Built-in headphone amplitiers 100R to 1MO a5p
MDAS42A 210p * Mutual cross-modulation between VCOs enables the production of a 09 (G et Cermet, rectilinear 20
RECA1A 120p wide range of complex waveforms. Used in conjunction with ’ turn, alt values, 10R
:gg_‘,g 25%p synchror.\ila!ion fmxduces an incredible range of sounds * 110V/240V mains operatlon or by battery. o SbOK J 128p
For first-time builders we offer a complete kit of parts to construct this fabulous instrument RESISTANCE WIRE
0 83;' AMES 30 Why not convert your original Minisonic? Conversion details and part-kits available. . Constantan, 0.0293
o (n; 0'5) 39p Buy it ready made. A more expensive proposition but idea! for those who can’t wait to get started. Ready-built instruments ohms per metre.
741 (8-dil) 24p carry a full year's guarantee and come complete with instruction booklet and seven free lessons for those able to get to 20cm 10p
748 (8-di) 48p London to take them. Per Metre 4
Op

TERMS: MAIL ORDER ONLY

C.W.0. MINIMIM ORDER £1.00

VAT. Please add 25 % to value of order inc. p&p.
unless otherwise stated. Cheques or P.O.s payable
to Eaton Audio.

Orders over £5.00 free of p.&p.

Otherwise please add 10p in the £1.00.

D

2]

TRAMPLS

MONEY BACK IF ¥OT SATISFIED.
LARGE STOCKS. LOW PRICES,

ALL BRAND XE¥ TOP GKADE FULL
: SPEC DEVICES.CALLERS WELCOME,
WINDSOR ,BERKS. CATALOGUE/LIST FREE SEND SAE,
58/66 GROVE RD: BARCLAYCARD & ACCESS x BOST.

SEND C.W.O. ADD VAT TO ALL PRICES IN U.K.pgp 15p. EXPORTS 60p..

Elecironics Lid.

Digtal Displays g

LA7 RED LED 0.3
DIGIT 0-9DP 80p
GREEN&YELLOW 1.1

JUMBO LED 0.6
DISPLAY v2.25 ea

3015F 0-9DP £1 ea.

ZENON FLASH TUBE
3. .Data 15p.

LEDS 209 STYLE
TIL 209 WITH CLIP RED 15p ea

ONLY 13p ea
TIL. 211 & CLIP GREEN
LARGE 0.2" & CLIP RED
LARGE 0.2 CLIP GREEN 30p ea
209 STYLE OR _2"ORANGE 239p ea
INFRA RED LED ¢1,2N5777 33p.
&v

TEC12 PHOTO AMP/SCMITT/RELAY
DRIVER or LED TTL INTERFACE 81p

20p
17p

ea
ea

8 WATT 13" ¢3. 13W €3.50

UIGITAL CLOCHKH

IC AY51224 4 DIGIT CLOCK ¢3,75
MM5311/4 6 DIGIT CLOCK ¢7

CASSETTE .~
mechanics

NEW 8tk CARTRIDGE MECHANISY ¢8
STEREQ CASSETTE MECHANISM ¢13.75

290

44

ea

747

INTEGRATED
CIRCUITS

FLUORESCENT LIGHTS 12V MADE IN UK

709 DIL14 20p LM377 2x2We2 87
A55 TIMLR 51p LM380 2W AF 8&9p
703 RF/IF  28p  LM341 2xPre 2
709 ‘foug 24p  LM3900 1XOPAGOp
700 DIL 14 28Bp  wC1303 vr.an
710 DIL 14 34p  wC1306 19p
723 Reg. 51p  MC1310&LEDt2.65
7141 DIL 8 27p  WC1312 SQ v2.10
711 DIL 14 28p  MC1330 Gop
741 TOO9 29p  WMC1330 2xPre ¢
717 2x711 70p  YC1350 55p
748 DIL B 33p 36 fetOPA £2
7805 5v ©1.40 Driver 1
7812 & 15 ¢1.40 2vRef 79p
76013 6W AF €1 Timer 55p
8038 SIG GEN (3 2x7 ¥1,20
CA3028 £1 PLL £3.15
CA3046 5p PLL ¢3.15
CA3048 €2 PLL
CA3052 £1,50 NE563 PLL y:
CA3054 €1 SN72700 700 28p
LM300 2-20V €2  SN72711 741 26p
LM301 OPA 16p  SN72748 748 33p
LM304 0-40V <3  SN76660 IF ¢l
LM307 OPA  18p SN76611 IFv1.25
LM308 HiBo 95p TAD110 &IF 2
LM300K 5V v1.48 TBARLO 7WaAF uup
LM372 IF  ¢1.R0  7ZN414 RX £1.00

SPECIAL OFFERS

2N3n55 FULL HIGH SPEC 115W 37p

741C RPIN NIL 27p.MFCi000B 33p
NE555 TIMER 55p.ZN414 RX ¢1.09

BC109 9p.2N3819e 16p.BFY51 15p

bkt 7473/71/76 29p
7400 GATES 13p 7175 15p
7404 INVERT 17p 7190 52p
7401/2/10etclap  7401/2/3/4 &9p
7413 SCMITT 31p 74100 74175 ¢1
7440 BUFFER 14p 74121 32p

7447

Suitable for 'PW ASCOT' recorder RRIVERA9R] e 29p
with heads etc.SEND 15p for DATA 7470 & 7472 29p  74141(&7441)73p

TRA&N:: (s’ :g :s vero wrly

COPPER CLAD VEROBOARD O, 1
each

Price

MATCHI! -
AC127 & 128 1op yrcAlIC snigp 24"x5" 20p 23x3]" 26p.3}1x37"31p.
ACIB7 & 188 lop . o 70" 31"x5" 31p 3ix 17" £1.50
AD149 180 1ip e 480 DIL IC's BOARDS Gx43" £1.50
ADI61 & 162 33p 110 32 905 24 way edge connector 60p.
gg:gg & 108 12p TIp 30:“ 55p 36 way 90p, PLAIN 31"x17" ¢1.
¢ o] i s _
BC117/8/9 - lop  TIS13 seezizess FACE CUTTER 45p,FEC ETCH PAK 50p
BC157,8/9 12p 2TX109&301 13p m ﬁ@ 69
BC167/8/9 l2p 134001 ip 04 Pen@ O
BC177/8/9  18p  1N4001 & 7 7p  pRINTED CIRCUIT BOARD KIT t1.69
BC182/3/4A&L10p  IN1118 & 914 4D nppcoy YO MESS ETCH PAK NEW 69p
BC212/3/444L11p  2N697 4P pECON DESOLDER BRAID REEL 59p
BCY70/1/2 17p 2N70688 11p HEATSINKS
BD131 & 132 39p 2N¥2646 UJT 32p
BFR51 2N2904 & ° 20p 5F/T05 & 18F/T018 Sp ea.TV4 15p.
BFR50/51 23p  2N2926royg  9p  TV3/T03 16p.EXTRUDED 4~ 4Y1 29p.
' T 2X3053 1 3
BFRS0/51 23p  2N305: p
BFRAS 250V 29p  2V3055 114W 37p TGS308 GAS DETECTOR €1,80 ea.
JFY50/1/2 15p 2N3563 & 64 16p LOGIC PROBE TTL TESTER PEN
o ) 2N3614 49p
BSX19/20/21 16p 2¥3702 ¢ 3 op CAPACITORS
MJE2955 90p  2N3701 & 5 10p CERAMIC 22pf to 0.luf 50v 3p.
MIE3055 A5p  2N3706 & 7 9p  FLECTROLYTIC:10/50/100 uf in
MPU131 PUT 19p  9N3708 & 0 8p 10v 5p.25v 6p.50v 8p.2uf/10v 3p.
8:2% °"3,§m ‘:p 23710 & 11 10p 1000 uf/25v 18p.200/500 25v 9p.
& OA P 2N3819E FET 16
TIP 29 & 30 52p ov3s23k rer 175 POTENTIOMETERS (POTS) B or EGIN
TIP 31 & 32 69P  2N3004/5/6 15p  LIN or LOG ROTARY 13p.SWITCH 14p
FULL LECTI?V IN > FREE LISTS. DUAL 45p.§L|DERS 29p.STEREQ 57p
KnoBs 7p.PRESETS 6PRESISTORS 1ip
NEW TRAMPUS FULL SPEC PAKS SWITCHES: SPST 18p. DPDT 25p.
bAx B 19 BED LEDS our choice i1 1y pyas aLL 12p. SockeTs 10p
AK B 4 71 v : '
PAK C 4 2)130.150?1?:)”)12 BC109 ¢1| LI cases ams/asz 50p.aB13 65p.
PAK E 10 BC182 ¢1.F 11 2N37n4 1| TRANSFORMERS 1A 6v6v or 12v12y
PAR G B BFY51 «¢1.H © 2N3819ec1{ Only €1.34.100mA type CT 75p,
PAK J 9 2N3053 ¢1.K 40 1No14 ¢1 D'L SBCHE"S

BZYR8 400mw 14/30V SCR  36p  TEXAS GOLD

7ZENER DIODES 9p TAG1 /100 55p LOW PROFILE ea
BRINGE RECT SL?“;OE\Y SCngl Dalidglh MG B
14 Hov 200 g5cl46p TRIAC SOLDERCON STRIPS
BR100 DIAC 23p 104 100 75p 100 PINS 50p.1K €3.

|
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slide

ET1 OFFER PRICE

INCLUD

| electronic

rule

RECOMMENDED RETAIL PRICE: £22.95

5.95¢

ING VAT & CARRIAGE

‘At ETI we get enthusiastic about most of
the calculators that we see and have made
three available on offers in the past. We
make no apologies for introducing yet
another type — a brand, spanking new
model which is due to be announced only
after this issue goes to press! The Novus
3500 Electronic Sliderule offers facilities
that, even at today’'s cut-throat prices,
makes it a bargain at the suggested seli-

ing price of £22.95 but we have been,
readers to

able to arrange for ETI
make a massive saving from the word
go on this fabulous model. Compare
the facilities with other modeis
available — it'll convince you of the
bargain you’ll get!

MAIN FACILITIES
8-digit LED display.
RPN (Reverse Polish Notation) with
3-level stack.
Full memory.

N —

W

logs.

Full trig facilities operating directly
in degrees.

y* function.

Direct square root key.

Instant reciprocals.

x-y key: interchanges stacks.
Change-sign key.

7 key: 3.1415926.

Usual arithmetic functions.

[&)]

=N =0 =
N=0000ND

Operates with natural and common

OTHER FEATURES
13 Display converts to decimal points
after 30 seconds (if no key is
pressed) to save battery — contents
unaffected. ’
14 About 15 hours from 9V alkaline.

battery; low battery indicator
(Battery supplied).
15 Exceptionally clear 44-page

instruction manual.

(This specification may mean little
to readers unfamiliar with current
scientific calculators — and
remember that a 44-page manual
is necessary to explain all the
operations it can handle!)

AVAILABILITY

ETI's offers in the past have sometimes been
so successful that the initial estimate has
proved wildly wrong. 2,000 units are being
stocked for this offer initially. If orders exceed
this every effort will be made to meet orders

~ promptly but delays may result and it may be
necessary to return money if it looks as
though over long delivery dates will resuit.
See next month’'s ETI for the current
situation.

For security reasons, stocks of this
calculator are not being held at ETI
offices for callers.

The 3500 can be used with Novus

Mains Adaptor, available from all Novus
" retailers for £3.95 (Mains Adaptor not
,available through ETH).

—l

————————CuT COMP
" To: ETI/Novus Offer - '
Electronics Today, -

36 Ebury Street, . - .
London SWIW OLW .

for my Novus 3500.- ~ -

LETE COUPON- — — — — — — — —

I This goupon will be used to dispatch yom_f}
. calculator. The offer is strictly limitéd to oné
Novus. 3500 per - coupon. ' Orders. will be
.| ‘despatched as soon as possible but please|

Piease find enclosed a cheqﬁa’/ﬁ) mrﬁils.95‘|_almw 35 days for delivery and read note on
[payable to Electronics: Today: International) |',avaiiahility. I

Offer closes December 31, 1975 !
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THERE ARE TWO WAVS
10 MAKE PROJECTS

BOTH WORK. . .

SOMETIMES.

Here you can see one way. The
chap in the picture is trying to get
his home made radio to work.
He might succeed.

The other way is to take regular
copies of ETI. The only sure ways
to do this are (i) place a regular
order with your newsagents, or
(ii}) send us the coupon below.
And may vyou bhave successful
projects for years to come.

e e o =T e e e
ITo ETI Subs, Electronics Today,l
| 36 Ebury Street, London SW1W |
| oLw.

Please send me the
of ETI, | enclose
overseas).

next 12 issues
£5.00 (£5.50

|Name.............

|
|Address............

Dec. 75—|
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Sparkrite " was voted best of 8 systemns tested by Popular Motorng Magazineg

ORDER NOW

ELECTRONICS DESIGN ASSOCIATES DEPT ETI 12
82 Bath Street. Welsall. WS1 3DE. Phone 33852,

FROM Name.

Address ...

SPARKRITE MK 2 DIY Assembly kits & £10.83 =
SPARKRITE MK 2 Ready Buitt Negative serth ¢ £13.86
SPARKRITE MK 2 Reedy Built Positive sarth @ £13.88
Ignition changeover switches ¢ £2.78

R.P.M. Limit systems in the sbove units @ £2.42

| enclose cheque/P 0.8 for £. oo
Cheque No. ...

"(Send SAE i brochurs oaly required)
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The tried, tested, proven, reliable, complete,
professional, capacitive discharge,

Electronic Ignition K

Sparkrite MK2 is a high performance, high quality, capaci-
tive discharge. electronic ignition system

Because of the superb design of the Sparkrite circuit it
completely eliminates problems of the contact breaker.
There is no mistire because contact breaker bounce is eli-
rninated electronicalty by a pulse suppressioh circuit which
prevents the unit firing if the points bounce open at high
R.P.M. Contact breaker burn is eliminated by reducing the
current to about 1/50th ¢f the norm. it will perform equally
well with new, old. or even badly pitted points and is not
dependent upon thé dwell time of the contact breakers
for recharging the system. Sparkrite incorporates a short cir-
cuit protected inverter which eliminates the probiems of
SCR lock on and therefore eliminates the possibility qf
blowing the transistors ar the SCR. (Many capacitive dis-
charge ignitions are not completely foolproof in this re-
spect.)

Sparkrite can therefore give you -

up to 20% better fuel consumption, instant all weather
starting, cleaner plugs - they lsst up to 5 times longer
without attention. faster acceleration. higher top speeds,
fonger coil and battery life. efficient fue! burning and less
air pollution, smoother running. continual peak perfor-

_mance.

THE KIT-COMPRISES EVERYTHING NEEDED
Ready drilled pressed stee! case coated in matt black epoxy
resin. ready drilled base and heatsink, top quality § year

PATENT  PENDING

Ei

P
i t
guaranteed transformer and components, cables. coil con
nectors, printed circuit board. nuts, bolts. silicorr grease.

full instructions to make the kit negative or positive earth
and 10 page installation instructions.

OPTIONAL EXTRAS

Elactronic R.P.M. limitation.

This can be inctuded in the unit to nreven®
an advantaqe to most companies, hire figms
mance drivers etc.

Electronic/conventional ignition spvitch.
Gives instant changeover from “Sparkiite” ignition 1o cor
ventional ignition for performance 11NBANSONS. static tim
ing etc.. and will also switch v anition off zempletety
as a security device. Includes: switch 1ectors. 1.ounting
bracket and instructions. Cables extucted

ver revwng
high prrfo

PRICES

DY assembly kit £10.93 inct. V.AT post and packing
Ready buit unit £13.86 incl. V.AT. post and packing
{Both to fit all vehicies with coil/distributor igniton up to
8 cylinders.

Switch for 1ystant changeover fry Sparkrite  ignition to
anventional ignition £2.79 incl. V.AT. nost and packing
R P M. limiting control £2.42 incl. V.A.T post and packing
(Fitted in case on ready built unit, dashboard mounting
on kit.}

CALLERS WELCOME
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Cc60

£2.79 | £5.43 £10.18 [\ CF ezon

- 9 - -
MECISS for ) TEXAS TTL
Mn M McMos®
/MOTOROLA 74 SERIES
MC14001CP Quad 2 Input NOR 18p
MC14002CP Dual 4 input NOR 20p SN7400N Quad 2 Input NAND 16p
MC14011CP  Quad 2 Input NAND 18p SN7402N Quad 2 Input NOR 16p
MC14015CP Dual 4 Bit Static Shift Register £1.26 SN7404N Hex Invertor 19p
MC14017CP Decade Counter £1.22 SN7413N Dual NAND Schmitt Triggers 32p
MC14021CP 8 Bit Static Shift Register £1.26 SN7447AN  BCD To 7 Segment Decoder Driver 95p
MC14023CP Tripte 3 Input NAND 20p SN7472N J-K Master-Slave Flip-Flop 26p
MC14027CP Dual J-K Flip-Flop 86p SN7473N Dual J-K Mastet-Slave Flip-Flop 30p
MC14042CP Quad Latch £1.26 SN7475N 8 Bit & 4 Bit Bistdble Latches 50p
MC14046CP Phase Locked Loop £1.85 SN7490N Decade Counter 50p
MC14049CP Hex Invertor Buffer 61p SN7493N 4 Bit Binary Counters 50p
MC14510CP BCD U-Down Counter £1.40 SN7495N 4 Bit Right Shift Left Shift Registers 70p
MC14511CP BCD 7 Segment Latch Decoder Driver £2.12 SN74121N Monestable Multivibrators 35p
MC14528CP Dual Monostable 96p SN74122N Monostable Multivibrators 45p
FAIRCHILD NATIONAL MOTOROLA
14 Pin DIL Var. Voltage - SEMICONDUCTOR 14 Pin DIL Coiless Stereo
Regulator 55p 14 Pin DIL Stereo Pre-Amp. £1 65 Decoder £2_ 1 0
A PR » . 5
FAIRCHILD g iyl 3y MOTOROLA
8 Pin DIL Op-Amp 30p ol 40:0 4 Watt Audio Amp. 75p
EMI CASSETTE TAPES
FERRANTI SIGNETICS
Radio Chip £1 _25 SOUNDHOG 8 Pin DIL Timer 60p
NATIONAL 5 10 20 NATIORAL L
: SEI\1/I4I§0[IJ\IILI)1UCTOR C60 £2.30| £4.50| £8.46 SEMICONDUCTOR
0 paty £1.20 14 Pin DIL Quad Amp 69p
Audio Amp - Cc90 £3.18| £6.25|£11.20
NATIONAL H! DYNAMIC
SEMICONDUCTOR _ _ : ,EUROSIL
24 Pin DIL Clock Chip ~ £4.35 5 10 20 e ockChp o7 78

C90

£3.68 | £7.18 [£13.46 | ol Sody 1o

LC. €120

£5.22 £10.15 £19.03 80 Ranges 1% accuracy

fields f measurement and

Damped movement. Mirror

INSERTION TOOL

14 PIN DIL SOCKETS 16p et

shatterproof case

Aligns pins for LlTR 0 N Ix £19.98

(AL (S e 71 Segment LED Displays Microtest 80
Pocket Precision
£1 -45 DL707 common anode DP left Multimeter 20KQ/V. 2%
o Accuracy. 40 Ranges
DL704 common cathode DP right Statterproot Case- e
- care to-zeroing ochms
EXTRACTION TOOL 4sp £1.80 each. 4 for £7. range. °
6 for £10 £11.88
Yy MOTOROLA SMALL SIGNAL PLASTIC
TRANSISTORS (T0O 92)
Type No Polanty Vceo teMAX hFE Price q l“ I H n D K I Ts
vde mA dc @vl:::efgl:’ic o
Sc238 Nen 20 oomt | 130800 12 UK105/C FM Microtransmitter £8.07
2% i = Linse 1% UK220 Signal Injector £3.53
BC30 e % 200ma 105360 28 UK230  AM/FM Antenna Amplifier £4.16
BC309 PNP 20 | 120460 15p UK285 UHF/VHF Antenna Amplifier £8.87
o My 43 150mA Jeo220 2 UK302 4Ch. Radio Control Transmitter £17.50
BC319C NPN 20 300 Pk 420-800 20p UK345/A Superhet R/C Receiver £8.81
3C320A R : 150mA 110220 20 UK325 GXC 2Ch. R/C Splitter 1000Hz. &
31228 PNP 300 Pk 200-450 20p 2500Hz. £8.34
o~ T o T o UK330  GXC 2Ch. R/C Splitter 1500Hz. &
IR LR | =S 2500Hz. £8.34
peN 2 e UK555 Radio Control Strength Meter £9.65
NPN 45 JoomA 20.450 130 UK780 Electronic Metal Detector £11.65
BC349 NEN % " ) 129 UK875 Capacitive Discharge Electronic
hEaaT o % 14 Ignition Kit Neg. Earth £17.33
8C352 PNP 20 15p
/ %) (2 283 Edgware Road, London W2.
Tel. 01-262 8614
Hours of business 9.30 - 6.00
Monday to Saturday Callers welcome
ELECTRON'C ALL PRICES INCLUDE VAT PLEASE ADD 20p P & P
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OPERATIONAL AMPLIFIERS are

small in size, provide very high, stable
voltage gains, and are readily available
“at well under 50p each.

- Unfortunately these  immensely
practicable -devices tend to be
described by their manufacturers and
countless technical writers in terms
that are virtually meaningless to the
- home constructor.

The purpose of this short series of
three articles then, is to show, with the
minimum of theory and mathematics,
how to extract the essential
information from data sheets and how
to apply it to practical designs.

The units to be described, each using
a single operational amplifier, are a
compact sine-wave audio-signal
generator, a high-impedance audio
amplifier (with various switched
frequency-responses available) and a
dc amplifier to increase the effective
sensitivity of an ordinary 1 mA meter
to 10 uA fsd.

Each of these units can be run from
batteries or any other suitable source;
however, since operational amplifiers
usually require dual supplies (which
could become expensive if batteries
were used for long) the first actual
constructional project will be a power
supply unit giving * 12 V fully
stabilised and short-circuit protected.
This latter feature is rather important,
for the operational amplifiers to be
used have their lead out wires only 2.5
-mm apart which, in experimental
setups, will, sooner or later, lead to
short circuits of the supply rails by
solder blobs, touching wires etc.

Accordingly, a protected power
supply, specifically designed for use
with op amps and  which
automatically reverts to correct
operation on removal of an unwanted
short-circuit is essential.

WHAT IS AN OPERATIONAL
AMPLIFIER?

Originally, the term was used to
.describe an amplifier suitable for
performing mathematical operations in
analogue computers. It has since come
to include almost any high-gain dc
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In this down-to-earth series, J. T. Neil
explains the basic theory and practical
applications of op amps.

amplifier capable of having its actual
performance, in terms of gain,
frequency response  and  input
impedance, determined by external
components arranged to provide
feedback (usually negative feedback).
An ideal op. amp. has the following
characteristics: —

1., Infinite gain

2. Infinite bandwidth

3. Infinite input impedance

4. Zero output impedance

5. Constant phase shift between
input and output.

Obviously, such a device is
impossible in the real world, but it /s
possible to manufacture amplifiers
that have gains etc. So large, and

Fig. 1a. Inverting amplifier.

Fig. 1b. Inverting amplifier (high gain).

o——

Fig. 1c. Non-inverting amplifier.

T R SR S T NI SR RS T

PART 1

pS

output impedances so low, that any
departures from the ideal have little
effect in practical circuits.

For example, if a working gain of
100 is required and the op. amp. to be
used has a gain (without feedback) of
50 000 then 50 000 <+ 100 (500) is
such a large margin that we can say
that, for practical purposes, the
reserves of gain available are so large
that the gain is infinite. Similar
reasoning applies to the other
parameters whose ideal values were
mentioned earlier.

FEEDBACK

Operational amplifiers are most often
arranged to function with negative
feedback applied, although there are
cases where either no feedback, or
indeed positive feedback, is employed.
The op. amps. we shall be considering
have, in fact, two input terminals, and
feedback is considered to be. either
negative or positive according to which
of these inputs it is connected.

The two input terminals are arranged
in the following manner. Consider that

-one input terminal is earthed; then if

the application of a positive going
signal to the other input results in a
positive going output signal, then that
latter input terminal is termed the '+
ve'’ input terminal. Conversely, again
with one input earthed, if the
application of a positive going signal to
the other input results in a negative
going output signal, then that latter
input terminal is termed the ‘‘—ve’
input terminal. Sometimes the +ve
input is called the "non phase
inverting” input and the —ve input is
called the “phase inverting’’ input.

By convention, the op. amp. itself is
shown as a triangle, with the output
being taken from the righthand apex;
the two inputs are on the left, one.
input being the —ve and the other the
+ve,

The arrangement of Fig. 1a will
result in a phase reversal of the signal,
while that of Fig. 1c will not.
Accordingly, the first configuration is
called an “’inverting amplifier’’ and the
second a ‘“non-inverting amplifier”.
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TERMINOLOGY

Op. Amps have their own terminology
which need expanation. These are freq-
uently used when dealing with op. amps
and without explanation could cause
confusion. The terms are necessary
because these devices do not have the
ideal characteristics referred to earlier.

Open loop gain is the voltage gain of the
amplifier at low frequencies with no feed-
back applied, ie with the feedback loop
open. The value of 50,000 used as an
example earlier is the open loop gain of
the amplifier discussed.

Closed loop gain is the voltage gain of the
amplifier when negative feedback is app-
lied, ie with the feedback loop completed.
It is thus the gain of the whole circuit and
is analogous to the stage gain of valve and
discrete-transistor circuits. The value of
x2 we use below is the closed loop gain
in that case.

Input bias current is that current that
must be fed into the input terminals in
order to make the output voltage zero.
The current is necessary since the input
transistors of the op. amp require some

DR

base current, however small, in order for
them to conduct and so amplify.

Input Offset Voltage is that voltage that
must be applied across the input terminals
to make the output voltage zero. It is not
usually as important as input bias current
in the type of application that we shall be
considering.

Common Mode Rejection is a measure of
how good the amplifier is in rejecting
signals applied to both inputs together.
Once again, we will not need to pay great
attention to this characteristic in our
applications.

Frequency Response is usually quoted by
stating the frequency at which the voltage
gain falls to unity; it is then normally
assumed that, as the frequency is reduced,
the gain rises at a rate of 20dB per decade
(i.e. the voltage gain rises by a factor of
10 for a ten-fold change in frequency)
until it reaches the open loop value. It
is then possible, with a knowledge of the
open loop gain, to sketch the frequency
response, see Fig. 2. Operational amp-
lifiers have a response down to zero
frequency, that is, they are dc amplifiers.

Towards the top end of the frequency

4“

range, slewing rate becomes important.

Slewing rate is the fastest rate of change
of output voltage that the op. amp. can
generate. Provided that the output voltage
swing is small, say 1V peak-to-peak, the
slewing rate limitation is unlikely to be a
problem, even at a frequency close to the
op. amp’s maximum. However, if a large
output voltage swing is called for, say
20V peak-to-peak at the same frequency,
then slewing rate limitation can give rise
to distortion; for clearly, at the zero
crossing a large-amplitude signal will be
changing its voltage as a faster rate than a
signal of smaller amplitude.

For example the popular 741 IC may
have a bandwidth of 100kHz to a small
signal but the maximum slew rate of 1
volt/microsecond will limit bandwidth
to 10kHz, if an output swing of 20V
peak-to-peak or more is required, or to
40kHz at four volts peak-to-peak.

Slew rate thus limits the ultimate
output swing available at high frequencies
and is also a source of high-frequency
distortion at high output levels.

The use of negative feedback will not
cure the distortion for it is inherent in
the op. amp. itself.

Each configuration has its own
properties, which we shall now
consider.

INVERTING AMPLIFIERS

Referring to Fig. 1c, consider an
input, V; at, say 1 kHz. Imagine that
the input resistance of the op. amp.
itself is so large compared to the values
of R; and R, that it can be said to be
infinite. This will be the case if R; is,
say, 1 k, for the input resistance of a
typical op. amp. is 1 M. Imagine also
that the gain of the op. amp. is very
much larger than the final gain of the
whole circuit. Once again this will be
so, for the gain of a typical op. amp. is
50 000 and the overall gain of the
whole circuit will be very much less
than this extremely high value, as will
be shown.

This latter assumption is very
important, for it means that the actual
level of signals at the —ve input
terminal will be so close to nothing
that we can consider it to be zero. By
Ohm’s Law

Vi Vs
'1 = e—— '2 o c—

R R2
where

V, is voltage across R,

"V, is voltage across Rz

But with zero signal at the —ve input.
V,; =V;and V, =V,

so that the gain, A, is

Vo V2 R;
A F——= e—— = ——
Vi Vi R

which is independent of the actual
gain of the op. amp., provided that the
latter is very much larger than the
value of A — very likely in practice.

It will be instructive at this point to
consider the level of signal actually
present at the —ve input of the op.
amp. With an input signal of 1 volt and
a circuit gain of x2, there will be an
output of 2 volts. If the op amp gain
is 50 000, then the level at the —ve

input must be

2

50 000 1=40uv,
quite close to the zero level assumed.

Note that when the amplifier output
is fed back to the —ve input, the
output voltage adjusts itself to such a
value that the actual voltage between
the two inputs becomes so close to
zero that the difference can be
neglected. The greater the gain of the
op amp itself, i.e. the better it
approximates to the ideal of infinite
gain, the less the voltage at the —ve
input becomes.

Since the —ve input has such a low
level signal present, it is virtually at
earth potential, and consequently the
input resistance of the whole circuit is
equal to R;. Such an arrangement as
illustrated in Fig. 1a is sometimes
called a "virtual earth amplifier’’.

If a very high value of gain is
required, complications can arise if a
high input impedance is called for at
the same time, for if R,/R; is large,
either R, will need to be such a high
value that it is impracticable or R; will
be too low for the required input
impedance.

In that case, the configuration of Fig.
1b can be used. An analysis of this
circuit gives, for the voltage gain

R, (R; +Ry)
R1~  Ra
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provided that R, is large compared to
R,.

Now R; can be kept at a reasonably
high value (to raise the input
impedance) with R; and R, making
up the gain to the required level).

NON-INVERTING AMPLIFIERS
Now consider the non-inverting
amplifier of Fig. 1c. As before,
imagine that, due to the high gain” of
the op. amp., there is virtually zero
signal between the two inputs and that
the input resistance of the amplifier is
very much greater than either Ry or

2.
Then V, = V; where V, is the
voltage across R,
R2
= —V
But V2 (R1+ Rz) o
Vo = R2 - Vz
so that gain A is

a=Yo_(Ri+Rp) Vo _(Ry+Rp)
Vi R, V, R,

which again is independent of the
actual gain of the op. amp. itself.

The input  resistance  of a
non-inverting amplifier is very high,
being determined largely by the
impedance from the two input
terminals to earth. Typically, it is of
the order of 200 — 400 M at low and
medium gain levels. It is this extremely
high value of resistance that makes the
non-inverting amplifier so useful,
although, of course, there are
disadvantages. For example, it might
appear that a non-inverting amplifier
would be ideal to accept the output
from a high resistance source, but in
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p Amps

that case the resistance seen by the op.
amp +ve input would be that source
resistance, while the resistance seen by
the —ve input will be R; and R, in
parallel (Fig. 1c}). The input bias
currents (see later) at each input
would then give rise to a voltage
difference across the inputs and hence,
of course, unwanted voltage offset at
the output.

These two circuit configurations,
namely, the inverting and the
non-inverting, form the basis of all op
amp circuitry and are well worth
remembering. In a number of uses, the
simple resistors used in the examples
quoted are replaced by complex
impedances of one kind or another in
order to modify the frequency
response in some way. By such means
it is possible f
respond as frequency selective
amplifiers, integrators etc. '

Examples of this tailoring of
frequency responses will arise in the
case of the audio amplifier to be
described in part 3.

FREQUENCY COMPENSATION

Figure 2 shows the frequency res-
ponse of a type 741 op amp it'can be
seen that the open loop gain starts to
fall at frequencies above about 10 Hz.
This is not to say that at higher freq-
uencies useful gain cannot be obtained
— it most certainly can. At 100 kHz for
example, a closed loop gain of 20 dB is
possible. However, the response of the
741 can be a limitation in some
applications and then the 709 type
amplifier is possibly preferred. The
709 is never used without some form
of frequency compensation — it
readily oscillates at around 10 MHz if
none is employed — but does have the
advantage that the values of the
components used can be varied to
provide various bandwidths, (Fig. 3).
In practice, the values of the
frequency compensation components
are chosen to give just sufficient
bandwidth for the application being
considered. There is no real objection
to employing values to give a greater
bandwidth, but instability probems
may then arise, and the noise level is
liable to be greater.

As a point of historical interest, the
709 came before the 741 (it was itself
preceeded by other op. amps of
reduced performance) and the need
for the provisior of external
components proved irksome. Advances
in technology enabled manufacturers
to incorporate capacitors on the
integrated circuit chip itself and so
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to make op - amps

.provides

VOLTAGE GAIN |

CLOSED LOOP GAIN 20 dE

dB
100 ¢
80
60
40 1
204~~~
Fig. 2. Open loop gain of type 741
op amp and response with closed :

OPEN LOOP GAIN
(SLOPE 20 dB DECADE)

loop gain of 20 dB.

100K ™
FREQ. Hz.

10 100 1K 10K

 ,
C R C2
1.5K | 200
VOLTAGE GAIN 1 5000p 5| p
aB 2 500p | 1.5K | 20p
5K 3
100 9 3 100p | 1.5 p
4
80
60 9
40
0 )\ PINNO.sIND.IL PACKAGE
Fig. 3. Open loop
0 v " v - frequency response of
1 10 100 1K 10K 100K 1M 10m type 709 op amp for

various compensation
FREQUENCY Hz. component values.

provide an op amp. that was stable
without the need for large external
components — thus the 741.

At the same time, the designers were
able to provide protection at the input

terminals, so that should either input.

have either supply rail connected to it
(by a wiring error for example} no
damage would be caused. The 709 in

such  circumstances, would have
burned out its input transistors. :

Further  improvements  were
incorporated in the 748 op amp

which is in some respects between the
709 and the 741, in that it requires
one small external capacitor but
a greater gain-bandwidth
product than the 741.

With so many external connections —
two supply rails, two inputs, one
output and perhaps terminals for
frequency compensation components
—a special form of packaging was
required and in fact there are two in
common use. One, the T099, is similar
to the common TO5 transistor
encapsulation in size of can but has

- overload protection at its

eight lead-out wires. The other is the
dual-in-line (DIL) package and it is
recommended that the constructor
uses this style, together with the
appropriate holders. This will make it
possible to check, to some extent, the
dc conditions of the circuit when first
wired up.! This is done before the op
amp itself is inserted thus perhaps
preventing catastrophic failure of the
device due to a wiring fault. Further,
in those cases where a 709 is called
for, it is possible to use a 741 for
initial testing (although of course full
performance in respect of frequency
response might not then be obtained).
Should an important wiring error have
been made, damage is less likely to be
caused to a 741 due to the built-in
input
terminals.

This for the average experimenter is
all the theory that need be covered at
the moment. Hence next month a start
will be made on practical circuits, with
details of the power supply and of the
compact sine wave audio oscillator. @
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‘ELECTRONICS SELF-TAUGHT WITH
EXPERIMENTS AND PROJECTS

J. Ashe £2.20
Covers basic principles of electronics. Projects include a large number of
simple circuits.

TEST INSTRUMENTS FOR
ELECTRONICS

M. Clifford £2.05
How 1o build and use test instruments.

‘ELECTRONIC MUSICAL
INSTRUMENTS

N. Crowhurst £2.05
This book looks st the fascinating subject of electronic music from
almost every angle.

EXPERIMENTING WITH ELECTRONIC
MusIC

R. Brown and M. Oisen £1.85
Practical Experiments offer scope for originality and research.
BASIC MATHS COURSE FOR
ELECTRONICS

H. Jacobowitz £1.70
Ohms Law and all maths for electronics written in an easy.
understandable way. ,

‘ELECTRONICS UNRAVELLED

J. Kyle £2.20

A new commonsense approsch to the basic principles of elmroni.cs,
DIGITAL ELECTRONIC CIRCUITS AND
SYSTEMS

N. M. Morris £2.60

The ideal book for the enthusiast confused by logic and digital
techniques.

'INDUSTRIAL ELECTRONICS

'N. M. Morris £3.20
The book mainly on i devices and circuits
1o the many ical pi are given, S.1. units are

used throughout.

LOGIC CIRCUITS

N. M. Morris £3.10
Aids the ing of logicel di circuit principles
including integrated circuits.
INTRODUCING AMATEUR
ELECTRONICS

1. R. Sinclair £1.60

The book for the complete novice of any age. as no previous
knowledge is assumed.

e
<

‘BEGINNERS GUIDE TO ELECTRONICS
T. L. Squires £2.25

A short cut for those wishing to obtain a quick acquaintance with
modern electronics.

I.C. OP-AMP COOKBOOK
W. G. Jung © £8.15

Covers the basic theory of IC OP-Amp in great detail, also includes 250,

practical circuit applications liberally illustrated.
TTL COOKBOOK
D £5.80

. Lancaster
Complete and detailed guide to TTL, how it works, how 10 use’it end
practical applications.
110 OPERATIONAL AMPLIFIER
PROJECTS FOR THE HOME
CONSTRUCTOR
R. M. Marston £2.10,
Outlines the essential characteristics of the OP AMP and presents 110
useful projects.
110 SEMICONDUCTOR PROJECTS
FOR THE HOME CONSTRUCTOR

R. M. Marston £1.90
This book introduces the reader to useful new devices such as the

FET. SCR and IC, with full constructional details of many useful
circuits.
UNDERSTANDING CMOS

INTEGRATED CIRCUITS

R. Melen .
Begins with besic digitsl IC's, covers semiconductor physics, CMOS,
tabrication technology and design.

INTEGRATED ELECTRONICS

J. Mitiman £5.00

Using ar integrated circuits approach this text leads the reader step by
step from semiconductor physics to devices, models, circuits and
systems.

LINEAR IC PRINCIPLES,
EXPERIMENTS AND PROJECTS
E. M. Noll

An intro to one of electronic’s most exciting devices.
DESIGNING WITH TTL INTEGRATED
CIRCUITS

Texas Instrul

£5.80

£5.55

ments
Covers the entire famity of TTL and practical applications of the circuits .

in digital systems.

OPERATIONAL AMPLIFIERS DESIGN
AND APPLICATION

G. Tobey (Burr-Brown) £4.70
Completely up to date, this work covers the entire field of operational
amplifiers.

Towers’ International

FROM ET1

Please list titles (with price) separately. Cheques,
etc., to be payable to' Electronics Today
International and sent to:

ETI BOOK SERVICE, 25 Court Close,
Bray, Maidenhead, Berks.

Al prices include Postage and Packi

BEGINNERS" GUIDE TO

TRANSISTORS

govc-n':n besic theory and practice of modern transistors. £2. 1 5
‘COLQUR TV THEORY .

G. F. Hutson £4.65

PAL Systems, principles and receiver circuitry for engineers, technicians
and students.

TV SERVICING HANDBOOK
G. Ki £4.30

ng
Thoroughly practical handbook. deals in detail with modern receivers.

COLOUR TELEVISION SERVICING
G. King £4.90

A practical handbook, dealing with ali modern receivers.

MAZDA BOOK OF PAL RECEIVER
SERVICING
£5.30

D. Seal
A practical handbook with over 200 illustrations.

THE OSCILLOSCOPE

G. Zwick £2.10
_suns from the first principles and takes the reader 10 an advanced level

HOW TO USE VECTORSCOPES,
OSCILLOSCOPES AND SWEEP
SIGNAL GENERATORS

. Prontiss _ £1.95
It goes nto the whole subject deeply, in 250 heawily illustrated pages
99 WAYS TO USE YOUR
OSCILLOSCOPE
A. Saunders
Describes how to solve practical problems using & scope.

WORKING WITH THE OSCILLOSCOPE
A. Saunders £1.85

A book devoted to circuits and illustrations of waveforms that shouid be
present.

HOW TO USE YOUR VOM VTVM
AND OSCILLOSCOPE
M. Clifford £1.80

This book aims to give you knowledge and help you perform » wide
vanety of essential tests on many different kinds of sets, appliances and
equipment

£1.80
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Now...the most exciting Sinclair kit ever

The Black Watch kit

At £17.95,it’s

% practical —easily built by
anyonein an evening’s
straightforward assembly.

The Black Watch by Sinclair is unique.

! Controlled by a quartz crystal...

A powered by two hearing aid
8 batteries...using brightred LEDs to
show hours and minutes and
& minutes and seconds...it's also
styled in the cool prestige Sinclair
fashion: no knobs, no buttons,
i noflash.

The Black Watch kit is unique,

too. It'srational—Sinclair have

\ reduced the separate

components to just four.

7 Itssimple—-anybody who can
use a soldering iron can

7 assemble a Black Watch without

: difficulty. From opening the kit to

g7 \wearing the watch is a couple of

hours’ work.

xcomplete —rightdown to |}
strap and batteries.

% guaranteed. A correctly-
assembled watch js
guaranteedforayear. It
works as soon as you put the
batteries in. On a built watch
we guarantee an accuracy
within a second a day—but ;
building it yourself you may be T2
able to adjust the trimmer to X
achieve an accuracy withina
second a week.

The special features of The Black Watch

Smooth, chunky, matt-black case, Large, bright, red display—easily read Runs on two hearing-aid batteries
with black strap. (Black stainless- at night. (supplied). Change your batteries
steel bracelet available as extra- Touch-and-see case— yourself—no expensive jeweller’s
see order form.) no unprofessional buttons. service.
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h S e
The Black Watch-using the unique
Sinclair-designed state-of-the-art IC.

Completeﬂ (1

The chip... ...and how it works

The heart of the Black Watchis a A crystal-controlled reference is used

unique IC designed by Sinclairand to drive a chain of 15 binary dividers

custom-builtfor them using which reduce the frequency from Th k tcontams ;

state-of-the-art technology— 32,768 Hz to 1Hz.This accurate o 'nt dcirchrboard:

integrated injection logic. signal is then counted into units of e p;' qse Sinclair-designedIC
o - seconds, minutes, and hours, and on - Unk '

;T"frﬁ 2'2 r%f ;'gi%ncgﬁgsiggisvg?ly request the stored information is .. encapsulated quartz crystal

; Y processed by the decoders and trimmer

2000 transistors. The circuit includes display drivers to feed the four . capacator | :

a) reference oscillator 7-segment LED displays. When the EDdfsplay =

b) divider chain display is not in operation, special il

c) decoder circuits power-saving circuits on the chip n20;)se|1tr|to?se A wnngowm

d) display inhibit circuits reduce current consumption to only P

patteries

battery-ciip

LED display . blackistrap'(black stainless-
steel bracelet.optional extra-
see orderform)

< fullinstructions for buuldmg
anduse.

SAll ygu provide isafine soldermg
iron and apairofcutters.Jfyou've
any,queruesor problems.in buuldmg,

" ring prwrite to the Sinclair serwce
degartmentfor help‘ ;

e) display driving circuits. .. afewmicroamps.

The chip is totally designed and
manufactured in the UK, and is
the first design to incorporate
all circuitry for a digital
watch onasingle chip.

Trimmer
Quartz crystal

Batteries
2000-transistor silicon integrated circuit

Take advantage of this no-risks,
money-back offer today!

The Sinclair Black Watch is fully
guaranteed. Return your kit within

T ———

o: Sinclair Radionics Ltd, FREEPOST, St Ives, Huntingdon, Cambs., PE174BR.

10 days and we'll refund your money I Please send me Total £ I
without question. All parts are tested
and checked before despatch- I ........ (aty) Sinclair Black Watch *|enclosecheque for €., , I
and correctly-assembled watches kit(s) at £17.95 (inc. black made out to Sinclair Radionics Ltd
are guaranteed for one year. I strap, VAT p&p). . and crossed. I
Simply fillin the FREEPOST order g ... (qty) black stainless-steel *Please debitmy *Barclaycard/Access/
formand postit—-today! I bracelet(s) at £2.00 American Express accountnumber E
. ) i (inc. VAT, p&p). .

Pricein kit form: £17.95 (inc. black- I ........................................................................... “
strap, VAT, p&p).

I \I

Name I
n ]
— | g [ — || il QO |
Sinclair Radionics Ltd,
London Road, St lves, l
Huntingdon, Cambs., PE174HJ. e
Tel: Stives (0480) 64646.
Reg.no: 699483 England. VAT Reg. no: 2138170 88. Please print. FREEPOST-no stamp required. *Delete as required
’_ e 1+ rr T r r ' @ [ I\ {\ | ]
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MULTIMETER

GUIDE

How to choose a meter to suit your needs

THE BUDDING experimenter, after
purchasing a basic set of tools,
commences building small circuits at
the earliest opportunity. Very rapidly
he meets the situation where a circuit,
as built, does not work. So what now?
If all wiring has been done correctly
then it must be a faulty component —
but which one? The simplest way to
find out is to use a meter to measure
voltages around the circuit.

Thus the first instrument that an
electronics experimenter will buy will
be some kind of multimeter capable of
measuring the common ranges of
voltage, current and resistance found
in usual circuitry.

Upon investigating what is available
the experimenter discovers that
multimeters range in price from simple
analogue meters at £4 to sophisticated,
highly-accurate digital instruments
costing several hundreds of pounds.

The experimenter must ask himself —
which is the most suitable for his class
of work? Is it really necessary to spend
several hundred of pounds? Are £4

multimeters worth having at all? _

In this article we examine the factors
which must be considered when
selecting a multimeter in order to
satisfy the conflicting requirements of
minimum expense and suitability.

When selecting a multimeter the
following factors are of importance:

Input impedance

Accuracy

Resolution

Ruggedness

Number of ranges

Frequency response

Portability.

INPUT iMPEDANCE

A multimeter must have as high an
input impedance as possible if the
circuit under test is not to be severely
loaded. Loading leads to substantial.
errors in the measurement and, if
severe, may even damage components.

The input impedance of analogue
meters is usually expressed in ohms
per volt. Thus the impedance depends
on the voltage range selected. Typical

THE MOVING-COIL METER

RESISTANCE

Fig. A.

If an electromagnetic coil is

suspended in the field of a
permanent magnet, it will be
caused to rotate, when
energized, by a force
proportional to the energizing,
current.

In the moving-coil type of

meter, as Fig.A shows, the field
of the permanent magnet is
arranged to pass across a
cylinder in which hangs the coil
of the meter. A fine spiral
tension-spring  restrains  the

COILOF__——

POINTER

rotation by providing a linearly
increasing torque as the coil
rotates. Attached to the coil is a
pointer that moves across a
scale, thus indicating current.

As the number of turns is
increased, to improve sensitivity,
the designer must use finer wire
to keep the mass of the coil
small. As a consequence of this
requirement, sensitive meters
usually have a higher resistance,
and are more delicate.
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inexpensive meters have impedances of
1000 to 100,000 ohms per volt. Thus
when measuring voltage a multimeter
is in effect a resistor in parallel with
the resistor (across which the voltage is
being measured) within the circuit and
it reduces the effective value of both —
to something lower than the value of
either. Thus, as a voltmeter is in effect
a resistor, connecting it across a circuit
will inevitably change the resistance of
that circuit, and the meter must shunt
current away from the circuit.

This brings us back to the reason for
quoting the sensitivity of voltmeters in
ohms per volt. Multiplying the
sensitivity by the fsd range in use,
gives the resistance of the meter circuit
that will be shunting the component.
Cheaper  multimeters  will  have
sensitivities ranging from as low as
1000 $2/volt to as high as 100k §2/volt

To itlustrate loading effects, consider
the circuit in Fig.1. By Ohms law we
know that the voltage between points
A and B is 0.75 volts.

Now let us see what happens when
we use a 1000 ohms/volt meter on the
1 volt range to measure this voltage.
The 1000 ohms of ‘the meter in




parallel with R2 will produce a
combined value of 500 ohms. Thus the
voltage read by the meter will be 0.5
volts instead of 0.75 volts — an error
of 33 per cent!

It is the degree of this shunting effect
that is important — in theory it can
never be completely avoided, for some

energy must flow into the measuring
system from that being measured. In
electronic measurements the rule of
thumb is that for accuracy, the
resistance of a voltmeter should be at
least ten times that of the circuit — a
hundredfold is better still.

However with the simple moving-coil

When using any meter with
switched ranges, always start
off by selecting a meter range
much higher than your es-
timate of the quantity to be
measured.

This precaution safeguards the
meter should the quantity be
much larger than expected.

3§ WOCEL ¢ 1000
3 26w oe rowia 1y
e s00 Duwy

GHus PER vail
000 OC s &L

T Mvrs

Typical of the inexpensive
vmA multimeter available this

1000 ohm/volt unit is suitable
for general electrical work.

type of meter a higher input
impedance also requires a delicate
meter movement which is relatively
easily damaged. A good compromise
would seem to be a meter having an
ohms/volt rating of between 10 000
and 50 000.

In more expensive meters — those
employing electronic amplifiers and
those using digital technigues, input
impedances are usually at least one
megohm and hence loading of the
circuit is seldom a problem.

ACCURACY

The typical cheap multimeter has an
accuracy of the order of 3 to 5% and
this is further reduced by parallax
reading errors. Better quality analogue
instruments have 1% accuracy and
mirror backed scales to reduce parallax
reading errors.

Digital multimeters are at least 1% or
better, with 0.2% being typical.
Sophisticated units costing several
hundreds of pounds may well have
accuracies down to 0.001%. The way
accuracy for a digital meter is quoted
is far from being as simple as given
here, but for our present purposes the
simple statement given suffices.

As to what accuracy is needed, it is
seldom that an experimenter, even one
at fairly advanced level, needs an
accuracy better than 1% and, mostly,
even the 3 to 5% of a simple meter is
good enough. So don’t get carried
away by accuracy, if you can afford
1% or better — great. But you will not
be too badly off if you can’t.

%
R1
100062
! 10000/VOLT
l METER ON
e 1 VOLT RANGE
R2
100092

Fig. 1. Meter loading of the circuit
can drastically increase reading error.
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MULTIMETER GUIDE

TAUT BAND SUSPENSION
SYSTEM

) Tension Spring
Pointer 1

Better quality analogue
multimeters usually employ a
taut band suspension system in

expensive, has several important
advantages over conventional
moving coil movements.

The movement still employs
the moving coil principle but
now the coil is suspended by
means of a platinium alloy band.
Since, now, no pivots, jewels or
hair springs are used errors due
to pivot friction and roll of the
jewel are completely eliminated
Additionally the meter will
maintain correct reading
regardless of orientation.

A shock absorber is usually
fitted to the movement that
incorporates dual bumper stops.
Thus the movement is rendered
insensitive to mechanical shock.

The use of a taut band
movement ensures good
linearity, freedom from

backlash, freedom from effects

the meter movement. This of vibration and shock and much
system, although more greater instrument reliability.
RESOLUTION megohm with reasonable accuracy.

Resolution is often more of a
limitation than is accuracy for, if the
meter movement is small, it is difficult
to read accurately. For example, when
trying to read 1.5 volts on a 10 volt
full scale meter, it may only be
possible to say that it is somewhere
between 1 and 2 volts. Hence the
bigger the movement the better.

In the case of a digital meter the
resolution is a function of the number
of digits in the display. Thus a three
digit display (999) can resolve to one
part in 1000 and hence the accuracy
must be better than 0.1% to make full
use of the available resolution.
Conversely it is little use having more
than three digits in the display if the
accuracy is only 1%.

RANGES

Any meter must be able to measure
dc volts and current, ac volts and
current and resistance to really qualify
as a full multimeter. Some instruments
also include dB calibration and the
facility to measure capacitance.

DC voltage should have ranges from
1 to 2.5 volts full scale to 500 and
preferably 1000 volts full scale. AC
volts should cover from 2.5 valts full
scale to at least 300 voits full scale.
The lowest current range should be 1
mA full scale, or better, and the
maximum reading should be at least
one ampere,

Resistance scales should enable you
to read from one ohm to at least one

56

Note that on cheaper meters cramming
at the top of the ohms scale will
prevent reading values in excess of
100k ohm at all.

Finally the ranges should ascend in
the 1, 3, 10 ratio at least. Ten to one

scale ratios lead to some difficulty in-

reading voltages that are just in excess
of one range. For example assume a

meter has 1, 10 and 100 volt ranges
and is quoted as having an accuracy of

3% of full scale. Now let us suppose
we are trying to measure 1.1 volts, We
cannot read it on the one volt scale as
the meter would read over range. On
the ten volt scale we read about one
volt but our accuracy on the ten volt
range is 3%, that is, 0.3 volts. So the
best we can say is that the voltage is
between 0.7 and 1.3 volts. Hardly
satisfactory for working on transistor
amplifiers for, with this measurement,
we would not be sure whether it was
one or two base emitter junctions (0.6
to 0.7 volts per junction 7or silicon).

Had we a meter with a 3 volt range
we would have read around 1.1 volts
with an accuracy of * 0.09 volts and
the degree of ambiguity would have
been vastly decreased.

RUGGEDNESS
Drop a £4 multimeter and you may
as well not bother to pick it up. The
case will probably shatter and the
meter movement will almost certainly
be ruined. The more expensive units
have poly-carbonate cases which could
be bounced off a concrete floor (if you
are game enough). The more expensive
units will also probably use a
taut-band meter movement rather than
the simple moving-coil variety.
Taut-band movements are virtually
impervious to shock.
Some years ago we bounced such a
Continued on page 59

This 20,000 ohms/volt unit
has a corner meter move-
ment which allows a much
greater scale length to be
obtained in a8 small meter.
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Videomasler
urge allgood eleclronics
enthusiaslts o play the game

The best thing about the Videomaster Indetail . . . The Videomaster Mk. lll has eleven
Home T.V. Game Mk 1l is that the sheer integrated circuits . . . four transistors . ..

pleasure of building it is immediately followed ~ &lévendiodes ... iseasytobuild . .. withno

alignment necessary because with ready-built

by the excitement of playing three fascinating and tested transistorized UHF modulator, is

games. ‘ ' complete with all parts . . . including fully
The famous Videomaster is now drilled and prepared p.c.b. . . . handsome plastic
available for you to make. It plugsinto any box ... controlleads . . . complete step by step
standard UHF 625 line TV set, and it shouldn't Eststembly inst:ju'stiors - Réms Oln aPP79volt
. attery . . . and has logic and analogue “state
take you longer than a few hours to build. of the art” circuitry all with National Semiconductors
CMOSdevices . . . with full specification.
POST TODAY TO: Thecost? Only £19.95 (+vaT)
. Videomaster Ltd )
| 119/120ChanceryLane, London WC2A 1QU :
| Pleasesendme . . ... .. ... (insert no.) Videomaster Mk. 11l kits at £21.55 ea. inc. VAT. P & P |
| I enclose my cheque/money orderforg. .. ... ... ...
| Tickif VHF Modulator required [] -£1extra |
| |
| Name |
} ADDRESS :
| ETI/3 |
ALLOW 14 DAYS FOR DELIVERY J
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Linear ICs (RF)
CA3123E 1.40
CA3089E 1.94
CA3090AQ 3.75
MC1310P 2.00
HA1137W  2.25
MC1350 0.70
uA753 0.99
TBAGS1 1.70
TBA120AS 1.00
SN76660N 0.75
MC1496 1.02
{Audio)

LM380N 1.00
LM381N 1.85
TBA810AS 1.30

MC1312 1.60
‘(Power supplies)*
7805KC 1.75
7805UC 1.55
7812/15/18U1.55
78M12/20/241.20
78L12 0.45
uA723 0.80
NESS50A  0.80
{Misc.)

NE560/1/2 3.19
NES65/7  2.75
NE555 0.70
CT7001 * 6.80
ICLB038CC *3.10
uA741 0.40

Discrete devices

MEM615 0.38
MEM616

©
o
o

BF256 0.34
BC182/3/4 0.14
BC212/3/4 0.14
BC147/209 0.12
BF224 0.22

Discretes contd.

BD515 10w 0.27
BD516 0.30
BD165 20w 0.50
BD166 0.54
BD609 90w 0.70
BD610 1.02
1N4001 0.09
1N4004 0.10

Varicap diodes

MVAM1 2.75
MVAM2 1.05

MV104 0.45
BA102 0.30
BA121 0.30

TOKO coils etc.

BLR3107 1.70
BLR2007 1.70
3132a 6 pole

IF filter (FM)2.25
CFS10.7 FM

ceramic filter 0.40
455/470kHz

IFT set of 3 0.60
{10 or 7mm types)
CFT455C 0.60
CFT455B 0.60
CFU050 0.70
MFHA1T 1.80
MFH71T 1.80

FM ifts 0.30
AM ifts 0.27
MW osc 0.27

MW RF 0.27
23/36mH 0.30
EF5600 10.00
EF5603 9.05
EC3302 5.00
NT3302 5.20
266+266pF 0.70
many more types
are available - SAE
for lists please.

Modules & kits

7252 fm tunerset b £24
7253 fm tunerset b £24
MC720 varicap am mw
tuner kit 8.0
93090 - the best stereo
decoder kit 7.05
91310 - stereo decoder
less audio preamps 5.10
91200 - FM IF strip with
0.1% distortion .20
FM1185 - FM IF strip
with ceramic filter 4.35
Elektrik FM Wireless

A complete FM tuner kit
with superb cabinet,
chassis and all components
inc. 3 meters, presets etc
kit price £50
Case and chassis available
separately 10
8319 tunerhead b £9.00
20202 - 15W rms per
channel DC coupled amp
kit. Inc. heatsink  £8.50
9840 - 40W RMS PA mod-
ule. SC proof, no adjust-
ments. kit £8.00
Tuner accessories

WS150 long pot. £3.00
9932 preset unit £3.40
Meters for centre zero,

sig level, frequency £2.50ea
4 way switch unit  £1.75
Mains on/off £1.20
{All above are included in
the complete FM tuner kit)
Catalogue 40p
CWO please - pp 22p, &
VAT 25% except where
marked *, which is 8%

Ambit’s range of wireless, and now audio, project kits and
components are designed to offer a complete range of levels
of sophistication. Now supplied with a new ‘data system’
leaflet covering design criteria and applications information,

poses e TR RS

~
LY 3

The Elektrik FM wireless. A restyled version of the
International FM tuner - with wrap around teak finish
sleeve. Fully prepared chassis. kit:£40,00 (pp £2.50)

U66 25+25W amp/tuner. Kit
with superb styling, and easy
construction with top quality
throughout. £76 (pp £2.50).

The 93090 stereo decoder with MPX
filter. Still the best value of any kit
available. £7.60.

The 9720 AM varicap tuned MW radio
receiver module. Three stage tuning.
A uniquely versatile AM radio unit.
kit £8.00, built and aligned £9.95

ambit international
37High Street
BRENTWOOD Essex

Postcode CM14 4RH; te):216029, telex:995194
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Designer-appm"ed

...from Henry’s Radio. The Sole UK Distributors.

Here's your opportunity to build the superb Texan amplifier and tuner! Designed
especially tor Henry's by Richard Mann of Texas Instruments, the Texan amplifier
was featured in Practical Wireless. Through bulk buying, Henry's are able to offer
both these kits of quality components at low cost. Naturally, as sole appointed UK
distributos, Henry's ofter a full after sales service - so it your kits don‘tresultin
properly functioning units, we'll help you sort them out!

TEXAN AMPLIFIER

Incorporating tully integrated stereo preamp and power amp, with § IC's, 10 transistors,

6 rectifiers and zener diodes. Plus stabllised, protected circuitry; glass fib pcb; Gardeners
low-field tow-line mains transformer: and

atl facitities and controls. Sim design,

chassis 143”7 X 6" x 2" overall

Professional appearance and

performance. 20 watts per

channel RMS, less than

0.1% distortion at1 kHz

KIT PRICE
£29.50 inc. VAT

+£1.00p&p.
Built & tested £39.50inc VAT
+ £1.00p&p.

Featurning varicap tuning and phase
lock loop decoder in a professionally
designed circuil, this tuner has a
gtass fibre pcb; built-in AFC; 9
transistors, 11C, 9 diodes: and a teak
cabinet. Aeriat sensitivity 2.5uV;
stereo separation 40 dB; frequency
response on stereo 2015000 Hz +
3 dB (upper imit set by transmitter).
on mono 20 - 22,000 Hz + 3dB
Circuit can be aitered to cover
amateur and aircraft bands. Mains
operated.

KIT PRICE £25.95

inc. VAT+£100p4& p.
Buslt & tested £30.95 inc. VAT
+£1.00p&p

ELECTRONIC FOOTBALL & TENNIS

VIDEQO SPORT

ON YOUROWNTYV

Play three exciting elecironic ball
games @ FOOTBALL @ TENNIS

® HOLE IN THE WALL on yougown
TV!Just ptug Video Sport into the
aenal socket of your TV and away you
go. Completely safe for you, your

HENRY'S PRICE ONLY IDE
£2950 e varisnie  GIFT

”ENRy's 404/6 EDGWARE ROAD

LONDON W.2 01-402 8381
LOWER SALES FLOOR
W ROAD LONDON W.1 01-636 6682
NEW MIDLANDS STORE
94/96 UPPER PARLIAMENT STREET, NOTTINGHAM 0602-40403
All mail to Henry’s Radio, 303 Edgware Road, London W.2

Benefit from our 30 years’ experience
in.retail electronics!

IMPORTANT: PLEASE SEE ANNOUNCEMENT P.80
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The Sinclair DM2 Multimeter is power-
ed by a single 9V battery which gives up
to 60 hours life. It features automatic
dual polarity, automatic over-range and
overload indication. The carrying handle
doubles as a support for bench top use.
Cost is around £65.

MULTIMETER

Continued from page 56

taut-band meter off the floor hundreds
of times (in order to take
photographs) without any damage
occuring to the meter whatsoever (a
Weston 660 series multimeter).

Ruggedness is very much a function
of price. The more you pay the better
the case and the movement used. The
switches will also be larger, more
robust and with silver-plated contacts.
So although a £4 meter may appear
to offer the same facilities as a more
expensive unit it will certainly not last
as long.

Steer clear of ultra-miniature meters.
These are very fragile as well as being
difficult to read. If you car afford it
buy a meter with a taut-band
movement — they are expensive but
will be worth the money.

FREQUEMCY RESPONSE

The ac ranges of a muttimeter are of
little value if the frequency response
of the instrument only extends to a
few hundred hertz. Such an
instrument would only be useful for
measuring 50 Hz mains voltages.

If possible obtain a meter that has a
frequency response that at least covers
the audio spectrum. This is almost
indispensable if you are working on
audio equipment and do not have a
cathode-ray oscilloscope.

PORTABILITY

Most multimeters are portabie as the
simple kinds only require a couple of
dry cells to power the resistance
measurements. Multimeters that have
amplifiers built in are sometimes
restricted to mains only operation.

For the experimenter a multimeter
should definitely be capable of battery

These Danameters are the cheap end of the range from
Dana Laboratories. AC accuracy is 1.15% (Danameter)
and 06% (Danameter I1); prices are £135 and £168.50.

operation. Therefore if a transistorized
or digital multimeter is to be
purchased make sure that it has
rechargeable cells or is capable of
running for extended periods on dry
cells. Mains only types are fine for the
laboratory but not for the hobbyist.

AMALOGUE OR DIGITAL

An  analogue  measurement s
essentially one that is made
continuously. A digital measurement
on the other hand is made in a series
of discrete steps.

ELECTRONICS TODAY INTERNATIONAL-DECEMBER 1975

The same basic quantities can be
measured by both digital and analogue
methods. For example, a conventional
clock has a pair of hands which
traverse a calibrated dial in a
continuous sweep, and there is a
theoretically infinite number of steps
between any two calibrated points on
the clock face — measurement is
continuous and is therefore an
analogue process.

A digital clock on the other hand
indicates the time in discrete steps,
each of one minute (or one second).
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MULTIMETER GUIDE

DIGITAL MULTIMETER DMM2

—— e Eem——

200mV

s 200uA For £121 you can have this
digital mulitmeter from
Advance. It has 0.2%
accuracy.

DUAL SLOPE A/D CONVERSION

There are several modes of operation instruments is the DUAL SLOPE Initially when an unknown voltage is
of digital multimeters but by far the  technique. The system, assuming a 3 applied to the input a ’start
most commonly used in cheaper digit display, works as follows: — conversion’ pulse is generated and

simultaneously all the counters are set
to zero.
) y The integrator, which may be a
START CONTROL DETECT simple operational amplifier design,
HIBE o it begins to ramp up with a slope which
K is proportional to the magnitude of
the input voltage. At the same time
ZERO clock pulses are gated to the counters
COUNTER which commence to count up.
Control logic detects when the count
f reaches 999 and gates off the input
> voltage and gates on a reference
GATE voltage. The reference voltage is
opposite in polarity to the input
f voltage and the integrator therefore
begins to ramp down with a slope
proportional to the reference voltage
and the counter reverses. The process
continues until zero voltage is reached.
{b} The counting procedure. At this zero point a comparator
closes the clock pulse gate, the counter
stops and now holds a count
proportional to the input voltage.
Design requirements for the
integrator and clock accuracies are
much less stringent with this technique
than with others because both input
ramp and reference ramp use the same
CONSTANT SLOPE DUE circuitry. Hence component
TO E REFERENCE inaccuracies tend to cancel out and
accuracy becomes dependent mainly
on the stability of the reference
voltage and, if wused, the input
attenuator and amplifier. The dual
slope method provides good rejection
of normal-mode noise.
TIME The dual-slope conversion provides
COUNTER STARTS ZERO CROSSING the .t?asm yqltage _ MedeivenTEyt
FROM 000 COUNTER REACHES 999 Y capability additional circuitry being
CHANGE TO E REFERENCE added to measure resistance, dc
current and ac voltage and current.

SET TO 989

ZERO CROSSING
SIGNAL

+ INPUT
INTEGRATOR

COMPARATOR

{a) Dual-slope conversion system. =

SLOPE DUE TO
INPUT VOLTAGE
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you are likely to need.

This electronic multimeter from AV O features 10 Meg impedance on dc and
316kSUV on ac. The 39 ranges of this instrument cover all the measurements

The Tech VOM is a 20kSWV multimeter. It costs
£10.50 from RCA Components, Sunbury-on-Thames.

There is no ambiguity of reading. It is
either 8:23 or 8:24 one cannot
misread it.

This is one of the great advantages of
digital readouts. There are no reading
errors due to parallax or scale
resolution, and in the case of
electronic  digital instruments no
friction or hysteresis to cause
mechanical errors.

Hence even the cheapest of digital
multimeters has better than 1%
accuracy, (actually accuracy should be
stated the other way — a meter is 99%
accurate, not 1%). whereas an
analogue meter with a mechanical
movement of 1% accuracy is quite

The Fluke 8000A digital multimeter offers 0.1% accuracy with three and a half

digits.

expensive and still subject to further
reading errors caused by parallax and
scale resolution.

Until recently digital multimeters
were priced beyond the reach of the
amateur experimenter the cheapest
being well over £100. However now
there is a choice, albeit restricted at
less than £100.

Such prices make the digital
instrument competitive in price with
the best of analogue transistorized
multimeters and — they have better
accuracy.

All digital multimeters have input

ELECTRONICS TODAY INTERNATIONAL—DECEMBER 1975

impedances of one megohm or better
and hence loading is seldom a problem
with such instruments.

Digital instruments are sensitive to
noise and a dc voltage with
superimposed hum and noise may give
incorrect and/or jittery readings on
some instruments. Analogue
instruments on the other hand tend to
reject and average out superimposed
noise.

It is doubtful that digital meters will
ever completely replace analogue
meters. But they will almost certainly
replace those at the higher priced end
of the analogue range. @
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MAHI KIT

MHI (Monolithic Horometric Integration) is a
complete module system to enable the building of
digital timing circuitry. Two basic modules are
required for each system: one clock or counter kit
plus one display kit. Each of the six display kits is
compatable with any of the clock kits and thus you
can decide which display size or how many digits
you require quite independently from your choice
of clock kit.

Most of the PCBs for the clock kits are 2in X 4in

SYSTEM

with the exceptions being only slightly larger, the
PCB contains spaces for all of the basic compo-
nents excluding switches, transformer and display.
Each clock kit includes main LS| chip plus socket,
segment driver chip, PCB and may also include any
other unusual components. The kits exclude
resistors, capacitors, transistors and switches
which are all easily obtainable types and values. All
clock kits will interface to any MH1 display kits or
to any other common-anode LED displays.

MHI-5039 (UNIVERSAL COUNTER)

Uses a new counter chip from MOSTEK (MK50395) and will count
up or down at speeds of up to 1MHz with a total system speed of
400kHz. Count and compare registers can be loaded from logic ICs or
BCD switches, features count inhibit, display latch, display decode.
Outputs: 6 digit drives, BCD and 7-segment, count = compare,
count = zero, etc. Applications include: very fast stopwatch,
sequence timers, ‘auto-cue’ for tele-cine, ‘batch counters, repeatable
“pill"”" counters, etc.
Interfaces with any six digit MH! display kit
£24.00 + VAT

The DL707 display is a standard 0.3in LED display readable from
distances of 10 feet or so. Four or six digits plus a PCB.

MHI-D707/4 £6.60 + VAT

MHI-D707 /6 £9.50 + VAT

MHI-5024 (DIGITAL STOPWATCH KIT)

Based on the MOSTEK MK50204 chip the MHI5024 is a
modified calculator chip which will still function as an 8-digit
four-function calculator but has the additional facilities of
conversion of hours, minutes and seconds to seconds or
vice-versa. The Chip will also count in Hours, Minutes,
Seconds and tenths with start/stop/reset facilities. The
timing source for the counting is an RC network set to run at
140 KHz.

The Kit includes: MK50204, 28-pin skt., CA3081 segment
driver and P.C.B. £14.00 + VAT.

(For H.MM.SS.s use MHI-D7x7/6, for M.SS.s use a four-digit
MHI display).

NEW MHI-D727 0.5 DIGITAL DISPLAY KITS

The DL727 is a new double-digit display from Litronix
presented in an 18-pin pack. Four or six digits are provided
with P.C.B. The MHI display kits connect directly to the
outputs of any of the MHI clock kits.

Four digits — MHI-D727/4 £8.50 + VAT
Six digits — MHI-D727/6 £12.00 + VAT

The DL747 “"JUMBO'" display is the largest single package LED
display available with a digit height of 0.6in. Can be read from
distances over 25 feet. Four or six digits plus PCB.
MHI-D747/4£9.80 + VAT

MHI-D747/6£14.70 + VAT

MHI-5378 (DIGITAL CAR CLOCK KIT)

Uses the new National MM5378 Auto-Clock chip. The Chip
has full car/boat clock facilities with a voltage range of 9-20v
with no-loss-of-time down to 5v. Timing source isa 2.097152
MHz Quartz Crystal which is driven and divided by the chip.
Facilities include: (i) display on/off switching with ignition
leaving the clock running at all times (draws about 5mA). (ii)
display brightness control. MM5738 kit skt CA3081, 2MHz
Xtal and Trimmers, P.C.B. £15.10 + VAT. (Interfaces with
MHI four-digit displays kits).

MHI-5314 (BASIC CLOCK)

Uses National MM5314 chip to give a four or six digit clock with
12/24 hour readout from 50/60Hz supply. This kit and chip are so
simple that no previous electronics experience is really necessary to
have an electronic clock working within a couple of hours. £6.60 +
VAT.

MHI-5025 {ALARM CLOCK)

For a digital bedroom clock with accurate alarm time, snooze facility
and display brightness control. Six digit output in 50Hz, 24-hour
format. Alarm tone oscillator is on-chip and will drive smail
loudspeaker with single transistor interface. Very simple to assemble.
£9.35 + VAT.

MHI-5023 as MHI-5025 but with 12/ 24 hour option. £9.35 + VAT.

DISPLAYS
‘DL701,DL704,DL707 . . .. .. ... £1.48
DL721, DL727 (perpair) . ... ... ... ... £3.75
DL749,DL750,DL747 . ... ... ... £2.45
5-LT-01, 5-LT-03" ... ... ... . . ... ... £5.80
Minitron 3016, 3017 .. ... .. ... ... ... ... £2.00
ltoka 2%2in. . .. ... £8.00
ltoka Bin. .. . ... £21.80
L-CWatch Display .. ...................... £10.00
CHIPS: N
MM5309, MM5311 .. ... ... ... £5.18
MM5314 . . t:4 44
MMS5316 ... ... . f:9.25
MM5B378 . . .. £7.43
MK50250, MK50253 .. ... .. ... ... .. ........ £5.60
MK50204, MK50206 .. .................... £15.11
CT7001, CT7002°*, CT7003 . ... .............. £7.30
CT6002" . .. .. ... .. . . goooag £15.00
HEEC2® . . . . f:8.50
CA3081 7 segment Interfacechip .. ............ £1.47

ALSO: Some other displays, calculator and clock chips available in
small quantities to callers only.

LS| sockets for 24, 28, 40 pin: £1.00
PCBs for MHI and other kits

DATA available on most chips, send SAE.
“ Subject to availability

MHi-7001 (ALARM/DATE/TIMER)

A six digit clock with optional display of date. Has switched alarm
output and a switched timer (clock / radio, ‘‘sleep’’) output. Apart from
being a very unusual clock this kit can be used for remote switching of

kit. £10.00 + VAT.

tape recorders, etc. We advise the use of a six digit readout with this °

Terms: C.W.0., Access, Barclaycard (Simply quote your
number and sign). Credit facilities to Accredited Account
Holders.

All prices on this advert exclude VAT at 8%

BYWOOD ELECTRONICS

68 Ebberns Road
Hemel Hempstead
7 Herts HP3 9QRC
T_g[el 0442 62757
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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

ComputerArithmetic

Each of the 6 volumes of this self-instruction
course measures 11%’’ x 8%’ and contains 60
pages packed with information, diagrams and
questions designed to lead you step-by-step
through number systems and Boolean algebra,
to memories, counters and simple arithmetic
circuits, and on to a complete understanding of
the design and operation of calculators and

' computers. Memories & counters

After completing this course you will have
broadened your career prospects and .
considerably increased your fundamental under- CﬂlCU'&tOI’ DeS|gn
standing of the changing technological world
around you.

Boolean Logic

Arithmetic Circuits

Also available — a more
elementary course assuming
no prior knowledge except
simple arithmetic.

ComputerArchitecture

In 4 volumes:

1. Basic Computer Logic

2. Logical Circuit
Elements

3. Designing Circuits to
Carry Out Logical
Functions

4. Flip flops and Registers

plus 50p packing and
surface post anywhere
in the world (VAT zero
rated). Payments may
be made in foreign
currencies. Quantity
discounts are available
on request.

n']

Offer. Order this together

plus with Design of Digital g
95 50p Systems for the bargain
[ ] pé&p price of £9.25, plus 50p p&p.

Design of Digital Systems contains over twice as much
information in each volume as the simpler course, Digitai
Computer Logic and Electronics. All 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 __________________________ =

To: Cambridge Learning Enterprises,
FREEPOST, St. lves, Huntingdon, Cambs PE17 4BR .

‘Please send me . . . .. set(s) of Design of Digital
Systems at£6.45 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
Engineer respond by answering questions on each new piece

of information before proceeding to the next.

Student

or..... set(s) of Digital Computer Logic and
Electronics at£4.45 each, p&p included

‘or. .. .. combined set(s) at£9.75 each, p&p included

Guarantee-no risk to you

if you are not entirely satisfied with Design of
Digital Systems or Digital Computer Logic and
Electronics, you may return them to us and your
money will be refunded in full, no questions
asked. ————d
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ELECTRONICS
- it’S easy! More about filters

PART 22

DRIVING
POINT
O— O— O
a Gls) >
=1 —O O-
INPUT OUTPUT

Fig. 1. Basic filter system block diagram.

>— - O

ALTHOUGH SHOWN AS RESISTORS THEY
MAY BE IMPEDANCES

Fig.2. Ladder network.

AS WE saw in the previous section
resistor-capacitor filters can only
provide roll-offs of 6 dB/octave .{20
dB/decade. On the other
combinations of inductors and
capacitors can provide much steeper
rolls-offs and a response at the
turn-over point which can be tailored
to a desired shape.

The variety of LC component
combinations that can be employed is
great indeed and, to the uninitiated,
the design of such filters can seem to
be very confusing. However, circuit
analysts have established design
procedures which enable a filter having
any practical characteristic to be
designed in a logical, formalized
manner. The method is based on the
use of cascaded basic sections.

TWO-TERMINAL PAIR
NETWORK CONCEPTS

As we have seen at various times in
the course so far, filters can be circuits
having just two terminals — a resonant
circuit for example, or they can have
two input and two output terminals —
the so-called two-terminal pair
networks. {The RC filter is of the
two-terminal pair kind). The two
different types are illustrated as
system blocks in Fig. 1. Note that it is
conventional to show input on the left
and output on the right.

As said before many possible circuit
configurations exist for filters, and the
designer has to make a compromise
between using a simple arrangement of
many components that can be easily
handled mathematically, or, a few
components in a more complex
network that cannot be treated by
general formulae. Here we will
examine the approach based on
grouping numbers of simple and
similar networks, to obtain the desired

hand

i

response, by the methods originally
proposed by Zobel in 1923.

The simplest type of network is the
LADDER, as illustrated in Fig. 2, the
defining feature being that it has a
common line. When the lower line also
includes impedances {resistor elements
are used to represent what are usually
reactances) the network is called a
LATTICE; these are much harder to
design and are less commonly used.
Let us examine how a ladder network
is broken down into even more basic
structures.

By convention the series elements of
a ladder are labelled Z,, and the shunt
elements as Z,. These elements will be
either capacitors or inductors and, it is
assumed that the filter is driven from,
and drives into, pure resistances.

Within the ladder arrangement,
shown in Fig. 2, can be seen three
basic building structures — called the L
section (inverted L to be absolutely
correct), the T section and the =
section. The three are shown separate
in Fig. 3. g

In Fig. 4 we see how standard T or 7
sections can be connected to provide
the same effective ladder network.
Conversely a ladder network may be
subdivided into standard T or =
networks by breaking the values up as

is that the T or 7 stages have the same
input and output impedance. That is
they are symmetrical. The L section,
however, is wunsymmetrical in that
input and output terminal pairs are
not interchangeable. Two L sections in
series will produce a T or a 7 section.

When two identical T or 7 sections
are cascaded they are matched into the
same impedance — maximum energy is
transmitted and no reflections occur.
Each terminal sees an image of itself,
this property giving the name image —
parameter design to-this filter design
method.

CONSTANT-K FILTERS

Even though a quite simple
configuration has been used there can
still be a wide range of combinations
each with complicated mathematical
solutions.

By introducing another assumption
we can make some headway toward
realising a wide range of characteristics
with  a reasonable degree of
mathematical simplicity. This
assumption is that Z; + Z, = R,?
where Ry, is a true resistance called the
characteristic resistance. (This may
seem strange but the multiplication of
capacitive reactance with inductive
reactance vyields just that). Hence Z,

shown. and Z, must be a combination of
The interesting and quite vital point capacitor and inductor giving us
! o
1
I !
| !
[ b
| —O | O—e— —0O
L T 7
Fig. 3. The basic filter section.
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ELECTRONICS -it's easy! .

Z% Z% ! Z% Z% | ‘ Z% Z%
VWV O VVWNV—O
! !
1 2z, | 2, I Z, 2
| | :
I 1
CO—= - ] O
| FROM T SECTIONS
2% z1 I 21 ] 2%

O - | - )
FROM m SECTIONS
Fig.4. Building up the ladder network from basic sections.
equivalent stages with L and C  frequency of 7.1 kHz.

proportions as shown in Fig. 5. The
rute holds true for an L section
provided we treat full shunt or series
reactance as 2L or 2C.

The name constant-K arose from the
original terminology where Zobel, in
1923, used K instead of our now
accepted R,. Filters designed to this
rule are hence called constant-K filters.

Regardless of whether the stage is
designed to be high pass or low pass —
the cut off frequency will be the same,
that is, at the resonance point of the
LC values of the standard equivalent L
section.

That is cut-off frequency 1
fc= 2m/LC

For example in the T section of Fig.
6 the equivalent L section networks
have L of 1TmH and a C of 0.5
microfard.

That is cut-off frequency
1
2m/1073x0.5x10°®
=7.1 kHz
Also from Z, « Z, = Ro2

characteristic resistance Ry =/Z,2Z;

fe

However the capacitive reactance
must be written as a reciprocal and in
Fig. 6 this is Z,. Hence:—

RO :V Zl
Z,
1073
=/ ————=45 ohms
0.5x 10°®

Thus we see that the source and load
impedances used with this network
must be 45 ohms, if maximum power
is to be transferred, and the network is
a low-pass stage having a cut-off

66

1f L and C were reversed the filter
would have identical Ry and f. but it
would now be a high-pass stage.

An important feature - of
image-parameter  design is  that
image-matched stages can be cascaded

without altering the cut-off
.frequencies or the characteristic
resistances. Each additional stage

improves the roll-off, thereby giving a
powerfully reliable way to obtain the
desired rapidity of attenuation
without having to re-design the whole
system as extra stages are added.

It can be shown that the attenuation,
a, in the stop band, expressed in
decibels, is a dB = 9.7 n o« where n is
the number of standard —T (or
standard — m) sections cascaded, and «

is 2 Cosh ! f/f.. Cosh ~! means the
cosh function (a hyperbolic
trigonometric expression) whose ratio
is f/fc. For those readers who are
not familiar with this function
Fig. 7 gives the relationship between
values of c and frequency ratios
normally encountered. Note that
either f/f. or fc/fis used depending on

whichever gives a value greater than
one.

The following example shows how a
constant-K filter is designed to given
response requirements.

The basic design formulae are:

Ro 1 adB

“onf. C ot R, " Bl

L

The values given at the start will be
Rog, fe, @ and a dB. We need to
establish, in the synthesis situation,
the values of L, C and n. The necessary
configuration is established by logicat
deduction of the  appropriate
placement of components in the
sections.

Example: Design an high-pass filter
having a cut-off frequency of 10 MHz
and a signal attenuation of 100 dB at5
MHz. The characteristic resistance is to
be 50 ohms in order to match the
existing system into which the filter is
to be fitted. '

R, 50
= Sc—— ={Q. H
L=2rf. “ami070e 0769
1 1
C= 2. R, ~2r1010°.50 Sl
To determine «
fo - 10.10° _ ,
f 5.108
From the chart « = 2.64.
Number of stages required, n = ads
8.7«
__100
T87x264

We cannot however have 0.35 of a

stage and therefore must use five
stages to obtain at least 100 dB
attenuation at 5 MHz.

The formulae for L, C are for the
basic section so we have half values
accordingly, giving us the circuit of
Fig. 8. ‘We could just as correctly
divide the system into a m rather than
a T configuration. Design of a low pass

- stage proceeds in just the same way.

1mH
(o 4

L L 2L L
I 2C o} I I C IlE (o}
Fig.5. Convention used in this explanation of LC filter design.

1mH
O UUUU | UUUU is equivalent to —
1uf ——
[ g\\)

Fig. 6. A T-section filter and its equivalent L-sections.

1mH TmH
0.5uF I :E 0.5uF

T T 5

%

ELECTRONICS TODAY INTERNATIONAL—DECEMBER 1976




318pF 318pF
] ! |
I 159pF L 159pF L 159pF L 159pF I
/ 500 O | : 502
/ | 08397 0839 0839 08357 0,839
A | uH uH wH | aH uH I
I h ]
/ SOURCE LOAD
Fig.8. 5 section, constant -K,
high-pass filter with cut-off of
10 MHz. i
I
I
/ :
Lt C
I c1
L2 c2 &
1 2 S 4 6 7 8
. L2
ratio f/f. BAND PASS BAND STOP
Fig.7. Chart relating value of « and frequency ratio. : {a) (b)
Fig.9. Basic elements of band-
pass constant -K filters.
" The design of ' band-pass and correct procedures. Again we must  with passive designs.

band-stop stages is more complicated
going beyond the scope of this course.
Suffice to say that the components in

the arms now become series or
parallel resonant combinations. The
basic L-section for a constant-K

band-pass is shown in Fig. 9a and the
basic L-section for a band-stop in Fig.
9b. Readers who wish to pursue these
can obtain guidance from the reading
list.

M-DERIVED SECTIONS

As can be expected the simplifying
assumptions made in the constant-K
design, to obtain a reasonably straight
forward mathematical procedure, also
create practical disadvantages. The
first defect. is that the image
impedance does not remain constant
and varies in such a way that
noticeable reflections occur near the
cut-off points. The second defect is
that the roll-off is slow just near the
cut-off point: it is adequate further
away from that point.

Zobel’s concept to overcome this
involved additional cascaded stages
that, in effect, flatten out the
passband response-and sharpen up the
cut-off point attenuation. These extra
stages are called M-derived sections:
one is usually- added on each end of
the ladder designed by the constant-K
method.

We can only give an example circuit
to illustrate this — Fig. 10. Although
the formulae for arriving at the values
are simple they must be applied with
great care, the user having adequate
experience in order to know the

leave it to the reader to take this up in
more specialized texts. The design of a
full  M-derived system  requires
extensive effort and training and is
much more the task of a professional
circuit designer than the reader for
which this course is designed. The

most  extensive application of
M-derived  filters has been in
communications engineering —
telephones, telegraphy and

multiplexed radio links. Voluminous
books have been compiled that list
tables giving values for chosen designs.
Special computer programs have
also been developed to provide
automatic constant-K and M-derived
section filter designs.

ACTIVE FILTERS
The basic active RC building blocks
Passive filter designs had reached
their present sophistication as much as
50 years ago and in the absence of
anything markedly better they
continued to be the most used design
until the mid 1950's. Amplification
was added. to make up for the
attenuation that usually is experienced

With the introduction of reliable and
less power-thirsty solid-state amplifiers
in the late 1950's came the so-called
active-RC filters. These combine an
operational amplifier with passive RC
components thereby producing
filtering action more efficiently than
the more obvious passive network
followed by an active stage. One very
valuable feature is that the effective
value of, say, a capacitor can be
multiplied up many times on its actual
value thereby saving space and
enabling designers to build circuits
needing large effective values. It is also
possible by active filter design to avoid
the need for inductors in filter circuits.
Inductors are best left out, if possible,
for they are usually bulky, expensive
and very lossy — they are nowhere as
“ideal”” as capacitors. They also are
non-linear in operation and can be
saturated by excessive current.

The basis of an active RC network is
more often than not a reasonable
quality operational amplifier set up to
provide one of the following four basic
circuit concepts. !

1. The high gain (60 dB or more)

7
60082 ?.87mH'f4.78mH\ 9.56mH

NORMALLY LUMPED
_ —\\‘/ TOGETHER & - ~

0.026;‘T 0.026uF' o.ozeuFI

e i

9.56mH ‘4.78mHT 2.87mH

|
]
| 0.0079uF

o s |

T0.0079uF :

< t
SOURCE | M.DERIVED |

CONSTANT-K

Fig.10. Example of constant -K filter with M-derived end sections.

t 3
! M-DERIVED | LOAD

ELECTRONICS TODAY INTERNATIONAL-DECEMBER 1978

67




ELECTRONICS -it’s easy!
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Fig. 11. Realising an INIC with
an op-amp.

voltage amplifier with close to infinite
input impedance and almost zero
output impedance — in -short, the
normal mode of an op-amp as we have
discussed previously.

2. The low gain (20 dB or less)
voltage amplifier, also referred to as a
voltage-controlled voltage source or
just VCVS.
3.The negative-emittance or
negative impedance converter NIC.
This is a most interesting system block
for it enables positive value
capacitance  or  resistance (that
obtained with normal capacitors and
resistors) connected at its input to
appear as negative value capacitance or
resistance at its output. It enables
circuit designers to physically build
circuits requiring non-physical negative
capacitors and  resistors.  (INIC
indicates an ideal current-inversion
NIC, and VNIC indicates an ideal
voltage — inversion NIC}. A typical
realisation is shown in Fig. 11.

4, The Gyrator. This is another
intriguing unit for the output appears

GYRATOR SYMBOL |

INIC QUTPUT

Fig. 12. The gyrator.

9]

GYRATOR

iy e = M i o e e =)

NETWORKS OF MANY
PASSIVE ELEMENTS

INPUT

n O
ouTeuT

O &

Fig. 13. Single-loop feedback active filter schematic.

-O

as the reciprocal of any impedance
connected to its input. Thus a
capacitor at its input appears as an
inductor at the output. The gyrator,
therefore, eliminates the need to use
physical inductors and what is more,
can provide more “ideal” inductors
than real units. 1t can be realised using
op-amps as shown in Fig. 12.

With these four basic possibilities
available the circuit designer is rarely

SINGLE
PASSIVE ELEMENTS

—-=

INBOXES S——u |
R

INPUT

o,

QUTPUT

o
J

Fig. 14. The multiple-feedback-path active filter.

e
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restricted by having synthesised a
circuit needing non-physical
components,

CHOOSING AN ACTIVE
FILTER DESIGN

Given the above four system blocks
it is possible to produce an incredible
variety of active filters. As with
advanced passive designs, few people
have enough training to be expert
active-filter designers. Here ‘we can
only give a guide that provides the
necessary awareness of what to look
for, along with words of caution as to
what it is reasonable to expect from an
actual active-filter design.

The voltage amplifier can be used in
its simplest conceptual way with a
single-loop feed-back path (SFP) as
shown in Fig. 13 — remember how we
have already seen that an op-amp
integrator acts as a low-pass filter and
how a notch-rejection filter,
introduced into the feedback path,
produces a notch-acceptance response
instead.

Alternatively, we can make use of
multiple feedback paths (MFD) as
depicted in a general sense in Fig. 14,
the design using minimum component
count. These, somewhat surprisingly,
use fewer passive elements than
single-loop circuits. For this reason
this form of active filter is the
configuration most often used.

Our discussion about active filters will be
continued next month....
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ELEGTRONICS
IT'S EASY!

The first thirteen parts of our popular introductory series
‘Electronics—It’s Easy’ will be published in mid November.
If you want a copy when it is available send us this coupon with
£1.35 (inc. 15p P & P) (send £1.40 from overseas) to ETI
Specials, 36 Ebury  Street, London SW1W
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| INTERNATIONAL 4600

' SYNTHESISER

Maplin Electronic Supplies, who supply the parts for this
project, have published a book inciuding reprints of the
INTERNATIONAL 4600 Synthesiser. This is available from
ETI for £1.50 + 15p postage (send £1.70 from Overseas). Send
this coupon to ETI Specials, 36 Ebury Street, London SW1W
oLwW. .
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ONE CHIP OR TWO?

Microprocessor chips that is. Is it
better to build a microprocessor
with only one chip or do you really
need two? is what semiconductor
manufacturers seem to be saying at
present. Rockwell International
have recently announced a two chip
MP system designed for equipment
manufacturers requiring a complete
microcomputer capability for a total
component cost of about £17 in
quantities of 1000. The first chip in
the high speed PPs-4/2 system has
a clock, CPU and 12 1 /0 lines; the
second chip contains a 2K by 8 bit
ROM, a 128 by 4 bit RAM and 16
i/0 lines. The prices of the chip pair
in low volume quantities is only
about £40 but before you rush out
to order one you should know that
the ROM masking charge is about
£600, with a MP system with a
separate ROM you can use a PROM
and mask it for youtself at a lot less.
A typical layout of the two chips and
the additional chips required to
make them do anything is shown in
the photograph. As you can see the
system can easily interface with a
64 key keyboard, a 16 character
alphanumeric display, a printer,
cassette, modem and TTL
sub-systems.

For those of you want to build a
microprocessor now (I would advise
waiting for a few more months)
there are some new kits available
from Cramer. The kits are availabie
with Intel 8080 chips, Texas chips
and others. We hope to carry more
information about these kits in the
near future when we can find a
good cheap printing Teletype to
interface with the kits — any ideas?

THE CASE FOR A BETTER BOX

Having buift your microprocessor
or clock or power supply or
whatever your latest project is do
you put it in an old tobacco tin or
something similar or do you attempt
to make it look good both inside and
outside? Vero have just published a
small booklet that may help if you
are as fumble fingered as | am. It is
entitled 'Vero products for the home
constructor’ and costs 10p. it

70

introduces you to Veroboard and
the tools and accessories that go
with it including a rather nice range
of cases. How many of you still cut
your copper strips with a knife or a
drill bit — have you never heard of a
face cutter or pin insertion tool? Did
you know that Vero make bread-
boards for use with DIL ICs, cable
clips, PCB standoffs, plastic cases,
metal cases and 19in rack modular
cases. All this information and more
is yours for only 10p and a 7in x 9in
SAE from Vero. | have used most of
the Vero cases at one time or
another and | can well recommend
them as being well designed with
screw mounting holes, PCB slots,
etc all well placed. There have
already been several projects (Fre-
guency counter, stopwatch) using
the new plastic cases with alumin-
ium front and back panels, and
these projects would not have
looked quite so professional in any
other case.

Vero's other latest case for the
home constructor is intended for
very farge and complex projects
either for home or lab use or for the
small volume special equipment
builder. The 19in card frame/case
is basically a standard European
19in rack frame with the optional
extra of a surrounding case. The
cased frame will take any of a range
of plug-in boards or mobile carriers.
The finished product allows for easy
access to any module simply by
releasing a catch and pulling the
module out,’ a simple plug and
socket system on each module
allows for accurate alignment when
the module is slid back into the
case. As with most Vero products
the 19in case system is expensive,
but if you are spending a fot of time
and meney on a special project then
the additional expense of such a
case might well seem insignificant.

ARE YOU BEING LED ASTRAY?

Digital watches are here with a
vengeance this Christmas with
about 20 different types available
with virtually any number of brand
names on them. There are several
points to be wary of before rushing
out to buy a digital watch and |

iECtrUr‘. CS by Jobn iTiller-Hirkpatrich
Tomors

hope that | might be able to help
you to get value for money.

First decide whether you want
LED or LCD display. With LED the
display can only be seen after
pressing a button whereas with LCD
the display can be read in any good
ambient lighting conditions. Some
of the very latest LCD watches have
a button that you press to backlight
the LCD for viewing in darkness and
with LCD technology now giving a
much longer lifetime for the display
| would join the experts in forecast-
ing the demise of the LED watch
within a couple of years. So for my
first tip buy a back-lit LCD watch in
preference to LED. It might cost you

£10 more but it is more convenient

than either LED or

watches.

Secondly decide what functions
you require on the watch. Most
advertisers are using this rather
stupid “‘Fantastic Two _Function
Watch’' approach — what are the
two (or three or four or five or six)
functions?

TWO FUNCTIONS — Hours and
Minutes (1 button push).

THREE FUNCTIONS — Hours and
Minutes (1), seconds (2).

FOUR FUNCTIONS — Hours and
Minutes (1), Seconds (2), Day
number (3).

FIVE FUNCTIONS (a) — Hours and
Minutes (1), Seconds (2), Day
and Month number (3).

or {b)— Hours and Minutes

(1), Seconds (2), Alpha Day (MO,

TU, WE) and Day number (3).
SIX FUNCTIONS (a) — Five (a) plus

Alternative Time Zone, )

or (b) — Five (b) plus
Month and Year number.

analogue

" A lot of date watches now have

28/30/31 day calendars automa-
tically but only if they also have
month number as a feature. This is
not an extra function but should
always be available with the 5(a)
type of watch. Watches with no
month number feature .usually have
a 31 day calendar for each month,
but this can be set back to the 1st
without affecting the setting of the
Hours, Minutes and Seconds
counters.

Back-lit LCD watches may be
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available with an alarm feature
sometime in the middle of next
year. The alarm will vibrate on the

back of your wrist rather than .

emitting a loud noise. No further
details yet but ‘watch this space.’

Prices appear to reflect the
number of functions ‘and the case
style.-For a stainless steel case work
on the basis of £10 plus £5 for each
function. Thus a two function watch
should cost about £20 and a five
function about £35 (plus VAT at
8%). For plastic cases subtract
about £2, and for gold (plated) add
£1 per micron of gold (£5-£10).

Do not buy a watch with a gold
thickness of 10 microns or more
because this then becomes an item
of jewellery and attracts 25% VAT.
Beware of watch kits. Most of them
are not designed for the amateur
and require very fine instruments
for construction and good equip-
ment for adjusting the crystal
accuracy. The rumour is that Uncle
Clive has overcome most of his
problems with his ITT watch chip
and will be announcing his plastic
watch within the very near future.
On the basis of past products it will
probably be available as a kit as well
as a finished watch. Clive's kits are
very good and are designed for the
amateur but it might lead to a bulky
watch — if it does come out as a kit
I shall attempt to get hold of one for
review in Electronics Tomorrow.
~ Afinal warning on watches — 18
months ago a simple LCD two
function watch was selling for over
. £200, 12 months ago it was about
£100, six months ago about £50,
now it would be about £25. Watch
prices may halve again in the next
year or so but they will not go much
further. You may be able to buy a
two function LED watch for Christ-
mas 1976 for less than £10 but
don’t rely on it.

REFERENCES

1 Rockwell International, D-6374
Steinbach/ Taunus, Industries-
trasse 8, Germany.

2 Vero Electronics Ltd, Chandlers
Ford, Eastleigh, Hants SO5 3ZR.

3 Cramer Electronics, 16 Uxbridge
Road, Ealing, W5 2BP.

ANY GOOD AT CEEFAX?

If you have already built a Ceefax
decoder then ETI would like to hear
from you. We zre in an advanced
state with a CEEFAX receiver and
wowid like tc compare notes with
other constructors. We don't think it
would be right 0 start a Ceefax
series until we have got all the
problems sorted out. Contact ETI on
730 8282.

A couple of months ago we got a
few T-shirts for the staff and a
few friends; so many people have
asked if they can get one that
were making them generally
available.

Made in cotton (yellow with
black printing), these are availa-
ble in three sizes, suitable for
both sexes.

Send your cheque or P.O. for
£1.50 (payable to Electronics
Today International) and state
Small, Medium or Large.

ETI T-SHIRTS

36. EBURY STREET,

LONDON, SW1W OLW.
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BINDERM

For the several hundred readers who
have asked us about binders, we
have these on order at the moment. §

These are a high quality product

made especially for us.

Price is £2.00 which includes
VAT and carriage. Orders will be
accepted now, but only for despatch
when we receive them.

Send £2.00 to

ETI BINDERS
36 EBURY STREET,
LONDON, SW1W OLW

A SEGOND
CHANGE

to see these projects from ETI

ETI Colour Organ
Meter Beater
Push-Button Dimmer
Drill Speed Controller
Courtesy Light Extender
in February 1975

Three Tempsrature Controllers
Car Alarm
Simple Stereo Amp (L"380)
Headlight Reminder
Electronic Combination Lock

in March 1975

Electronic Ignition (Part 1)
Flip-Flop Flasher
CMOS Burglar Alarm

in April 1975

Electronic Ignition (Part 2)
TTL Supertester
Trafficator Flasher
Electronic Win-Dicator
Low Battery Warning
in May 1975

To order send 35p.for each issue plus
P&P (10p for one, 15p for two or more)
to; Back Numbers Dept.,

ETI Magazine,

36 Ebury Street k

London SW1W OLW
stating clearly the issues you require.

We are unable to supply the following
1972 issues (except Oct. and Dec.)
February and November 1973,
March, September and October 1974
and January 1975,
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tech-tips

difficulty in trying to fit a thyristor
type wiper delay unit to the car, the
trouble was eventually found to be a
result of the design of the car’s wiper

SIMPLE OSCILLATOR . e (10.15V)  Buszer
B f 80 ohm
The negative resistance region of a 4 OUTPUT EARPIECE
reverse-biased silicon transistor can be = [VW
used in a relaxation oscillator circuit, - BV ——
1ts advantage is that a surplus transis- i
tor is used instead of a UJT (which is 16:F 22 PN SILICON O —
more expensive) and it does provide a
minimum of components. The fre- ov T : 0
quency is governed by the time ' *
constant RC, the power supply voltage .
and the size of the negative-resistance le
region. The latter also governs the
signal amplitude, so various transistors
{(from a surplus batch) should be tried NES:&:&/S RESISTANCE
for best results. The output is a 1
sawtooth waveform with a mean dc
level around 8V. Replacing the ;chg'ssgg&s
resistor with an 80 ohm earpiece GRAPH
makes an effective buzzer. ‘_—————J 3 Ve
UNIVERSAL WIPER DELAY IC1 is connected in the astable
mode, driving RLA. C3, D1 and D2
:" POSITIVE prevent spikes from the retay coil and
VA1 the wiper motor from triggering IC1.
250k VR2 is adjusted to give the minimum
delay time required. VR1 is the main
) delay control and provides a range of
‘Z’SF:(ZQ , from about 1 second to 20 seconds.
== C3 RLQ D2 SW1 is an override switch to hold RLA
0.1uf 1N4003
R1 b WIPER
1K T6 O —gp— YV —y—o ~o- T GaiTion swiTcH
4 8
7
D1 CI:.UAF —L 3;)1;AF
R2 160V 160V
a7k NES555 I ™
S T B M R
E Fig. 2. Suppression Circuit /;7
6 5 1 For Negative Earth Vehicie connect T6 to T1and T7 to T2
For Positive Earth Vehicle connect T6 to T2 and T7 10 T1
é}/ SYIJ;RRIDE permanently on (for normal wiper
== - nperation).
100uF 0.1uF The relay should have a resistance
s of at least 15052 and have heavy duty
- contacts. A set of change-over con-
+ ONEGATIVE tacts, as shown in Fig 1, are necessary
Fig. 1. Wiper Display Unit if the circuit is to be used on a chr
whose wipers are wired as on the
Having recently experienced some  circuit and also by noise spikes which  Anglia or Cortina (inspection of the

spuriously trigger the thyristor. The
following circuit should overcome
these problems in both negative and
positive earth vehicles.

car's wiring diagram will confirm this).

The suppression circuit shown in
Fig 2 was found to be necessary for
the protection of IC1.
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Tech-Tips is an ideas forum and is not aimed at the beginner. We regret we
cannot answer queries on these items.

ETI is prepared to consider circuits or ideas submitted by readers for this
page. All items used will be paid for. Drawings should be as clear as possible
and the text should preferably be typed. Circuits must not be subject to copy-
right. Items for consideration should be sent to the Editor, Electronics Today

STABILISED POWER SUPPLY

The operation of the circuit is quite
simple and straightforward, as
regulated power supplies can be con-
sidered merely as special kinds of
feedback amplifier. Here, the output
signal is sampled by R1 and R2, and
compared with a reference voltage
supplied by D2. The resultant correc-
tion signal is fed back via the 741 to
the series pass element Q1. Note that
the stability of the circuit is improved
by supplying the reference source
R3-D2 from the stabilised output as
opposed to from the unstabilised input
as is usual. In order that the circuit
operates when turned on, a leakage
resistance R4 is put in parallel with the
series pass element. This ensures that
the feedback loop starts to operate.
No regulation is lost as a consequence
of R4, because it is the overall output
that is sampled by R1-R2, and so the
effect of the ripple current flowing
through R4 is corrected by the feed-
back.

The output may be made variable

International, 36 Ebury Street, London SW1W OLW.

R4 68k

UNREGULATE
INPUT

100uF AuF

i—{h—
-

R3

R1 330

82k

9
R2 .
27k« D1 =} 100u F
10V,
%W
< 0

oy replacing R1-R2 with a potentio-

meter, but in its present form, the
circuit cannot be made to regulate
below the zener voltage of D2. If
continuous variation is required, the
reference

source R3-D2 must be

Q1: Any NPN power series stabiliser eg: TIP3055, 2N4923, 2N4921
Q2: Any NPN transistor capable of driving the above eg: BC182L

supplied from the unregulated input,
with consequent slight loss of stability.
The amount of power the circuit
can deliver is limited chiefly by the
current rating of Q1 and the rated
output of the unregulated supply.

BATTERY TESTER

This device tests the condition of dry
cells. The circuit consists of a simple
oscillator whose output frequency is
relatively independent of supply volt-
age, but varies greatly with changes in
supply impedance. Thus, with the

SUSPECT
e CELL OR

TBATTERV

0.47yF i

component values shown, a fresh
battery or cell will give a note of about
500Hz, whereas an exhausted cell will
give a note above 1kHz. The device
has been tested with battery voltages
between 1.5V and 14V, using a
2N2923 as Q1, and an OC81D as Q2.
The unit is undamaged by reversed
supply potentials.

mm

WARBLING ALARM

ALARM ¢
ouT (a)

R1 |
330k

R2 6
680k

{555)

’_—’ Vss {0V}

47

I i—> LS 3-809

8 c3

5——*T—‘VVV‘—’IH1
R3

b C1

‘1' 1000pF

J_ c2
-l—woo;ar
¥ Vpp (~15V nom}

This device gives a two-tone alarm
from a digital clock. It may be used
with any CMOS alarm clock chip hav-
ing an active high alarm output and
1Hz (optional) output. It was built to
work with a CT7001 chip and requires
no interface components.

The 555 operates in normal astable
mode when the alarm goes high (ie
point (a) approaches VSS). Pin 5 is
the normal control voltage input and
swings from almost VSS to VDD via
the 27K resistor at a 1Hz rate. This
causes the audio output to switch

ELECTRONICS TODAY INTERNATIONAL—-DECEMBER 1975

between high and low tones, above
and below the frequency determined
by R1, R2 and C1. To vary the
frequency difference, R3 may be
altered within wide limits, but it is
inadvisable to keep it below 15K. The
basic frequency is best varied by
changing C1. Audio output may be
varied by changing C3 (depending on
LS impedance). In the original, a
3582 speaker was used with -12V VDD
and was sufficient to rouse an expert
heavy sleeper.




tech-tips

DIGITAL DIE

SN7400

6

COUNTER
SN7490

PIN 7 TO GROUND
PIN 14 TO POSITIVE SUPPLY

N.O.
TO STOP OSCILLATION

4.5V-5V (+} <  ;

16
DRIVER
SN7447

-

D1
a b c d e f g
-l ¢ | R7 |Rm10|R11| R12| R13[R14 ;
D2 N —
L R8
D

14

DISPLAY
MAN-1

3
D1-D3=1N914 R7
2.7k

0.01MF% ¢

ov- ¢ »

This device is based on a multivibrator
(ICI) which has a frequency of about
1kHz. Oscillation continues as fong as
the input to pin 12 is high; as soon as
the input is taken low or connected to
earth it stops the cycle. This is used as

a stop switch which causes the LED to
indicate the random digit.

A diode AND gate, made up of D1
D2, D3 and R7 is used to reset the
counter (IC2) to zero so that only
0-6 are counted. To stop the O, pin 5

of IC3 is connected to the negative
supply. A 4.5v or bv supply may be
used; capacitor C1 reduces the noise
on VCC line when TTL outputs switch
logic states.

PRECISION VOLTAGE
DIVIDER

This circuit has the advantage over the
simple “two resistor’ voltage divider in
that the voltage ratio V:V’ does not
depend on the current taken from it,
The ratio of resistances R:R’ sets the

voltage ratio. The OP AMP detects
any change in this ratio via R¢ and
provides correction. The actual volt-
ages used will be limited by the upper
and lower operating voltages of the OP
AMP. The circuit shown was designed
to provide 15V Tor operational ampli-
fiers from a single supply.
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PRACTICAL PAPERBACKS
FROM

FOULSHAM-TAB

ELECTRONIC TEST
EQUIPMENT—and how to
use It.

by Joe Risse £1.85

COLOUR TV TROUBLES

— Problems & Solutions
(Fact Book).

by the Editors of

Electronic Technician/

Dealer £2.30
ELECTRONICS
UNRAVELLED

— A New Commonsense
Approach

by James Kyle £1.90

SIMPLIFIED COMPUTER
PROGRAMMING —

The Easy RPG Way

by Kelton Carson £1.95

INSTALLING TV &
FM ANTENNAS
by Leo G. Sands £1.75

For free catalogue please
write to Dept. ET1.

JAPANESE CONSUMER

ELECTRONICS SCHEMA-

TIC/

SERVICING MANUAL

by TAB Editorial Staff
£2.50

MODERN GUIDE TO CAR
TUNEUP AND EMISSION
CONTROL SERVICING

by Paul Dempsey £1.95

SERVICING TRANSISTOR
RADIOS
by Leonard D’Airo  £1.95

PRACTICAL TRIAC/SCR
PROJECTS FOR THE
EXPERIMENTER

by R. W. Fox £1.80

BASIC COLOUR
TELEVISION COURSE
by Stan Prentiss £2.20

ELECTRONIC CIRCUIT
DESIGN HANDBOOK

by Editors of

EEE Magazine £4.50

YEOVIL ROAD, SLOUGH, BERKS.

( _/\[)FOULSHAM—TAB LTD.

C.DI

CAPACITOR DISCHARGE

y IGNITION

] MAXIMUM PERFORMANCE

] MAXiMUM ECONOMY
[] EASY COLD START

SYSTEM I. Professional photoglectricignition using L.E.D.

light source and reflective disc. This machined aluminium

disc gives a timing accuracy far superior to other methods

gnd”is simple to fit. Unit housed in diecast box 4% x 3V x
Ya'',

PRICE £18.80% (Kit £16.80). State car/model/ mea-

surement across cam lobes.

SYSTEM Il. Contact breaker model as above less sensor.
PRICE £12.80% (Kit£10.80). Twin M/C Unit£15.00x.

All units in stock -— SAE leaflet to:

C.D.l. ELECTRONIC SYSTEMS LTD.

275 VALE ROAD, ASH VALE
ALDERSHOT, HANTS. (Mail orders)

Demonstration /callers to:
HILLSIDE MOTORS, 292 Carshalton Road
Carshalton, Surrey. Phone 642 9973
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ENGINEERS

YOURSELF FOR A

BETTER JOB - MORE rnvi

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
rcad by every ambitious engineer. Send for this helpful
76-page free book NOW! No obligation, nobody will call,
onyou. Itcould be the best thing you ever did.

CHOOSE A BRAND NEW FUTURE HERE
r mE mm CUTOUTTHIS COUPON ms mm ‘

Tick or state subject of interest. Post to address below.

ELECTRICAL &
ELECTRONICS
Practical Radio &

Electronics (with Kit) ] ¢ & G Motor V

MECHNICAL
A.MS.E. (Mech.)

AUTO & AERO

Motor Mechanics O
General Mech. Eng.

Inst. Engineers &

O
O
Electronic Engineering Mechnics O Ne
5 Technicians
Certificate [l General Auto ] o
General Elect. Engineering O g:é?;::ggcge O
Eng.Certificate O AMLIML 0 Weiding o
(G&[ClElect Air Registration Board
Installations [ Certs 0
Elect. Install. & Work ' D, O
O MAA/ ip.
C & G Elect. MANAGEMENT &
Technicians O PRODUCTION
i Computer
RADIO AND TELE- Programming

COMMUNICATIONS CONSTRUCTIONAL | .. o
Colour TV Servicing [] Heating Ventilating & Management Accts.
C & G Telecoms. Air Conditioning [}
Technican's Cert. [ Architectural

C & G Radio, TV & Draughtmanship &

Electronics Mech. Design DRAUGHTSMAN-

SHIP & DESIGN

Certificate O vLios. a
Radio & TV i General
Engineering Course [] Carperflry & Joinery (] Draughtsmanship [
Radio, Servicing & Plumbing TAechologyu AM.LED. [}
Rep.anrs ' g General Building O Electrical
Radio Amateur’s painting & Draughtmanship i}
Exam. O Decorating O

PO.S)) G.C.E.

-58 ‘0’ & ‘A’ Level Subjects
—over 10,000 Group Passes!

Nol'l/

Aldermaston College

Dept. TET10, Reading RG7 4PF

also at our London Advisory Office, 4 Fore Street Avenue,
Moorgate, London EC2Y 5EJ. Tel. 01-628 2721.

NAME (Block Capitals)

ADDRESS

Postcode

Other subjects of interest Age

. Accredited by C.A.C.C. Member ot AB.C.C .

HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY
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NEews

OCTAVE SYNTHESIZERS.

AMI{ Microsystems have announced
a new family of PMOS top octave
synthesizers, which generate the
top [3 musical frequencies

in electronic organs and other
electronic musical instruments.

digest

delivery of their Pulsar clocks.

This offer was so enormously popular
that stocks were exhausted very
quickly. For the first two months, we
were able to get new supplies very fast
but new deliveries stopped for several
weeks.

We hope that by the time that this.
issue appears that the back-log will
largely have been cleared, but we are
entirely in the hands of our suppliers.

BALANCED MIXER

Continued from page 8

distortion intercept is +32dBm;
its 3rd order intercept is +8dBm.
Conversion loss is 6.5dB and
isolation (LO to RF/IF) is

45dB at 200MHz; 26dB at 900
MHz.

The Hewlett-Packard 5082-9200
printed circuit balanced mixer
covers the range dc to 1200MHz
(RF/1F) and 100 to 1200MHz
(LO). It uses a monolithic
Schottky diode pair and a printed
circuit transformer. Celdis Ltd.,
37/39 Loverock Road, Reading
Berkshire.

ERRATA

International 25, October, p28.

R51 and R52 should be 330 ohms.
International 25, November, p55 & 56
In Fig.2, the emitter and collector
lables of the BD266 are reversed.

The correct,way to mount the BCX35
and BCX31 (Q5,06,Q11,Q12) is
shown below.

This single-balanced mixer has

low distortion and conversion oss
and is designed for applications
requiring large quantities, such as
television tuners, CATV converters,
FM stereo, maobile radio and
instrumentation. Its 2nd order

Models $50240 and S50242 have
output duty cycles of 50%; the
$50241 has 30% duty cycles

cn all 13 outputs, to provide
waveforms with odd and even
harmonics. They come in 16-pin
DIL packages. AMI, 108 Commercial
Road, Swindon.

PULSAR CLOCKS

We would like to apologise to those
readers who have had to wait for the

HuponeEans Awasny

FLEOTRORCS T )y RN SINAL

The Silver
Trophy
specially
designed
for the
winners of
Helping
Hand

This is our open competition to find
solutions for problems facing the deaf.

This closing date f March 31st 1976.
ETI and the Royal Nationa! Institute
for the Deaf (RNID) are co-operating
fully in the organisation of this com-

petition.
Three problems are shown above.
We invite individual readers, clubs,

schools, universities, companies, in fact
anybody, to develop a practical

solution. The rules are as basic as
possible and impose virtually no
restriction apart from insisting that
any Patent Royalties are waived if the
idea is produced.

The prizes, three in all, will each be
a silver trophy specially designed for
ETI. At the close of the competition
the magazine will hand over £250 to the
RNID to help with development costs.
There is a £1.00 entry fee (payable to

THE PROBLEMS

1A sick person is being looked after by a
deaf person. The deaf person has no
useful hearing and requires to know
whether the sick person is all right and
above all needs to know if the sick person
is in a state of distress anywhere in the
sick room.

2 A hard of hearing person is attending a
College of Further Education and has
considerable " difficuity in understanding
what the lecturer says due to his distance
from the lecturer and to the background
noise in the room. A device is required to
enable him to make the best possible use
of his hearing.

3 Many deatf people have great difficulty
in using the telephone and in fact many of

-them cannot use the telephone at all. The

development of a writing tablet which
would allow them to write a message on a
small pad and for this to be communicat-
ed over the telephone line to a pad at the
other end would have many great
advantages. In addition the communica-
tion should be two way so that the person
can receive a message or an indication
that the message has been received.

RNID) and this will be added to the
£250.

Background information has been
prepared to help readers and say what is
alreayd known. This is available from
ETI on receipt of a large self-addressed
envelope. Enquiries should be sent to:

Helping Hand,

ETI Magazine,

36 Ebury Street,
London, SW1W OLW.




BUILD THE

TREASURE
TRACER
MK I

METAL
LOCATOR

AS SEEN
ON BBC-1
& BBC-2

TV

® Genuine B-sliicon transistor circuit,
does not need a transistor radio
to operate,

® incorporates unique varicap tuning
for extra stability,

® Search head fitted with Faraday
screen to eliminate capacitive
effects.

® Loudspeaker or earphone operation
(both supplied).

[ E‘rltam s best selling metal locator

it. f

@ Kit can be built in two hours T
using only soldering iron, screw-
driver, pliers and side-cutters.

® Excellent sensitivity and stability.

® Kit absolutely complete including
dritled, tinned, fibreglass p.c.
board with components siting
printed on,

® Complete after sales service.

® Weighs only 220z; handle knocks
down to 17" for transport.

Send stamped, self-addressed envelope
for literature.

Complete kit
s £10.90
search coil = b
Plus 60p P&P
Plus 92p VAT

£15.25

Pius 60p P&P
Plus £1.27 VAT

Built, tested
and
Guaranteed

MINIKITS ELECTRONICS,

6d Cleveland Road, South Woodford,
LONDON E18 2AN

(Mail order only)

.§ Goedmans 12P 8 or 15 ohm. .

Wilmslow
Audio
THE firm

for
speakers!.

Goodmans 8P 8 or 15ohm. . .. .. ...
Goodmans 10P 8 or 15 0hm . . .

Goodmans 12P-D 8 or 15 ohms .. . £16.95
Goodmans 12P-G 8 or 15 ohms . . . £15.95
Goodmans Audiom 200 8 or 150hm . .. . ... £13.90
Goodmans Axtent 100 8 ohm . . . .. £8.44
Goodmans Axiom 4028 or 150bm. . .. . £20.00
Goodmans Twinaxiom 8 8 or 150hm .. . . £10.14
Goodmans Twinaxiom 10" 8 or 15 ohm .. £10.75
Kef 727 . o R £6.06
KefT15 R . o £6.94
Ket B110 . L. . ... £8.37
Kef B200 . . ... ... .. £9.50
Kef B139. . . o £16.95
Kef DN8 Lo £2.31
Kef DN12 . e ... £5.99
Kef DN13 .. . £4.50
Richard Allan CGBT 8" d/croll/s . . £7.50
STC400 1 G supertweeter .. .. ®. . ... £6.56
Baker Major Module, each . ... ... ... £13.44
Goodmans Mezzo Twinkit, pair .. . ...... £47.19
Goodmans DIN 20, 4 ohm.each . ... .. £14.75
Helme XLK25, pair . . . £25.44
Helme XLK30, par . ... ... £17.19
Helme XLK50, pair B .o . £46.25
Keflat 1, pair R R £48.44
Keflit I, each . . £42.50
Peerless 3/15 (3 sp system)each . . . £17.19
Richard Allan Twinkit, each. . £10.95
Richard Allan Triple 8, each . £16.50
Richard Allan Triple, each . . £23.95
Richard Allan Super Triple, each . . .. ... £28.75%
Wharfedale Linton 2 kit (pair) . £23.12
Wharfedale Glendale 3 kit, pair . £40.62
Wharfedale Dovedate 3 kit, pair .... £63.12
Wharfedale Super 10 RS/ DD . . £15.00
Castle Super 8 RS/ DD . . £10.31

Prices correctat 14 10 75

INCLUDING VAT AT 25% ON HI-FI
8% ON PRO AND PA

" Cabinets for PA and HiFi, wadding. Vynair, etc.

Send stamp for free booklet "Choosing a Speaker'’

FREE with all orders over £7 — “HiFi
Loudspeaker Enclosures’” Book

All units are guaranteed new and perfect

Prompt despatch

Carnage Speakers 50p each.12’ and up 75p each,
tweeters and crossovers 30p each, kits 80p each (£ 1.60
pair)

WILMSLOW AUDIO

Dept. ETI

Swan Works, Bank Square, Wilmslow,
Cheshire SK9 1HF. Tel. Wilmslow 29599
{Discount HiFi, PA and Radio at
10 Swan Street, Wilmslow)

Baker Group 25. 3. 8. or 15 ohm . . £8.64
Baker Group 35,3, 8or 150hm .... .... £10.25
Baker Deluxe, 8 or 15 ohm . . ... .. ... ... £13.75
Baker Major, 3, 8 or 15 ohm . . . .. £11.87
Baker Regent, 8 or 15 0hm. . . . .. .. .. . £10.00
Baker Superb, 8 or 15 ohm . . P, . £18.12
Celestion PSTB {forUnilex) . . ... ........ ... £3.75
Celestion MH 1000 horn, 8 or 15 ohm. . . . £13.50
EMI13 x 8. 150d/c, Bohm ... ... L £2.94
EMI13 X 8350, 80r150hm ... .. .. £9.56
EMI 13 X 25wattbass .. ..... .. . .. £9.00
EMI 2% wweeter 8ohm . . ... ... . £0.77
EMI 8 X 5, 10 watt, d/c. rolt/s 8 ohm . . . £3.44
Elac 59RM 109 15 obm, 59RM114 8 ohm £3.44]
Elac 62" d/croll/sBobm .. .. ... ... £4.06
Elac TW4 4'"tweeter. .. . . . .. ...... £1.75
Fane Pop 15watt 12 .. ... ... .. .. ... . £5.25
Fane Pop 25T 12" 8obm .. ........ ... ... £7.50
Fane Pop 55, 12" 60 watt 8ohm ... ... ... £13.95
Fane Pop 80 watt, 15 8 obm .. ... ... . .. £14.75§)
Fane Pop 100 watt, 18 8ohm .. ... ... .. £25.95
Fane Crescendo 12A0r B, 8 or 150bm ... ... £34.50).
Fane Crescendo 15, 8or 150bm ... .. ... .. £47.50
Fane Crescendo 18,8 or 150hm .. ... ... .. £62.95
Fane 807T 8" d/c. rolls/s, 8 or 15 0hm . . . £5.75
Fane 801T 8" d/croli/s Bobm .. .. . . £8.50

ELECTRONICS TODAY INTERNATIONAL—DECEMBER 1975

Available

from

Book

Service

Towers' International
Transistor Selector

TO Towars, MBE MA BSc.C Eng WENF

We first saw ‘Towers International
Transistor Selector’ wher: a copy
was sent in for review. We were so
impressed that we started to supply
readers direct. If seems that you
share our high opinion as several
hundred have been sold to date.
* This 142-page book gives com-
prehensive details of over 10,000
British, US, European and Japanese
transistors including electronic and
mechanical specifications, manu-
facturers and available substitutes.

£3.45

TO: TOWERS INTERNATIONAL
TRANSISTOR SELECTOR
ETI Book Service
25 Court Close, Bray,
Maidenhead, Berks.
Please find enclosed cheque/P.O.
for £3.45 (payable to ETI)
NAME . . . . . .

ADDRESS .

INCLUDING
POSTAGE
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PLENTOM

electronics for Iab and leisure

thoroughly tested projects using new ideas
available now at newsagents price 35p

78 ELECTRONICS TODAY INTERNATIONAL—DECEMBER 1975




CJLLTD.P.O.BOX 34,CANTERBURY,CT11YT

ALL PRICES INCLUDE P&P AND V.AT.

AERIALS Telescopic, 15-

120 cm £1.50
KEYNECTORS Rapid connect to
mains.Built-in piano switches,
neon & 13A fuse £3.55
MULTIMETERS Vdc/ac-10, 50,250,
1,000.1dc-0.1A R-150k £4.95
PRINTED CIRCUIT KITS Contain
all items necessary to produce
printed circuits £3.99
SIGNAL INJECTORS Audio through
video signals, ideal servicing
amplifiers,radio and tv
TEST SWITCHES 5 miniature
push to test switches £1.00
AUDIO LEADS

Spdinplgto S5pdinplg 1.5m §£1,
2pdinplgto2p din skt. 10m £1,
5 pin dinplugto 2 phonoplugs £1,
B8IB MI-F) ACCESSORIES

£4.25

20
45
20

Groov-Kleens /42 £1.95
1"Tape Editing Kits /23 £1.50
Cassette Editing Kits /24 £1.65
Cassette Head Cleaners /31 £0.65
Hi-Fi Stereo Test Cassette £2.15
Cassette Waltets (hold 6) £0.90

CASSETTE HEAD DEMAGNETISER
Shapedpole piece-saves timef3.65
EARPHONES Stethoscope style,
8 ohm dynamic £1.20
Crystal earphone-lead&plug £0.65
INTERCOMS 2-station, ideal for
the home-baby alarm, office,with
cable and staples £6.35
MICROPHONES Dynamic,remote
start/stop, 200 ohms, 100-10kHz
6mMmV output £2.15

| spare bits £1.10
SOLDER -in handy 8ib
dispenser £0.43

STEREO HEADPHONES Sy perp
stereo listening in comfort and
privacy.30-15kHz 8 ohms £4.85
STEREO HEADPHONE JUNCTION
BOXES 3 way unit selects phones
only, speakers only or both £2.30
STEREO PRE-AMPLIFIERS
3-30mV ., RIAA . Out:200-800mV
flat.20-20kHz . Supply:PP3 £7.30
SPEAKERS Miniature, 75mm

dia, 8 ohms £0.95
SOLDERING {RONS (ANTEX)
15W, 'C' miniature irons,

slide on & off 3/32" bit £2.30
3/321/8',3/16", bits-each £0.45
'C'Elements £1.10
25W, X25 irons. low leakage,
slide on & off 1/8" bit £2.30
3/32',1/8'%3/16" bits-each £0.47
X25 Elements £1.15
Soldering Kits,SK1, 'C'iron,

2 spare bits 3/32" & 5/32" ,heat
sink, solder ,base ,booklet £3.85
Stands,ST3,High grade base,
spring, sponges,accomodation-

TRY SQUARES
10 tools in one-ideal-marking
out Cabinets,Chassis, PCB's
£2.50
WIRE STRIPPERS & CUTTERS
Bib 8B, 8 guage selector,automatic
opening,easy grip handles £0.85
FOOT SWITCHES
Push on/off. Anti skid

E2.7OJ

FREE Brochure

on New KITS

Whether professional,
student, teacher or amateur,
the field of electronics can open
up a new world for you.

CROFTON don‘t just sell kits, we offer you a technical
back up service to ensure your success

The following is a selection of some of the more popular kits -

* %

PE CCTV Camera
Electronic Ignition
Electronic Flash
UHF Modulator

Wobbulator

b2 2 2 0 2 0 > b o

Mullard CCTV Camera

PE Rondo Quadraphonic Four Channel Sound
{Designer Approved)

PW Tele-Tenrus Game

Bench Power Supply

All ET! Top Projects
Many of the Elektor Projects

NOTE PCBs for most published projects available to order

CROFTON ELECTRONICS LTD

Dept C 124 Colne Road.Twickenham,Middx O1 898 1569

ELECTRONICS TODAY INTERNATIONAL—DECEMBER 1975

the decon-dalo

33PC
Quick-Dri
etch-resist
marker

A unique drafting aid for the

A fine-tipped marking peri charged
with free-flowing etch-resist ink —
new formulation QUICK-DRI ink

is ready for etching in just two
minutes!

Simply draw the desired circuit
onto copper laminated board —
etch — clean.

The circuit is ready to use

L i

NO MESS— NO MASKING
A perfect circuit every time !

Still only £1.00 for one-off, £4.00 for six, £8.00 for twelve
VAT and post extra. Available now in every country
in Europe.

Decon Laboratories Ltd., Eilen Street,
Portslade, Brighton BN4 1EQ Phone: 0273 414371

Please send me further details on the 33 PC Quick-Dri
Name

Address

Post to: DECON LABORATORIES LTD.
FREEPOST

PORTSLADE,BRIGHTON,ENGLAND
(No Stamp Needed) Phone 0273 414371

b e e e e e e -

electronics engineer enabling him
to prepare in minutes a perfect PCB

79



FOR DETAILS ON ADVERTISING IN
MINIADS, OR ELSEWHERE IN ETI,

CONTACT BOB EVANS, 01-730 8282

PRECISION POLYCARBONATE CAPACITORS

440V AC DIMEN Axial or Radial ieads available
RANGE: SIONS PRICE 3V DC Range:
VALUE (mm) EACH:

wF) L D Value (F) +1% +2% *5%
0.14F 27 12.7 51p 0.0I{_F 66p  49p  42p
0.154F 27 12.7 5%p O.lu 66p 49p 42p
0.22uF 33 16 64p 0.22uF 67p 50p 43p
0.25:F 33 16 67p 0.33uF 67p  50p  43p
0.33:F 33 16 75p 0.47uF 67p  50p  43p
0.47uF 33 19 80p 0.68uF 74p  53p  46p
0.5uF 33 ]9 87p 1.0uF 82p 62p 52p
0.68yF 50.8 19  93p 1.54F 89p 7tp 58p
1.0uF 50.8 19 E£1,03 2.2uF s6p  75p  6lp
1.5uF 50.8 25.4 £1.21 3.3uF £1.15 82p 68p
2.0uF 50.8 25.4 £1.44 4.7uF £1.62 £1.13  94p

6.8uF £1.96 £1.38 £1.13

104F £2.40 £1.95 £1.64

15xF £3.22 £2.79 €2.24
22uF £4.28 £3.58 £3.08

*TANTALUM BEAD CAPACITORS — Values available: 0.1,
0.22.0.47. 1.0, 2.2, 4.8, 6.auF at 15V/25V or 35V, 10uF at 16V /20V
or 25V; 22.04F at 8V or 16V; 33.04F at 6V or J0V; 47.0xF at 3V or
6V: 100.0uF at 3V. ALL at 10p each, 10 for 95p. 50 for E4.

TRANSISTOR

BC107/8/9 9p °BC212/212L 14p  BFY50 20p
*BC147/8/9  10p °BCS47/558A 12p - BFY5! 20p
BC157/8 12p BC558A  12p  BFYS2 20p
*BC182/182L ‘11p °'BFI34/BF185 12p  OC7] 12p
BC183/183L 11p  BF197 13p  2N3055 50p
‘BC184/184L 12p  AFI178 30p  *2N:3702/4  1ip

POPULAR DIODES: All brand new and marked: 1N914
6p: B for 45p; 18 for 90p ‘1N9168p;6for45p; 14'tor
90p, 1544 Sp; 11 for S0p. 24 for £1.00. 1N4148 Sp;
6 for 27p; 12 for 4Bp. LOW PRICE ZENER DIODES
400mW: Tol. = 5% at 5mA. Values available: 3V; 3.6\L
4.7V 5.1V 6.2V; B.8V; 7.5V; B.2V; B.1v; 10V; 11V,
12v; 13v; 13.5v; 15v; 16V: 18V: 20V; 22v;
24V: 27V; 30V. All at 7p each: 6 for 39p; 14 for B4p.
Special Offer: 100 Zeners for £5.50. RESISTORS: High
stability. low noise carbon film 5%; Y2Wat40°C; 1/3W
at 70°C. E12 series only, from 2.20) to0 2.2MQ. All at
1p each; Bp for 10 of any one value: 70p for 100 of
any one value. Special Pack: 10 of each value
2.20 to 2.2MQ (730 resistors) £5.00 SILICON
PLASTIC RECTIFIERS, 1.5A. Brand new wire ended
‘D027 100 P.IV.:-7P (4/26p). 400 P.1.V.—BP
(4730p). BRIDGE RECTIFIERS: 2%A_ 200vV—40p
350V—45p. 600V—55p. SUB-MINIATURE VERTI-
CALPRESETS: 0.1W only; All at Sp each. 500, 100Q,
2200, 4700, 6800m 1k, 2.2k 4.7k, 6.Bk, 10k,
15k, 22k. 47k, 68k, 100k, 250k, 680k, 1M, 2.5M.
5M

Please add 15p post and packing on all orders below €5. All
export orders add cost of sea/air mail. Please add 8/ VAT to all
items except those marked with * which are 25%. Send S.A.E. for
lists of additional ex-stock items. Wholesale price lists available
to bona fide companies.

MARCO TRADING .
Dept. T12. The Oid School. Edstaston, Near WEM
Salop. Tel. WIXHALL,  464/465 STD (094872)
(Props: Minicost Trading Ltd }

INDEX TO ADVERTISERS

BN oo v iied s aee s ames b oal
Axial Products
B.H. Components ......... 81
BE. V. Sdlad e asdo bani o
BI-PAK .............
Bl-Pre-Pak
B.N.R.S.
Bywood .................
Cambridge Learning .. ...... 64
C.D.I. Electronic Systems ... 75
Chiltmead ...............
Chromasonics
CJL Ltd. ge.ivecce snbods
Crofton s aje v 570 : - 0 me
DORE + baSynas
Decon ........concveennenn
Eaton Audio s es «ss s ap vuicr
EDIA 355 o o

Elektor . .. .........0c0.-n

Pl * c wsvahma A ben Hamd in 80
Greenbank Electronics ... ... 81
‘Heathkit

Maplin .............
Marco Trading .
Marshall's . ..............
Metac i =vi Faim b s h S e b -
Minikits . .. ..............
RBMAr . ws s goas 5 43 smoim o 5o
Sabtronics . ..............
Sinclair ..............
Sintel s a5 1+ v = slele e w06 > o, =
Tamar , ,.dinny

Technomatic
Videomaster Ltd. . ......... 57
Trampus . ......
Wilmslow Audio

IMPORTANT !
PUBLISHERS’
ANNOUNCEMENT

The Electronic Calculator prices appear-
ing on Henry's Radio advertisement page
83 are incorrect and should read as
follows:

SINCLAIR
Cambridgebuilt .......... £10.65
Cambridge Kit . ........... £9.90
ScientificKit ............ £13.50
Scientificbuilt ........ ... £14.45
Cambridge Memory ....... £14.45

Cost and packing 30p includes V.A.T.

PGB’

Printed Circuit Boards for all ET! projects.
Boards also available for other published
designs or individual requirements,
one-offs or small runs.

HARDWARE

Screws, nuts, washers, etc. Sheet
aluminium cut to size or in standard
packs, plain or punched/drilled to spec.

Fascia panels, dials, name plates, etc., in
etched aluminium.

Send 10p stamps for Catalogue

RAMAR CONSTRUCTOR SERVICES

MASON’S ROAD
STRATFORD-ON-AVON
WARWICKSHIRE
Tel: Stratford-on-Avon (0789) 4879

magswitch

introduce their brilliant and comprehensive range

DIGITAL GLOGKS

The MAGSWITCH phitosophy is to offer a range of
clocks, kits and modules that are imaginative in
concept — exciting to construct — styled to add
prestige to any home or office setting.

BASIC KITS
Designed and engineered for successful assembly
Versatile and extendable for advanced functions —
calendar — alarm — radio timer

MODULES

Build into your hi-fi, embed it into a wall or anywhere.

COMPLETE CLOCKS
Assembted and tested or in kit form. A stunning choice
of styles, cases and colours. From the simple to the
prestigeous.
Square clocks — cylindrical clocks — trendy cool clocks
— hot rainbow clocks — ultra-modern chrome clocks
Priced from £15.45.£29.95 + 8% VAT
Let MAGSWITCH convince you with a set of
information sheets and full colour photograph of the
range. Send 15p {gladly refunded against order) to:
MAGSWITCH

36 CELL BARNES LANE
ST. ALBANS, HERTS. AL1 5QY

80

ALUMINIUM PROJECT BOXES
lids and screws included

‘Box Length Width Heigh! Price
No. in. in. in.

7 5% 2% 1Yz 47p

8 a a 1% 48p

9 a4 2% 1% 46p
10 5% 4 1% 49p
1 a 2% 2 46p
12 3 2 1 38p
13 6 a 2 58p
14 7 5 2% 75p
15 8 6 3 93p
16 10 7 3 £1.14

Prices inviude VAT {at 8%) but 18p should be added to the
total order value for postage & packing

8 WATT 12 VOLT FLUORESCENT LIGHT KIT
Complete Kit including all components, heatsink, channel,
tube, etc

ONLY £3.49 inc. VAT p&p

Ready Built £4.10 inc. VAT p&p
Diffuser 59p extra inc. VAT p&p
Send cheque or PO’s with your order direct to:
ELECTRONICS DESIGN ASSOCIATES Dept. ET19, 82
Bath Street, Walsall WS1 3DE. Phone Walsall 33652

MCLEOD SPEGIALS?

McLeod International Ltd.,
Special Products Division offer
design, source, manufacture and
consultancy on all types of
digital electronic equipment such
as Public Display clocks, data
recording instruments, stop
clocks, etc.

Give us your specification and
let us quote you.

McLeod International Limited,
(Special Products Division)

Sovereign House, Lion Green Road,

Coulsdon, Surrey.

Tel: 01-668-8286, Telex: 945832.

ELECTRONICS TODAY INTERNATIONAL—DECEMBER 1975



TAMAR
ELECTRONICS
LOW PRICES

Bargain Untested Packs: All packs 54p
each unless otherwise marked

75 Transystors, 100 Diodes, 50 400mwW

zeners, 40 2W zeners, 50 mixed IC's, 200

semiconductors including diodes, zeners,

transistors, SCR's, IC's, etc.

Special Offer 1. The above six packs (value
£3.24) for £2.90

40 1N914 type diodes, 40 0A200 diodes, 20

uniunction transistors, 20 1N4000 series

diodes, 40 alloy transistors.

Special Offer 2. The above five packs
(value £2.70) for £2.40

20 Polyester capacitors 40p, 50 Disc ceramics

30p, 25 Electrolytics 54p. 5 Mixed LED's 70p.

Special Offer 3. The above four packs
(value £1.94) for £1:65

AC28 10p, AC176 12p, BC107 11p, BC108
11p, BC109 12p, BFY51 20p, 2N3053 18p,
2N3055 40p, 2N3819E 25p, 741 op-amp in
8 pin DIL package 32p, MFC6040 £1.05.
Small-red LED's 12p each, DL704 85p each,
7448 driver IC for DL704 80p each.

IC pin sockets in strips of 100, 50p per strip. 3
Ibs weight of computer panels £1.75. 1 |b bag
of ferric chloride for etching PCB's 80p
1000uF or 2000uF 30v electrolytics 25p each
1000uF 60v electrolytic, high surge rating
(5%2x2%2"") 35p.

neEeT 1172
AXIAL PRODUCTS LTD S 0125 | _0-2 |irRa RED
T 19p | 5504w
23 AVERY AVENUE RED ! 15p P axial lead 49p
/ DOWNLEY GrY 27p 33p |1 smw
HIGH WYCOMBE, BUCKS. panel 27 33 TO46 £1.10
axial lPwooucrs 043433968 ot | OR LJ Ld
Cailers by appointment -jf OPTO-ISOLATORS SCR's 50V 100v 400V
All prices include VAT add 10p per £ on orders below £2 IL74 1-5kV. 'S0kHz  01) TOS1A  2%p  2p  dsp
e e i e S —— o — o St 4950 25KV MMz £2-25| TOB63A 27p  3p  SOp
7400 15p AC127 15p  BFYS0 19p Data free with all OPTO | TRIAC TO5 24 400V &0p
7403 15p  AC12B 15p  BFY51 19p AC125/6,7.8 15p VOLTAGE REGS.
7404 20p  BC107  11p  TIP29C  70p Jroisi ez aop | W2EG 120 s
7405 20p BC10B 11p  TIP30C 75p AF117 20p | 2n3055 41p | 12V 7812 1 Amp
7410 15p  BC109  12p TIP3055 45p RAEILOU 3;" 2N3702/3/4 12p |15V 7815 all
7412 17p  BC113  12p  2N2906 25p DOy 30| anx90aiwse 8p | 18V 7818 £1-50
i ol P{ 2N2646 35p | 723 TO99 50p
7413 35p BC147 T1p  2N2926 11p BC14789  10p | MbFi0e 20
7442 76p BC14B  11p 2N3055 38p BC15789 11p [ hoed 25 BRIDGE RECTS.
7447 97p BC149  12p _2N3B19 35p BC16789 1191 oN3323 30p | onjogv  ooP
74 3 BC169C 12p B
7448 90p BC157  13p Diodes s & 24200V 41p
7474 36p BCI5B  12p  1N4001  6p BGIB234 L 115 | D0 03¢ 2P |28 400v  46p
7475 45p BC159 14p 1N4004 8p BCi86 7 30p | 14201 5p
7476 36p BCIB4° 14p 1N4007  9p BC2123 4L 10| inanozi3  6p | SENERS B2YE8
7490 49p BC213  14p  1N4148  5p BCY70,7172 13p | iN4004 5 7 |2 d
74121 37p BCY70 22p  LM301 50p ggggg . :z: IN4006 7 gp :Egggv :1523
o 2 2 IN4148 p .
JAN80° disp RIS 1lp M7a! gf;” BEYS0/51  16p | Oa47 6p (LM380  £1.00
74192 140p BF195 12p E555 Op BFX29 p | GATOOATS 8 |ZNaA  £1e30
[ IR NN D S S S SU MR MR e BFX84 24p [ OA31 OA90 7p | 7400 16p
18 element UHF/TV BSX1920 . 16p| QOA31 OAS5 6p
£2.50 + 50p P/P oc71 199 { OA200 6p [0.L.L SOCKETS
10 slement UHF/TV 2N706 1op | Qa202 e 195
2N1711 20p 1a-pin P
€2.19 + 50p P/P 2N2219 20p [ OP. AMPS 16-pin 14p
e 4 element VHF/FM 2N2904 56 7 16p | 708 all 25p [Mica - bushes
#79 ol £4.75 + 75pP/P 2N2904'5 6A 18p| 7418-pin 29p |TO3 TOGE . 5p
Chimney lashing kit £1.25 + 50p P/P. All bracke for 2N2926(R) _7p| 748D1L  36p |DaloPen -70p
1" mast 94p + 50p P/P. 6'x1" mast 94p + 50p P/P PRICESINCLUSIVE + 15pP. & P (1stclass)
Send SAE for complete catalogue ISLAND DEVICES. P.0. Box 11, Margate. Kent
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JFH SUPPLIES,30 BAKER ST. LONDON WM

SIST) TAPESPONDENCE ... today’s most
ANY fascinating hobby! Members world wide

— both sexes — waiting to talk to
') v I~ Recorder owners (cassette or reel).

Particulars, stamp: Worldwide Tapetalk,
35 The Gardens, Harrow.
« :

% ELECTRONIC
PIANO KIT -

% SYNTHESISER
KIT

% ELECTRONIC
ORGAN KITS

There are five superb Elec-
tronic Organ kits specially
designed for the D-/-Y en-
thusiast. With the extreme
fiexibility allowed in design.

costing double the price.

you can build an organ to your requirements.
which will compare with an organ commercially built

*Portable organ with 4 octave keyboard, £145-29. % Console
organ with 5 octave keyboard, £250.95 % Console.organ with
2 x 4 octave keyboards and 13 note pedal board. £470-65. *
Console organ with 2 x 5 octave keyboards and 32 note pedal
‘board. £680.% Console organ with 3 x 5 octave keyboards
and 32 note pedal board. £960.%k W/W Sound Synthesiser Kit.
£130. & W/W Touch Sensitive Electronic Piano. £100.

All components can be purchased separately, i.e., semi-
conductor devices. M.Q.S. master oscillators, coils, keyboards,
pedal boards, stop tabs, draw bars, key-contacts, etc.

Send 50p for catalogue which includes § x 10p vouchers or send
.your own parts list, enclosing S.A E. for quotation,

ELVINS

ELECTRONIC MUSICAL INSTRUMENTS
Designers and component suppliers to the musical industry
12 Brett Road, Hackney, London, E8 1JP. Tel. 01-986 8455

15 assorted potentiometers 54p Cwopes
2 microswitches for 20p
All prices include VAT PLEASEMENTION
Please add 25p p&p on all orders under £3. For
latest st send SAE. All items offered while ET! WHEN
stocks last.
AR ELECTRONICS HAALVILE O
TAMAR T
P.O. Box 17, Plymouth, Devon PL1 1YJ ADVERT'SE RS
L e
—_—

.
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Greenbank Electronics

FREE!
Data and suggested circuits for AY-5-1224 and MK 5025 3 clock chips.
details of PCB’s and component kits for AY-5-1224, data sheets for
LED 0.3’ and 0.6 displays.
NEW!
PCB TO SUIT AY-5-1224 clock chip
4 DIGIT KITS )
Kit includes: PCB, AY-5-1224 chip, 4 LED digits, transistors, diodes,
resistors, capacitors, solder pins (success guaranteed), with 0.3"' digits
£9.95 (0.6 high digit version also available).
CLOCK CHIPS
AY-5-1224 4 digit 12/24 hour . .. >
MK 50253 4/6 digit alarmclock. ... ... ..... ... . .... £5.50
" LED DISPLAYS (ECONOMY TYPES)
DL-704E 0.3 common cathode ..
DL-747E 0.6'' common anode

Add 8% VAT to all prices, post, etc. 10p + VAT per order
GREENBANK ELECTRONICS (Dept. T12E)
94 New Chester Road, New Ferry
Wirral, Merseyside L62 5AG
Tel: 051-645 3391

LEIGHTON ELECTRONICS CENTRE,
LEIGHTON BUZZARD, BEDS. LU7 7EG. Tel. (05253) 2316.

66 PAGES DMF A
+ 3000 ITEMS . DUN
600 PICTURES c
- YOUR
~ COMPLETE
ELECTRONIC
STORES
MAIL
DRDER D 0
0 AND

20p »

BH COMPONENT FACTORS LTD.

59 NORTH ST,

81




TELE — NEW SPECIAL
TELETYPE 28 BRIeE

TELETYPE 28 with housing,
keyboard and Power supply
£45 ea.

Ex BEA

Control Units by Univac.

TELETYPE 28 without key-
board. Good condition (can be
used as receive only) £32.50

Limited quantities — information in process of being obtained —

this may not be available when orders are dispatched but we
guarantee to forward comprehensive information at the earliest

possible time.

electrical

Consisting of 2 -50way plug/sock-
et; 3 multiway switch assembly; a 2
& 4 decade push button assembly
reset;
value. £12.50 each.

etc. Very good

FHACHI VCO MODULE FX11—10—100KHZ

Size 2 x 1% x %''H. Input 12V to 24V DC (not centre tapped) 18V input giving

10V constant amplitude output. Requires only 1 meg ohm potentiometer to

MARCONI| OSCILLOSCOPES

DC — 15

MHZ

potentiometer to control frequency
range up to 100KHZ (eg 50 mfd
electrolytic gives sweep of approx 1
cm per second). In or out sync

capability. Price £5.75. P. &P. 20p.

Max Sensitivity 10mv/cm. Small
compact. Size 10 x 10 x 16 in.
Suitable for Colour TV servicing.
Price £85 each including copy of
manual.

Trace Yellow Afterglow (P7). Infor-
mation’ and recommended circuits
with all purchases. Brand new boxed.
£4 each. Carriage £2

: 1 b TF1330 - Single Beam £65 ea.
tune entire range — Or can be swept with a saw tooth input. TF 1331 — Double Beam £85 ea.
Price £5.75. P&P 20p.
FHACHI RAMP MODULE LOW FREQUENCY
FX21. 24 Volt DC input fqr 18 volt EX-MINISTRY CT436 Double ) . ANALYSER
saw tooth output. Requires only Beam Oscilloscope DC-6 megs. 12" CRT Magnetic Deflection. Blue 50Hz—50kHz
external capacitor and 100K ohm

ASSEMBLY AND INSTRUCTION
INFORMATION S AE.
PRICE £27.P. & P. 75p
Board, modules and all componems
| (excluding P.U.).

GRATICULES. 12 cm. by 14 cm. in High Quallty
plastic. 18p each. P. & P. 8p.

«PANEL mounting Ismp holders. Red or greén. 9p ea,

BECKMAN MULTITURN DIAL

- *TELEPHONES
MODERN STYLE 706 BLACK
OR TWO-TONE GREY £3.75
each. P.&P. 45p. STYLE 7006
TWO-TONE GREEN and GREY
£3.75 each. P.&P. 45p, HAND-

*CAPACITOR PACK 50 Brend new components
only 50p. P.&P. 27p

«P.C. MOUNT SKELETON PRE-SETS.
Screwdriver adjust 10. 5 and 2.5M o 2pea
1M, 500. 250 ana 25k @ ap ea. Finger ad-

*HIGH-VALUE—PRINTED BOARD PACK.

Hundreds of components, transistors, etc.—no
two hoards the same—no short-leaded transis-
t £1 757 i

Large quantity LT, HT. EHT transformers and

0. 5 and 2.5M o 3 M. 500. 250
":’f’,'ok?, EZ';"’{;’;’ SEIS—cor%:Iete with 2 in;gts Ihd 25K @ Bp ea. Min P &P 150 Choyes
e —— and iead 75p each. P.&P. 37p .
FIBRE GLASS PRINTED CIRCUIT ggﬁhs ONLY 75p. each. P.&P. *1000p1 FEED THRU CAPACITORS. Oniy wast quanity obgood quatity comeanalts
BOARD. Brand new. Single or 3 In nagl 1N—30p P & P 15
o Ang o ATy STANDAR% G}EELEEN RECTANGULAR INSTRUMENT FANS. e o:oE’LEEf;:gL\IsI‘CpggODIES
sa. in. Postage 20p_per order. m?uEE #{:‘ASER?B (P)UT YOUR American Ex-equ. Size 43 x 4} x 137. 115

#LIGHT EMITTING DIODES (Red) from
Hewlett-Packard. Brand New. 38p ea
Information Bp, Holders 1p.

METERS by SIFAM type M 42.25-0-25
micro amp. Scaled 25-0-25 green: 250-0—
250 red: linear. Asnew. £2.95ea. P. & P. 37p

BLOCK PAPER CAPACITORS AVAIL-

FINGERS LIKE THE 746. £3.00
egach. P.&P. 45p.

RELIANCE P.C.B. mounting 270. 470
500 ohms: 10K at 38p ea. ALL BRAND NEW

VENNER Hour Meters—5 digit wall mount
sealed case. Standard maing. £3.75 ea

Volt. Very quiet £3 ea’ P.&P, 47p

DELIVERED TO YOUR DOOR 1 cwt. of
Electronic Scrap chassis, boards. etc. No
Rubbish. FOR ONLY £4. N iretand £2 extra
P.C.B. PACK S & D. Quantity 2 sq. ft.- no
tiny pieces. 50p plus P. & P. 20p

ATRIMMER PACK, 2 Twin 50/ 200 pf ceramic: 2

2CRYSTALS. Colour 4.43MHz. Brand New. £1.28
es P.&P. 15p

+Beehive Trimmer 3/30 pf
Brand new. Qty 1-9 13pea. P & P. 15p

10-99 10p ea. P. & P 25p; 100-999
Ipea P. &P free

L i / t i i ith 4

ABLE. S AE. with requirements. P. & P.55p. ;'7'2"0;?ogz:ch";;'r'ipzcﬂ"prs;;'::;a"wo"::s:,: HF Crystal Drlve Unmit. 19in. rack mount
base. All BRAND NEW 25p the LOT. P.&P Standard 240V input with superb crystal oven

*PHOTOCELL equivalent OCP 71. 13p ea TRANSFOAMERS, Al standard inputs Seamicissse P by Labgear (no crystals) £6 ea. Carr. £2.00.

*BTANDARD 2 meg. log pots. Currant type. 18p
a8,

INSTRUMENT 3in. Colvern 5 ohm 386p ea.:
50K and 100K 80p ea.

Gard/Parm/Part.  450-400-0-400 450
MA 2 x 6 3v £3ea

180

FANTASTIC VALUE
Miniature Transformer. Standard 240V
input. 3Voit 1 amp output Brand New

15p.

ALMA precision resistors 200K 400K ; 497K
998K 0-1% 27p ea.. 3.25K. 5:6K. 13K-0-1%
20p 02

#A.B. POTENTIOMETERS LIN. 100K +
100K DUAL GANG. 28p each. Discount for
quentities. P. & P extra

*METER PACKS —3different meters

for £2. P.&P. 55p.

BOURNS TRIMPOT POTENTIOMETERS. 65p each P. & P. 20p. Discount for RELAYS RESETTABLE COUNTERS-—4 digit
20; 50: 100: 200; 500 ohms: 1.2 2.5:5:10: quantity Varley VP4 piastic covers 4 pole cio 15K— by Stonebridge/Sodeco. 10000hm
25K at 35p ea. ALL BRAND NEW 33p. 58K~ -40p ea

coil. £2 ea. P.&P. 35p

. LOW FREQUENCY WOBBULATOR
DUNTFORGET For alignment of Receivers, Filters etc. 250KHz to 5 MHz, effective to 30 MHz on harmonics. Three controls—RF level
YOUR MANUALS sweep, width and frequency. Order LX63. Price £8-60 P. & P.35p. .
As above but can haveé extended cover range down to 20KHz by addition of external capacitors. Order LX63E. Price £11.50
SAE WITH P. & P. 35p.
Both models can be used with any general purpose oscilloscope. Requires 6-3V AC input. Supplied connected for automatic
REUUlREMENTS 50Hz sweeping. An external sweep voltage can be used instead. These units are encapsulated for additional reliability, with
the exception of the controls (not cased, not calibrated).

20HZ to 200KHZ

WIDE RANGE WOBBULATOR

SINE AND SQUARE WAVE GENERATOR

In_four ranges. Wien bridge oscillator thermistor stabilised. Separate
independent sine and square wave amplitude controls. 3V max sine,
6V max square outputs, Completely assembled P.C. Boa:d, ready to use.
9 to 12V supply required. £8.85 each. P. & P. 25p. Sine Wave anly
£6.85 each. P. & P. 25p.

5 MHZ to 150 MHZ (Useful harmonics up to 1.5 GHZ) up to 15 MHZ sweep width
Only 3 controls, preset RF level, sweep width and frequency. Ideal for 10:7 or TV
IF alignment, fiiters, receivers. Can be used with any general purpose scope. Full
instructions supplied. Connect 6:3V AC and use within minutes of receiving.

Alt this for only £6.75. P. & P. 25p. (Not cased, not calibrated )

TRANSISTOR INVERTORS MAKE YOUR SINGLE BEAM SCOPE INTO A

TYPED DOUBLE WITH OUR NEW LOW PRICED
TYPE A TYPEB TYPEC Input 12V to 24V DC SOLID STATE SWITCH.
fnput: 12v DC Input: 12V DC Input 12V to 24V DC Qutput: 14kv DC 100 micro amps at 24V 2 HZ to 8 MHZ. Hook up a 9 volt battery

and connect your scope and have two traces
for ONLY £6.25. P. & P. 26p.

STILL AVAILABLE our 20 MHZ version at
£9.75.P. & P. 25p.

Dutput: 1 3kV AC 1.5MA } Gutput: 1.3kV DC 1.5MA [Output 1.5kV to 4kV AC 0.5MA

Price £3.45 £4.70 Price £6.35
Postage & Packing 36p

Progressively reducing for lower input voltages
Price £11

Price

Unless stated — please add £2.00 carriage to all units.

VALUE ADDED TAX not included in prices—Goods marked with x 25% VAT, otherwise 8%
Official Orders Welcomed, Gov./Educational Depts., Authorities, etc., otherwise Cash with Order
Open 9am to 5.30pm Mon to Sat.

FACHILTMEAD | T

7/9 ARTHUR ROAD, READING, BERKS. (rear Tech. College, Kings Road) Tel.: Reading 582605/65916
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= Dept.7 56, Fortis Green Road,
n c s Muswell Hil, London, NI1O 3HN.
telephone: 01-883 3705
1.C. SOCKETS LINEAR
1-24 25-99  100up 555 (8 pindiplV 35 ° | AY-1-0212 £6.93 | tm2111 £1.12 SN76001N (TAAGT) £1.82
T - ) 3 555 (TO-991T 8lp * | AY-1-5051 £1.44 LM3900 6% | SN76003N £3.30
CD4000AE 1% * 17p 14p “ | Pin Sackets, pins in strips 556 (14 pin dip) £1.29°* AY-5-1224 £3.95 * | LM3909 bbp * EN7°013N £1.98
CD4001AE 19 7o % 14p* | 56100, Just snip off what AY-5-3500 £6.59 | mC1303L €1.84 SN76023N £1.98
CD4002AE 190 * 170" T4p " | you need. &8p per strip 703 (RF/IF Amp)  8p AY-5-3507 £6.59 | MC1306P 80p | SN76227N(MC1327) £1.89
CDA400SAE £1.59 ¢ £1.33 * £1.06 * | pyol in line * 709 (8 pin dip) 38p AY-5-4007 £7.94 | mC1310p £2.39 SN76532N £1.86
CD4007AE 2p 19%* 150" | g pin 13 24 pin 26p. 105 709 (10-99) 45p MC1312 £2.42 SN76544N £1.81
CD4008AE £1.75 £1.46 * £1.17 * | 14 pin 15p Bpin0p.  Bpin 3lp 709 (14 pin dip 3% BHA0002 £3.01 MC1314 £4.13 | SN76550-2(TAA550)8%
CD400SAE Use €D4049* 16 pin 15p 36pin3%p. 10pin 350 710 (8 pin dip) 3% | mC1315 £4.62 SN76552-2 8ip
CD4010AE Use CD4050" 710 (10-99) 45p CA2IH1 £1.19 MC1327 £1.12 | SN76660N(T8A120) 75p
CD4011AE 190 * 179" l4p 710 (14 pin dip 44p CA3045 £1.69 MC1330P 83p SN76666N (CA3065) £1.12
CD4012AE 19 * 17p* 14p * 711(T10-99) Slp CA3046 88p | mC1339p £1.52
CDA4013AE 5% * 50p* 46p * Our 8 Page A4 Audio |.C. Booklet 711 (14 pin dip. 44p CA3053 5% MC1350 64p \ TAA 263 £1.50
CDA4014AE £1.75 * £1.46 * €117 * is supplied FREE with purchases of 720 (A .M Rodio) £1.76 CA3065 £1.60 MC1351 88p TAA300 £2.16
CD4015SAE £1.75 £1.46 * £1.17 * Linear 1.C.'s worth £1. or more 723 {T0-99) £1.09 CA3075 £).64 | mc13s2 88p TAA310A £1.87
CD4016AE 555 * 48p* 44p * {35p. if sold alone) Contains cirevits 723 (14 oin dip 74p CA3078 §1.26 MC 1357 £1.57 TAA320 £1.44
CDA4017AE £1.29 £1.07 +  98p ond pin connectians 741 (8 pin dip 3¢6p CA3080 59 | MC1358(CA3065) £1.16 TAA350 £2.43
CDA401BAE £1.89 * £1.56 * £1.25 15 Amplifiers 250 mW to 20 watts 741 (10-99) 43p CA308! £1.86 MC 1375 £1.48 ‘ TAA370 £3 .45
CDA40IAE 80p * b6p*  S3p * 5 Audio Pre-Amplifiers 741 (14 pin dip) 3ép CA3082 £1.86 MC 1455 (5557 62 TAA550 75
CD4020AE £1.97 * £1.64 * £1.31 ° | Tope Pre-Amplifier 747 (14 pin dip) £1.04 CA3089E (TDA1200) £2 43 | MClssece  £1.68 TAA570 £2.75
CD4021AE €1.75 * £1.46 * £1.17p ¢ ! Power Driver 748 (8 pin dip) 42 CAJ097E £1.67 * | MC1458CP} 84p TAA700 £5.03
CD4023AE 199 * 17p* 14p I Instrument Amplifier (Bifet) 748 (T0-99) 4ép CA3123E £1.76 MC 1468G £2.18
CT4022AE £1.83 ° €1.53 * £1.27 | General Purpose Mini Amplifier 748 (14 pin dip 49 CA3130 84y MC 14951 £4.24 | T1BAI20S £1.25
CDA4024AE £1.26 €1.05 * 84p | D.C. Controlled Goin Control 753 (F.M_ 1st.|.F) | CA3401E (LM3900) 68p MC 149G 96p TBA 231 £1.02
CDA4025AE 199 * 17p" 14p * Miero-mini radio {2 1.C’s) £1.08 CA3600E £1.44 | MC3302p £1.50 TBA1 (723)  £2.59
CD402AE £2.79 * £2.32 * £1.86 * 75491 88p * MC3401P 740 TBAS500Q £3.16
CD4027AE %8p 82%*  65p * 75492 £.10 * | er700 £5.34 TBA520Q £3.85
CDA402BAE £1.53 * £1.28 < £1.02 * | MFC4000B 87p | TBAS30Q £3.27
CD4029AE £1.89 *  *£1.56 " £1.15 * Voo & B 0 Regulotors 100 mA | L00STI (T0.3)  £1.46 * | MFCA060A 79 * | TBA540Q £€3.72
CD4030AE 71p * 59%%  47p | Vebo  25v ¢ 78105WC (T0-92)  60p * | 03471 (T0.3) £!.46 | MFCs030A 7% * | TBASSOQ £5.29
CD4035AE £1.75 * £1.46 * €117 * Vebo  Bv / 7BLI2WC (10-92)  60p * | (03771 (T0-3) €1.46 * | MFC6040 96p TBA560CQ £5.29
CD4040AE £2.01 * £1 69 * £1.34 * I 250mA 7 7BLISWC (T0-92)  60p ° | 129 (SOT-37) 850 MFC6070 €1.66 TBA625A £1.03 *
CDA4042AE €1.49 * £1.24 99 * Pd 200 mW 35 | (130 (5OT-32) B5p ¢ | TBAG?5B £1.03 -
CDAO46AE £2.15 * €1.79 * £1.44 * Hfe 2500 P Regulotors 100mA 131 (5O0T1-32) 85 MM5314 £4.80 | TBA625C £1.03
CD4049AE 69 * 58p* 7BLOSAWC (TBA625A) 90p * | w16 £9.99 ‘
CDA4050AE 69 * 58p* 7BLI2AWC (TBAG25B) 90p * LM301T (T0-99)  65p TBAGST £1.87
CD40SI AE £2.78 £2.32 * €. 7BLISAWC (TBA625C) 90p * LM301S (8 pin dip)5% MVRSV (10-3) €1.45 * | TBA720Q £2.79
CDA4052AE £2.78 * £2.32 * €1, LM301AT(T0-99)  67p | MVRIZV (T0-3) €1.45 ° | TBA750Q £2.79
CD4056AE £2.12 ¢ £1.76 * £1. Regufators 500mA ‘ LM301A S(8 pin dip) 5% MVRISV (T0-3) £1.45 * | TBABOD £1.11
CD4060AE £2.39 £1.99 © €1, 78MO5HC £1.35 LM307 T (T0-99) 5% TBABI0S £1.24
CDA0S6AE £1.13 ¢ S4p* 78MI2HC £1.35 ' LM307 S (8 pindip) 57p | NE540i £1.25 TBABIOAS £1.24
CDA06BAE 8p * 24p* 7BM15HC €135 ° 1 1M308 T (T0-99)  £1.96 | NE546A £1.16 TBAB20 86p
CDA4069AE 28p * 24p* 78MI8HC £1.35 * | [M308 S (8 pin dip 98p | NS5V 3p * ‘ TBA920Q £4.71
CD4070AE 28p " 24p* 78M24HC £1.35 ‘ LM30BA T (T0-99) £7.92 | NE556 £1.29 TBA9OQ £4.71
CD4071AE 28p 24p* 19 NEW LED Lineor Cursors LM308A S (8 pin dip)E6.90 | NE560B £5.06
CD4077AE 7lp * 5% 47p each device contains 10 light Regulators (A NE5618 £5.06 | TCA270Q £5.24
CD4081AE 28p * 2Up* 19p emi tting diodes in a 20 pin dual~ 7805KC (T0-3) £2.09 * | LM309K £2.34 ° NE5628 £5.06 TCA760 £2.16
CDA0BIAE Bp * 24p* 19 in-line package . Ideal for solid 7817KC (10-3) £2.09 * | |M339 £2.25 NE563 £2.96 \ TCABOOG £7.24
CD408S5AE €198 £1.06 © 85 * state analogue meters or dials 78I5KC (10-3)  £2.09 | NE565N - £2.63 TCA830S £1.04
CD40B6AE £1.28 £1.06 * 85 Type 101 RED £2.26.* Complete 7818KC (T0-3)  €2.09 * | |M370N £2.85 | NES66V £1.87 TCA940 £2.25
CD4093AE £1.56 * £1.20 < £1.04 * with leaflet . 7824KC (T0-3)  £2.09 * | (M371 £2.08 NES67V £2.63 |
CDA09IAE £2.95 * £2.46 * £1.96 * | (m3z2n £1.99 TDAI054 £1.50
CD4511AE £2.36 * £1.79 * £1.44 * ’“_%‘M“oi .| tmazaN £2.99 SL4T4A £209 | TDAI200 £2.43
CD4528AE £1.30 +  £1.08* 87 1224 2599 100 AUE MUY (2l o2 LM377N £2.71 SL415A £2.75 TDA1405 80p *
24 25799 100 7812UC (10-220) £1.72 * | {380 £1.25 L4370 £7.50 | 1oa1412 80p
3}, DECADE DYM_I.C. T S R e L Sl V-
l4p %% ¢ l0m ¢ 10-229) |E1 728 L Um382 o TDA2010 T.BA,
k . - 7402 14" ]2 ]gg 7824UC (10-220/£1.72 LM703 8p SN75491N 88 * | TDA2020 TBA.
comparator [~ 7403 150°  12p*  10p * . | Lmis20 £1.03 | SN75492N £1.10 *
LN o B e b 1CL8030 £3.52 (e = L2l 11A €152
P e [_Aﬂ_ e Towr 130t Tip * | ZN414 Leaflet free with devices{ 10p alone |
-
evegrator — o ] 7409 lep* 13" p [TMC1310, 2, 485 Leoflet free with devices (10p alone) | 2414 325
E} oot 7410 1ot 13p Np * /
Ly - I E LED DISPLAYS DICITAL  SWITCH
7420 162 13:” lp * Litronix Double Digit Disploys . &
itranix Double Digit Dis 58 =
This state~of-the-art MOS LS| chip contains 7427 27" 22" 18p * 0.5" Common Anode, 2 RH NEW Lod % BCD encoded digitol switch
oll the logic necessary for a 3} decade , dual 7430 16p* 13+ 1lp * Decimal Points £8 © Reoding 0 to 9. Suitable for
slope integrating, automatic polarity detecting 7432 Zpr 2 (8p DL721 % 1.9 2T _S q digiral clock alarm setting
DVM  Supplied with free dato and circuit 7437 S tép * DL727  0.010 9.9 SRR DVM input Scaling etc.
bookle 535 7441 75p* 82" S0p Suitable for Clocks, Meters, 8883
7442 65p*  55p* 43p * Instruments, Channel Indicators 2eog 1te9. £1.49 each *
OUR PRICE ONLY £6.59.* E ;4425 5y AP 57p Our price £4.75 * each hh 39
Data and Circuit Booklets olone 20p. iy %z. Zg:. ggz 5 A
3 o o - Low cost Red GaAsP| 0.33" Litronix DL 707 Series  all £1.82% each (Red only)
The AY-5:722¢ tick-tock T ;g; ggi 670 " | Motorola MLED 500 | ©.33" Monsonto MAN 50/70/8)/3600 v '/, ¢, all £1.82* Each (Red, araen, yellow, Orange)
Another marvel from G_I. A 16 pin 7472 ot 2w A7p < | inoT092packege | 0.33] Xeiton XAN 70 Series . /. all £1.49" Each  (Red Green, yellow
12924 hr . Clock 1.C. with 25 pin copability 7473 30pc 257 Op 5 0.43 Monsanto MAN 4000 Series  y/v/ '/ oll £2.32 Each  (Red, Green, Yellaw, Oronge)
and Yow external parts count . Supptied with 7474 3¢ 26p° 21p 4 24 0.63  Litronix DL747 *Jumbo' Series /7 | all £242* Each (Red only
monufacurers detailed leaflet £3.95p* (inc. 7475 4700 3%* 3lp * Common Cathode o5 Comman Annde (Red onfy
VAT) (Loafler alone 20p.) Full Kit 7476 3" 26pt 2p 15p. NOTE: MAN 4000 Series pir. auts are 14 pin dil the some as MAN 50; 70 and 80 series
{excluding cose) ovailable rowards 7482 759t &%p” 50p * y
end of 1975. Phone Clive for details. E 7485 £1.30 * £1.09 * 87p soessss Contd
U5 meseracse ot - Free snapron plastic retoiner e Our Bulk Buying Power enables o
MUOLLARD MODULES 7450 49t 400" 3% ° 0.125" (¢ 0.16' 0.2" x repeat of our Specia! Offer
: e an e 2p dia Tens N9 dia. tens dia. lens P& 0437 (LIT707) %0p."(inc. VAT)
Still make the simplest, highly FCR = u;' 5% o (T1L.209) (MLED 650 0.63" (LIT 747)£199 .*(inc. VAT)
reliable F.M. tuner e 452* prig 3,: . 1 00 100° 1 10+ 100 | 1 10+ 100
- - & 7495 &7p* 559" 45p * | Red Tép 15p 13p°| 27p p  2%* [ 18 1ép ldp*
S 74100 £1.08 * 89" 7% Green Wp 24p  220*| 3Bp 30p 270" | 30p Wp 2p° LI 4N25 or TIL1TE
= 74107 3t et 2 ' |Owmnge 270 2p 2" 33 30 Wy 30p p  2p & pin industry standard package
- ;::312 idp. Zﬁp' 23p Yellow 34p 3lp 29*| 3% 3% 2% [ 3% 33p 30p 2.5KV isolation £1.00.°
Pe o = 7pt 3% 31p -
e A s o e e
=% / 7 P’ p p =
T ~— /7 74154 €1 .62 E1.4§ 8ép Secondaries A 1A 28 _4A
= / ;ﬁgs :: '82 g-BP: gTP 6-0-6 100 mA bt | 0917V E £1.95 % £2.27 £2.64 7 f
e B T 9-0-% 100 mA b. 0-12-15-20-24-30V - £2.48 # £4.15 - |
LPI186 Voroctor frontend  £5.38 74192 £135 8104+ 90p 120-127 100 mA ap 2 || CEHDIHIEN, e e & ek . J
(PI185 I.F. Swip .27 s e SE A i 20-0-20v 1A £4.55 0-19-25-33-40-50V £2.70 % €3.40 % £4.53 - §ES
LPI400 Maltiplex decoder  £5.62 groey Hheh  EHY el ot
0 p.p. on tronsformers 10% of price min P

& pockina 20

Data Sheet and photocopy service available 10p. per page

Advert No. 1A of Series B CALLERS WELCOMED]

Overseas Customers
deduct 2/27 from *
. 1/5 from others

Orders for over £6. post
free . Except transformers,

Items followed by a*
‘q"l‘ l N ‘ o oobers ractod
J alt others include 25%




More than
just a catalogue!

PROJECTS FOR YOU TO BUILD

4-digit clock, 6-digit clock, TOW high quality power
amp., High quality stereo pre-amp., Stereo Tuner,
F.M. Stereo decoder, etc., etc.

ggﬁg oy
, sy 4z}

7”44/7» o,
-£, "‘Uy
457-_ , 144;‘,

CIRCUITS . . . Frequency Doublers, Oscillators, Timers,
Voltmeters, Power Suppiies, Amplifiers, Capacitance
Multiplier, etc., etc. . . .

Full details and pictures of our wide range of componeits,
e.g. capacitors, cases, knobs, veroboards, edge connectors,
plugs and sockets, lamps and lampholders, audio leads,
adaptor plugs, rotary and slide potentiometers, presets,
relays, resistors {even 1% types! ), switches, interlocking
pushbuttonswitches, pot cores, transformers, cable and
wire, panel meters, nuts and bolts, tools, organ components,
keyboards, L.E D.'s, 7-segment displays, heatsinks,
transistors, diodes, integrated circuits, etc., etc., etc. . . .

Really good value for money at just 40p.

The 3600 SYNTHESISER

The 3600 synthesiser includes the most popular features of the
4600 model, but 1s simpier. Faster to operate, It has a switch
patching system rather than the matrix patchboard of the larger
unit and Is
particularly
suitable for five
performanc-
and portable
use.

The 4600
SYNTHESISER

We stock all the parts for this brilliantly designed synthesiser,
including all the PCBs, metalwork and a drilled and printed front
panel, giving a superb professional finish Opinions of authority
agree the ETI International Synthesiser is technically superior to
most of today's models. Complete construction details in our
booklet available now, price £1.50. or S.A E. please for
specification.

ELECTRONIC ORGAN

Butld pourself an exciting Etectronic
Organ. Our leaflet MES51, price 15p,
deals with the basic theory of electronic
organs and describes the construction of
a simple 49-note instrument with a single
keyboard and a iimited number of stops.
Leaflet MES52, price 15p, describes the
extension of the organ to two keyboards
each with five voices and the extension
by an octave of the organ’s range. 2"
Solid-state switching and new footages along with a pedal board
and a further extension of the organ’s range are shown in

leaflet MES53 priced at 35p. (pre-publication price 15p )

Please send
S.AE for
our price
list.

A really superior
high quality stereo
graphic equaliser
as described in
Jan. 1975 issue

of ETI, We stock
all parts {except
woodwork)
including all the
metal work
drilled and printed as required

1o suit our components and PCB's
S.A.E. for price list or complete reprint of article

price 15p.

NO MORE DOUBTS ABOUT PRICES

Now our prices are GUARANTEED (changes in VAT excluded) for two month periods. We'li tell you about price changes in advance for
just 30p a year (refunded on purchases). If you already have our catalogue send us an s.a.e. and we'll send you our latest st of
GUARANTEED prices. Send us 30p and we’ll put you on our mailing list — you’ll receive immediately our latest price list then every
two months from the starting date shown on that list you'll receive details of our prices for the next GUARANTEED period before the
prices are implemented! — plus details of any new lines, special offers, interesting:projects — and coupons to spend on components to

repay your 30p
‘-----------------Eln‘

NOTE: The price list 13 based on the Order Codes shown in our ‘

catalogue sO an investment in our super catalogue i1s an essential | enclose Cheque/P,O, value .
first step For copy/copies of your Catalogue ]
Call in at our shop, 284 London Road, Westcliff-on-Sea, Essex .
Please address all mail to . Name S _ _ .
MAPLIN ELECTRONIC Address — ]
SUPPLIES i - BT
e
P.O. Box 3 Rayleigh Essex 556 8LR. [MAPLIN ELECTRONIC SUPPLIES ggex 556 8LA

A/



