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AMPLIFIER DISTORTION. .

Sometimes it can actually improve the sound!

GEOPHYSICAL SURVEY — PART TWO

Infra-red and radicactive surveying methods

MICROPROCESSORS

ET! introduces "Microfile’

CMOS — PART TWO .

More information and CirCuits

ELECTRONICS IT'S EASY .

Continuing with digital circuits

Projects

AUDIO LEVEL METER .

Unusual method of display is used B = .

CANNIBALS AND MISSIONARIES

Our own version of "Jaws ' ta play at homel
HEADPHONE ADAPTOR =i
Properly designed circuit improves performanc
SILENT A-B SWITCH. . .

Modification to our Tone-Burst Generator

DYNAMIC NOISE FILTER — PART TWO . .

Eliminate surface noisel

Data Sheet Special

OPERATIONAL AMPLIFIERS

Data sheets

Index

APRIL 1972 — MARCH 1976

Listing of features since ET's first issue

News & Information ———

NEWS DIGEST

PROJECT BOOK 3 o
PULSAR OFFER REOPENED.
PREVIEW OF APRIL ETI

ETI BOOK SERVICE . . .

ETI SPECIALS AILEE
ELECTRONICS TOMORROW .
TECH-TIPS

Competition :

ETI/HENRY'S RADIO COMPETITION
Up to £500 to be won in prizes

Special Offer — <>

EXELAR DIGITAL ELECTRONIC WATCH . ' S
A fabulous product for only E14.95¢ \Q @
| Q‘&é’%
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CARBON RESIBSTOR PAKS
These Paks contain & range of Carbon
Reslstors, asecrted nto the followling

groups: .
RI 50 Mixed 100 ohms —

820 ohums Yath W 0.60
R2. 50 Mixed 1K ohms —
B 2K ohms %Lh W .68
R3. 50 M.umd 10K ohms —
K ohms %th W 0.64
R4. 30 M.lxed 100K ochms —
B20K ohms Yth W LU
R5 30 Mixed {00 ohms —
820 ohms W W 0.80
R& 30 Mixed |K ohms —
8.2K chms W W .00
R7. 30 Mixed 10K ohma —
82K chms 4 W 0.8
RB. 30 Mixed 100K ohms —
20K chms 4 'W &80
. These are unbesatable prices.
LOW COST CAPACITORS
50 uf SV Elect 0.09 each
(TR 9.03 each
RAEPANCO CHOKES & COILS
RF Chokes CHI 25mH #27
CH3 75mH 029
CH3 15mH 0.32%
CH2 50mH 028
CH4 1omH &31

COlLs DRXI1 Crystal set 0.2%

DRR2 Dual range 042

CARBON POTENTIOMETERS
Log and Lin 4.7K. 10K, 22K. 47K. 100K,
20K, 470K, M, IM.

VC | Single Less Switch 820
vC 2 Smgle D.P, Swilch 240
VC 3 Tandem Less Swilch 0.64
VC 4 1K Lin Less Switch a.20
VC 5 100K Log anti-Log 0.66

HORIZONTAL CARBON FRESETS

01 Watt 099 each
100, 220, 470, 1K, 2.2K, 4.7K, 10K, 22K,
47K, 100K, 221K, 470K, IM,2M, 4.7M_

REPANCO TRANSFORMERS «

240V. Primary. Secondary voltages
available from selecled tappings 4V, 7V,

BY, 10V, 40V, MV and 25V-0-25V.
Type Amps Price P&LP
MT50/% Y% £1.79 0.45
MTH0/ 1 | E124 0.48
MT50/2 | 2 03.08 0.60
COIL FORMERS & CORES

NORMAN %" Cores & Formers 9.47p
%'"Cores & Formers 0.89p
FWITCHES

DP/DT Toggle 823p
SP/ST Toggle W32p

FUSES
20mm, 100mA, 200mA, 250mA, 500mA,
1A, 1.5A, 2A QUICK BLOW

*8.85p each
Anti-surge 20mm only -*8.8p each
VERDBOARDS &
vB 1

containing approx. ins. various
sizes ol Ugl rr?:tnx =t *8.80p
Ve 2

containing approX, 50 sq. ins, various
sixes all 0.15 marrix b X

DECON-DALD 21PC Markery

Exch resistant printed circuit marker
pen. Full instructions supplied with
each pen “0.92p

BATTERY HOLDERS
Takes 6 HP. 7's complete with terminal
clip and lead *“031peach

V.AT.

ALL PRIGES
EXCLUDE V.A.T.

Please add 8% to all prices
marked *. Remainder add
25%. Do NOT add V.A.T. to
prices marked f.

SEMICONDUCTORS

[INSTRUMENT casts |

| ANTEX EQUIPMENT | *

[ Aupio LEADS |

{In 2 sections, Black Vinyl covered top

and sides and bezel)

No  Length  Width Helght Priece
BVI 8 x 5" x 2’ “£12%
BY2 1" x 67 x 3 “£]1.82
BVI 6" x 4%" x 1%" “£092
BV4e . ¥ x 5S4 x 2" €139

[ aLuminium soxes - |

SOLDERING IRONS

NESPZ WAL P e e e 245
Model G. 18 watt ... "E270
CCN 240. 15wawt ............. "£2.80
SK2Soklering Kit ... . "£3.90
BITE AND ELEMENTS =
Bit No.

102 for model CN240 3/32" *alp

104 for model CN40
1100 for model CCN240
110§ for model CCN240
1102 for model CCN240
1020 for model G240
1021 for model G240
1022 for model X25

No Length Width Helght Price
BAl  SWTx 247 x 1% spas 0 for model X25
BA2 ¢ x4 x 1% 045 51 for model X25
Bal & oxM x 14T 045 52 for model X25
Ba4 5%":4” x 14 "0.5  ELEMENTS -
. K L
B L e M Model EON £1.100
BAT 7 x5 % 2w ap7p Model EG 240 £135*
o Ratn B vg1.92 Model ECCN 240 £1.55¢
BAD & x4 x 2 0.5 Model EX 25 £1.20%
(E-:wh!mmplew with 4" deep lids & soLDEMING IRON STAND
T 20p POSTAGE aND ST3 Suitable for ail models “£L10
PACKING FOR EACH BOX Antex heat shunt tep
PLUGS PRICE
[ COMPONENT PAKS |  Ps DIN.2Pin (speaker) 019
. PS2 D.N.3Pin 0.1
Pak Qty Description Price PS3 DIN 4Pin D14
Cl 200 Resistors mixed values g ; g:s g";‘: ;23, g}:
approx count by weight .60 PS € DIN.GPn Il:lﬁ
C2 150 Capacitors mixed values PS 7 D.I-N- 7 Pin 0.17
approx. countby welght .80 oo g 1405 5mm Screened 017
C3 %0 Precision Resistors mixed . P59 Jack 35mm Plastic o1
C4 75 Yth width Resistors mixed gg Ilf j::: %E’;’:sﬁr""’d :‘::
preferred values S 12 Jack " Screened 020
c5 5 Pieces assorted Fertite Rods.80 PS 13 Jack Stereo Screened 033
(o3 2 Tuning Gangs. MW/LW - ¥
VHF P PS 14 Phono . 0.09
C7 1 Pak Wire 50 metres SR aReyeag aeria) 0.4
assoned colours .80
CE 10 Reed Switches *80 |INLINE SOCKETS
C9 3 Micro Switches *80

CI0 15 Assoried Pots & Pre-Sels .60
Cll 5 Jack Sockets 3 x 1.5m, 2

x standard Switch Type 08
C12 30 Puaper Condensers pre-

ferred types mixed values .80
CI13 20 Electrolytics Trans. types .80
CH | Pack assoried Hardware-

Nuts/Bolts, Grommets_eic.*.60
Cl15 5 Mains Slide Switches,

2 Amp 50
Ci6 20 Assorted Tag Strips Panels .80
C17 10 Assorted Control Knobs
CI8 4 Rolary Wave Change

Swatches &0
Cl18 2 Relays 6-24V Operaling *.08
C20 20 Sheets Copper Laminate.

ox 200 sq. ins. =l
Please adc?w 20p post and packing on aII
component packs. plus a further 10p on
pack nos. CL.C2, CI9 & C20,

[ AVDELBOND |

SOLVE THOSE STICKY
PROBLEMS! :

CYANOACRYLATE G2 ADHESIVE
The wonder bond which warks in
seconds. Bonds plaetio, rubber. fransis-
tors, components. parmanently, imme-
diately!

OUR PRICE ONLY 69px
for 2 gm phial

CABLES

- Per Metre
CP | Single lapped screen *0.08
CP 2 Twm Common Screen  *0.11
CP 3 Stereo Screened *9.12
P 4 Four Core Common
Screen 2zl
CP 5 Four Core individually
screened “0.28
CP & Microphone Fully
Braided Cable *0.11
CP 7 Three Core Mains Cable *0.11
CP 8 Twin Oval Mains Cable *0.08
CP 9 Speaker Cable *0.08
CP 10 _Low Loss Co-Axial . _to.14

PEP,

Postage and Packing sdd 25p
uniess otherwise shown. Add extra
- for alrmall. Minimum order £1.00

PS5 21 DN, 2 Pin (Speaker}
Pin

0.13
PS 22 D.iN. 3 0.1%
PS 23 DIN. 5Pin 180° D.19
PS 24 D.LN. 5 Pin 240" 019
PS 25 Jack h5mm Plastic 213
PS5 26 Jack 3.5mm Plastic 0.13
PS 27 Jack 4" Plastic 28
PS 28 Jack %" Screened 0.32
PS 29 Jack Steren Plastic 828
PS 30 Jack Stereo Screened 0.3%
PS 31 Phono Screened 0.17
PS5 32 Car Aenal 020
PS 33 Co-Axlal 0.20
SOCKETS
PS 35 D.IN. 2 Pln {Speaker) 8.07
PS 36 D.IN. 3 0.09
PSJ?DINSP:nlBO“ .03
PS 38 D.LN. 5 Pin 240° 0.10
PS 3% Jack 25mm Switched all
PS 40 Jack 35mm Switched 0.11
PS 41 Jack 4™ Switched a.le
PS 42 Jack Sterro Switched 0.28
PS5 43 Phono Single 0.07
PS5 44 Phono Double 609
PS 46 Co-Axial Surface 0.09
PS 47 Co-Axial Flush .19

[P-c.B.KITS & PENS |

PROFESSIONAL D.I.Y. PRINTED
CIRCUIT KIT

Containing & sheets of 6 x 4" single
sided laminate. a generous Supply of
etchant powder, etching dish, eichant
measure. Lweezers. elch resistant
marking pen, high quality pump drill
with spares, cutting knife with spare
blades, 6” metal ruler. plus full easy to
follow instructions.

*£7.88 per kit
Spare container of etchant for above,
complete with instructions “I0p

P.C.B. MARKING PENS

2 x qualtty marker pens, specifically
designed’ for drawing fine elchant
resiSlant Circuits on copper laminate.
Complete with full instructions 'tl 33
per pair

[LOW-NOISE CASSETTES |
(o] "Mp
C50 r44p
cI1 “36p
SLIDER PAK
Comaining arange of slider pots.

SP1 6 mixed valuesshdera... .. 0.60
SP2 6 470R Lin. slidery. .. 0.60
SP3 & I0KLin, slider . 0.60
SP4 8 22K Lin. sliders ., 0.80
SP5 6 47K Log.sliders.. ... 0.8
SP6 6 47K Lin sliders ......... 8.60
HE ¢ B ¢ BN

S221 5 pin DIN plug to 4 pheno plugs
length 1.5m £1.88
5222 5pin BIN plug to 5 pin DIN socket
lengeh 1.5 88p
8237 3 pin DIN plug to 5 pin DIN plug
mirron image length 1.5m  £1.20
$238 2pin DIN plug o2 pin DIN socket
length 5m 88p
5268 5 pim DIN plug to A pin DIN plug |
&dand3 &5 length [.5m  £1.00
$270 2 pin DIN plug to 2 pin DIN socket
Iength lom .B0p
$271 5 pin DIN plug to 2 phone plugs
connecied to pins 3 & 5 length
1.5m i
5275 5 pin DIN plug to 2 phono sockets
connected to pins 1 & 5 length
2%cm B58p
%318 5 pin DIN socket Lo 2 phono piugs
connected to pin 1 & 5 length

m Sap

5404 Coiled stereo headphones exten-
sion cord extends to Tm £l.40

$217 3 pin DIN plug to 3 pin DIN plug
length |,

$219 5 pin DIN plug to 5 pin DIN plug
length 1.5m

§474 3.5mm Jack to 3.5mm Jack Ienglh

1.5m
S600 5 pin DIN plug to 3.5mm .lack
connected to pins 3 & 5 length
1.5m _Bop
S700 5 pin DIN plug to 3.5 jack
connected to pins 1 & 4 length
1.5m

[ cROSSOVER NETWORK |
K4007 1/P Impedance 8 ohms.

o NN ¢ o EE o

[ ceramic PAKS

Containing a range of miniature
ceramic capacitors in mixed values,
unrepeatable value.

MC1 24 ceramic capachors: 22pF.
27pF. 13pF. WpF. 47pF. sapr aspr
and 82pF

MC2 24 ceramic capnclton qup!-'
120pF, 150pF 180pF, 220pF. 271
330pF. and

MC1 24 cerlmlc upacllors. 47UpF_
560pF, 680pF. 830pF, 1000pF,
1500pF . 2200pF. and 3M0pF . 8.60

MC4 21 ceramic capacitors: 4700pF,
6300pF, 0lpF. 015pF, .022uF, 033uF
and O47TpF .. ... ....... 0.68

[MAMMOTH I.C. PAK

APPROX. M@ PIECES
Assorted fall-out integraled circuits,
including: Logic. 74 series. Linear,
Audio and DT L. Many coded devices
but some unmarked — you to identify.

OUR SPECIAL PRICE £1.88

" [WORLD SCOOP |+

JUMBO SEMICONDUCTOR PAK

Transistors — Germ. and Silicon.
Rectifiers — [Diodes — Triacs —
Thyristors — 1.C.'s and Zemers. ALL
NEW AND CODED

APPROX. 100 PIECES
Offering the amateur a fantastic

bargain PAK and an enormous saving
—identification apd data sheet {n every

. ONLY £1.85 each
(2-way) Insertion Loss 3dB. K = a¢|
s F 3KHz.
Crossover Frequency 3KH2 [ 51§ MI.FI ACCESSORIES |
REF k PRICE
3-WAY-STEREQ ‘D' 2 Hi-Fi Cable & Flex Tidy lp
H/PHONE JUNCT BOX '"F  Tape Head Cleaning Kit Tip
H 1012 Enables change-over from ¥ HvFiCleaner »p
loudspeaker to headphone listening. Model 8 Wire Siripper £1.00

Ako has a centre position for bolh
Quiputs. C PRICEE£1.T3

HANDBOOKS

TRANSISTOR DATA BOOK. DTE 2
227 Pages packed with information on
European Transistors. Full specifica
tion in¢luding autlines.

Price + £2.85 each
TRANSISTOR EQUIVALENT BOOK
BPE 75 256 Pages of cross references
and equivalents for European, Ameri-
can and Japanese Transistors. This is
the most comprehensive equivalenis
book on the markey today and has an
introduction in 13 languages,

Price t £2.68 each
DIODE EQUIVALENT BOOK DE 74
144 Pages of cross references and
equivalents for Eurgpean, Amencan
and Japanese Diodes, Zeners, Thyris-
tors, Triacs, Diacs and LE.D.'s

Price t £1.88 each
MULLARD DATA BOOK 1974/73
MDB 74 The latest editlon of this

contains wnforma-
tion o Semiconduciors, Integraled
Circufts. Television Picture Tubes,
Valves, Capacitors and Resistors.
Included in the 161 informative pages
are 21 pages on Semiconductor
Comparables Price 1 £0.49 each
TIL DATA BOOK DIC 75 Now
complete Date book of 74 senes TTL
S‘HW-T!IJZ). Covenng 13 main manu-
acturers in US.A. and Europe, this
book gives Full dala as well as
equivalents Price + £3.74
THE WORLD'S BROADCASTING
STATIONS WBS 75 An up-to-the-
minute gwde for those Interested in
DX-ing. Contains all the worlds
broadcasters on SW, MW and LW, as
well as European FM/TV stations.

Pnce + £3.58

A full range of technical books
available on request.

[INDICATORS | +

3015F Minitron 7 Segment Indicator
111

| sILG.P. DIODES |

300 mW 40 P1V(min) SUB-MIN
FULLY TESTED
Ideal for Organ builders
30 for 50p. 100 for £1.50, 500 fot £5
1,000 for £9

PO BOX

23 %" Tape Fditing Kit £1.80
24 %" Cassette Editing Kit £1.84
29A  Salvage Cassette +p
32A Stylus Balance £1.28
33 Splicing Tape Isp

36A Record & Stylus Cleaning Kit 32p
4l B Track Cartridge Head Cleaner

83p
Model 42 Groove-Kleen £1.34
42/S Roller & Brush for REF 42 & 2000
24p

43 Record Care Kit £2.7¢
45 Auto Changer Groov-Kleen 98p
46 Spirit level p
48 Record Dust-Off 26p
524 Cassette Tray Hp
53 Hi-Fi Stereo Test Cassette  £2.40
56 Hi-Fi Hims & Tips Book 48p
Maodel 60 Groov-Kleen £1.72

168/5 Replacement Brush Velvet Pad

and Base Sticker for Modet 80 24p
62 Cassette Head Cleaner (Liquld) 48p
71 Record 'Dust OfT {Displays of ten)

P
7lA Record "Dust Off {Bubble Pack)

75 Indexa Record £150
76 Stylus Cleaner iép
78 Cassette Fast Hand Winder 38p

A3 Casserte Title & Container Labels
(20 & 10) Iep

UNTESTED LIN PAK_]

Manufacturers "Fall Outs which
include Funclional and part Functional
Units. These are classed as ‘out-of-s
from the.maker's very rigid specifica-
tions, but are ideal for learning about
1.C.'s and expenmental wark,

PAK NO. CONTENTS PRICE
ULICTS = 10 x 703 080
ULICTI0 = T x 710 060
ULICT4l = 7 x T4 080
ULICTT = 5 x 747 080
ULICT48 = T % T4 069

|6.P. SWITCHING TRANS|*

TOI8 SIM. TO 2N706/8
BSY27/28/95A. All usable devices. No
open and shofts ALSO AVAILABLE IN
PNP similar 1¢ 2N2906, BCY 70,

20 for 50p. 50 for £1, 100 for £1.80, 300
tor £8, 1.000 for £14.

When ordering plense state NPN or

-PAN

6 WARE HERTS




High quality modules for stereo, mono and
other audio equipment.

PUSH-BUTTON

- STEREQ

FM TUNER
|£]9 95\ %\\ Fitted with Phase Lock-loop |

The 450 Tuner provides instant pragesm selection al the touch
of a bulton ensuring accurate tuning of 4 pre selected stations,
any of which may be altered as often as you choose. by simply
changing the settings of the pre-set conirols

Used with your emsung audio equipment or with the 81-KITS
STEREQ 30 or the MKGD Kit etc. Alternatively the PS12 can

* FET Input Stage

* VARI-CAP diode tuning
* Switched AFC

* Multi turn pre-se1s

« LED Stereo Indcator

Typical Specification:

be wsed if no suitable supply is available,

Transformer T461.

The 5450 15 supplied fuily built, 1ested and aligned. The unit is
easily installed using the simple 1nstructions supplied.

Sensibility 3, volts

Stereo separation 30db
Supply required 20-30v at
30 Ma max.

wogether with the

STEREO PHE-AMPI.IFIEH

A top quality slarec pre-amplifier
and toneg control wnit. The sm
push-button selector switch pro-
vides a chowce ol inputs together
with twe really effective hliers for
high and low frequencies, plus tape
output

CUR PRICE

£13.50

AL10-

1dB 20Hr

Frequency Response +
Z0KHz Sensitwily ol nputs
1 Tape Inpyt 100mY into 100K ohms
2. Radio Tuner 100mV irta

100K ohms
3 Magnenc P U 3mVinto

S0K ohms
P 1) Input equalises to R1AA curve wilh
1dB8 hom 20Hz o 20KHz

MK. 60 AUDIO KIT: Comprising 7P ~ 2038V a1 20ma ;

2 x SPMBO 1 x BTMBO. 1 x gé';‘e"f"'“‘sgmm N

PA100 1 front panel and knobs | 3o " * * | -

Kit of parts 1o include on/off 7% AUDIO

switch, neon indicator siereo

headphone socke!s plus instruction AM PLI FI E R MODU LEs
bookien COMPLETE PRICE The AL10, AL20 and AL30 units
£27.55. plus 62p are similar in their appearance and
TEAK 60 AUDIO KIT: postage. in their general specification
Comprising Teak veneered cabinet However. careful selection of fhe

size 16% " "g111A""%x3%"’, other
parts include alum nwum chassis
heatsink and from panei 4
brackel plus back panel

and appropriate sockets

eic KIT PRICE £9.20

plus 62p
postage

SPECIFICATION:
@ Harmonic Distortion Po=3 watts f= 1KHz 02.5%
- % Lead tmpedance 8-160hm

plastic power devices has resuited
in a range of oulpul powers from 3
to 10 waits A.M.S

The versatility of their design
makes them ideal for use in record
players, rtape recorders, stlereo
amplifiers and cassette and car-
tridge 1ape players in the home.

@ Size: 75mm x 63mm x 25mm

" @ Frequency response +3dB Pa=2 watts 50Hz-25Hz
- @ Sensitivity for Rated 07P — Ve= 25v. RL=80hm f= 1KHz 75mV. RMS

< AL1D
dw R.M.S.

£2.30

AL20 AL30

swims. £2.65 wrms. £2.95

PA100 2

MPA
30

|Enjoy the guality of a magnetic cartndge with
your existing ceramic equipment using the new
P.A. 30, a high quality pre-amplifier enabling
magnenc cartridges to be used where lacilities
ewxst lor the use of ceramic.cartridges only

It is provided with a standard DIN £2 85

input socket for ease of connection
Full instructions supplled

VAT
ADD

=1
!
POSTAGE &
PACKING

Postage & Packing add
25p unfess otherwise
shown. Add extra for
airmail. Min. £1 o0

COMPLETE AUDIO
CHASSIS @-‘
747 WATTS i

G

R.M.S5. "

P&P4Sp

£15.75

The Stereoc 30 comprises a complele sierao
pre-amplifier, power amphfiers and power supply. This.
with only the addiion of a 1ransiormer or overwind will
produce a hwgh quality audio unit suitable for use with a
wide range of Inputs «@ high quahty ceramic pick-up,
slereo winer stereo lape deck etc Simple 1o rnsiall,
capable of producing really first class results, this unit s
supphed with full instructions, black front panel knobs,
main switch, fuse and tuse holder and universal
mounting brackets enabling o 10 be installed vn a record
plinth, cabinets of your own construction or 1the cabinet
available Ideal for the beginner or the advanced
constructor who requires Hi-Fi performance with a
munimum of installation diffigulty {can be installed in 30

mins)
TRANSFORMER £2.45 plus62pp &p "
e

13mm.

enthuSiast

* Max Heat Sink temp 90C,

Al 60 25 Watts (RMS)

* Frequency response

TEAK CASE £3.65 plus 62pp & p 2
{ot une with AL10/

NEW PA1Z Starmo
I ' ; ! Pra-Amplifier com-
A] plotoly radasigned
20,30  Amplifier

Modules, Features nciude on/off voluma
Balance. Bass and Treble controls. Complale

20Hz 10 100KHz * Distartion better than U.1 at TKHz +
Supply voltage 15.50v & Thermal Feedback « Latest
Design Improvements * Load — 3,4,5, or 16 chms *
Signal to noise ratio 80db * Overall size 63mm. 105mm.

Especisily designed W a sire1 specihcation QOniy the
hinest romponents have been used and the latest
sold-s1a'e cicuiry incorporated i this powerful [itle
ampliier which shiould satusfy the masr cningal A F

Frequency Resporse 20Mr-20K Mz

{—3dB8}. Bassi and Trebie range
12d8. fmpur Impedence | meg obhm.

Inpul Sensivivity 300mV. Supply

requirements 24V . 5mA. Size 152mm
| x 84mm x 33mm

£3.95PS$12

Stabilised Power Supply Type SPM80

SPMEBO0 is especsally designed to power 2 of the ALEO Amplifiers,
up to 15 watts (R.M.S.) per channel simultaneously With the
addition of the Mains Transformer BMTBO, the unit will provide
outputs of up Ta 1.5A at 356V. Size 63mm. 105mm. 30nm

incorporating shart circuit protection.

Transformer BMT80
£2.60 + 62p postage

OUR PRICE
Transformer T538 £2.30

£1.20

£3.00

“PAN

P.O. BOX 6, VWARE, HERTS.

with lape ouiput

= £6.90

Power supply for AL10/20/30,
PA12, SA450 etc

Input voltage 15-20v A C Output voliage 22-30v D.C
Qutput current BOO mA Max Size 60mm x 43mm 2 26mm




AGNETIC CARD
PROGRAMMABLE CALCULATOR
Slough, December 10, 1975. . . . . . ..
A handheld magnetic card programm-
able calculator with a recommended
retail price of £250.00 {inc. VAT) has
been introduced by Texas Instruments

Limited, Calculator
Division,

This new programmable calculator
from TI offers 20 memory registers,
10 user-definable keys and has the
capability to accept 224 program
steps. The algebraic entry combined
with 9 levels of parentheses allows
problems to be entered exactly as they
are written.

The SR-52 is able to store up to
224 program steps and numbers on a
single magnetic card. 20 independent
addressable memory registers permit
addition, subtraction, multiplication
and division of any displayed quantity
with any memory register without
affecting the keyboard calculation in
progress.

With the calculator's 23 prepro-
grammed key functions, trig and log,
powers and roots, factorials, recip-
rocals, three conversions and pi can be
directly executed from the keyboard.

Ten different decision instructions
and five user-set flags allow the user to
program the SR-52 to make repetitive
decisions and branch to appropriate
program segments automatically
without interruption.

European

GMJI

Other features include 10 user-
defined keys and 72 user-defined
labels. While any portion of a program
may be called by an absolute address
number, these keys and labels permit
prompt and unique identification and
call-out of any pertinent program
segment. Indirect addressing,
decrement-and-skip on zerg, and two
levels of subroutines provide
additional programming flexibility.

In addition to an operating guide
and owner's manual, the SR-52 pack-
age includes a Basic Library manual,
a card case, a library of pre-recorded
programs on magnetic cards, diagnos-
tic programs for testing the SR-52 and
head cleaner.

Pre-recorded and diagnostic
programs will be available through
retail outlets and from Texas
Instruments Limited together with
other pre-recorded libraries for various
professional disciplines.

The Texas Instruments SR-52
carries a one-year limited warranty,
from the original purchase date --
under normal use and service --
against defective materials or work-
manship. Any implied warranties are
also limited in duraticn to the one-
year period from the original purchase
date.

IMPORTANT WARNING

Readers are asked to note the consid-

erable danger involved in the
production of homemade LDRs by
cutting open silicon power transistors,
as described on page 47 of Tech-Tips
Special in the January issue. The
danger lies in the fact that many
power transistors contain Beryllium
Oxide which is EXTREMELY TOXIC.
The inhaiation of Beryllia dust or
fumes on a single exposure lasting
mintutes or seconds can cause injury
to the skin or mucous membrane
severe enough to endanger life or cause
serious injury. |f particles of Beryllia
enter the skin through cuts or grazes
chronic ulceration is-liable to result.
Our thanks go to M. P. Hearne of
Campbeltown for calling our attention
to this.

SIGNETICS DROP CMODS
Our US correspondent advises us
that Signetics have telexed all their
US sales staff and distributors advising
them that the company witl be dis-
continuing their CMOS logic series.
Signetics' sales of CMOS products
fell short of their projected target by
a considerable margin. We understand
that whilst the 1975 target was
US$E 200 million actual sales are not
expected to exceed USE 120 million.

SOLAR CELL IS 20%
EFFICIENT
A 20% efficient solar cell has been
developed by Varian Associates.
According 1o the firm, its 8mm
diameter cell produces 10 watts of
electricity directly from a focused sun-
light beam. Varian makes the cell
from a gallium arsenide matertal de-
veloped by 1BM. Although the cells
are not yet in commercial production,
Varian says it plans eventually to buitd
a system of cells that can generate
TkW. ‘

ELECTRONIC WATCH HAS
CONTINUDUS DISPLAY

A challenge to LED and LCD watches
has been launch by America's Optel
Corporation. Optel have just released
details of a prototype unit incorpor-
ating an ‘electro-chromic’ display
claimed to be capable of showing a
continuous readout without constant
battery power,

The prototype unit is a three func-
tion device which shows hours and
minutes continuously and seconds on
demand. The corporation say that
there are still 'some problems’ with the
design but claim a two to five year life
for the prototype readout which they
say has a 200 millisecond response
time. ’




NEW HEATKITS

The January 1976 Heathkit catelogue
is now available {send a 10p stamp for
return postage) free from their HQ at
Bristol Road, Gloucester, GL2 GEE.

The most interesting new preduct is a
seven-function programmable stop-
watch. For £74 50 you get the
following—
(i)  Ability to time two events
simultaneously.
{iiy Timing of two minor events
{two lap times, for instance) and
displaying these, whilst timing the
overall event.
{(iit} Accumulation of a series of
timings and display of the total;
simultanecusly the time elapsed
from the first to the last timing is
measured. Total journey time and
total driving time, for example,
can be measured.
{iv} Split facility — the display
will show the time-so-far at the
touch of a button at any instant in
the course of timing an event.
{vli Separate timings can be taken
for each "leg”’ of an event and then
these can be totalled.
{vi} Alarm or “'upcount”: counts
up to a programmed time and then
gives an output pulse. The count
can be interrupted at any point.
{vii} “Downcount” - the timer
will count down frem a programm-
ed number and gives ocut a pulse at
zero. ldeal for taunching rockets,
etc.
By combining the functions a time can
be “learned’’ by transferring a display
ed number to upcount or downcount,
Start/Stop jacks allow external
triggering from photoelectric sensors,
etc. Measuring range is up to 100hrs.

and programming range up to 10hrs,
with a resclution of 1/100th second.
Although there is nothing this device
can do which can't be done using the
ETI Timing Modules {Dec 75 and Jan
76 issues) the Heathkit GB-1201E is
packaged nicely in a hand-hold case
(51/3"x21/6" x2"}.
Other new products in the cata-
logue are:
A car intrusion Alarm (£18.80).
An Electronic Doorbell (£31.50)
which allows you to compase your
own tune {within 16 beats and 1
octave}. The tune can be changed
{for a birthday party or for
Christmas, etc} behind the front
panel door.
A Digital Rev Counter (£31.80}
gives a two digit readout.

o
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An Ignition Analyser (£280.00)
with a 12 inch screen and pro-
fessional facilities.

An SSB Transceiver (£490) for 80
thru TOm.

A CW Transceiver (£108.00) for 80
thru 15m.

A Synthesised 2 Meter FM Trans-
ceiver (£255.00).
A Hand-Held 2 Meter Transceiver
(£144.00).
A 30MHz Frequency Counter/
Timer (£78.00).
All prices include VAT and delivery in
the UK and all refer to products in kit
form,

OIGITAL CLOCK COSTS CUTS

A new clock medule subsystem
MA1001 requires only a transformer
and switches to become a pre-tested
electronic digital clock for use in
radios, alarms, domestic and timing
instrumentation, at approximately
50% of the cost of conventicnal simi-
lar designs.

The MA1001 is supplied with
timing circuitry and a 4-digit LED
display ready mounted on a 1.5 x
3" pcb. The LED’s are 2" characters,
and the ready-mounted MM5385N
integrated MOS clock circuit (pack-
aged 40-pin DIL) eliminates the need
for separate bipolar segment-driver and
digit-drive circuits. It also eliminates
more than 30 resistors, as well as the
RF filter capacitors sometimes
required to attenuate RF interference
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generated by multiplexed LED
(isplays. The clock IC drives LED
s:gments and digits directly, without
multiplexing, which suppresses most
RFiI. The residual is eliminated by
using a slow transition time in the cut-
put stages — 100usecs as against the
usual Tusec.

The time-keeping frequency scurce
can be either 50 or 60Hz, and 12-hour
or 24-hour display options are avail-
able. Time is set through ‘Fast’” and
“Slow"" scanning controls.

Features include alarm ON and PM
indication, blinking colon, SLEEP and
DOZE timers and variable brightness
control capability. Alarm clock
options include a transistor oscillator
circuit for use with a low-cost ear-
phone  transducer. National
Semicenductor UK Ltd., 19 Goldin-
ton Road, Bedford MK40 3LF

A SWINGING CALCULATOR
{(CURSOR?)

Now that West Hyde Developments
are supplying a big range of carben
film, wirewound, vitreous wirewound
resistors, and polystyrene capacitors,
they have designed a 5" plastic Resis-
tor Calculator with a built-in slide rule
with which they are introducing these
products to their customers. It has a

calculator on one side with a swinging

cursor, which efficiently calculates
power, current, voltage and resistance
— any two known and two unknown,
and the 5" slide rule is on the other
side.

These are available from West Hyde
Developments Lid., Ryefield Crescent,
Neorthwood, Middlesex, price 61p
including P and P and VAT.

‘ﬁv



LOW-COST HP OMM

This new 3% digit, five function, fulty
autoranging digital multimeter from
Hewlett-Packard seils for only £144,
and measures voltages from *0.0001V
DC and from 0.0003V to 700V rms
AC. Resistance is measured from
0.007 k&2 to 1,000 k&2. Current can be
measured from 0,0001A to 1.1A DC
and 0.0003A to 1.1A AC. Autozerp
autopolarity and autoranging are built
in,

Typical accuracy for DC voltage
measurements is 0.5% DC current
accuracy is 1.0%. One AC voltage
ranges, frequency is specified to
10kHz,  while AL current
is to SkHz. Accuracy of resistance
measurements is within 0.6% on the
three highest ranges and 0.4% on the
two lower ranges. Open circuit volitage
is less than 4V

Input resistance on all voltages is
10MS£2 with input capacitance of less
than 30pF. The 3476 is protected to
1100V peak on all ranges. The fuse
that protects the chms function is
rated 250V rms. The current function
is fuse protected to 1.5A. No special
fuses are required and they can be
quickly replaced without dismantling
the instrument.

A range hold feature is included
that allows the instrument to be
locked to any desired range. This
feature is necessary, for example,
when measuring diode resistance. |t
also makes repetitive measurement

faster. The LED readout gives alt volt-
age readings in volts, all resistance
readings in kilohms and all current
readings in amperes.

Model 3476A is AC line powered
only; Model 3476B is AC line powered
and also includes rechargeable nickel
cadmium batteries. Model 3476A
weighs 0.71kg and Model 3476B
weighs 0.9kg. UK price is £175.00
for the 3476B. Hewlett-Packard Ltd.,
King Street Lane, Winnersh,
Wokingham, Berks RG11 BAR.

‘HEATHKIT ‘SCOPE COMPETITION

We now have the resuits of the
competition in our December issue.
FIRST PRIZE of a 10-4540 scope goes
to Mr. J. Humberstone,
57 Woodhead Road,
Sheffield 52 4TB.
SECOND PRIZE of a 10-4560 scope
goes to Mr, A Eaves.
‘Salway’, Crowbrook Road,
Askett, Ayleshury,
Bucks, HP17 9LS.
THIRD PRIZE of another 10-4560
scope goes to Mr, M. L. Shirtcljffe,
50 Lupton Crescent,
Sheffieid S87NA.
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STILL TIME FOR

HELP!NG HAND

The closing date for this award is
March 31st, 1976, so if you haven't
sent your ideas in yet there is still
time. Details of the problems to be
tackied are given in previous issues of
ETI| — choose any one of three specific
problems facing deaf people. By the
application of your knowledge of
electronics you can help spare deaf
people some of the hardships

they face; and ETI, in conjunction
with the RNID, will help develop
your ideas.

If you need more infermation send
alarge SAE to ETI HELPING HAND,
ETI Magazine, 36 Ebury Street,
London SW1W OLW,

ASTRONOMERS OETECT
INDIVIOUAL PHOTONS

A digital television system for as-
tronomy, developed by University of
Arizona astronomers, 5 sensitive
enocugh to detect individual photons
of light coming into a telescope and
record them for immediate playback.
As aresultitis possible to see ob-
jects 100 times fainter than previous-
Iy possible. The system is based on a
special television tube — a silicon
intensified target tube — that records
64 000 points of light simultaneocusly.
The information then is sent in digital
form to a computer, which removes
the image’s noise. Photographs or a
spectrogram can be produced.

BIPDLAR PROMs ANO ROMs
BOOKLET

inte! have published a 36-page booklet
which provides technical information
on 13 different ROMs and 24 different
PROM types they manufacture. All
the devices in the booklet are of
Schottky bipolar construction and
erasable PROMs are not included.

The booklet incorporates a data
sheet for each device, an equivalents
chart and gives details of PROM
programming equipment.

For every intel PROM there is a
pin and performance compatible
PROM, which means that no circuit
changes have t0 be made when a
project is finalized and information
in PROM is committed to mask-
programmed ROM.

All Intel PROMs employ poly-
silicon fuses which coat the
surrounding atea in a aprotective oxide
layer when they are ‘blown’. With
polysilicon fuses there is no danger
of a fuse ‘growing back’ as has
happened before with conventional
metal fuses,
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Designed by

TEXAS

Featured by PRACTICAL WIHELESS
SOLE U.K. DISTRIBUTORS - HENRY'S

Bultd the Texan sterea amplifier, then you ¢an be doubly praoud ! For a start.
you'll own a superb home entertainment

unit. Ang have had all the pleasure of * Can be built Stage by stage
doing it yourself, with the Henry's kit, Ash for leaffel 20.

% Everything necessary

Look ar the Texan specification

Incosporating fylly nlegrnlrd 5i87E0 preamp
and power amp, with 61G’s, 1D fransistars,

B rectifiers and zenes diodes. Plus stgbiiised,

prolecled ¢ircuilry, glass fib pch; Gardenars

supplied. Full after sales service
and guarantces.

KlT PRIGE Built and 1esled

low-Tigld low-ling mains !ranlln'mer all
faciliies and controis, Svm design, chassis £35 un £a5 00.nc VAT
143" « 6% 22" overall. 20 walls per channel +£1 00 ko,

RMS, |es5 IhanD.1% distartion al 1kHz Inc. VAT +£1 pka

THE NATURAL FOLLOW-ON — THE TEXAN FM TUNER KiT{

Bu:ld the maiching Texan sterep tuner ! Fealuies
K'T PHIGE advanced varitap luning. Phase lock lcopdecoder

Professionally designed cirgus. Everything you need is
5. in1he k., From the giass fibee pcb 1o the cabinet isell,

Inc. VAT + Excellent spec . 2.5 uV aenal sensslivily. 500 mV oulput
' [adjustable). Tuning 1ange 87-102 MHz. Mains
s0pplp. powersd &

DEO SP(

. all the electranic excitement ~

you could wish for!
An up-to-the-minuie game. Plugs’
Into yourawn TV aerial socket
Switchon And you e away |
Cnoose your game — [oatball, tenms
othola-n-the.wall Absolutely
sale. Fatyou. Yourchildien. And
your T¥. Mamns powered.
Lisi Prce £42.50 .

inc. VAT +

HENRY'S PRICE ONLY £29. 50 50n pitp.

Foiinis new edition, we have made
hundieds of changes and addinons,
It has over 200 pages, containing
wirtually everythung for amatews and
motessignals, And you'll have ng
bother a all linding evarything you
wanl, because there's a complete
alphabetical index as well as a section
index. Together, they put you righl on
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—it may sometimes be advantageous!

In this article written specially for Electronics Today International, Gordon King explains transient inter-
modulation distortion and how it affects amplifier/speaker combinations.

OF RECENT MONTHS | have been endeavouring to es:
tablish meaningful correlation between the measured para-
meters of amplifiers and the listening room sound. Thisisa
very difficult area of research because there are so many
inter-related and variable factors involved; also because the
net result is obviqusly a subjective impression rather than a
meter reading! Nevertheless, a number of points of interest
have emerged which merit discussion.

For starters, it would appear that certain parameters are
advanced out of sheer ‘specmanship’ rather than on a basis
of electro-acoustic requirements; in fact, it is sometimes
passible to enhance the sound by deliberately diminishing a
parameter. There would also appear to be a fairly important
link between the -subjective and the objective at the
electrical interface between the amplifier and the
loudspeaker. The sound field is certainly affected by the
acoustical interface between the loudspeaker and the
listening room.

Although this article is concerned primarily with
electrical parameters, it is necessary to look at some of the
acoustical aspects, too, for after all, it is the resulting sound
that we listen to, not electrical signals.

The loudspeaker ‘loads’ both electrically into the
amplifier and acoustically into the listening room; in other
‘words, the amplifier is the electrical source for the
loudspeaker and the loudspeaker the acoustical source for
the listening room. It is well known of course that the
output into or across a load, is influenced by the nature of
the source and the load, this being applicable to acoustics as
well as electrics. Sound pressure, in fact, is the acoustical
analogue of voltage.

It is reasonable to conclude, therefore, that just as some

Detailed measurements may place two amplifiers well
into the accepted hi-fi category yet, in a common
signal source, loudspeaker and listening room situation,
one may produce a very fine sound and the other a
distinctly fatiguing sound. Fact or fiction?

FACT!

Given an amplifier of top-flight-measured purameters
and two pairs of similar style but different make,
measurement-acclaimed loudspeakers, one pair to a
critical ear can be far more acceptable than the other
pair, yet'if the amplifier is changed the other pair may
then be preferred.

Fact or fiction?

FACT!

10

The acoustical load presented by a particular listening room
may be mare acceptable to some loudspeakers than others _ .

electrical sources are more critical of loading than others, so
are some loudspeakers. The acoustical load presented by a
particular listening room may be more acceptable to some
loudspeakers than others, which is one reason why a pair of
toudspeakers which yield acceptable results in one room
may audition less favourably in a different room. There is a
case, therefore, for the loudspeaker and listening room to
be measured in partnership. Although free-field (anechoic)
pressure versus frequency plots are commonly adopted for
optimising the design of loudspeakers, they are far from
revealing how different loudspeakers will audition in
different rooms.

It is neither difficult nor expensive for a hi-fi dealer or
audiophile to measure lgudspeaker/room combinations, and
an inexpensive, though surprisingly accurate, method is
based on the reproduction of a third-octave bands of pink
noise. A ‘linear’ sound level meter at the normal listening
position is then used to measure the sound pressure level at
each band in turn over the range of 20 Hz-20 kHz, leading
to the constriction of a graph. This simple technique
reveals eigentones and absorption effects quite
dramatically, thereby indicating the adjustments required
for improving the results,

Noise signal has the effect of automatically averaging the

It is neither difficult nor expensive to measure loudspeaker/
rcom combinations . . .

sound in the listening room. Steady-state sinewave signal
cannot be used. Pink noise, which is white noise with —3
dB/octave {or —10 db/decade) weighting, is used because it
correlates more closely with the spectral distribution of
music than unweighted noise, which is white noise. It is
noteworthy that the voltage of white noise is proportional
to the square root of the bandwidth, and contains
frequency components of constant energy per unit
bandwidth. The weighting thus endows pink noise with
components of constant energy per octave bandwidth.
Bruel and Kjaer have produced a calibrated record of
third-octave pink noise bands (Type QR2011} which, along
with a B&K sound level meter, such as Type 2206, makes it
possible to 'sweep’ the loudspeaker and room. The resulting
overall response needs to be interpreted with care, however,
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since at the higher frequencies the response fails to
correlate to what we hear, This is because we judge a sound
more on its starting transient rather than on its overall
integrated energy. Nevertheless, low-frequency standing
waves are brought to light, and meodifications to
loudspeaker positions, furniture positions and amplifier
tone controls can often improve matters. [t is hoped to
publish an article in these pages later describing listening
room optimisation.

The prime discrepancies between what the meter reads
and what the ear discerns are related to non-linear effects
both in the amplifier and loudspeaker; also, sometimes, 1o
how the non-linearities interact electrically and
acoustically. One problem in obtaining subjective
correlation from a meter reading lies in the nature of the
signals we are obliged to use for the measurements. Sine
and square wave signals are useful, being component parts
of music signal, but real music signal is much more
complicated than both of these.

If it were possible to feed a loudspeaker with a perfect
electrical representation of the originating sound, it is likely
that the reproduction would be less palatable than that
obtained by first passing the source signal through a
distorting amplifier! A non-distorting signal would tend to
emphasise the loudspeaker non-linearities in terms of
crossmodulation of spatial, spectral and temporal
co-ordinates. The reproduction would thus be moditied by
all the practical inadequacies of even the best of
loudspeakers. Further modification would result from
distortion on the electrical signal, and there is reason to
believe that distortion on the signal prior to its application
to the loudspeaker can, in certain circumstances, lead to
more acceptable reproduction’. {So much for the straight
piece of wire with gain theary — Ed) :

The loudspeaker distortion co-ordinates would then
themselves be crossmodulated by similar distortion

.. . a perfect representation of the original sound may be
less palatable than by first passing it through a distorting
amplifier!

co-ordinates on the signal before the loudspeaker, leading
to an acoustical result more closely related to the
originating sound as humanly judged, than if the
loudspeaker distortion alone were present.

The nature of the distortion produced by both the
amplifier and loudspeaker is thus critical, so that different
types of distortion would give different subjective
impressions, which is not uncommon in a system of units of
different distortion types. For example, the distortion from
a radio tuner can interact with the distortion of an
amplifier to which it is connected in such a way that the
instrument-indicated change in the net distortion from the
partnership, as the FM tuning is adjusted within the
passband of a tuned signal, lacks subjective correlation. A
test condition can be established where a fall in meter
distortion is accompanied by an gbvious rise in subjectivé
distortion!

It thus seems to be perfectly feasible that after
establishing the most acceptable reproduction by selection

... afall in measured distortion may be accompanied by
arise in subjective distortion.

of the amplifier and loudspeaker partnership, a detraction
in subjective acceptability could well result by changing
either the amplifier or loudspeaker. | believe that this is one
reason why a hi-fi system whose amplifier parameters
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measure in advance of those of another may not necessarily
audition any better. Indeed, it could be judged subjectiveiy
inferior!

It should be understood that we are now considering hi-fi
at the top equipment level, where the amplifier distortion
figure is, at least, one place to the right of the decimal
point. Distortion from this class of amplitier seems to be
falling more swiftly than the distortion from comparable
class loudspeakers, which is not making it particularly easy
to select suitable loudspeakers for the parameters of the
amplifiers.

One amplifier from the Pioneer range comes to mind. In
the fab this was found to have a very low level of distortion
— one of the lowest ever measured — with harmonic
components down to the distortion threshold of the
measuring oscillator (0.002%) over the whale dynamic
range, as measured with a wave analyser to read below the
wideband noise power of the simple distortion ftactor
meter. The intermodulation distortion was also
correspondingly low and there was no  Crossover
discontinuity; vyet, in partnership with acclaimed well
known loudspeakers, the amplifier was judged to be less
subjectively acceptable than a counterpart of similar power,
bandwidth, etc. but of much higher measured distortion,

Clearly, it is becoming more important to audition
loudspeakers in partnership with the amplifier with which it
is going to be used. The ultimate performance of the
Pioneer, just exampled, was eventually realised only after
caretul loudspeaker selection.

Most of the important parameters of amplifiers are
measured into resistive loads, which does not make much
sense because no loudspeaker presents a purely resistive
foad to an amplifier. The load analogue of a loudspeaker is
an impedance composed of resistance, capacitance and
inductance, but the impedance is not very easily defined
since it is affected to some extent by the electrical drive
signal and, of course, by the impedance of the separate
units and nature of the freguency dividers. Different
designs of loudspeakers present different loads to
amplifiers, and it is not feasible to construct load analogues
corresponding to all loudspeakers for testing amplifiers!
Neither is it good for the loudspeakers (nor the
neighbours!) to use real loudspeakers at test loads. Thus for
testing we are back to R with, perhaps, a dash of
C and/or L.

There has been a tendency for designers to optimise in
terms of the smallest rise-time into resistive loads, and
rise-times as small as 2 usec. can be seen in the specs.
However, there can be a dramatic change in scene when the
load is made reactive by the addition of C.

For example, in Fig. 1(a} the step function applied to the
input of an amplifier was around 100 nsec. rise-time. The
oscilloscope was set to 5 psec./div., giving the display a
rise-time, via the amplifier and resistive load, of about 2 to
3 usec., corresponding to about 140 kHz -3 dB
upper-frequency response.

The trace at (b} shows the same signal from the same
amplifier, but this time with the load consisting of 8 ohms
in paralle! with 1 uF. Rings as bad as this can certainly
affect the tonal quality of an amplifier, depending on their
amplitude and period. | have suggested? a definition of
settling-time as an important parameter of amplifiers when
measured into a reactive load arranged either to evoke the
worst condition (i.e., by selecting shunt C for the most
prolonged ring, when R corresponds to the rated load) or to
the load analogue of the loudspeaker which will be used
with the amplifier. The definition of settling-time under ref.
2, is the time elapsed from the application of the
step-function to the time that the amplifier enters and
remains within a * 5% error band, corresponding to Egq
+ AE, where Eq is the final settling voltage. With the

11
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Fig. 1. Amplifier of small rise-time. (a) resistive rise-time apout 4psec.

Fig. 1{b). Severe rings into reactance resulting in protracted 50tisec.
settfing-time.

settling-tirne referred to AE/Egx 100, it is in advance of 50
usec. in Fig. 1(b), which is unacceptable for hi-fi.

Too long a settling-time, therefore, appears to be another
valid reason why some arnplifiers fail to audition as well as
might be expected from distortion measurements alone;
also another reason why a change in loudspeaker may
modify the subjective result {i.e., by changing the electrical
transient performance of the amplifier).

The oscillograms in Fig. 2 reveal a more acceptable state
of affairs. That at {a) is based on a 3 usec./div. sweep and
corresponds to the resistive rise-tire of a different amplifier
of around 7 psec. (60 kHz — 3 dB response), (b} shows
what happens when the resistive load is shunted by
capacitance. There are no rings in this case, just a mild kink
at the leading and trailing corners of the squarewave, with
the settling-time corresponding to about 10 usec.
{waveform on 20 u sec./div. sweep). This shows the worst
condition obtained with a shunt capacitance of 0.68 uF.

There appears to be a definite tendency for amplifiers
uesigned for dramatically small resistive rise-tirnes (sorme as
small as 1.8 usec. have been measured) to suffer prolonged
settling-time as the result of severe rings into reactive loads,
and hence tonal jmpairment when used with loudspeakers

12

constituting critical load conditions.

The value of designing for very small rise-times and hence
for extended small-signal high-frequency response is thus
obvious. A rise-time of 1.8 usec. implies that the amplifier
is responsive well up to 200 kHz {the LW radio band!).
Rise-time is related to the upper-frequency response by K/F,
where K is a constant defined by the response characteristic
of the amplifier or network, and f the upper-frequency
where the response is 3 dB beiow the midspectrum
response, When the upper-frequency roll-off approaches the
so-called gaussian characteristic {i.e., when the -3 dB
upper-frequency is approximately half the 12 dB
frequency), K is close to 0.35; but it can range between 0.3
and 0.5, depending on the nature of the roll-off,

Of course the upper-frequency response needs to extend
beyond audibility to accommodate the transient
components of the music sigral and thus to preserve the
rmusizal attack. However, it is difficull to argue in favour of
a response much above 30 kHz, corresponding to around 12
usec. rise-time. We have seen that an extended response
might encourage rings and increased settling-time, There is
also the possibility that it might encourage ‘blocking’
following fast transient signals. This is called transient
intermodulation distortion,

Transient components of rmusic signals rarely exceed
about 16 usec. owing to the limnitations associated with the
response and transfer characteristic of their sources. For
example, a high quality FM transmission has an

Fig. 2fa). Resistive rise-time about 7lisec.

Fig. 2(b). Welf controlled overshoot into reactance resulting in
settling-time of 10{sec,
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upper-frequency response limit of 15 KHz, with a swift fall
into the 19 kHz pilet tone notch, thereby limiting the
maximum equivalent rise-time to about 20 usec. Few
gramophone records carry high energy information much
above 18 kHz, and the same applies to tape recordings, So
even from sources of this kind the music transients are not
likely to be much faster than 17 usec. It is thus difficult to
commend small-signal responses down to 2 psec. or less and
up to 200 kHz or more!

Transient components of music signals.rarely exceed 16 usec.

If one regards the source as a network of a given response,
then, clearly, further limiting by a relatively slow amplifier
response is undesirable. However, it must be remembered
that the total rise-time (Tg) of two cascaded networks of
rise-times T; and T, is equal to the vector sum (not to the
simple sum), such that T, =+/T12 + T,2. Thus the degree
of respense limiting of the source signal by the amplifier is
relatively small — certainly not calling for a rise-time as
small as 2 usec.

Contemporary hi-fi amplifiers rely on negative feedback
for extending and flattening the frequency response and for
reducing non-linear distortion, particularly of the power
amplifier section. The open-loop bandwidth of a power
amplifier is dictated by the transistors which are available
to drive the required audic power into reactive loudspeaker
loads without veering toc close to the secondary
breakdown characteristic. This generally means that quite a
lot of negative feedback must be applied to vield a viable
closedloop power response, and that lead and/or lag
networks are necessary to maintain a reasonable stability

margin. Unless the ratio of the response of the power
amplifier in the open-loop mode to the response of the
preamplifier is of unity or greater value, the amplifier is
likely to exhibit transient intermodulation distortion — tid,
for short.

In other words, the overall frequency response of the hi-fi
amplifier should be dictated by the roll-off of the

. preamplifier section and not by the power amplifier’

section®. This, then, clearly. places a limit on the
small-signal response or rise-time of the preamplifier,
beyond which it is subjectively imprudent to engineer.

The mechanics of tid can be described in the following
way. The total input to a feedback amplifier consists of the
sum of twe signals, the source signal proper and the error
signal fed back antiphase. If the source signal is a very fast
transient and the error signal slightly delayed owing to a
relatively slow power amplifier response, the input stage of
the power amplifier will momentarily receive a signal of
greater amplitude than it is designed to accommodate, and
severe overloading may ensue. The transient may thus be
distorted, and the sudden ‘shock’ to the input stage may
result in this closing down for a brief period, followed by a
relatively slow recovery due to the action of circuit
time-constants, so that information immediately following

the transient is lost.

.. . overall frequency response should be determined by the
roll off of the pre-amplifier . . .

A method for the display of tid has been promulgated®
and attempts have been made to measure its’r but so.far
there is no accepted standard for the measurement.
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Fig. 3. Transient intermodulation distertion. (a) Test signal of square-
wave plus Sinewave.

Fig. 3fb). Severe form of tid.

Fig. 3(c). Shawing ‘blocking” effect.
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Fig. 3(d). "Blocking’ folfowing each squarewave transient.
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Fig. 3fe). Relative freedom from tid; bottom trace reconstituted
sinewave, top trace distortion content of waveform.

The oscillograms in Fig. 3 may be of interest. Display {a)
shows a test signal consisting of the addition of sinewave
and squarewave signals. This composite signal is applied to
the input of the amplifier under test, and at the output the
squarewave component is cancelled out so that the
sinewave component only is left for oscilloscope analysis.
The squarewave is cancelled by applying to a bridge circuit
an inverted replica of the squarewave component of the
composite signal,

Display (b) shows a severe form of tid, giving
asymmetrical sinewave components on the positive and
negative going squarewave cycles. Display (¢) shows the
"blocking’ effect following transients. {d) is a similar display
but with less expansion. Display (e} shows the sinewave
components fairly well fitted together on the bottom trace,
thereby indicating minimal tid, and the distortion signal on
the top trace, after passing through a distortion factor
meter,

Transient intermodulation distortion tends to affect the
quality of the reproduction more towards the full power
drive of the amplifier, and is emphasised by treble lift. It
manifests as stridence and harshness on signal peaks. While
there is a real possibility of tid being responsible for lack of
objective/subjective correlation {for it does not appear as a
parameter in specifications or reviews}, it can only occur
when the rate of rise of a signal transient at the power
amplifier input is in advance of the response speed of the
power amplifier in open-loop mode. It is thus encouraged
by a very small rise-tinie which is not matched by the
response speed of the power amplifier, indjcatéd by a poor
or mediocre slew-rate.

It is becoming apparent that an amplifier of very low
distortion factor may not necessarily produce better sound
than a counterpart which fares objectively less well. In fact,
the latter may audition better! Here, then, is still another
reason why an amplifier of very low measured distortion
may fail to perform subjectively as one might expect.
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A clue to this paradox is contained in the oscillograms
shown in Fig. 4. A distortion factor meter responds to the
average energy in the distortion signal, but the ear is more
critical of signal peaks composed of high-order harmonics
than lower-order harmonics of higher emergy. Display {a)
indicates relatively high energy third-harmonic distortion,
which would produce a fairly substantial reading on a
distortion factor meter compared with display {b), where
the energy is small but the amplitude of the peaks large at
the crossover points. The distortion factor of {a) was
around 0.25% and of {b) a mere 0.05%, vet the amplifier
responsible for {a) was more acceptable in the listening
room than that responsible for {b}, in spite of {a} being the
much greater readout!

When comparing amplifiers in terms of distortion factor,
it is essential to take account of the nature of the
distortion, since the figures alone rarely provide adequate
comparative information. Alternatively, attention should be
directed to the intermodulation distortion, for with
suitably high measuring frequencies, such as f; = 5 kHz and
f, = 9 kHz {1:1 ratio), a relatively high 2{,—f, readout is a
sure indication that the crossover distortion is not very well
tamed, particularly when this order increases as the power
of the amplifier is reduced. Crossover distortion is generally
more troublesome at low amplifier power, than at high
power, the converse of tid.

Another form of bad crossover distortion is shown by
display (c), where the energy is also high, This corresponds
10 about 0.4%, which is barely hi-fi. A commendable result
is shown by display (d}, the distortion being virtually down
to noise threshold with no crossover artifacts; this
corresponds to 0.02%.

Fig. 4, Distortion factor oscillogrems. fa) relatively high energy third-

harmonic distortion.

2 4 (b). Low total ensrgy but ‘peaky’ crossover.
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. itis essential to take account of the nature of distortion
— figures alone are insufficient.

Othér factors responsible for the auditioning differences
of amplifiers include asymmetrical ovegload allied with
abnormally long recovery time-constant and 'changing
guiescent current under dynamic conditions. The damping
factor, too, has a béaring on the amplifier/loudspeaker
partnership, and it is desirable for the amplifier's source
impedance to remain at a low value right down to infrabass.

In conclusion, it is hoped that this article has given a few
interesting points over which to ponder. We are learning all
the time, which is half the fun of hi-fi [
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Disconnect rramsfarmer. Insen and sotder diode D2. Insert snd satder the sixteen resistors /md capaciors 02 & C3.
Insen sockel and soider Insen the two ICs DO NOT SOLDER — check ihe polarfty, then solder

Solder wires on 10 the tags an the back of the board and lead rthese 1o the three push swiiches and 1o the transformer outputs (POWER OFF)

The main clock board is now compleie and ready lor wiring 10 the display board. Oply one ond of resisiars RI-R7 are soldered 10 1he PCB, with the giher ends stcking up to tarm
connecting pins.

Cut the resistor Teads 1o abaut % inch lang and then bend them back'as shown in lig. 2. The wires ta the display Lan now be hooked into the resistars and soldered intp place

Cut the wires 10 be al least six inchas long.

MHI-5309

AB.C.D, areinverted BCD oulpuls

F.S.A, = Fast, Siow and Reset. Vss is the common for these switch
inpuls

HOLD By conneciing 5DHz 10 Vdd.

100K between X & Y (R16).

z connected to Vdd Lo disable display

MHI-5311
as 5309 excepl
F.S5.A = Fasl, Slow, Hald

Buel-In-Line Pachays

wtrgt jman |

PIN CONNECTIONS.
MMS300,
As MME311 excepl pn 16 is reset

USES

MM5309— Siop walch or applications requiring a
reset 1o rero hunction on boih BCD & 7
@G OuTputs

General purpose clock chip intertacing 1o
TTL or MOS

For mpplications requiring external digit
selecuons such as micro processaors.,
prnters. Imertages wih MMS343 Tv
time display chip.

MM5311-
MMS5318-

MHI-5318.

as 5311 except

XY.Z me ABC tin BCD tormat) of input digit
arfdress.

Break their track nex| to legend "MHI-5309
on rear af PCB which connecis ¥ 1o Vdd

MM5318.

As MM 5311 except pins 26.27 and 28 which
are

digit select lings.

%26 v-27.2.29)

ANV HLCATE

Ver - 5¥

ANV P CATLS
Ve = BY

For V= % Vo - <12, %= T64mt
For Wen® <0t 179, ¥ - END R« 10

MOS @ Low Puwat TTL.Inlorface

e Iectricai CharacteriStiCS T, wihmoptrating ringe Ve = 114V, Vg « OV, uniess othenwisr wecilise.

FOR Wy * '5. ¥pg - -W, K= 75

Batm Ot w'ect ol 4 TTL #30c By st 25, - 12 39t w10 o

PARALIETER

CONCHTIONS

TYP

MOS 10 TTL Interfaca

Power Supply Voltage
Power Supply Current
S/60 i Inpus Frequency

50/G60 M1 tnput Vollsge
Logea! High Lewe
Logaal Low Lo

Multiplex Fraquency

Al Logic inguts
Logrest High Lewel
Logcat Law Levr

RCD and 7 Segment Cuguts
Logcal High Leve!
Logsal Low Levet

Oigital Enable Outputs
Logical Hgh Level
Logoa Low Lever

Vs [Vpp = 0V}

Loaded 10020 19 Vey
el i

Vg = +14Y {No Cutput Leadi]

Desarmined by External R& C

Interadl' 20012 Resiklon to Vg

Losded 20T 18V

1

mA soune
mMA weirge

mA tourge
mA, sink
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AUDIO LEVEL METER

Peak and average audio levels are indicated by a bar of Iight.'

HIGH-POWER amplifiers usually
incorporate meters to indicate the
output-power levels in each channel.
These meters are often called VU
meters but in most cases they resemble
proper VU meters only in the way
they are scaled.

A professional VU meter is the
industry standard for measuring the
levels of complex music waveforms, It
has a scale marked from —20 10 +3 VU
(on a steady state signal VU
correspond to dB) where ‘0" VU
corresponds to a level of one milliwatt
into 600 ohms. The meter has a
carefully controlled time constant
such that if a reference tone level is
applied the pointer of the meter will
take 0.3 seconds to reach 99% of the

reference level, and will then

overshoot by not more than 1.5% and
not less than 1.0%.

. The professional VI meter is thus an

instrument that has been designed to
give a reasonable compromise between
indicating the fast peaks and the
average levels of a complex music
waveform.

In contrast the meters fitted to some
amplifiers have scales calibrated in VU
but usually relying on the inertia of
the meter movement to provide meter
averaging. Apart from this theé 0 vU
point corresponds to the rated power
output of the amplifier — not to 1 mW
into 600 ohms (equivalent to 75 mW
in 8 ohms). Strictly speaking therefore
such meters should be catled level or
power meters, not VU meters.

Even the best of such meters are not

-

Supply voltage

Supply current

Input sensitivity
(VU meter)

Indication
Attack time

Release time

SPECIFICATION

20 to 32 volis de
15 to 20 volts dc

16 mA dc approx,

500 k/v
8 LEDs 3 dB apart
1 ms

0.5 sec.
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fast enough to indicate accurately the
peak tevels which occur in music and
hence are useless for detecting the
onset of amplifier clipping. This is vital
as at clipping amplifier distortion rises
rapidly. :

One alternative is to use in addition
to the level meter a clipping indicator
that detects fast peaks which exceed a
preset level. The ET1 417 OVER-LED
project (Nov. 73 issue) was such an
instrument — it flashed an LED when
a music transient exceeded clipping
tevel. )

The circuit described in this project
is best described as a 'level meter’. It
uses an array of LED diodes set to
illuminate at successively higher
increments in music level. With this
type of display an estimate can quite
easily be made of channel balance, and
all transients, no matter how fast, are
detected and indicated.

A
DESIGN FEATURES

The ETI 438 tevel Meter can be
arranged to indicate levels either in
'V meter’ format or in output power
format. In the 'VU-meter’ format the
eight diodes light at 3 dB intervals
from —18 to +3 VU where 0 VU
corresponds to the nominal voltage
required. Aiternately as a power meter
(remember that an amplifier cannot be
driven beyond the clipping point) the
top LED indicates maximum power
and each lower LED indicates half the
power of the one above it. The LEDs
of the meter. could thus be labelled,
for example (for a 100 watt amplifier)
100, 50, 25, 12.5 watts etc.

The fast attack time of the meter

17




AUDIO LEVEL METER -

i

+Ve
Fig. 1. Circuit diagram’of the level meter. R12
GGav) S 3k3
12 4
Z01
o 5.1V
6 -
ov Ic2/2
7 -+
8 —
p: of 16273
L+
w [ FReD |
10
AAAN N -sz
R3 == |
M TMF Rie ¢ 10,
=2 v :
e TmF LS [ e
o R10 < R17 +
100k < 680
[ ca
S RS - 1.F 18 4 B
u A 1c1/3 L b IC3/2
o—| A & I o R18 N+
AuDIO 't R9 560
INPUT W 105v | 8
/ , o 1€3/3
G2.av) R11 R19 +
R6 100k 390
Ve L 087v L 10[~
6
IC3/4
5 R20 11
{820 s

0V
POWER
LED 1 |N,,3UT
20.32 Vde
o 15-20Vac
2 D3
LED 2
Z»  #| c5 Ve .
47uF 35v (SEE TEXT)
1 l 220uF 35V
LED 3 * coM
> ov
14 +Ve

13
2
1
- NOTES
IC1 18 Lrswason
PIN 14 IS +Ve
'-28 PIN 71S OV
1C2,3 ARE LM339
13 PIN'3 IS +Ve
| PIN 1215 OV
@ D1-D2 ARE 1N914
D3 1S 1N4DD1

LED1-8 ARE THL209

VOLTAGES GIVEN ARE OF
THE PROTOTYPE BUT SHOULD
BE TYPICAL MEASURED WITH
25Vdec SUPPLY AND NO INPUT
SIGNAL

HOW IT WORKS — ETI 438

Although the circuitry of the level
meter looks complicated the
complete instrument only uses thrve
ICs. These are an LM3900 which is a
quad amplifier and two [LM339s
which are quad voltage comparators.

The input signal is amplified and
buffered by IC1/3 to provide about
2.5 volts out'at 0 VU input. The
value of RS is selected to give the
sensitivity required for amplifiers of
different power outputs. The pain of
this amplifier is equal to the ratio of
RY/RS.

A positive peak detector, ICI/1,
and an inverting negative peak
detector, 1C1/2, give an output which
represents the absolute peak level
Capacitor C3 and resistor RIQ
provide the peak hold and decay
time. 1C1/4 provides compensation
for the 0.6 volt offsets of the

*LM 3900 inputs.

The ecight comparators are
connected to a resistor divider chain
the top of which is fed from a 5.1
volt supply which is stabilized by a
zener. The resistor values are
calculated to provide reference
voltage steps at 3 dB intervals. The
outpul of the detector is applied to
all thc non-inverting inputs of the
comparators

The LEDs are all connected in series
and supplied with a constant current
of 10 mA by the source consisting of
Ql and Q2. Thv outputs of the
comparators are via open collector
transistors which are “ON™ if the
input is lower than the reference
voltage at the particular comparator
input. With no input signal at all the
comparators are all on thus shorting
out all the LEDs so that none is on,
As the input voltage rises the

comparators turn off in sequence
allowing the 10 ntA to flow through
the LEDs. Thus as the voltage
increases a bar of light of increasing
height is formed by the LEDs.

The current drawn from the power
supply is about 16 mA and is
independent of the number of LEDs
which are on. Supply voltage is not
critical and may be anywhere
between 20 and 32 volts. Providing
the supply is between these limits the
unit will also be insensitive to supply
ripple. When waorking from a de
supply a 47 microfarad filter
capacitor is required but if an ac
supply is used then the capacitor
should be increased 1w 220
microfarad to minimize ripple. A
single diode is used to both rectify
the ac input and to prevent dainage
due 10 accidental reversed polarity if
adc supply is used.

18
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PARTS LIST — ETI 438

R21 Resistor 68 ohm 2w 5%
R19 o 390 ohm 15W 5%
R18 o 560 ohm 12W 5%
R17 - 680 ohm YW 5%
R20Q " 820 ohm W 5%
R16 " 1k W 5%
RIS ' 1k5 W 5%
rRla " 2k2 W 5%
R13 " 2Kk7 W 5%
R12,22"  3k3 WW 5%
R6,10,11 Resistor 100k W S%
rRL2/8 " IM _ vW 5%
R3,4,9 s See Table 1 2W 5%
RS L See Table 1 12W 5%
C1,2,3,4 Capacitor 1 {F 35V
+c5A o 4 é.lF 35V
*C58 " 2204F 35V
* use 47 [F for dc operation 220 UF
for ac operation
{C1 Integrated Circuit LM 3900
1C2,3 Integrated Circuit Lv 339

- 01,2 Diode IN914, BA318 or similar
D3 " 1MN4001 or similar
201 Zener diode 5.1 V 400 mW

Q1 Transistor BD 140,
Q2 L 8C177, !

LED 1-8 L.E.D. TIL209 or similar

PC board ET| 438

G - L LED 2
: - FEEN] e 4=
= (= ol 1 _+_:DL503
(o] >
- :
| I8 3 J{ R} _::[DLEDS
S E B % wLEDG
f G ol e
x 3N Ly vy _:“[[)Lsnv
D3 4
: ‘mLEDS

Fig.2. Companent overfay using BD 140 for Q7.

—C gy Circled diagram shows use of alternative 8C640

1imi -~ i &

wWrUrs

CURRERT
MIRROR

W RUTTT Ryl AT INRUTE DUTRUTE BUTRUT D 1meyl] “IRPUT €

kL) " 1] 1 19 L} L3

I | —

SUIYT

INPYT Ep

——D | b guTeyl ) DuTrul 4 (1 1] R 4. INFUT (L1 [LLTL
' - = ¥ T |
' : 14 1 12 5 41
Bl
F — 2
—[T 3 | 1 . ] [. _‘|' 7
INPUTET byl T PUT Y nuY;u!} OutRLT Y LA Gmb

TorwiEm D | ) ] : -~
Fig.4. Internal circuitry and pin J d |

connections af the L M3900 IC. Fig. 3. Internal circuitry and pin |
corrections of the LM339 |C. |_4 '| ] l
! |
QuUTPUT Z DUTPUT Y [LLITh§ EL 1) inky1 1NPYT )
mervikw
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‘AUDIO LEVEL METER

{less than one millisecond} ensures
that even very short transients are
detected, whilst the relatively slow
release time (0.5 seconds) provides a
reasonably-accurate, average — level
indication.

In most previous designs for such
meters, discrete transistars were used
to build level detectors. Temperature
effects and variations in gain led to
inaccuracies and to calibration dif-
ficulties. These problems have largely
been overcome in the ETI 438 meter
by using the LM339 IC which contains
four accurate leve! detectors in one
package. Additionally the LM339 also
has an open-collector output stage
which enables a constant current
supply for the LEDs to be used. Thus
the current and LED brightness are the
same no matter how many LEDs are
alight.

If required the interval between
LEDs may be altered by changing the
values of R13 to R20. Thus for
example, a 6 dB interval could be
used. Additionally the display could
be extended to 12 or even 16 diodes
by adding comparators and LEDs and
by substituting another divider chain
for R20 (values would have to be
catculated for the levels required). The
positive inputs of the comparators
would also be fed from C3 and R10.

A separate current source would be
required as there is insufficient supply
voltage available to light 16 LEDs in
series. If the bottom LED in such a
system indicates a level more than 30
dB down it may also be necessary to
use a trimpot as the bottom resistor of
the second divider chain to adjust for
offsets etc, ‘ .

The LM3900 is a quad differential
amplifier which uses a current
balancing technique at the input rather
than the voltage balancing that is used
with conventional operational
amplifiers. Both the inputs “look” like
the base-emitter junctions of normal
transistors and both gre at 0.6 volts
with respect to ground. The currents
into the two inputs must be equal if
the output of the amplifier is to be in
the linear region. In the case of 1C1/3
the current into the positive input is
set at about 12 microamps by R3 and
R4. Current into the negative input is
provided from the output by R9. If
the current into the negative input is
too low the output voltage will rise
thus increasing the current into the
negative input wuntil balance s
achieved. This self balancing ensures
correct static biasing.

Gain is obtained by feeding a signal
into R5 which adds or subtracts
current into the negative input. For
‘the amplifier to remain balanced there
must be a corresponding shift in
output voltage. The voltage gain is the
ratio of R3 to R5.

20

POWER OUTPUT
IN WATTS

5
10
15
20
26
30
40
50
75

100
150
200
250

R5 = 32+/ PR

TABLE 1B - POWER METER
FSD =0dB
R3, 4 and 9 are 100 k

T

VALUE OF RS

4 Ohms 8 Ohms 16 Ohms
150 k 200 k 270 k
200 k 270 k 390 k
240 k 330 k 470 k
270 k 390 k 560 k
330k 430 k 620 k
360 k 470 k 680 k
390k 560 k 820 k
430 k 620 k 910 k
560 k 750 k 1T.1TM
620 k 910 k 1.2 M
750 k 1.1M 1.5M
910 k 1.2M 1.8 M

™M 15M 2M

Where P = power in watts

R = speaker impedance in Chms.

SPECIFICATION LM3900

Maximum supply

voltage 32V
Supply current 6 mA typical
Voltage gain 2800 V/V typical
Input current

range 1 A — 1T mA
Current balance 0.9 — 1.1 at 200

LA

Bias current 30 nA typical

Cutput current

capability 18 mA source
typical.
1.3 mA sink
typical

The LM339 is a quad voltage

comparator where the output of each
is an NPN transistor which has an
unterminated collector and its emitter
connected to ground.

SPECIFICATION LM339

Maximum supply

voltage 36V
Supply current 0.8 mA typical
Voltage gain 200000 V/v
typical
Offsett voltage 2mV typical
Bias current 25 nA typical®
Response time 1.3 uS typical

Output sink current 16 mA typicai
Input commeon-
mode voltage

range 0 to (V- 2 volts)

CONSTRUCTION

The meter will most likely ba
mounted in an existing amplifier or
piece of equipment and for this reason
the board construction only is given.
Layout of components is non-critical
but, as with any multiple IC device,

TABLE 1A - VU METER
FSD = +3 dB
R3, 4 and 9 are 1 megohm

SENSITIVITY VALUE OF R5*

50 mv 22 k
100 mV a7 k
250 mV 120 k
500 mV 220 k

1V 470 k

*Sensitivity equals R5 x 500 000
ohms.

construction is greatly simplified by
using the printed-circuit board
specified. The usual precautions with
polarities of components, such as
capacitors, diodes, 1Cs and transistors
should be observed. Some care must
be taken when mounting the LEDs in
order to obtain even spacing and good
alignment. The long lead of the LED
should be inserted in the hole furthest
from the edge of the board. Put a
slight curvature in the leads so that the
LEDs can be aligned against the edge
of the board {see photo). Take care
not to bend the leads too often or too
close to the body of the LED as the
leads break very easily. ’

CALIBRATION

Resistor R% is selected from Tabie 1
and this will ensure a result within 10
percent of that required. Greater
accuracy may be obtained by using a
variable potentiometer,in series with
R5. To adjust this potentiometer
inject a signal {around 1 kHz} equal to
0 VU (VU meter) or maximum power
{E = +/RP, e.g. 4 ohms and 100 watts,
E = 20 volts) and adjust such that the
second top LED (VU meter) or the
top LED (power meter) just lights, @
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The only

6 Function L.E.D. Watch Kit

in the world . .

SABCHRON DIGITAL

Probably the only si-funclion LED watch kit available today.
the Sabchron Digitat offers more features than many other LED
WATCHES. Af the touch of a single bulion you see the exact
houwr. minute, second, month and day-of-moanth PLUS an
autormatic date change memary which remembers whether the
month contains 28, 30 or 31 days. Alse. an AM/PM indicator
which lights up while setting hours

HOURS /MINUTES

MINUTES/ SECONDS

B DATE

L —
LNngoagru
~C gL
~J@

P AM/PM (NDICATOR

i

NEW CMOS IC CHIP

Contaiming the equivalent of over 1,500
transistors, this new IC chip features STATIC-
PROTECTED TERMINALS — this means the IC
can be handied safely with bare hands. It
contains all the logic. decoding, muliplexing
display drive and countung circuits on a single
silicen shice 1/ 50 square inch

QUARTZ CRYSTAL
ACCURACY

The heart of the Sabchron Digital is a quariz ¢rysial which
provides a basic frequency of 32,768 Hz This frequency 1s
tuned to *+ 2 pars per milhon via the tnmmer capacitor and
is divided in half 15 successive umes Lo provide one
incredibly accurate pulse every second. This means a
timekeeping accuracy 10 * 5 seconds per month. Careful
adjustment of the trimmer can bring this accwracy 1o
within * 1 second per month or > 12 seconds per year!

* ORDERING INFORMATION

All prices shown in Brilish £'s are approwmate equivalents of the
following U.S Dollar prices Complele waich kn ({less case and
pracelety s38.00, Gold-plated case only $12 00. Total $50 00
pastpaid via registered airmail 10 customers in UK Eire and Canada
Other countries please add $3.00 additional for postage/ packing.
REMITTANCE BY BANK DRAFT or INTERNATIONAL MONEY ORDER
IN U.S DOLLARS {available from all banks and national Giro offices)

sabtronics

P.0. Box 64683, Dallas, Texas 75206, U.S.A.

Tel. (214) 369-7309
Business hours: GMT 15.00 to GMT 24 .00 Hrs.

If you requie any additional information please send 5 A.E. and 2
Internauonal Reply Coupons.
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T ey £18.957

AUTOMATIC
LED BRIGHTNESS

The Sabchron Digital features a special light sensor

circuit which automatically adjusts LED display

brightness according ‘o varying fight levels, thus

conserving battery power. In 2 bnght room the display

brightens; in a dlm room or darkness the display dims
- a feature not feund in many other LED watches

COMPLETE KIT

Contains all the components needed to build this
space-age warch modvle, including solder. batteries
and easy 1o follow assembly manual. If you can use a
fine-point soldering iron and follow step-by-siep
assembly instructions, you can build the Sabchron
Digital. If you have any problems. remember we're only
as far as your nearest mailbox or telephone

PLUS THESE OTHER
FEATURES

Long-lile siver-oxde power cells last up 1o one full
year with normal use

* Shock-protecied, anti-magnetic

* Low component count — IC. LED package, Quartz

crystal tnmmer, photocell and wo chip capacitors

Universal module size — fis many LED watch cases

{optional gold plated case available)

* Easy lime and date resetting — you can change the
ume or dale without atieciing the accuracy of other
fungtions. A very useful feature when crassing lime
or date lines

*

OPTIONAL GOLD-PLATED CASE

The above price does not
include a case or band A
gold-plated case as pictured
{without bracelet) s available
for £5 95 Nowe The case s
goig-plated. not ‘gold-tone

‘gold-colour”” or plastic. Ele
gantly styled and only slightly
larger than a conventional
waich, it is shown here aciual
size. Wear a ime computer that
looks hke a watch, not vice
versa. Cut oul this case outline
and try the siZe on your wrist

COMPARE THE FEATURES OF THE SABCHRCN DIGITAL TO OTHER
LED WATCHES — THEN ASK YOURSELF WHAT OTHER LED WATCH
OFFERS S0 MUCH AT SUCH A REASONABLE PRICE. mallL THE
COUPON TODAY.

m————————— e —————

Sabtronics International. P.O. Box 64683, Oallas, Texas, 75206,
U.S.A. Tel. (214) 369-7309.

Please send via Airmait {quantity) Sabchron Digital
6-function LED watch kits. Enciosed is a [ | Bank draft [] Internaticnal
Money Order for U.S. 8 1o1al

NAME

ADDAESS

{country)
et /uk 1}
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TELETYPE 28 — NEWS

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.

£45 ea.

PECIAL
PRIGE

TELETYPE 28 with housing,
keyboard and Power supply

electrical

Ex BEA

Control Units by Univac.

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

ALWAYS A LARGE QUANTITY OF TEST EQUIPMENT,
SPECIALISED UNITS, CHASSIS, ETC.
CALL AND SEE

FHACHI
FX21. 24 Yolt DCinput for 18 volt
saw 100th output,
external capacitor and 100K ohm
potentiometer 1o control frequency
range up t© 100KHZ {eg 50 mfd
#lectrolytic gives sweep of approx 1

cm

capability. Price £5.75. P &P. 20p.

RAMP MODULE

Requires only

per second). 0 or oul sync

EX-MINISTRY CT436 Double
Beam Oscilloscope DC-6 megs.
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.

FHACHI VCO MODULE FX11,
— 10HZ-100KHZ. Size 2 x 1% x
%’ H. Input 12V to 24V DC (not
centre tapped). 18V input giving
10V constant amplitude outpul.
Requires only 1 meg ohm poten-
tiomater 1o tune entirg rang® — oOr
can be swept with a saw 1ooth
input. Price £5.75. P.P. 20p.

SOLARTRON OSCILLOSCOPE
TYPE CT316. DC — 6 mc/s. Size
BYY x 11" x 20", Very fine
condition v Ministry transit cases.
Camplete with copy of manual.
£45 each.

ORATICULES. 12 cm bv 14 cm

in High Quality

plestic. 1Bp ssch P. & P

PANEL mounting -mp hulo.r: Red of green. Sp L2 %

FIBRE GLASS PRINTED CIRCUIT

BOARD,
Double sided. An

Sin or
siza 1 p per
per order.

Brand new.

in. _Postage ng

I

#LIGHT EMITTING DIODES (Fed} from
Hewlei-Packard Brand New. 383 eb.
Infpermanuon Bp. Holders 1.

METERS by BIFAM wvpo M 42, 25028 mwcra
amp Sceed 25—0—25 green, 250—G—250 red,
toear As new E295 00 P & F 37p,

BLOCK #APER CA®ACITOAS AVAILABLE, S 4 €
wath requiraments.

“PHOTOCELL squrvalent OCP 71 13p as

12 CAT MAGNETIC DEFLECTION. Blus

* TELEPHONES

MODERN STYLE 706, BLACK OR
TWO TONE GREY, £3.75 each. P, & P. I’
45p. HANOSETS ~ complele with 2
insets and lead, €1.25 each. P. & P, 37p,
DIALS ONLY, 50p each. P. & P. 25p.

MOGERN STANDARD TELEPHONES IN
GREY OR BLACK WITH A PLACE TO PUT
YOUR rINGERS LIKE THE 746 £3.00
each_ P. L P. 45p.

MELIANCE PCE. mwntmqi
500 ohms; 10K a1 IBp es. ALL BRAND MEW =

VEMNER Hour Meters— 5 dign, wali_mount® |

—saaled case. Standard mains. £3.7% s .

Trace, Yellow Afterglow (P7]. Brand new, P& P. 555 -
boxed, £4 each. Carriage £2. TRANSFORMERS. Al s1andard impuls,
GaWIPsrmJPnu 450-400-0-400-250. 180
LOW FREQUENCY AT B By

ANALYSER
50Hz—50kH2
ASSEMBLY AND INSTRUCTION
IN_FOHMA'I’!ON S.AE.
PRICE £27, P. & P, 75p
Board, modules and all
components (excluding P.U.}.

-rrmnmw 2 meg tog pots. Gueren type. 18p
L]

TMSTAUMENT 3in. Colvarn 5 ohm 8@ o8.:
50K and 100K 60p ca._

FANTASTIC VALUE
Minators Translormar, Standard 2adv
nput. 3Voll 1 amp outpul  Brand New

65p each P & P. 20p. Discount for
quannTy

*CAPACITOR PACK 50 Brand naw compononte
iy BOp. P.8F. 27p.

.pc. ununn ll‘!lﬂoll PRE-SETS.
Sciewdriver adjust 10, 5 and 2.5M a 2pea.
1M, 500. 250 ang I9R o Ap ma Fu&nra
wst 30, 5 and 2.5M (@ 3p eas, 1M 5 250
and 25K @ Bpes. Min P, & P, 16p.

nmupi FEED THWRU CAPACITORE. Oniy
sl i rosgka of IN—30p P &P 158
RECTANGULAR INSTAUMENT FANS.
American Ea-sgu. Sue 4§ x 41 x 1} 11§
Vol Very qust LY ea’ PAP. 47p

QELIVERED TO vQUR DOOR 1 cwt of
Elacifonic Scrap cnassis_ boards. ele Ne
Rubbish. FOR ONLY £4.50. M. freland (2
waira.

P.C.B. PACK § & D. Duantily 2 sa. . —no
tiny paacas, S$0p plus P& P.20p

*TRIMMER PACK, 2 Twin 50/ 200 pt covamic: 2
Twan 10780 pl cormmie, 7 mun girips with 4 pressl
5720 pl on asch: 3 mir speced preset 30/ 100 pf on
caramic basa. All BAAND MEW Xp the LOT PP,
‘15p

ALMA praciion retistors 200K : 400K . 437K

998K: 01% 27pes . 3-25K 56K 13K-0%
20p 82

aQumn Nl TRAIMPOT POTENTIOMETERS.

20: 50; 00: 500 chms. 1:2: 2 5:5: 30,
25K mt 38!1.! ALL BAAND NEW

RELAYS
Varley VP4 plastic covers 4 pols cfo 15K—

i3p: 58X —40pea

«HIOH-VALUE—PRINTED S0ARD PACK,

Hundrers 0l components, (ransisiors. elc.-—no
two hoards the same— no short-leaded transis-
tor commstger bovards £1 78 post pad

Large quantity LT, HT. EHT transtormers and
chokes.

e uty of good qualiy companants
—NO PASSING TRADE—so we ofter
3 LB. of ELECTRONIC GOODIES
for £1.70 post paid

*CAYETALS. Cotour 4 43MHz. Brand New. £1.2%
. P.AP 15p

+Boshiva Trimmer 3/30 pt
Brand Aew. Qiy 1-9 13pea P &
1D-39 10p ea, P &
Tpea.P & P irue

P 15p:
P 25p: 100-999

HF Crys1al Drive Unnt 190 rack mount,
S1andard 240V input with supe:b crystal oven
by Lahgear ina crysiais) £5 ea. Carr F2.00.
«AB. POTENTIOMETERE LiN, 100X +
100X DUAL GANG. IBp esch. Dmcoum for
guantiies. P & B, autra.

«*METER PACKS —3differant maters

for £2. P.&P. 55p.

RESETTABLE COUNTERS—4 digit
by Stonebridge/Sodeco. 1000ohm
coil. £2 ea. P.&P. 35p.

DONT FORGET
YOUR MANUALS
S.
REQUIREMENTS

AE WITH P.& P, 35p,

LOW FREQUENCY WOBBULATOR

For afignment of Receivers, Filters etc. 250KHz to § MHz, effective to 30 MHz on harmonics. Three controls—RF level
sweep, width and frequency. Order LX63. Price £8.50 P. & P. 36p.
As above but'can have extended cover range down to 20KHz by addition of external capacitors, Order LXG3E. Price £11,50

rated),

Both models can be used with any general purpose gscilloscopa. Requires 6-3V AC input. Supplied connected for automatic
50H2 sweeping. An external sweep voltage can be used instead. These units are encapsulated for additional reliabitity, with
the exception of the contrals {not cased, not cali

20HZ to 200KHZ
SINE AND SQUARE WAVE GENERATOR

in four ranges. Wien bridge ascillator thermistor stabilised. Separate
independent.sine and square wave amplitude controls. 3V max sine,
6Y max square outputs. Completely assembled P.C. Board, ready 10 use.
9 to 12V supply required. £8-85 each. P. & P. 35p. Sine Wave anly

£6:85 each. P. & P_ 35p.

WIDE RANGE WOBBULATOR

5 MHZ to 150 MHZ {Useful harmonics up 1o 1-5 GHZ) up 10 15 MHZ sweep width,
Oniy 3 controls, presat RF level, sweep width and frequency. Ideal for 10 7 or TV
IF alignment, filters, receivers. Can be used with any general purpose scope. Full
instructions supplied. Connect 6:3V AC and use within minutes of receiving.

All this for aniy £6.75. P. & P. 35p. {Not cased, not calibrated.)!

TYPE A
Ingut. 12¥ 0OC

TRANSISTOR INVERTORS
TYPEC

( {nput 12V 10 24¥ OC
Output: 1 3kV AC 1.5MA | Dutput: 1.3k¥ OC 1 5MA F0uiput: 1.5k¥ 10 4kV AC 0.5MA

Price £3.45

TYPES
Ingut: 12V oc

Piice £4.70

Price

£6.35
Postage & Packing 36p

MAKE YOUR SINGLE BEAM SCOPE INTO A
DOUBLE WiTH OUR NEW LOW PRICED
SDLID STATE SWITCH.

2 HZ 10 8 MHZ, Hook up a 9 volt battery
and connect your scope and have two traces
1or ONLY £6.25. P, & P. 25p.

STILL AVAILABLE cur 20 MHZ wversion at
£9.75.P. & P. 25p. ]

TYPED
Input 12¥ 1o 24V DC

Dutput. 14kV DC 100 micro amps st 24V
Pengressively reducing for [ower inpul voltages

Price £11

Unless stated — please add £2.50 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.

CHILTMEAD| T

_7/9 AATHUR ROAD, READING, BERKS. (rear Tech. College, Kings Road) Tel.: Reading 582605/65916
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ing soon...
TOP PROJECTS

No 3

Over 100 pages, packed with some of the best projects from ETI.
No 1 is now a complete sell-out, No 2 is going like hot cakes. No 3
is due for publication in coincidence with the April issue...look out
for details. £1.00+20p postage

Pulsar shows the time 0.7in high on bright
Planar Gas Discharge dispiays {there is a
brightness contrel on the back). The dot on
the left of the display shows AM/PM, and
“the flashing {1Hz) colon shows that the
alarm and clock are working

A bleeper alarm sounds until the clock is

PULSAR,£13.9

WE ARE REPEATING OUR SPECIAL OFFER ON THIS DIGITAL tipped forwards. Then the “snooze" facility

i 5 t i pefore the

ALARM CLOCK. WHEN WE RAN IT LAST YEAR IT PROVED TO BE Aal ST dozil, TR Kain) HOGWATHE

ONE OF QUR MOST SUCCESSFUL OFFERS EVER! OUR PRICE minutes, etc, until you switch the alarm off,

INCLUDES VAT AND POST & PACKING The clock also features a mains-failure
indicator,

We have a large number of units in stock for
this offer but please allow 28 days for
delivery.

PULSAR OFFER
ETI MAGAZINE

36 Ebury Street,
London SWiw LW,

| enclase cheque/P.O. for £13.95 {(pay!
able to ETH for a Pulsar Alarm Clock.

Those not wishing to cut their magazine

. ) . may order on their own notepaper.
Full size = Sin across and 3%in deep,



CANNIBALS and
MISSIONARIES

HERE'S a
problem provided for people with
painstaking propensities. It's an
electrical model of the puzzle which
goes like this:

Three missionaries and three
cannibals come to a river they want to
cross. A little boat at the bank will
carry only two people. Al the
missionaries can row, but only one of
the cannibals can row — he'd been to
Oxford. He also wears a red shirt! [f
at any time, on either side of the river,
cannibals outnumber missionaries then
the cannibals will eat the missionaries,
which, understandably, the
missianaries don’t want, Problem: how
do they cross safely?

In the model shown in Fig.1 the
missionaries are represented by three
switches M1, M2 and M3, and the
cannibals by three switches C1, C2 and
C3. The missionary switches have
white levers. Two of the cannibal
switches have black levers, but the
switch representing the cannibal who
wears a shirt and learned to row at
Oxford - C2, has a red lever.

By operating the switches to
represent crossings of the people
involved — never more than two at a
time as that's the limit of the boat,
you try tosclve the preoblem, If at any
time a situation arises where, on either
bank, cannibals ocutnumber
missionaries then an aldrm sounds and
yvou've failed.

The circuitry detects situations
where cannibals can satisfy their taste
for eating missionaries, but it does not
detect cheating — such as putting three
people in the boat, or allowing a
cannibal who can’t row to be in the
boat on his own.

24

particularly perplexing,

CONSTRUCTION

The prototype was assembled in a
plastic box 140 mm x 100 mm x 75
mm high with an aluminium front
panel. Modern telephone-type key
switches were used each having four
changeover switches on each side of
the switch.

Figure 3 shows the bottom view of
one of the switches and how its
terminals are laid out. It also shows,
by means of the arrow-headed lines,
which terminals connect with the
moving parts of the switches. The
eight changeover switches which
comprise one key switch have been
Jettered a 1o h for convenience and to
tie in with the lettering in Fig.2.

Note carefully that the switches in
Fig. 3 are shown making the circuits
which they make when the switch
lever is in its central position. When
the switch lever is moved from the
central position to the start side of the
river it changes over only the switches
on the opposite half of the switch —
re. switched a, b, ¢, d. When the
switch lever is moved from the centre
position to the far side of the river it
changes over only switches e, f, g, h.

These key switches can be bought
with pushi-on handle covers of various
colours. The prototype used white
covers for the missionaries, black for
two of the cannibals, and red for the
cannibal C2 who wore a shirt {and
went to Oxford).

Although key switches each
containing a total of eight changeover
switches were used in the original,
actually it is only the missionaries who
need all eight switches. The cannibals
need only five changeovers, but it was

HOW IT WORKS

The circuit is o switching | losc
vireuit. See Jag. 2. The eell -und
buzzer are belween the owrer verticl

ils, and 10 ever a way belween theie
iwo rails is sel up by the swijchas
then the alurm sounds, The circuit
shows all the switches in Lhe stagring
position ©e. all the missionaries ard
cannibals ure on the near bunk. No'e
that when any person poes over the
river aff switches changeover, The
customrary dotled lines showing tie
connections bhetween  coupled
swilchex  have been  omined for
chirity. Thus, it M1 crosses the river
swilches Mia, M1b, Mie, MI1d, Mle,
MIT, M1g und M1h all changeover.

You cun work out the circuits tor

the ularm to sound. Here are three
ezamples. Suppose all three cannibas
stay on e start side and M1 poes
over. Then 1he cannibals ouinumber
Ahe nissionaries on the start side and

so the alurm sonnds  throngh C2Ls,
C3b, Clh, M2d, M2¢ 2l MId whica
has changed over:

Smilurly. i M2 went over alone
then the slhirme would svund throug
C2h. C3b, Clb, M3d, M1d. M3b and
M2y which hus changed over.

And it M3 went uver alone the
adarm sounds through C2b, C3b, Clk,
Mic, M2¢, Mid and M3b which hie
chunped over.

You tan cheek all the ‘wlarm should
sound' vonlipugtions on cich bank
of the river by visualising an alanning
situation cunnibals outnunibering
missionaries, and  then  teacing
throngh the switches to find a circuit.
Simiturty  the “warm  should po
sound’ circuits, or wathet 'no’ circuits
can be checked in 1he same way.
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1
FINISHING SIDE OF RIVER CANNlBALS & MISSIONARIES
L
—.\o— '1 . ® o e
- a —_— € i @ @ e ® @
iJ
' 1 o & & & ®
f o— h o= Cl Cc2 C3 M2 M3
® -2 2 G -
STARTING SIDE OF RIVER gy
Fig. 3 Terminal layaut on standard key |
switch with four changeover on each half. .
Contacts shown as being made in this diagram
are with the lever in the central pasition. -

Fig. 1. The finished model. Lettering done with press-on letters on white Contact.

thought simpler to buy six identical are all one piece taken from a  wiring needs considerable care. On

switches.

Those with access t0 disposal stores
could probably buy enough old style
key switches comparatively cheaply,
to build up the necessary number of
switching functions needed.

The panel aperture dimensions for a
standard key switch are shown in Fig.4.

The buzzer alarm and battery holder

bicycle horn.

Wiring must be done carefully — very
carefully! Bare wire was used in the
prototype. Figure 5 shows the wiring
diagram for the start side half of the
switches and Fig. 6 shows the wiring
of the other half. They are shown
separately to minimise confusion. As
can be seen from Figure 7, the switch

each of Fig. b and Fig. 6 one lead is
marked ‘To Buzzer’ and another ‘To
battery —ve’. These leads, i.e. both
buzzer leads are joined together and to
the buzzer; and both battery —ve leads
are joined together and run to battery
-ve.

When wiring up — work logically.
Start with switch M3 which is on the

ESEEN
PARTS ILIST Cia © c2a o -
Six standard phone type key swiiches M1a
type 4CL/4CL which means 2 change- «
over locking switches on each half of
the switch.
e.9. Doram lever key switch {ype C3a o
338.018 4 M1b '
One buzzer and battery hotder — ex i-—o—-l-.-—’-‘/’ M3b
bicyele horn
Ons sutaple box and panel M2b ©  { ¢ =
o0k up wire etc.
Fig 2 The circuit
2 )__j diagram with all
C2b C3b C1h switches shown with
S s - M1tc M2¢ levers on the start
— 0295 -————— M1d i side of the river
‘[Tvbmm] '
| e—0-0b8"
| {1-7mm) VE2d y
APERTURE FOR X K
JKEY HANDLE X ‘ T )
0480 C-Ie MZe €
(2 2rm | ] ' 5 I o >_o—+o—1»—o-—bo—i
! = [ '-/ j .—/.
0540 1-500"(18 mm)
{13-7mm)
, B ._/ ,- o '
L
| il >—-<~/ ]
. ,
—a (0-435;" = Mih/c :13:’/
limm
FOR 8BA. FIXING =T
SCREWS
I—"l BUZZE [L
.= 1. 5V
Fig. 4 Dimensions of aperture needed and BATTERY
hole positions for standard key switch.
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CANNIBALS and
MISSIONARIES

TOBUZZER

TO BATTERY —VE

5o

T ep—
T = = e Fig. 5 Wiring on switches
Nl on the start side i.e. on
= switches ‘e’ to 'h” ofeach
M3 M2 M1 key switch.
TO BUZZER
TO BATTERY -vj
D | ~—=H=1],
— e hi"'-l—_ —) f—
Fig. 6 Wiring on switches
on finish side i.e, on
= switches ‘a’ to 'd’ of
M3 M2 M1 c3 c2 c1 each key switch
left when the panel is upside down. making and checking connections to short connection between switches

Start with the top left hand terminal
and make all connections to it. Then
move down each terminal in turn
down the left hand row of terminals.
Proceed row by row to the right

each terminal. It's a good ided to cross
off with a pencil, each connection
shown on the wiring diagrams, as soon
as that connection has been made on
the switches. Be sure not to miss the

Fig. 7 Underside view of the panel,

26

M3e and M3f,

If you want to check through the
wiring diagrams, the circuit, and the
switch diagram — bear in mind that
the switch diagram shows conmnections
with the switch lever in the central
position, and the circuit diagram
shows the connections with the levers
in the start side position.

On completion of the wiring and
after insertion of the cell, the puzzle
should work. Check out all the alarm
situations on both banks and see that
the alarm sounds when it should. Also
check the no-alarm situations — i.e.
when cannibals do not outnumber
missionaries on either bank of the
river.

Fault finding is not as daunting as it
may appear at first. A logical working
through the circuit diagram should
help. to pin point any problem.

HAVE A GO

Having built the puzzle — try to solve
it. I1t's far from easv. If all else fails —
check the correct answer which is
hidden somewhere in this issue.
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P.E. CAR CLOCK KiT AVAILABLE

Send s.a.e. for details / prices, eic.

ADVANCED ALARM CLOCK KIT

Complete kil including attraclive shim case with perspex panel for 6 dign
alarm clock with bleep alarm, snooze and aulomaltic intensily control, high
brightness display doving: uses MK50253 IC and Jumbo Q.5 LEDs Kn
also includes PCBs, acuve and passive components, IC skt min
transformer, swiiches, flat cable. loudspeaker, mans cable and plug Full
instructions Crystal controt/banery back-up and touch switch snooze and
alarm are oplional add-ons £27.31

SIMPLE & ATTRACTIVE 4- dlglt CLOCK KIT

tAs featured n January Everyday Electrorucs}) Ideal kit for the less
experenced constructor, kit includes |C, pleasing V"' green display with
colon. PCB. miniature transformer, shm white case with perspex front
panel, and all other components except mains cable and plug. Futl
NSIUCTIONS . . .o, o e £15.89

CRYSTAL TIMEBASE KIT

Aill components including PCB {47 mm x 59 mm) 1o provide 50cps for clock
ICs gwving ume accurate to 3 few seconds a month, Kit includes PCB
32 768 kHz mumature watch crystal thmmer. 3 CMOS ICs and sockets.
Cs, Rs £6.28

STOPWATCH

Complete Ku lor Stopwaich (as n December ET1): choose 6 digit range
from tens of hours to mitiseconds Contents Verocase 75714104 red
perspex Iront panel, Manganese balteries, chps, ransisiors, digdes, wiring
pins. screws. sockets. pin-header, CMOS, resistors, capacitors, 5 Y2MH2
crystal. tnmmer. PCBs, 6 x MAN3M displays  With instructions,
component layoul. eic J £31.80
STOPWATCH WITH ONE LATCH: As above. but kit also includes
taciity to repeatedly freeze one sei of displays with count continuing on the
orher set x £47.71
ADD VAT st BY% to all Prices in thin sdvertisemant. 15p P&P on grders under + 3
Free on orders over t3 Orders sent by 1st Clasy Post Exports No VAT 36p (Europe|
t 1 tOverseas) for Av Mail PSP {any excess retunded) Full Price List and Data wih any
order Gr pn request (phone or send 5.3 2.}

D#Hicisl Orders walcomad, wrtien. phaned ar teleked Irom Univs  Polys Nat Inds
Govl Deparimenis Companias, eic Festest Dalivery for R&D.

53a Aston Street, Oxford
SINTEL

Tel. 0865 49791
Telex: 837650. A/B ELECTRONIC OXFD

CMOS

CMOS from the leading manufa¢iurers only

CD4GoDA 0.17 CD4D28A 0.74 (CD4053A 0.77 CD4DB6B 0.59
CDADD1A 0.17 CDR4D29A 0.94 CD4D54A 0.95 (CD40B9B 1.27
CD4002A 0.17 C040304 0.46 C[4055A 1.08  (D4093B 0.66
CDACOBA 0.97 CD4031A 1.82 CD40S6A 1.08 CD4D94B 1.53
c40074 0.17 040324 0.88 C04057A 20,35 CD409SE 0.86
Co4008a 0.79 [CD4033A 1.14 CO04059A 10.64 CDADIGB 0.86
CD4D09A 046 (D4034a 1.56 CD40BOA 0.92 CD40998 1.50
CDA4010A 046 (Cp4035a 087 (DADBIA 16.43 C045028 0.98
CDADT i A 0.17 CD4AD3jA 1.82 CD4DR2A 7.33 CD45108 1.12
CO4D124 0.17 CDAD37A 0.78 CO4063B 0.0 CO45118 1.28
CO4013A 0.46 DA03BA 0.88 CO4DBBA D.58 CB4514E 2.56
CDA014A 0.83 CDAD39A 2.86 CD4DBIB 2.95 (CD4a5158 2.56
Co40154 0.83 (CDA0ADA 0.88 CDACEBB 0.18 CDAS16B 1.12

CO4016A 0.48 CDAD41A 0.68 CDA06IE 0.18 CD4s18B 1.03
CD40174A 0.83 (CD4D42a 0.8 COADY0B D.18 (CD4520B 1.03
CO401BA 0.83 (CDAD43A 0.83 (D40718 D18 CDa5278 1.30
CO4019A 046 CDADASA 0.77 (D40728B 0.18 CD45328 1.16
£DA020A 0.92 CD4045A 1.15 (D4D73B 0.8 rpassss 0.74
cpdc214 0.83 CDAD46A t1.10 CDAD75B 0.8 (Cp45568 o.74
cBap22a 0.79 CDADAZTA 0.74 CD40D768 1.27 MmC14508 2.37
CD4023A 0.17 CD4D4RA 0.46 (040778 0.18 MC14528 0.88
CDAC24A 0,64 CDA049A 046 CD4D7BA 0.18 MC14534 6.04
CDA025A 0.17  CDA050A 046 CD40BLE 0.1B MC14553  4.07
COA026A 1.42 CDAD51A 0.77 CD40828 0.18 w(C14566 1.21
C04027A 046 CDA052A 0.77 CD40B5B 0.59 MCM14552 8.05

RCA 1975 CMOS Databook: 400 pages of data sheets and 200 pages of
circuts  apphications and other useful informaton £2.87 {Add no
VAT —post free)
Motoroia MeMOS Databook {Volume 5, Series A)

£2.77 (4dd no VAT — post free)

CLOCK ICs DISPLAYS VEROCASES
MK50253 €5.60 DL704E 85p 75/1410J £2.64
MK50250 £5.00 FNO500Q £1.02 {205 2 140 x 40mm)
MMS5314 £4.44 FNO5000 #5p  75/14110 £2.94
AY51202 €4.76 MAN3M 48p (205 x 140 x 75mm) -
AY51224 €3.68 5LT00 £5.80 Flat Cable
MKSQIOM £12.50 L[ CD £9.40 20-way £1 par m.

DISPLAY PCBs (each fns neatly into Verocase J) for clock with 6 x
FNDS0O. for clock wih 6 x OL704. for counter with up 10 8 x FND500, for
counter with up to 8 x DL704 these lour are £1.35 each, for clock with 4
x FND500 90p,

IC SOCKET PINS. Lowest cost sockets for TMOS, TTL ICs, Displays
Strip of 100 pins for 50p, 400 for £2, 1,000 for £4, 3.000 tor £10.50.

srkriie

PATENT PENOING

mik2

The tried, tested, proven, reliable, complete, P
professional, capacitive discharge,

Electronic Ignition I{it

guaranteed 1ransfarmer and componenls, calres <oil con

ORDER NOW

ELECTRONILE DESIGN ASSOLIATES DEPT ET1 3
82 Bath St Waisall, WS 1DE. Phowe 238%.

FROM Nama

Address

SPARKRI

TE MK 2 DLY Amswnisly bima » £1883

SPARKAITE MK 2 et
SPARKRITE MK 2 Mooy Buikt Positive sarth o £134

e paesh @ 11308

Ignition

fiches @ £2.88

AP M, Limit systems in the sbive wnias # (242

| encioss chagua/P.Os b L ... —

Cheaws Mo

Illll’-liﬂlr.nﬂl:;rm—;]

Sparkrue MK2 15 a high performanca. high quality, cepac:-
five digcharge elecirome igniflan system

Because o rhe superh design of the Sparkrite crcun it
complaiely ehiminalrs probiems of Ihe conlact brasker
Ther# 18 no Migfire hecause conticl Draaker bounce B ei-
innaed sleciromeally by 3 pulse supprassion ciecul which
provents the unit Tinng il the poinis bounce open at Pegh
R P M, Contact breaker burn 5 elirminaied by reduoing the
Eurrent 10 about 1/501H o7 the noem It will pertorm squaity
well with paw. oid. or even bady phted ponts and b ot
depanden! upon 1he dwell wme of 1the conlact breakers
tot recharging the system. Sparkdire incorporates p ¢hort ar-
cun prolecied nverrer which sliminatas the problams of
SCR lock on and Ihercfora elminates the possibality of
blowing the tranmstors or the SCR (Many capxlwo dhs-
charge igritions Bré nat complelely fooiproo! in this re-
spect)

Spackiiie €on thareldg give vou

up o 10% petier fuel cansumplion, instant ail weshor
slarting Cleane: plugs rhey a8t wp 10 5 umes longer
wirhesg? pifent:on laster atcelerdtion, higher 10p 1peads
lnrger conl and banery lde atfican fuel burning and leis
ar pollutan smoolher running, tOnlifud pea  partor-

_mance

THE IT.COMPRISES EVERYTHING NEEDED
Ready drilleg pressed steel case coated i matr black epoxy
resin ready Arbed base ang heatsok, top quahly § year

ELECTRONICS TUUAY INTERNATIONAL—-MARCH 1976

nectors, printed ciruil board, nuts, Bolts. silicor grease
{ull insiructhons (6 make tha kit Pegative or posiive earth
ana 10 page insiatiginan msiruciions

OPTIONAL EXTRAS

Etartronie AP M_ [y smon

This can De ncluded I (he unil 10 pravent oot duuali
an advantane to most companies, hug figns nigh pyrfor

mance drvers alé

Elorironee/convenuonsl WriTion wwiteh

Gves ins1ant changsovar from “Spaiknte  -giivon 1e.cor

ventinat \gAINOn 1ar pefoIEAENCE CUINEAIONS, SIBTIC LIM

ing eic. and will Jlso swiich U= gt oft cenpletely
as 4 sacurlfy device. Includes sa il h corcecinrs 1 .ounting
nracher and inpructions, Capies raluie

PAICES

DY assembty kit L1093 wecl VAT post and pdckin,
Reardy huir uan £13.86 gl VAT post and packing
IBnIn 1o f1 80 vamcles wirh coil/disidbuten ignidon up 10
B cvlinres 1

Swarch M sstant changeower o 1 Epackete  gniion o
comennonal gribpn £2 38 ncl v A T post and paching
AP M umbnngconired £2 42 ingd ¥.8.T post and packing
IFmmd 0 case on ready Bult undl dashboesd mounting
an ke

CALLERS WELCOME !

b

Ferev .
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DIGITAL CLOCK

MATCHED CHIP & DISPLAY

Onglé F:;rsice Phosphor Diode. 12.5mm Digit
: AM/PM and colon

Inc. VAT

il ELECTR
Int. VAT, Post & Packing !

DISPLAY FUTABA 5-LT-01. 7 SEGMENT

CALTEX CT7001. MOS LSI 1 DISCOUNTS
cH'P 28/30/31 Day Calendar Ngl':’ all C.W.Q. mail orders, excep1 for some items marke
Only Price 24-hour Clock 5° on orders fist value I 00/ on oiders list value
£5.50 Snooze Alarm D 10 or mare D 115 or more

Inc. VAT Clock Radio Feature
Easily Settable Counters

TRANSFORMER — £2.50 INC. VAT

| Payment with order

IMP HOUSE, ASHFORD ROAD, ASHFORD, MIDDX.

Telephone: Ashford 44211

Telex: 936291

|
|
Alf ions to Section 772, 28 ST. JUDES ROAD, ENGLEFIELD GREEN,
IMTECH PRODUCTS LTD' \ EG:!G:;?HE:::DHHEVOL\;;SHO”B Tatephone Egham 3603. Telax 284475, Shop
o

The good components
service

In relatively few years, Electrovalue has nsen to a ]
position of pre-eminence as mail-order {and industrial) |
supphers of semi-conductors, components, accesscries,
etc. There are wide ranges and large stocks to choose
from as well as many worthwhile advantages 1o enjoy
| when you order from tlectrovalue.

CATALOGUE 8 NOW READY

Entasged 10 144 New items, Opio-electronics Diagram
of companents, applicanons. |.C. circuits, eic. Better than even
No. 7. Post free 4Dp, inciuding voucher *or 40p for use on arder
over £5 hst value

FREE POST & PACKING

Onall C W O maii arders in U.K. aver £2 list value I under
add 10p handing charge.

PRICE STABILIZATION POLICY

Prices arg held and then reviewed over minimum periods of 3
maonths — With eftect from Jar. 151

QUALITY GUARANTEE

On everything n our Catalogue — No manufacturer’s rejecis
secands or sub-standards merchandise.

ELECTROVALUE LT

hours §-5.30 0.m. dady. §- rg m Saix
NORTHERN BRAANCH: 680 Bumsge Lans, Burnage, Manchester M19 1NA.

Toiophone (061) 432 4945, §hop howes daily 9-5.30p m. -1 pm, Sars

| - _

tecknowledgey in consumer ICs -and their applications;

gt

SGS Audio IC_§

SGS appiication test circuit PCB for a stereo
15 + 15 (RMS] Hi Fi amplifier.

TBAB10AS +HS 1.09

TCAQ4OE  +HS 180 |21X107/8/9
T6A2020 79g |ZTX413ILN)
98 | FTx212/3/8
FM LINEAR ICS |BD 535 npn-I 7A/60y
BDS36 pnp
MC1350 070
CA3CES +Qc 1.94 BD3?7 npm 3A/BOv

BD378 pnp
TBA120 «qc  too [ERATE PR avess

MPX LINEAR ICS !BD516

CAZ090AQ +LED 275 |[BDE0 pn

£ '
> 1
[

L

£

pRp
MC1310P  +LED 220 [BDB0S nen) 104/50v 70p

The much heralded TDAZ2020 is here. And just
to make sure that you don’t go wrong. so is the

Prices: € |auDIO DISCRETES

14p
17p
16p
52p
&3p
29p
32p
27p
30p

102p

\,

WC:,V@ mOV@d New modules:

Modules & Kits

8011 Totally touch tuned varicap controller built £14.99.

8005 Larsholt tuneryet accesory urit, with pilot tone filter
and autho siages, rectifier, 1C stabilizer, meter driver

To accomodate expanded R & D
facilities, AMBIT has moved sales

and administration 10 25 High 5t cirguits. £4.99 (ki

Brentwood. The existing 37 High 8001 55k H2 Jow pass filter tmpx birdy filter) £2.35 built
Street premises are retained for the £1.75 Ikit}

engineering activities. ‘{001 Smr:gl sraich and'rumwe """'éé"é{;"&,"“,"{'”““""

L r var, =f atin NCIES. 3 T

One of the first products of this £4.60 leh?t‘; S *

move has been the development of 3000 Stereg control prepmp - 8 wide dynarmic range, {ow

a TV sound tuner, fram an “"off dlstortion AF presmp, with vol, bal, bass and Treble
i 3 i Is. kit £5.78

air”" sysiem, using Ifs OWnN ~aTicap contol

UHF TV tuner, with ICIF am- 2020k &:}?agom slereo amp kit photographad on the
plifiers and block filters by TOKO. 7700 Tvotl alr UHF sound tuner - built £26.00

And then one of our .best ever {4 preset stationsh

circuits + an electronic touch tuner, — —

9000 kit AM/FM mpn wner chassis, with mech, tuner  E12.50

with scanning mode, and facilities 7004 kit MW/LW varicap tuner madule, wnc. ferrite rod  £9.95

for 6 preset stations. The unit is 7252 HIFi MOSFET FM tuner mocule by Larshoit  £24 00
suitable for use with FM, and now 1253 HiF1 FET FM tuner module inc decoder £24.00
" H 2 MOSFET vericap tunerhead by TOXO £11.25
AM of course, and offers 3 com EC3302 FET junerhead from TOKO £5.00
plete tuner system Wf‘h°"’t any Complete FM Tuner kits, € €ase, for use with the sbove
moving parts. Selection is by means maduies. detarls SAE pleasc. Pricas range from £40 - £60.

of touch tuming in all cases, with
manual scan and preset switching
autamatically interlocked.

Amongst our various accessories for entertainment

electronics is a range of FM 1uning, frequency and

sig. strength meters with 12v, S0mA buib. £2.50 ca.
Our R&D facihties are #vailable for
generat comsuliancy to@ OEMs: further
deails on appucation. Standard project
estimation fee, inclughng project evalua:

A

—_— P
tign comment data Iy £15,00 paysbie In 8452 v 100 104 '
advance. 5

.

essex. cm14 4rh.

-
ambit international
s [ in, ice £7.50. PP for CWO orders 22
25 hlgh Stl'eet, brentWOOd' gr?iisf ?Lcl):(e ar:\‘:!n Eilpt:)?lcoeverseas cuslon?érs pleasgrinecrlsude F::upf,?ilz
tel: {0277) 216029 cient for postage. VAT is not included, and must be added
tix: 995194 ; at 25%. In stock orders despatched within 48 hours.

Free price list with an SAE, catalogue of modules and parts
40p., including postage and VAT

General Terms: CWO please, official bodies and companies
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Complete the coupon and
well send you
our complete,new catalogue.

B R TR ST W

Lﬂwmﬁf 5

4

1

ot A B TR TTARGE

"
£ e

R L

Including our full range of (est
equipment.amateur radio gear,hi-fi
cquipment and many general
interest Kits,

The new Heathkit catalogue
is now out. Full as ever with exciting,
new models. To make building a
Heathkit even more interesting and

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

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

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

ona Saturday evening—when the shopsare shut. Tottenham Court Road. The Gloucester showroom is next
You'll also get a very easy tounderstand instruction to our factory in Bristol Road.

manual that takes you step by step through the assembly. Ateither one you'll be able 1o see for yourself the
Clip the coupon now lenclosing a 10p stamp for postage!  one thing the catalogue can't show you.

and we'll send you your copy to browse through. Natnely, how wella completed Heathkit performs.
With the worlds largest range of electronickits to Heath (Gloucester) Limited, Dept. ET1- 36 Bristol Road.

choese from, there really s something for everyone. Gloucester, G1L2 8EE. Tel: Gloucester (M52) 29451

Digital electronic stop walch AM/EM 60 watl r.m.s. sterco receiver Digital rev counter

-— - P p————— Y e —1
)

The new Heathkit catalogue.Out now FREE,

To: Heath (Gloucester) Limited, Dept. ET1- 36, Gloucester, GL2 6EE.
Please send me my Heathkit catalogue. I enclose a 10p stamp for postage. IRt

Name == ~ Address

N ) o e == ___ Postcode
= ull details in the catalugue. (ffer available for liniited period only.
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ET SPECIA

SN72741-741 OP AMP TEXAS

The SN72741 is Texas Instruments’ version
of the ubiquitous 741 op-amp. The 741
was originally introduced as the HAT741
in May 1968, and was the first monolithic
op-amp to be internally frequency
compensated by an on<chip capacitor.
The SN52741 is a military temperature
range version of the SN72741. Both are
high-performance operational amplifiers
featuring offset voltage null capability.The
high common-mode input voltage range
and the absence of latch-up. makes the
741 ideal for voltage follower applications.
The devices are shortcircuit protected
and the internal frequency compensation
ensures stability without external

components. A |ow-value potentiometer
may be connected between the offset null

inputs to null out the offset nul voltage
as shown in Fig. 1. p

o—]

' TO NEGATIVE VOLTAGE

I Fig. 1. Input offset voltage null circuit.
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Fig. 2. Open-loop large

signal differential

Fig 3 Common-mode

Frg 4. Open-loop large sig-
refection ratio vs. fre

voltage nal differential voltage

amplification vs. frequency. quency. amphfication vs. supply
voltage
ELECTRICAL CHARACTERISTICS ABSOLUTE MAXIMUM RATINGS
i SNG62741 SN72741
i Input Offset Voltage . . . . . . . 7.5mV max.
‘ Oftset Voltage Adjust Range . .. 15mv S”pp"" Volllage Vec+ 2222\(1 :gx
Input Offset Current 300mA max Supply Voltage Vee— Ip 7
Input Bias Current. B0 s Differential Input Voltage 30v :130V
Input Voltage Range b 12V min 'J'FI)W Voétage O R 15V SV
Max Pk-Pk Output Voltage Swing s R
AT TR 24V min Terminals (N1/N2) and Vec— 0.5v 0.5v
RL,_ s W s PRl Dura_tion of Output Shortcircuit unlimited
1 Large Signal Differential Voltage Amplification 15000 min  Continuous Total Power Dissipation 500mw
Input Resistance . . . . .. . .. TR 2Mohm
'?utput Resistance. . ... ....... 750hm
nput Capacitance . . , . . . . : 1.4pF 5
Common-mode Rejection Ratio .. 70dB min \(I)PElEf\SU f\\l/G Cﬁﬁ?\ﬁCTERlSTlCS
Power Supply Sensitivity . . . . 150uV/V max BCE =" CE-e
Short-circurit Output Current . . .. 25mA Rise T:me {tr) ’ [ 0.34S
Supply Current . . . . . .. ; 3.3mA max Overshoot o i 5%
Total Power Dissipation 100mW max Slew Rate at Unity Gain 0.5V/usS
JOR N OUAL-IN-LINE L:-PLUG-IN PACKAGE PD;.I:‘:&::‘GLEFNE Z FLAT PACKAGE
PACKAGE TOP VIEW) {TOP VIEW) (TOP VIEW} {TOP VIEW}
] I rf o
PR TERMINAL ONORORONORONO!
¢ e L b b 3 -_‘u
. ASSIGNMENTS Copeter
n:\,' 1": =), & P LuL i i
" s |
d 'J L = n]
=N T br———y—y
4 e it IONONONONORONO)
-— = PIN 415 (N ELECTRICAL < = e == 0 O
- — CONTACT WITH THE CASE = =
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OP-AMP

SN72301A-301 OP-AMP

TEXA

The SN52t101A is the Texas equivalent
of the LM101A. The LM101 first appeared
in 1967 and the LM101A is similar to the
101  but features better dc input
characteristics. The SN52101A is a full
military temperature range device and so
the average constructor is likely to use
the SN72301A which is a commercial
temperature range device for operation
from 0°C to 70 °C.

Both are high-performance operational
amplifiers, featuring very low input bias
current and input offset voltage and current
to improve the accuracy of high-impedance
circuits using these devices. The high
common-mode input voltage range and the
absence of latch-up make these op-amps
ideal for wvoltage-follower applications.The
devices are protected to withstand short.
circuits at the output. The external
compensation of the 101A and 301A allows
the changing of the frequency response
(when the closed-loop gain is greater than
unity) for applications requiring wider
bandwidth or higher stew rate.

A potentiometer may be connected
between the off-set null inputs (N1 & N2)
as shown in Fig. 5, to null out the offset
voltage,

ELECTRICAL CHARACTERISTICS

Input otfset voltage

Average temperature coefficient of input offset volitage

Input offset current

Average temperature coefficient of input offset current

Input bias current

Input voltage range

Maximum pk-pk output voltage saving
(VCC = ®£15V,RL = 10K)
(VCC = =15V,RL = 2K)

Large signal differential voiltage amplification
Input resistance
Common-mode rejection rafic

INPUT OFFSET CURRENT
¥

FREE-AIR TEMPE RATURE
. ——

Veg. W w
1 »
N ViR

X -
L
8 o
i "
2 weriore e .

ol B3 b

-7 M - O » W T e N

Ta Frosde Vompogmon"C

Fig. 1. Input offset current vs. free-air temp.

OPEN-LOOP LARGE SIGNAL
NIFFERENTIAL
VOLTAGE AMPLIFICATION v3
SUPPLY VOLTAGE

i
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! g I
'E""' - =t Vs -
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z 4.10% /
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@

[ ) ot e ST
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ey | Swomew Vourgr ¥

Fig 3. Open-loop large-signal differential
voltage amplification vs. supply voltage.

MAXIMUM PEAK-TO-PEAK
QUTPUT VOLTAGE {MTH
SINGLE-POLE COMPENSATION}

v FREQUENCY
e = 1 B E R SR L s |

nL_T—-,-{ : R |

ml ol ,A..‘:—

» & ; .
il

VOPP  Macwmuen fe ve Puse Output venme ¥
=

- Y
. PRI 'q.-.', e
s B TN
we o 1w W

S omncy - Me
Fig. 2. Maximum p-p output voltage vs.
frequency ffor single-pole compensation).

OPEN-LOOP LARGE SIGNAL
DIFFERENTIAL
VOLYAGE AMPLIFICATION vs

FREQUENCY
R T e

[—- vee. -1y |
; |Wl_—r ':21.:4‘
_;,,.'_—;,L\ Ta-mt }

1 |
! i N S
. 1 A" '
L E ‘
1
I w ! e I S
! 1
5 b Sl ) O
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10 18 tu 0 MO 1V oW wow

S

Ay M2
Fig. 4. Open-loop large-signal differential
voltage amplification vs. frequency.

SN72301A
2my
6uV/eC
3nA
0.02nA/°C
70nA
+12V min

28v
26V

200,000
2mMQ
908 TERMINAL

i
 Wmnrs " j:‘.

i
i
"2
m

Vo R1-30 oF

v

Cc »
R1-R2

R1+:R2

R3

R1+R2

Fig. 5. Inverting circuit with adjustable
gain single-pole cempensation and

Power supply rejection ratio 96dB offset adjustment
Supply current 1.8mA’ ASSIGNMENTS .
J OR N DUAL-IN-LINE L PLUG-IN PACKAGE L D:J:CLKI:G:'NE
K PACKAGE {TOP VIEW) ITOP VIEW) oAU
ABSOLUTE MAXIMUM RATINGS — - — s
“ o e -t Ay
SN52101A SN72301A [wiolfal/ni[e][s]fs] | <= =G . niginio
Supply voltage VCC+ 22v 18v
Supply voltage VCC— =22V —18V e s >
Different input voltage * 30V +30V % o it o
Input voltage =16V +15V ) 3 L_l
Voltage between N1/N2 (either offset null ! EA O T T
terminaly and VCC— 0.5V 1o 2V —0.5V to 2V | o PIN 415 IN ELECTRICAL e
Duration of output short circuit unlimitegd unlimited A e e e
Continuous total output power 500mw 500mwW NC—NO Internat connection
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SN52108A, SN72308A OP-AMPS —__TEXAS

The 108A and 308A are designed for
applications requiring extremely low input
bias and offset currents and offset voltages.
The SN52108A has a typical input offset
voltage of 3004V and typical input offset
current of 50pA at257C, Input bias current
is 3nA maximum over the full temperature
range, The output is protected against
damage from shorting to ground or either
supply and the input stage is diode-
protected against excessive differential input
signals. External compensation permits
optimization of the frequency response for
each application. The compensation circuit
shown in- Fig.3 can be used to make the
amplifier particularly insensitive to suppiy
noise,

APPLICATION DATA

Extra care must be taken in the assemoiy or
printed circuit boards to take full advantage
of the low input currents of these amplifiers.

Even with properiy cleaned and coated
boards, leakage currents may cause trouble
at 125°C, panicularly in the L plug-in
package (TO-99) where the input pins are
adjacent to pins that are at supply potentials,
This leakage can be reduced by surrounding
the input terminals with a conductive guard
ring. The guard ring is connected to a
low-impedance point that is at approximately
the same voltage as the inputs. As shown in
Figure 4, input guarding of the 8.lead L
package may be accomplished by using a
10-lead pin circle, with leads of the device
formed so that the holes adjacent to the
inputs. are empty when it is inserted tn the
board. The conductive guard ring should be
used on both sides of the board.

The pin configurations of both the
dual-in-line and flat packages are designed to
facilitate guarding. since the pins adjacent to
the inputs are not internally connected to the
chip. Pin connections in these packages are
different from the standard pin connections’
used in cther operationa! amplifiers such as
the SN52741/5N72741.

ABSOLUTE MAXIMUM
RATINGS

Supply Voltage Vcc+ . . o
Supply Voltage Vec— . .. ... ...
Input Voltage . . ... ........
Differential Input Current . _ . . . _ _ .
Duration of Qutput Short-circuit . . . . .
© Continuous Total Power Dissipation
{below 35°Ch. ... .. . ... ... ... ;

LEL A1’ R2
INPUT ggann APAY
/\ -
=0 guTRUT
T~
£R3 e

Fig. 1. Inverting amplifier.

SCHEMATIC Ri— e
AT
N/
‘\
\ i
~ L
L
Componeny values shown are nomingl. i
TERMINAL ASSIGNMENTS.
SNTII0BAP
ALL TYPES ALL TYPES SN72308P
JORA N DUAL-IN-LINE LPLUGINPACKAGE P DUAL-IN.LINE PACKAGE
PACKAGE ITOP VIEW! iTOP VIEW) {TOP ViEwW)
v B
L ] H ] 5
|
= BERiEHiBID
il b T PIN 41§ INELECTRICAL O e e
(LT CONTACT WITH THE CASE [y g
ELECTRICAL CHARACTERISTICS:
{values typical except where specified) SN 72308A SN 72308
Input Offset Voliage . .. .. ... . . ... . 0.3mv 2my
Av. Temp. coefficient of Input Offset
Voltage . . ckcm.- a8 . . . .ah. o Tuv/eC Guv /e
Input Offset Current . . ... ... ... .. . 0.2nA D_uzn{A =
Av. Temp. coefficient of Input Offset
Current . .. ... ... AL 2pA/eC 2pA/cC
Input Bias Current. . . . . EECE - e nm . 1.5nA 1.5nA
Input Voltage Range . . ... ... . . .. . 14V min =14V min
Max, Pk-Pk Output Voltage Swing. . . . . 28v 28v
Large-signal Differential Voltage
Am phﬁc_anon ................. 300,000 300,000
Input Resistance . . . . .. B By ok . 40M ohm  40M ohm
Common-mode Rejection Ratio. . . .. : 110dB 100dB
Supply Voltage Rejection Ratio . . . 110dB 96dB
Supply Current . . .. ... ... ... wiE 0.3mA 0.3mA
SN 52108A SN 72308A
SN 52108 SN 72308 - 2
20V 18V
—20V —18v veee
=15V 15V A
= 10mA *10mA T
unlimited Vio "3
500mW  500mW 'I S
- C'O;'!l’ Vg, COMPI o COomMe2

Fig. 2. Standard compensation circuit.

1
Vocs
, uz
1 2 7
> 6

CUTPLT
Vocs

5
]
F
) Voo -

Fig. 4. Top view of board layout for L
plug-in package. |

GUARD

Vo RL> 1085
Vee- IDPEN}

; cc-IMDFI\

Fig. 3. Alternate compensation circust.
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.
536 FET-INPUT OP-AMP SIGNETICS
________—-—-———-'—‘—'_——_

The 536 is a special-purpose high-
performance operational amplifier utilizing
an FET input stage for extremely high input
impedance and low input current, The
device features internal compensation,

Offset Null
Inverting Input
Non-inverting Input

Hombk W=

standard pinout, wide differential and v
common mode input voltage range, high Offset Nutl
slew rate and high output drive capability. Qutput
Two versions are available: the SUS36T vt

has a temperature range of —55°C to 85°C, g8 NC

while the NES36T covers 0C to 70°C.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage . . ww. - rae s ood Blei o mem e - o 0 Ik e BN N 3 R +22V L]
Differential Input Voltage Range - . . . . . ... ... +30V MORESSEC R ey
Comon Mode Input Voltage Range . . .. .. . ... .. e o B WD e *V§ * ol
‘Power Dissipation {Note 1}. .. ... ... ... Y T T T T 500mwW
Operating Temperature Range . . . . .. ... .. .. ... oo oo, 0°Cto £70°C | =¥
Storage Temperature Range . . . . .. .. ... ..... wp o wewaiie. . . —B5°Cto +150°C | 3
Lead Temperature {Solder, 60 sec) . . . . . e 300°C H2
Output Short Circuit Duration (Note 2}, . .. .. ... ... ... .. .... ... Indefinite E =X
NOTES: gl
1. Rating applies for case temperatures to +2Z5°C; derate linearly at 6.5mwW/°C for ambient Em \
emperatures above 75°C. ‘é \
2. Shart circuit may be te ground of either supply. Rating applies 1o +125°C case temperature or =
+75°C ambient temperature. e
ELECTRICAL CHARACTERISTICS 2
INPUT CHARACTERISTICS , £ \
Large Signal Vollage Gain @ + 25°C .. . . .. ... S ... .. 100¥/mV : \
input Offset Voltage @+ 25°C . . . . . .. RTINSO Q= 30mv .
vs Temperature (drift) .. .. .. ... .... R T L i T R 0l 0 N
vs Common Mode Voltage o
(CEMR R, e oo e D w mor T b 4 C e o B el 80dB 100 w 10k 1008 AL o
vs Power Supply {P.SSR.Ry . .. .. ... ... o S 100pvIV : FREQUENCY - hi
::B:: glé';:{‘égr;tzs@"s e e Lo SRR S e L 323: Fig 1. Output voltage swing vs fraquency
Input Impedance
Difterential Resistance . . . - S T St ... 10"hm
Ditterential Capacitance . . . . . . . . = e haadi s ] O - B 3G 6pF &
Input Noise {0.1Hz — 100kHz) \
Vaoltage Noise . . . .. ... ... . . ... o W i 1 W Bt W el ... 20V Irms .20 1
Common Mode Voltage Range . . .. . ... ... ... ... et BN & alie S IET R Vas \
OUTPUT CHARACTERISTICS ' w
Output Current . . . ... ... ... ... i . N S ... SmA min |. \
Open Loop Output Impedance .. . .. ........ e .. 100 ohm |& -
Output Voltage Swing ’ E \
RleaDigmbad b R e . e i - wy ! =00V KT ™ <
A et R e o B b el e B et v d Coox13v | I
Short Circull CUTFBNT . . S . o . wb b b o BE o comih o b ood 8 B Bk o seesd 8 doe b sen 51 ZNOAY Y51 N
FREQUENCY AND TRANSIENT RESPONSE \
Gain Bandwidth Product . . .. .. ... .. ... .. .......... ... S AMHz | i
Unity Gain Frequency . . ... ... ... ... . L e daaal - 5l -1 - = 1MHz
FUH PoWer|Bandwitthi . o . vhrer o e s (- b o @ 30 o s @ e 100kHz | —'%
Slew Rate
INWBTTEr . . . . e BV/uS L
o [FGlDWein ooy § Yot ¢ 00 2 duh BH Fad DL O et e B 5 (Bl 6 6V/S | ]
POWER SUPPLY REQUIREMENT = e . e oa F
mever Supply Range . . . .. . .. Sk 5 FIn oo T[S0 55 o5 ... XBV 1o 1BV FHEQUENCY -
QUIetsce?is\?t\lfpmv Current mA Fig 2. Open loop phase vs frequency
A= Sl oAb B g b m-d B 3 o o G - ot B ASLER S m
Quiescent Power Dissipation. . . ... ... .. ... ... 180mwW
% \ ‘ All values typical unless specified %
|1
15 ]
L33 ,,.lNc‘
',:,AW ‘,0‘3\“}"3 ;fzzi:“‘:
= 5 =
e \ 2 K|
z H
3 & ~
3 2
: L] ;
g c—lu N%"\-.\
A
mw ==
-2
i ” = R T QOFFSET NULL CIRCUIT A & B 0 ®” w % W M
FRECUENCY - Ha . SUPPLY VOL TAGE — =V
Fig 4. Open loop voltage gain vs frequency Fig 5. Offset nuil circuit Fig 3. Qutout voltage swing vs supply voitage

ELECTRONICS TODAY INTERNATIONAL—MARCH 1976 33




CA30787, CA3078AT MICROPOWER

The RCA CA3078T and CA3078AT are
high-gain monglithic op-amps which can
deliver milliamps of current yet only
consume microwatts of standby power,
Their coperating peints are externally
adjustable and frequency compensation may
be accomplished with one external
capacitor. They provide the designer with
the opportunity to tailor the frequency
response and improve the siew rate without
sacrificing power, Operation with a single
1.5V battery is a practical reality with these
devices.

The -CA3078T has a minimum supply
voltage of 30.75V and a maximum supply
voltage of *15V, with an operating

NON - a

INVERTING :

(D-——.:ouﬂs~sa71nu~—~rd:|>

326517800

temperature range of —55T 'to 125°C. INVERTING

The CA30Q78T has the same lower supply

voltage limit but the upper limit is 36V @Tj‘[

and the temperature range is 0°C to 70°C. LA
SCHEMATIC

ELECTRICAL CHARACTERISTICS

All values typicai unless specified.

CA307BAT CA3078BT
tnput Offset Voltage 0.70mv 1.3mV
Input Offset Current 0.50nA BnA
Input Bias Current 7nA 60nA
Open-Loop Diff Voltage Gain 100dB 92dB
Total Quiescent Current 20pA 100pA
Device Dissipation 240uW 1200p W
Maximum Qutput Voltage *5.3V +5.3V
Common-Mode Input Voitage Range —5.5tc x5 BV —5.5t0 £ 5.8V
Common-Mode Rejection Ratic 11508 110dB
Maximum Qutput Current 12mA 12mA
Input Offset Voltage Sensitivity 105uV/V 93 uV /v

Apsolute values at T, =258°C .

ABSOLUTE MAXIMUM RATINGS

"DC Supply Voltage (between CA307BAT CA3078T
v* and V™ terminal) 36V 14v
Ditferential Input Voltage =6V +BY
DC Input Voltage vt wov- vt oV
Input Signal Current*® 0.1mA 0.1TmA I
Qutput Short Circuit Duration® No Limitation No Limitation
Device Dissipation 250mwW 500mwW

fup tc 125°C)

{up to 70°C)

*Short circuit may be applied to ground or to either supply

FUNCTIONAL DIAGRAM
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Fig 1. Offset valtage null circuit
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DEFINITION OF OP-AMP TERM

__._—_——-—-—-———-—l-————

input Offset Voltage (V) The d-c voltage which must be applied
between the input terminals to force the quiescent d-c output voltage
to zero, The input offset voltage may alsc Le defined for the case
where two equal resistances (Rg} are inserted in series with the input
leads.

Average Temperature Coefficient of tnput Offset Voltage (a9 The
ratio of the change in input ofiset voltage to the change in free-air
temperature. This is an average value for the specified temperature
range.

where T, and T, are the
specified temperature extremes

(Vm@ruu)) E (VIO@TMD’I

Xyig ™ T

ap rA(Z)

Input Offset Current (1,5 The difference between the currents into
the o input terminals with the output at zero volts.

Average Temperature Coefficient Of Input Gffset Current {o,,9 The
ratio of the change in input offset current 1o the change in free-air
termperature. This 1s an average value for the specified temperature
range.

(10@Tapd — 0@ Tewd| where T, and T, are the

%o
Fag — Tt

specified temperature extremes.

Input Bias Current {l,j The average of the currents into the two input
terminals with the output at zero volts

Input Voltage Range {V,} The range of voltage which if exceeded at
either input terminal will cause the ampifier to cease functionirg
properly.

Maximum Peak-to-Peak Cutput Voltage Swing (V,.,) The maximum
peak-10-peak output voltage which can be obtained without waveform
clipping when the guiescent d-c oulput voltage is zero

Large-Signal Differential Voltage Amplification {4,y The ratio of the
peak-to-peak output voltage swing to the change in differential input
voitage required 1o drive the output.

Input Resistance (r) The resistance between the input terminals with
either input grounded

Output Resistance (r) The resistance between the output terminal
and ground

Common-Mode Rejection Ratio {CMRR) The ratio of differential
voltage amplification to common-mode voltage amplification. This is
measured by determining the ratio of a change in input
common-mode voltage to the resulting change i1n input offset voltage.
Power Supply Sensitivity (AV,,/ AV . The ratio of the change in input
offset voltage 10 the change in supply voltages producing it. For these
devices, both supply voitages are varied symmetrically

Total Power Dissipation (P} The total d-c power supplied to the
device less any power delivered from the device 10 a load. At no load
Po= Ve, Yoo ¥ Ve Ve

Rise Time {1} The time required for an output voliage step to change
from 10% to 90% of its final value

Owvershoot The quoteint of: (1) the largest deviation of the output
signal value from i1s steady-state value after a step-function change of
the input signal, and (2) the difference between the output signal

-values in the steady state before and after the step-function change of

the input signal

Slew Rate {SR) The average time of change of the closed-loop
amplifier output voltage for a step-signal input. Slew rate is measured
between specified output tgvels (0 and 10 volts for this device} with
feedback adjusted for unity gain

THE PROBLEMS
1 A sick person is being looked after by a
. deaf person. The deaf person has no
‘ useful hearing and requires to know

COMPETITION

TN

s ik
4 HESENTED 300

i

This is our open competition to find

solutions for problems facing the deaf, possible  and

solution. The rules are as basic as
impose

whether the sick person is all right and
above all needs to know if the sick person
is i a state of distress anywhere in the
sick foom,

2 A hard of heating person is attending a
College of Further Education and has
considerable difficulty in understanding
what the lecturer says due to his distance
fror 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.

STILL

3 Many deat people have great difficulty
in using the telephone and in fact many of
them cannot use the telephone at all. The

To development of a writing tablet which
would allow them to write a message on a
small pad and tor this 10 be communicat-

R ed over the telephone line to.a pad at the
other end would have many great

CLOSING DATE .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 recaived.

371 MARCH
1976

RNID) and this will be added to the
£250.

Background infermation has beéen
prepared to help readers and say what is

virtually no
alrcayd known. This is availsble from

This closing date is March 31st 1976,
ETI and the Royal National Institute
for the Deaf (RNILY) 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

restriction  apart from insisting that
any Patent Royalties are waived if the
ideu is produced.

The prizes, threc in all, will each be
a silver trophy specially designed for
ETIL. At the close of the competition
the magazine will hand over £2530 to the
RNID to help with development costs.
There is a £1.00 cntry fee {pavable to

ELECTRONICS TODAY INTERNATIONAL-~-MARCH 1976

ETI on receipt of a large self-addressed
envelope. Enguiries should be sent to:

Helping Hand,

ETI Magazine,

36 Ebury Street,
London, SWI1W OLW,
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- second aweek.

Now...the most exciting Sinclair kit ever

123 !ac Watch kit

* practical—easily built by IS
anyonein an evening'’s |
straightforward assembly.

The Black Watch by Sinclair is unigue.

& Controlled by aquartz crystal. .
powered by two hearing aid
batteries. using brightred LEDs to
show hours and minutes and
minutes and seconds.. .it's also
Y styled in the cool prestige Sinclair
xguaranteed. A correctly- fashion: no knobs, no buttons,
assembled watchis Y i no flash.
guaranteedforayear It il G R : The Btack Watch kit is unique,
works as soon as you put the "§ 3% : | too. It's rational-Sinclair have
batteries in. On a built watch % reducedth? Step.aratfe
we guarantee an.accuracy CAMBENEnSTo jUsLIDUr,
within a second a day-but A Its S'mlg'e —anybody who can
P s F _/ useaso erngiron can

building |t_yourself you may be 7 assemble a Black Watch without
ablg to adjustthe trimmer to difficulty. From opening the kit to
achieve an accuracy within a ¥ wearing the watchis a couple of

hours' work.

sxcomplete -rightdown to i}
strap and batteries. i

The special features of The Black Watch

Smooth, chunky, matt-black case, Large, bright, red display—easily read Runs ontwo hearing-aid batteries
with black strap. (Black stainless- atnight {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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The Black Watch-using the unique
Sinclair-designed state-of-the-art IC.

The chip...

The heart of the Black Watchisa
unique IC designed by Sinclair and
custom-buiit for them using
state-of-the-art technology -
integrated injection logic.

...and how it works
Acrystal-controlledreference is used
to drive a chain of 15 binary dividers
which reduce the frequency from
32,768 Hz to 1Hz. This accurate
signal is then ¢ounted into units of
seconds, minutes, and hours, and on
request the stored information is
processed by the decodersand
displaydrivers to feed the four
7-segment LED digptays. When the
dispiay is notin operation, special
power-saving circuits on the chip
reduce current consumption to only
afew microamps.

Thischip of silicon measures only
3mm x 3 mm and contains over
2000 transistors. The circuitincludes

a) reference oscillator

b) divider chain
cydecoder circuits
d}display inhibit circuits
e) display driving circuits.

The chipis totaily designed and
manufacturedin the UK, andis
the firstdesign to incorporate g
all circuitry for adigital
watch on a single chip.

LED display

Trimmer

Batteries”

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

The Sinclair Black Watch is fully
guaranteed. Return your kitin original
condition within 10 days and we'll
refund your money without question.

Please send me

Total £

Complete kit

£14.95!

The kit contalns
1. printed circuitboard

2. -unique Sinclair-designedIC
encapsulated quartz crystal
trimmer
capacitor
LED display

2-part case withwindow in
position
batteries

batiery-clip _

. black strap (black stainless-
steel bracelet optional extra—
see order form})

. fullinstructions for building
and use.

Alithe tools youneed are a fine
soldering iron and a pair of cutlers.
If-you've any queries or problems in
building, ring or write to Sinclair
service department for help.

Quartz crystal

2000-transistor silicon integrated circuit
r——il_————————————_
Ti

o:Sinclair Radionics Ltd, FREEPOST, St lves, Huntingdon, Cambs., PE17 4BR.

(qty} Sinclair Black Watch
kit(s) at £14.85{inc. black
strap, VAT, p&p)

*lenclose chequefor £
made outto Sinclair Radionics Lid
andcrossed

All parts are tested and checked before
despatch-and correctly-assembled
watches are guaranteed for one year.
Simply fillin the FREEPOST order
form and post it-tcday!

Price in kit form: £14.95 (inc. black
strap, VAT, p&p).

*Pleasedebitmy *Barclaycard/Access/
bracelet(s}at £2 00 American Express account number

(inc VAT, p&p).

— | | — |

Sinclair Radionics Ltd,

LondonRoad, Stlves, - -— -

Huntingdon, Cambs., PE174HJ.

Tel: St ives (0480) 64646.

Reg.no: 699483 England. VAT Reg. no: 213 817088, LPIease print. FREEPOST —no stamp required *Delete asrequired
[ 1 ] L —— 1 1 1 1 1 ] 1}

I {aty) biack stainless-steel

ETI/3
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':l used to read
o / .
wmlog O‘OO”M’[

[ discovired

%> 48 ()i ' b

'Now -I get it requlariy!”

There are only two ways to ensure a regular
copy of ETI — place a regular order with your
newsagent ot take out a subscription. {f you
don’t believe us — take a look at the recent
issues no longer available listed with the
Index!

Help us to help you: please write your name and 1
address on the back of your cheques

|
To: SUBSCRIPTIONS DEPARTMENT, |

ETI MAGAZINE, |

36 Ebury Street,

London SW1wW QLW '
¢ enclose £5.00 (£5.50 overseas subscriptions |
except Canada: $10) for the next twelve issues of I
ETI.

|

................................

T B e S Y e e il

TEN PRIZES OF
£12.50

worth of goods selected from Henry’s Setf-Service Cantre or
Components Catalogue (inc. VAT).

AND FIRST PRIZE OF
£12.50

PLUS

‘SALE-OF-THE-GENTURY’

The first prize is £12.50 cash but the winner is entitled to a 20%
discount if he spends the money on goods selected from Henry's

Self-Service Centre or Components Catalogue. o
‘é%)

EXAMPLES

Normally £8.10. Normally £7.78 Normally £93.98
81p! 77p! £9.40!

METAIL AND MAIL ONDER
Catalogue

A
.f/..;‘ o e

PR E Bl
NS T it 1
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-e * /.—i‘ —-‘- .-

ned Enndiing

FLECTINGNC LOMPONEN 'S & EQUPebt] CATMDGE
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ETI-HENRYS

'COMPETITION

How to enter

The circuit shown below is of a fairly standard
tone control. Many of the component values are
missed out and-replaced by the letters A—K, A list
of the correct component values is listed.

Use your skill and judgement to allocate the
components next to the letters on the entry
coupon. The electrolytic in the circuit is deliberate-
ly shown as a non-polarised capacitor. Components
should be allecated for the best conventional
performance,

]
— _—._"-—q- -’VW\—a‘ +18v

To celebrate the recent opening of Henrzy's Self-Service Electronics 1 -
Centre at 404 Edgware Road, London W €71 and Henry's have Capacitors Resistors
arranged an easy-to-enter competition with prizes of at least £250 ana

up to £500 worth of goods, 2,7nF 3.3kQ2
! First prize Is £12.50 plus a 90% discount on goods purchased with 2.7nF 15k}
this sum or equivalent to £250 worth of goods If you affix to your s
entry coupon the price circle from the current Henry’s catalogue. 15nF 22kS2
| Additionally there are 10 other prizes of £12.50 worth of goods, 5nF k2
. aqali_r; worgh d?‘uble withhproof m purghatse ofltheicatalo?ue. ! & 15n 22
enry’s ave perhaps e es selection o companents n the i
i country and their new Self-Service Centre — the first of its kina In 10uF electrofytic 100k
- Britain = makes browsing and selection more enjoyable than It ever has _J
been. P S S e— D S D SN S SN W SN mtes
RULES l l
The competition is open to readers In the United Kingagom and A F
' Northern ireland except employees of Electronics Today. International ' v Tl e | C P fs LY e o =, A I
. and the Henry's Group of companles and’ theiy agents. There Is no entry B G
, fee but all entrles must be made on the coupon cut from the magazine. l i el s leen (D T N S l
No other correspondence’ should accompany the entry. If you wish to C H
_ show proof of purchase of the latest Henry's catalogue, entitling you to l J i T TN R AT L l
] double the value In prizes follow the instructions given below, D J
The prizes will be awarded to the first eleven correct entrles drawn ' Fyage aede Mgl el R s T R e '
after the closing date of March 31st, 1976. The first prize, entitling E K
the winner to a 90% discount will be awarded to the first correct entry R R R T s T o % i e oA '
' selected. A method of draw will be used which glves no preference one I
! way or the other to those entrants opting for '‘Double-vour-Maney’.
, Ll‘\e prizf‘ \l/)altne lnhcludes VAT. Readers may subml(lals |many entrie: I I
- as ey wisl ut each must be accompanied by an oariglnal coupon. | - i
' Is a condition of entry that the judge's decision is reqarded as final. 'TO' ET'IHENRY S COMPETIT’OI\,I‘E,"‘ ~ l
ETI MAGAZINE, At i I
' 36 EBURY STREET, { clrcie herey
| LONDON SWAWOLW. ¢Sl |
Yours 'I
} ~dagnee

I D

B T

L

L I i U —

w
©,
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- APRIL ETI |

CONVERT YOUR

CALCULATOR
INTO A

STOPWATCH

OR IF YOU WANT TO
BUILD A CHEAP STOP-
WATCH BUY A CHEAP
CALCULATOR AND A
COUPLE OF CMOS ICS
THEN FOLLOW OUR
DESIGN. THE INSTRU-
MENT WE BUILT GAVE
+=0.2% ACCURACY AND
MEASURED UP TO 9999.99
SECONDS {(OVER 2% HRS).

- electronics toda

international
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DIVIDED INTO THESE SECTIONS:
® GENERAL FEATURES

® BOOK REVIEWS

® PROJECTS

® EQUIPMENT REVIEWS
APRIL 1972 TO MARCH 1976

The publication of this issue completes ETI's first four years. The index covers all articles from these issues, except for items
in News Digest, Etectronics Tomorrow, Inpute Gate and DX Monitor. Addenda are notes beneath the articles concerned. To
make reference easier some tittes are slightly changed and some articles are double-tisted.

A separate Index will be published next month for items in Tech-Tips and Data Sheet.

GENERAL FEATURES

AUDIC COMMUNICATIONS Computer Interfaced
Amazing Maze July 73 64 All at Sea Pt 1 Mar instrumentation

Ambisonic Sound June 74 20 (Marine navig.aticm)':’t Computerise and be Damned
Ambisonics Oct 50 All at Sea .2 Sept Computers in Banking
Amplifier Distortion Mar Big Mirror {lonosphere) Jan Desk-Top Graphics

Audio Distortlon Mar Blowing Bubbles {lonosphere} Feb Interactive Display Pt 1
Assisted Resonance Oct Doppler Radar Module Apr P = Pt 2
Auto-Correlation in Audio Nov 75 Dlgital Technigues In Library Pen

BBC Radiophonic Workshop Aug Communications Dec Microprocessors

Beogram 4000 Turntabie May Early Radio Patents Pt, 1 June Processors, Programs ang
Chromium Dioxide Tape Jan e } " 2 July Peripherals Pt. 1
Cre:a.tive Audio gt 1 Dec (3] kecelvir:g Techgiques Pt. 1 Aug " Pt. 2

t "

Feb " Pt. 3 Oct ELECTRONIC THEORY

Jan Pt. 2 Sept
Mar 5 ve Pt. 4 Nov CMOS — Logic of the 70’s
Apr Local Radio In Britain Pt. 1 May Cryogenics and Super-
May " " " pt. 2 June conductivity
June One Chip Racdio {ZN414) Dec Digital Logic
Damping Factor Sept Optical Communications Jan Digital Voltme'ter
Designing a 700W Amplifier Nov Project 5angujne May Electronics—It's Easy
Directory of Hi-Fi Amplifiers Nov ‘Real world’ Radar Display Dec ¥ T
Dynamic Noise Fiiter Pt. 1 Feb Tribute to Marconi June
Experimental Speaker Jan VHF Transequatorial
Extension Speakers Jan Propagation Oct
Four-channel Pyscho- Videophone Link Aug
FAcco:s(ics ¥ e 5 Jlu'rme : Vacom April
our-channel: State-cf-the-Art uly ;
Hi-Fi — An Initiates guide Feb COMPETITIONS .:
Hi-Fl: State-of-the-Art Oct Advance Calculator Comp. July .
Hi-Fi Today Dec Audlo Competition =1 Apr »
History of the Photograph May = T —2 May >
History of Tape Recording Mar Danameter Cross-Number Apr 1
Hom-Locaded Loudspeakers Doram Design Comp. Sept 5
How Ambisonics Works Heathkit Cross-Number Nov =
How many wWatt? Apr Heathkit *Scopes Dec S
Improving Room Accoustics Apr Helping Hand Qct
Loudspeak&r House Naov Long's 'Start-you-off” Tool Kits June
Measuring Noise In Amplifiers Apr
Motiona! Feedback Sept - COMPONENTS ¥
Nagra Recorder Oct Advances in ROM's Dec
Notse Reduction Systems Jan Battery Revolution Juty
One Man's Bach Dec Eg:gg‘;%slldes .Tonv
Partable Sound Systems alore une .
Rectord Wear . Pes Handling CMOS Nov * Pt, 24
Rumble Filter How Semiconductors are Made Aug % Pt. 25
$Q Record Image intensiflers Sept Electrons from Cold Emitters
Setting up PA Speakers Sept interfacing Energy Sources !
Speaker Crossover Networks LED Dispiay Fluorescent Light Dimming
Speakers — new deslgns Nov LM322 & Co Mar Light Emitting Diodes
Strobe Disc (cut-out) Feb LM377N, Using the Printed Circuit Motors
Tape Bias Oct LM3500, Using the Mar Op-Amps Pt. 1
Tape Revolution J Linear ld Timer {555) Jan e Pt.
Testing Speakers with Random 706, Using the "y Pt. 3
Nolse Mar ew Antenna Opto Electronics—basic systems
Tracking Wweight Aug Phase-Locked Loop Sept Opto Electronics—materiais
Unwanted Audgio Sept Sodalite Dark Trace Tubes Apr and devices
Variable Speed Speech Feb Solld Electrolytic Devices Aug cMOS Pt. 1
What's a watt} May ?cg;g-aSésteUC:RT JAan . Pt 2
w ? sing the 4
R e Bass Tape Speed Gt N ELECTRONICS INDUSTRY
CALCULATORS Using the SL440 May Audio Show — 1972
Computer in your pocket Write-onty Memory Mar Help for the Inventor Mar
Electronic Calculators 555 Timer 1EA Exhibition (72) July
—How to repair them Report on the Electronic
Electronic Pocket Caiculator COMPUTERS Industry Pt. 1 Sept 72 3
Scientific Calculator Survey Automation Glossary Pt. 1 M Pt. 2 Oct 72
Sinclair Programmable Lo JHRS - Sonex '72 Apr 72
Personal Calcutators 8yting the Scene Sonex '73 — Preview Apr 73
Upside-Down Calcutator Captor p VAT & Components Jul 75
HerA Computer in your pocket Coninued-on next page.

BACK NUMBERS

The table below shows which of our back January . & o A A B August
issues are available from our offices. We February ' =t P - September
charge 40p pey issue, plus 15p (for the March A ko kN October
first) then 10p {each subsequent issue) for April ' . November
postage and packing. Cheques should be May ML g December
made payable to Electronics Today June F wrr o
International and order should be sent to: July Al v January
Back Issues Department, August L February
ETI Magazine, September . . March
36 Ebury Street, London SW1w OLW October . N, April
November : 4 May
Aprll bl December : : June
May . o July
June 5 ;" January i T August
Juty £ 3 February 3 . YES September
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GENERAL FEATURES, CONT.

INSTRUMENTATION

Automatic Pollution Monttor

Electronic Torgque Measuring

Fine Measurement in
Geographics

How to make measurements
automatically

Inproving Bridge Instruments

Kelthley 167 Meter

Non-Contact Velocity
Measurement

Pollution Detector

Power Supplies Pt 1

Sophisticated VOM

Towards a Better Environment

Transducers in Measurement &
Control Pt. 1

Pt. 14
Working with the Oscilloscope

LASERS

Beating the Laser Bug

Experiments with Las_ers Pt. 1
" . 2

Laser Communlications
tLaser Holographlc Memory
tasers
Lasers at Work Pt. 1

e " Pt 2

Spin-Flip Laser
Thin-flilm Laser switch

MEDICINE

Ald for the Blind

Biotogical Feedback

Brain X-ray, Breakthrough
Cocktall Pany Phenomenon
Electronics and Your Eyes
Ele(':.lronlcs In Me'g1clne gt 1

Flash BHndness Protection
Nuciear Heart' Pacemaker
Neutron Radiography
Pain Killer, Electronic
Setting the Pace

MOTORING

Antl-Collision Radar

Breakeriess Auto ignition

Cars — Future Shock

Electronic Anti-Skid Braking

iC's in Vehlcles

Road Safety — An Electronic
Approach

Shake, Rattle ana Rolil

Solld State Taxi meter

NEW TECHNIQUES

Analog-to-Digital Converter

The Art of Soldering

Charge Coupling

Constant Freguency Alternator

Controlled Temperature
Soldering

Dlgital Fault-finding Methods

Electrostatic Cooling

Foli Construction for Batterles

High Volitage for L.ow Cost

Image Retaining Paneal

Infra-red Aerlal Survey

lon implantation

Modern Crystal Osciliators

Motlonal Feedback

Motor Speed Control

Aug
Sept

Dec

Apr
June
May

Aug
Aug
Mar
Apr
Jan

Dec

May
June
July
Aug
Oct
Dec
Jan
Feb
Apr
May
June
July
Aug
Sept
June

Mar
Mar

Mar

Aug
July
Sept
Dec

Nov
July
June
Nov
July
Sept
Aug
Aug
Apr
Jan
Jan

7367
<& 9

13

33
33

New Scanning System

New Technology

Pictorial Gulde to Soldering

Protecting Reed Relays

Reshaping by Video

Sixty Million Volts

Techniques of Digital Fault-
finding

Technology in the 70°'s

Thick Film Clrcults

Thin-Film Sputter Etching

Tri-state Logic

Using a Resistivity Meter

Wiegand Effect

OFFERS
Advance Calculator Kit
Amtrom UK110/A Amplifler
Bi-Pak 5-in-1 Offer
BC108 Transistors
CT5001 Caiculator Chip
Decon PCB Pen
Denshi Kits
Digital Clock Kit
Diodes
Eiectrolytic Capacitors
Electronlic Ignition
Forty Watt Translstors
Jumbo LED

LM380 Amps
LmM381
Multimeter
Novus 3500 Calculator
Pulsar Dlgital Clock
Reslstors — 610
Seven-Segment LEDR's
Sinclalr Scientific Kit
Sincialr Scientlflc No.2
TTL & CMOS Offer
weller Solder Gun
555 Tim
6w IC (SN 76023ND)

PRACTICAL GUIDES
P, -G. to reed switches P!

p. G to SCR s gt
P.G. to temperature contriﬂ
" " Pt
o " Pt

P.G'.'to Trlag?

P.G. to Zener Diodes k
" " "

1
.2
.3

SPACE

Black Holes of Utmost Gravity
Gamma-Ray Star Gazing
Life on Mars

Life on Mars?

NASA — the flrst 15 years
Radio Astronomy

Robots In Space

Searching for the Anti-world
Space Craft Guidance

Space Spectacular gt 1

Space Tracking Statlons

SURVEYS

Battery TV's — Ever Sliver
Screen

Digltal Clock Kits

Directory of Hand-Held
Calculators

Directory of Hi-FI Ampilflers

Electronic Kits

Kits for the Car

Light Effect Kits

Mail Order Catalogues

Scientlflic Calculators
Errata

Dec
Jan
Apr
May
June
July
Aug
Sept
Oct
Jan
Jan
Jan
Jan
Nov
Feb
Mar
May

Aug
Apr

TELEVISION

Battery TV Survey—Ever SHver
Feb

Scraeen
Colour Synthesisers
Colour TV goes Digltal
Early TV Cameras
Fourth TV Channel Now
IC*s for Colour TV
Matrix TV
Plcture-to-Signal
Pocket-sized TV Camera
School in the Sky
Teletext Takes Off
Ung.erstanulng Cg'lour TV Pt

" " Pt

" "
"
" "
+
+
+
"

Video Cassettes
Video-Disc Colour TV

MISCELLANEOUS

Arc Weldln%’l’oday

Automatic Cameras

Cooking by Microwaves

Counting Photons

Digital Servicing Tools

Electriclity from windmitts

Electronic Watches

Electronic Speed Control for
Motors

Electronics In the Antarctic

Elet:..tronlcs in Crime *

: A

Electronies in Knitting

Electronlcs in the Olympics

Electronics in Small Boats

Electronics Reference Data
Supplement

Exploration Archaeology

Flbre Optics in Cars

Fibre Optics Today

Geqphysicm Surv'e'y Pt. 1

Pt. 2

Heat Pipes
High Temperature Batteries
The Home Workshop
How noisy Is Concorde?
Kilovoits and Megawatts
Linear electric motors
Magnetlc Levitation
Magnetic River
Man and Machine
Modern Food Preservation
Multimeter Guide
Murphy's Laws
Nuclear Fallout
Numbers
Phone Phreaking
Photophone
Printed Clrcuits
Reactance Chart
Safety Barrlers
Science n Art
Sincilair Digital Watch
Solar Solution
Technlcal Phrases
Time check for Radlo-Carbon

Dating
Unreasoning Radiation
Watergate Bugglng
wWhat's Bugging You?
when the [Ights go ou

t F
window Cleaning Eiectronically

DBt L B b
U= NEONGC

BOOK REVIEWS

ABCs of Infra-Red

ABCs of Integrated Circults

Basic Electron Devices

Beginners Gulde to Transistors

Beyond Freedom and Dignity

Computer Programming
Management

Computer Security

Dictlonary of Electrical
Engineering

Dictionary of Electronics

Dictionary of Telecommuni-
catlons

Digital Electronics

Electrical Engineers Reference
Book

Electronlc Power Supplles

Electronic Design Data Book

Electronics — A Course Book
for Students

Electronics In Music

Feedback Amplifiers and
Osclilators

Foundations for Electronlics

Foundations of Wireless and

Aprll
Dec

June
May

Apr
Jan

Apr
Apr

May
Mar

Apr
Dec
May

June

72
72

72
72

81

82
82
79

72 82

74
74

74
72

72
74

74
72
73

73

June 73

Oct
Mar

49
74

49
82

el
33

49
a2
72
34
34

81
82

Electronics

Ham Radio — a Beginners
Gulde

lHustrations in Appiied
Network Theory

Integrated clrcult Systems

Logical Design for Computers
and Control

Newrnes Radlo Engineers
Poc¢let Baok

Nove| Experiments with
Etectricity

Photoelectronic Devices

Powaer Electronlics

Practicat Thinking

Puise Digital and Switching
Waveforms

Radio and Electronic
Laboratory Handbook

Radio Television and Audlo
Test Instruments

Rellability Engineering

Electronics and Sclentific
Instruments

Survey of Electronics

Tape Questlons—Tape Answers
The Greening of America
The Population Bomb

Jui
The Radio Amateurs Handbook gug

Thermistors

Thick FHm Circuits

Thyristor Control

Transistor Audio Amplifiers

Transistor Audio and Radlo
Clrcults — 2nd Edltion

ay
Transistor Circuit Design Tables June

Understanding Lasers and
Masers

Understanding Electronic
Circults

uUnderstanding Solld State
Electronics

Volitage and Power Amplifiers

worlds — Antiworids —
Antimatter in Cosmology

20 Solid State Projects for the
Car and Garage

110 Integrated Circuit Projects

110 Semiconductor Projects
for the Home Constructor

Jan
Mar
Oct
Feb

ept
Sept

May
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PROJECTS

AUDIO
Active Crossover Dec
Amplifiler, Simple Sept
Audio Attenuator May
Audjo Frequency Meter July
Audio Levet Meter Mar
Audlo Wattmeter Dct
Bass Booster Mar
Bass Reftex Cabinets Apr
Better Sound for £2 Feb
Booster Amp Feb
Ceramic Preamp Sept
Crossover Amplifier Jan
Discrete SQ Decoder June
Double Quad May
Dynamic Noise Filter Pt. 1 Feb
o * Pt. 2 Mar
FET Four-Input Mixer July
Graphlc Equaliser
2 % Errata Feb
Headphone Adaptor Mar
intercom (LM380) Dec
“l g Errata Jan
International-25 Pt. 1 Oct
> Pt. 2 Nov
Errata Dec
International 422 50W Sterco
Am Pt. 1 Aug
W : k2 Se?
Line Amplifier uly
Loudness Control Aug
Master Mixer . 1Apr
> Lt . 2 May
oy ! . 3 June
= i Pt, 4 July
i ' Modiflcation Oct
Mixer Preamp Dec
New Sound for your Guitar July
Qver-LED Nov
Ptg‘s Two Add-on Decorder

mp Nov
Record Player Amp Dec
Errat Jan
Rumble Fllter Jan
Errata Feb
Simple 4-Channel Sound July
Spring Line Reverberation Unit Dec
Stage Mlxer Pt. 1 July
Pt. 2 Sept
Stereo Amp, Simple Mar
Super Stereo Sept
Tape/Slide Synchroniser June
50W + 50W Module Jan
100w Guitar Amplifier Feb
200w Gultar Amp Nov
ETIHSGOO Synthe'sllser g't: I May

Pt. 6 June
Pt. 7 July
Pt. 8 Sept

FOR THE CAR

Battery Charger Nowv
Brake | ight Warning Qct
Car Alarm Mar
Errata July
Car Theft Alagm, Automatic Aug
COurtesy Light E'xtender Feb
.Erra April
Electronlc Ignltlon System Pt. 1 Apr
Pt. 2 May
Errata Aug
Electronic Transistorized
Ignition Sept
Flip-Flop Flasher Apr
Headilght Reminder Dec
Headlight Reminder Mat
ignition Timing Light Sept
Meter Beater Feb
TYacho Timing Light Dec
Trafficator Flasher May
Turn-indicator Cancellor

FOR THE HOME
Auto-Lume
8urglar-Proof your Home
CMOS Burglar Alarm
Dimmer for Fluorescent Lights
Emergency Lighting Unit
Hear-and-Tell

infra-Red Intruder Alarm
Light Dimmer

Push Button Dimmer
Radar Intruder Alarm

FOR THE PHOTOGRAPHER
Electronic Ftash Trigger
Exposure Meter
Photo Timer
Printimer

o Errata
Process Timer
Slave Flash
Sound-Operated Flash

RADIO
Aerlal Matcher
M':l’uner

Errata
One-Chip Radio (ZN414)
Tic-Tac Radio

TEST GEAR

Battery Savers

CMOS Tester

Decade Resistance Box
Digital Voltmeter
Dual-Beam Adaptor
Dual Power Supply
FET DC Voltmeter
Frequency Counter
Home for Ohms

IC Power Supply (LA 723)
impedance Meter
Linear IC Tester

Logic Probe

Logic Probe

L ogic Pulser

Logic Tester

Meter Mount

Tone-Burst Generator
Transistor Tester

TTL Supertester
Versatile GDD
Voltmeter, Wide Range

MISCELLANEOUS
Audlo Visual Metronome

Bike Speedo

Cannibals and Missionaries
coln Coltector (Metal Locator)
Colour Qrgan

Desoldering Made Simple
Dig!’al Di.s.play

Digitat Stopwatch
Digital Stogwatch

Errata

Comparator

Drill Speed Contotjer

Earth Resistivity Meter

Easy way to make PCB's

Electronic Combination Lock

Electronic Decislon Maker

Eilectronic Dice

Famlly Ferry (Game}

High Power Strobe

Inverter for Fluorescent Lights

Laser, Low Cost

LINC

LM380 Amp Desiagns
Corrections

Loudhailer, Simple

Low Battery Warning

New Sound for your Gulitar

Ni-Cad Battery Charger

Ong:Arm Ba_pdlt

Pro]_gct Bullding ("ilulde
L] "

Revealer (Car body fliler

detector
Switched Power Supply

Errata
Temperature Atarm
Temperature Meter
Three Temperature Controtlers
Timtronic Digltal Ciock
Trafficator Flasher
UHF Aerial Amplifier
Uttliboard
7-tnput Thermocouple Meter
ETi 3600 Synthesiser

M Pt. 2 June

e s Pt. 3 Juiy

iy Addenda
ETI"4600 Synthe_.sllser

W G b
oW W wNOom

~SNNWONNPONANAQE®EEO

Antl-Theft Auto Alarm Jan

OscHlloscope Callbrator
Auto Amp May

Silent A-B Switch

EQUIPMENT REVIEWS

) - Pt. 7 July
J £ Pt. 8 Sept

1 £t G 0D Gt ) £ B ) 4 Db )t )

The numbers after the issue Date refer to the pages. Miscellansous listings coms at the end of the section.

AMPLIFIERS
Armstrong 621

Crown IC150 & DC300
Egﬁle AAS

EM1 1518

Luxman SQSO7
Marantz 112

Mcintosh C26 & MC2105
Phase Linear 700
Philips RH521

Ploneer SA 1000

Rotel RA611

Sansul AU101

Sansul AU505

Sinclair 4000
Sonab'P4000
Tripletone 1818 Mkl
Yamaha CA7000
Yamaha CA800

CARTRIDGES

Decca London

Empire 1000 ZE/X
Plonerr PC-50

Shure M75ED & MI1ED
Shure V15 Mk3

LOUDSPEAKERS
Acoustic Research AR-6
Acountic Research AR-7

Dynaco A-25

Goodmans Dimensjon-8
Goodmans Goodwood
Klipschorn Folded Horm
Phliips Motional Feedback
GQuad ESL Loudspeakers
Sonab OA-4

QUADRAPHONIC

CBS-Sony SQ Record System

JVC Nivico CD-4 Record
System

TAPE RECORDERS

Akai 180055 4. Channel

B & K7001F

Dolby System

Ferrograph

Ferrograph Recorder Test Set
Harmon-Kardon CADS
Harmon-Kardon HK1000
Ploneer CT4141

Pioneer CT5151

Siemens Trabant

TEAC A-350

TEAC A-360

Yamaha TB7000 Dec

TUNERS & TUNER/AMPLIFIE RS

Alpha R150 May

Harmon-Kardon 330A Tuner/ "
ug

Amp
Heathkit Digital FM Tuner Oct
Metrosound FMS20 Stereo

Tuner June
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Sinciair 4000 Tuner
Tanberg-Huldra 10
VHF/FM Tuner Kits

TURNTABLES
Beogram 4000
Dual 1229
Garrard 865B
Garrard Zero 100S

Thorens TD125

MISCELLANEOUS

Advance Calculator Kit

Advance 05240 ‘Scope

Drake R4B & SPR4 Recelvers

Dummy Head Stereo

Hamgear PM1X Qaljbrator

Heathkit 1031 Depth Sounder

Heathkit [0-4540 ‘Scope

Hewlett-Packard Model 10
Calculator

Kits for the Car

Light Effect Kits

Realistic Sound Level Meter

Schlumberger 666 Multimeter

Sony Electret Microphone

Soundcraftsman Graphic
Equaliser

Stereo'23




, 42 Cricklewood Broadway
London NW2 3ET Tel: 01-4520164/2
Telex: 21492
& 85 West Regent St Glasgow G2 2QD
Tel: 041-332 4133
& 1 Straits Parade Fishponds Bristol

RS16 2LX Tel: 0272 654201/2
Callin and see us 9-5.30 Mon-Fri 9-5.008at & 27 Rue Danton Issy Les Moulineaux
Pans92 Tel: 644 235
Trade and expor! enquiries welcome  Catalogue price 25p

Top 500 Semiconductors from the largest range in the UK MULLARD
ines6 080 |2NII0  0AS | Fnszes  D.as | RE1IE 038 0.23 [IM309  1.8&| 0C3E 1.16 RADIO MODULES
INAESA  o8s | 2N33%) 028 | ING2GE 0.4 | AF1iE 0.35 | BC208 932 | LMST) 150} OCA? 0.50 RF/IF AMPLIFIER
INASTA 2N3391A  0.29% ! aNS29a 080 | AFH17 0.35 TG40 | LM380 098] OC45 032 LP 1173 8.68
Shrkso 20283332 015 | ansas?  oze|aFli8 038 | 0.2s |LM301 207| €N b/ P 1181 384
2N49Y | IN3I93 015 | 2Ns458 026 | AF124 0.30 027 {LM702¢ o8| OC72 0.2s v .
INAS2 5 2N3394 0.18 | 2N5458 028] AF125 0.30 029 |LM709TD89 04s| OCBY 028 STEREQ PRE AMPLIFIER
2N49] .20 | 2N3402  0.18 | INSAS2  OBB | AFI2E 028 0.35 | 80fC o.3a| 0CB3 0.24 LP 1183/2 432
2NE96 .22 | 2N3403 0.9 aNSa94 08B | AFE27 0.28 043 | 1401 o.ap| ORP12 058 LP 11B4/2 718
2NE97 6 | 2N341s 020°] INS496  0.61 | AF130 0.58 | BC251 025 { af190 0.35 | LM710 0.47| RS3 140 FM/IF AMPUIFIER
INEOR N34S 0.2 | 2NED27 0AS | AF186 0.48 ) BC25] 0.25 | BF181 0.36 | LM3I900 0.69] SLA14A 1.50 LP 1185 .56
ING9D L 23418 0.21 | 2N5T777 0.45 | AF200 0.68 | BC257 u.15 | BF182 0.35 | LM723C oes] SLE10C 1.10 .
2N706 1 . 2N3417 02% | INT28 0.73 | AF239 0.85 | BC2S8 0.16 | 6£183 055 | LM741T099 0.80| SLENIC 1.70 M TUNER
2N7064 i IN3340 0.5 | IN133 142 | AF240 0.90 | BC259 017 | BE184 0.30 | 80IL 0.a0| SL612C 1.70 1P 1186 6.88
2N708 INT4L1 097 | 3N140 1.00 | AF279 0.70 | BC261 0.25 | BF185 030 | 11DiL 0.38] S1820C 2.80 LP 1400 1.22
2N 709 2N3442 1.40 (138341 081 | AF2B0 0.79 | BC282 0.25 | 8F194 0.12 [um?a? 1.00] SWC 280
™7 ZN31638 0.15 | 3N200 249 | ALI0Z 1.00 | 8C263 u.25 | BF196 0.13 | LM7488DIL O.44] SL523 459
N8 M 2NIGIBA  0.15 | 40361 0.40 | AL10O3 1.00 ) BCI0O 0238 | BF196 ©0.13 |1M7805 1.88| SLB40C 310
INTIBA ‘28§ 283639 0.27 | 40382 0.45 | BC107 0.14 | BC301 034 | BF197- 0.15 | 1401L 0.73| SLBIC 310
2ZN720 IN3541 017 | 40 o8 | 8C108 0.5& | BF198 0.18 | LM7BOS 250[ SN76003N 282
28914 N3 702 v | 40389 0.48 | BC109 0.17 | BF200 0.89 | LM7812 188] SN78013N 5
2N916 IN3703 0.2 | 40394 0.56 | BCI1] 0.35 | BF225J 0.23 | LM7815 193] SNT6023IN 1.80
2N918 zng;a; a.:s 40398 0.45 | BC1S 0.20 | BF244 021 | LmM7824 1.9% 3'36033'4 :-;2
2M929 2N370! s | 40406 0.44 | BC11E 0.12 | BF245 0.5 | MC1303  1.80 -20
28930 2N3706 0.8 | 40407 0.35 | 8C116A 0.2 | BF24 058 | MCI210  230| Taa300 184 L. MA“"E“ Pf" ED“D 3,?:(:
IN1302 2n3707 08 | 40408 035 [ecii7 w20 | BF247 oss [ mcial00r 00| TAMEZ 120 0.87. ZENER DIODES 400MW
281303 2N3708  0.14 | 45409 0.52 ) BC118 020 | sF254 0.1% | MC135F  omo| TAA3SO 196 0.1, 1W 0.17, 2.5W 0.35. IC
2N1304 z:;;c@ :,:; 40410 o.B2 :%:;e: lu,:g BF255 o‘,n MC1352¢  0.30 ;::2?& 2‘3: SOCKETS 8DIL 0.10, 14DIL 0.14,
IN130S 2 L 40411 2.28 i BF257 A7 | MCr1466 3.50 - 1 .13. RESISTOR PATY)
2N1306 283711 0.15 | 20594 0.74 | BC125 1.15 | BF358 053 | Mc1ae9  2.75] TAAED 2.03 .‘)Goozl'"go v:. 4 001; vy
281307 2N3T12 1.20 | 40595 on4 | BL126 0.85 | BF259 0.5§ | MEOAD2 0.20] TAAG618  1.03 4 o~ 7
INTI08 N3713 120 | 2060% 0.87 | BC132 0.79- BFRIG 0.24 | MEOSO4 093] TBABIB 225 0.03 {100 per value 0.014)
N1 209 7NI718 138 | 40602 061 | BC134 1.00 |1BFAT9 0.24 | MEO412 03| TBABSY V.69 SCORPIO CAR 'GNITION KIT
IN1ETT g:g;:: :.:3 :g:ga 0.58 g%:gg ;;2 BF?'A 2.30 MEMOI [ X1 TB‘B;g 0-‘:3 £12.50. JUMBO 7-SEGMENT
ZN1671A . 4 0.56 .97 | BFS28 1.04 | MEA10a  0.11)| TBAS 0. .00.D T £1.75.
2N1B718 ZNI771 2.20 | 40636 130 | BC137 v.28 [ BFS61 0.27 [MyaB0  o05j Thas20 178 E«:ﬁuﬁﬁyosnwt?css I.L-’Eol;l"- ‘RES
NTTVE MNIT72 1.80 | 40669 1.00 | BC140 0.30 | BFS98 0.25 | Maas1 1.20] NL209 030 i~ -
281907 3771 265 | 40673 0.73 | BC14Y v32 | BFX29 0.30 | M430  1.05| TIP29A 043 YELLOW. GREEN. 16dia. 0.31.
2N2102 aN3779 315 | acr126 0.20 | BC 142 0.17 | gEx30 0.34 | MJa9t 145} TMPI0A 0.58 .20da. 0.33
2N2%47 2N3 790 240 | AC127 oao | 6C143 0.22 | BFXB4 0.30 | Ma2955 1.00{ TIPIVA
2N2148 N3I791 2.35 | ACt128 0.35 f 8C147 9.15 | BFX85 0.35 | MJE320  oas| TIP32A
2N2VE0 2N3192 250 | ACi5lY 027 |BCYAR 0.75 | 8#x87 0.28 | MUE3T0  o.es| TP33A
2N2218a 2N3794 010 | ACis2v 048 | BC149 u.78 | BFx88 0.30 | MJEIT1 0.75( TP3A
22219 gNJ%ug 0.37 | ACYEY 035 | BC1S3 tog BEXBG 090 | MJES20 060 R::g: =
IN2215A N382Z 0.29 | ACYSIX 040 [BCISA 082 | 8Frs0 0.23 | MJES21 0.70 3
IN2220 IN)823  1.88 025 | BL1S7 0.87 | BEYSt 0.23 | MJE2955 1.20| TIPA1A 0.7 SEE MARSHALLS FOR CMOS
N2 2N3304 019 | ACI76 0.4 | BC158 v.40°| 8FY52 021 | MJEIDSS 0,75 TIP22A 090
2N2221A 2N3906 019 | AC176K  0.40 | BC16D .50 | BFY53 0.18 | MPETIY  0.32] TP2% 0.80 CD4000 48 CD4018 .88 CDA042 .70
M2222 2N4Q36 0.67 1 AC187K 0.3s |BCIE78 5 6.2 | BFY90 0.75 | MPE112 0.40f TIP30c 085 CD4001 .18 CD4019 52 (paga3 .83
IN22I2A ana037 0.42 | AC188x 0.40 | BC163E 5 | 0.22 | BRY39 0.38 | MPB113 0.47| TMPIc 1.00 €D4002 .v3 {04020 98 £p4a04es .77
2N2368 INADSE 008 | ACY1S 0.24 { BC168C B 0.24 | BSX20 028 | MPF102  o0.30] TiIP3Zc 128 CD4006 .B% CD4021 .88 (D40451.30
2N2369A 2INAOEY 0.5 | ACY19 0.27 | BC1698 5 0.26 | 8SX21 0.30 | MPSAOS 0.25) TIP3 1.45 04007 A8 €04022 85 C040461.20
2N2369 284060 0.35 | ACY20 0.22 | BC169C 5 0.71 | BUD4 200 | MPSADS  0.31] TIP34c 2.60 €04008 B2 CD4023 .12 CD4047 .95
82646 ZN4061  0.95 | ACYZ1 0.2¢ | BC170 s 0.87 | gut0s 225 | wPSA12 08| TPAIc 1.40 €D4009 521 (D4024 .72 CDA0DAG A5
IN2B4T INAOG2 0.5 | ACYzZ8 ©.20 | BC17 % 0.80 { CY06D 0.6s | MPSASS Q.25 | TIP42e 1.50 C€D4010 .52 £04026 .t1% {D4050 A5
282904 2N3126 @21 | ACY30 0.88 | BC172 2 080 | CA31ROA ©0.98 | MPSASS  ©.31| T'P49 0.70 €401 18 CDA027 A3 CDASTOV.25
2N2904A 2N4289 034 | AQ142 057 | BC1?T 024 | cA2020A 1.80 | MPSUOS  0.88| TIPS 0.53 CC2012 18 CDAO2R B3 (D45111.94
2NM2905 284918 095 | ADI4Z 088 | BCT7A 0.18 0.24 | CA3028A 0.78 | MPSUDS 0.56{ TIP2955 0.98 £D4013 A5 CD40291.06 (04516125
2N2905A IN4920 1,10 | AOVASV 0.74 | BC179 0.21 | 8DY20 1.05 | CA3035 1.37 | MPSUSsS  o0.83| TIP30S5 050 D404 B¢ CD4030 62 CO45161.87
2N2906 284921 0.63 | ADI5D 083 | BC182 0.12 | BF11S 0.29 | CA3052 182 | MPSUSE o.80} ' TIS43 028 CDA01S 38 CD30311.98 CD4a5201.87
IN2906A 2N2922 0.83 | AD16. 0.68 .| BCYB2L 0.12 | BF117 0.55 | CA3046 0.70 | NE5SSV o.70| ZTX300 0.13 CD4016 45 (D4037 .BS
2N2907 2N4923 1.00 [ AD161 0.69 | 8C183 0.42 | BFY12 0.35 | CA3048 2.11 | NEESE 1.30{ ZTX301 043 co404t .70
2N290TA IN5190 0.82 § ADI62 0.65 | BC183L 0,92 | BF123 0.35 | CAJ089E  1.96 | NEBGD 4.44| ZIx302 0.20
2N2924 N51D1 0.96 | AF10H 0.4p | BLCHA4 o.13 | BF12% 035 | cazogoq .23 | NESEY 4.ag| ZMXS00 0.15
2N2926 2N5Y92 1.24 | AF109R 0.40 | BCYEAL 0.13 | 8F157 0.20 | 1M301A 0.4 | NESESA 4.48] 2Z1X501 0.3
2N1053 ZN5195 146 | AF114 0.3s | BC186 0.28 | BF153 0.25 i 1M308 .17 1.38] ITX502 0.18
2N3054 B8O IN5245  0.29 BC187 0.27 | BF154 16 oc28 1.a8] ZTX530 c.23
2N3055 75| iN5204 048 REIBQ 0.27 Veroboard i -~

of 1.

a1 095 04 01%
tp €o Ep_ Ep

2.5x31%in 36 26 - 17

NEW YEAR REDUCTIONS FOR TTL Sl B

32
3%x1700 187 126 100 192

- o it 3 o — .
TTL Intagrated Circuits — Quality & Prices you can’t beat’ | Szdazh o PINS235 30 30
i e = s SN7495  feg | SNTEY 0.68 | snra17s 070 200 146 1.18
EN7400 876 [ SN7410  oove [SKT432 6.2z | $n7451 .16 | sn7481 100 | SN7496 o.88 | SN74VE3 068 | onysv7e 104 Trade and Aetsil Supplied
3N7401 0.6 |[SNT411 020 |SN7437  0.28 | SN7a53  0.16 [ Sn74B2 065 | SN74Y00 .o | SN41S4 120 syzateo  1.10
SNT74DTAN 0.29 | SN7412 0.22 [ SNY438 0.28 | SNT454 0.18 | sn7483 082 | SN7A107 030 |SRMIES  Goo | Sn7avEd 1.9%
SN7202 096 |SN7413 028 | SN7240 06 | SWP460  0.16 | SNTAS4  gos | SN7AYIE o8 | SN74157 076 | gy7a190 186
SN740% 0.1 |SNT416  0.28 | SN7#avaN 0.68 | SN7470  0.28 | SN7485  y00 | SN7A119 1,75 | SN74180  0.85§ sn74131 186
SN7404 0.19 | SN7417 0.28 | SN7442 0.8% | SN7472 0.21 | SN7486 0.29 | SN7412t  0.32 | SN7af6)  OBB | SN74182 115
SN7405 0.18 | SN7420 0.18 |SN7445 0.78 | SN7473 0.31 | SN7490 0.42 | SN74122 042 | SN74¥62 O0.BB L oN74193 118 =5
SNP406 036 | SN7223 0.23 | SN7446 0.84 | SN74T4 0.31 | 5N7491 075 | SN74123  0.65 | SN74183 083 | cyyaig8  1.60 Potentiometers
SN740T  0.36 |SN7A25  0.23 |SN7487 080 | SN7475 045 | SN7A92 0 4s | SN7AIAT 075 | SNTA164 160 | onjap97 .52 Linem of Log
SNT408 0.10 | SN7427 0.23 | SNT7248 0.90 | SNV4TE 0.30 | SN7493 046 | SN74145  0.72 | SN?4165  1.80 | gn7avgs 180 e -——
SN7409  0.18 | SN7430 045 | SK7450 06 | ’N7480 042 | SN7432 o7s l SNT4150 120 [ SN?4187 330 | Sn7q109 .80 Single Doubla
“ e Rotary Pots 25p 5p

DISCOUNT FOR

Rotary Switched  55p —
Shaers 45p 75p

Full renge of Capecitors stocked. Ses
catatogue for detsils

GET A GREAT DEAL FROM MARSHALLS. TV QB wonne
SPARES FOR BONA FIDE DEALERS, ITT, MUL-
LARD, NATIONAL AND MOTOROLA. SEND FOR
OUR NEW TWO PART CATALOGUE ON YOUR, [l 5o o s vin
. HEADED PAPER, £1.00 INCLUDING POST AND [l &5 civfie o oo %
PACKING. REFUNDABLE WHEN YOU PLACE YOUR J°“" " ..

FIRST ORDER OVER £10.00. s Fhas
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ANOTHER FABULOUS ETI OFFER

THE

EXELAR

Digital Watch

£14.90!

INCLUDING VAT AND POSTAGE

The Exelar. Never heard of it? You certainly haven’t
heard of any digital electronic watch at this price.

Exelar is a new name for the Digital Watch pro-
ducts of National Semiconductor; in fact N.S. make
all the electronics themselves for this new range and
Exelar is a name that yvou'll probably get to know
pretty well,

This offer is a prelude to the taunch of this watch
— and ETI once again has been able t0 arrange an
enormous discount for readers. Response to offers in
the past has shown that ETI readers are very quick to
appreciate new technologies and the resulting products
and this enables us to come up with the really good
deals for which we are known.

The NW1.WS is a three-function watch: Hours,
Minutes and Seconds with a typical accuracy of &
seconds per month. The bright, easy-to-read LED dis-
play is one of the few in the industry which takes
.advantage of the crisp clarity of monolithic digits. The
bezel is chrome plated, the back is stainless steel and
the strap is leather.

The recommended retail ‘price of the Exelar is over

‘For operation of the Exelar, press the pbutton and the hours and

£20, itﬁelf setting a new record !ow Ll bu.ilt wa?ch minutes are displayed. Keeping the button depressed will display
but using the coupon you pay just £14.95 including flashing seconds. The display stays on for 1Yz seconds after touching
VAT and postage. Don‘t delay an enormous the buttan. Time setting is accomplished by pressing a recessed push

switch in conjunction with the display button.

(- — = — — —= = = — -CUT COMPLETE COUPON- — =~ — — — — — —
[

response is expected.

AVAILABILITY To: EXELAR WATCH OFFER | This coupon will be used to dispatch
ETt Offers in the past have been so . ETI Magazine, Exelar digital The offer is
successful that Initial estimates of quantity { 36 Ebury Street, I yto_url el' .dI?;tat watch. i et h f r|
have sometimes proved to be inadequate, London SW1W OLW. I stnctly  limited to one waich pe
Several thousand units are being stocked coupon. Orders will be dispatched

but if orders exceed this, delays may IPIeasa find enclosed my cheque/P.O. | as soon as possible but please allow 35|
result.

for £14.95 payable to Electronics Today I days for delivery and read note onl

If you have not received your watch International {Exelar Offer). IMPORTANT: labili
betore publication of the April issue, see |P1ease write your name and address on the | availability. I
that month's News Digest for the back of your cheque and P.O's. { OFFER CLOSES MARCH 31st 1976 H
situation. FOR 2 |
Although orders will be despatched as I OFFICE I
soon as possible after receipt_ please allow USE
35c’l:aysfordelivery.' ; tl e - B 30 - —"
or security reasons, no stocks of the LR i T A ... In KAW o il
Exelar are being held at ETI offices for I REE wIE bt I
calters. | ADDRESS ... ........ o | 18 B SIS ADDRESS . ...... ...... |
d
IMPORTANT: Please write clearly and put [ [P RPRY 1T i TP 4 g |
your name and address on the back of = I
vour cheque and aff P.O's. This will enable [ ............................. |E$ .........................
us t@ sort out any praoblems guickly. PARE e e o — — — et ek o — i e . = L



| BASIC ELECTRONICS PROSLEMS SOLVED

Smith

e

110 OPERATIONAL AMP!FlE__li_F" H

How o Use Vectorscopes, Dscilioscopes

& Sweep-Signals (_Zeneitorl

99 Ways to Use Your Oscilloscope

ELECTRONICS

¥. L. Squees £2.55
A shet cut for those wishing 1o obian 3 gusck scquaintance wah moderr
electrancs

1.C. OP-AMP COOKBOOK

W. J. Juny £8.15
Covers the batic ety of IC OP-Amp n grest detast, also includes 250
pracical crcuit appicanons kb=ralty Ulusirated

TTL COOKBOOK

D. ancaster £5.80

Complate and detaried gwade ta TTL, how it works. how 1o use it and
Practicsl appiCabont

10 GPERATIONAL AMPLIFIER
PROJECTS FOR THE HOME

CONSTRUCTOR
R. M. Marston £2.85
Outlines the esseniial characterstics of the OPF AMP ang presents 110

usetul propcrs -

110 SEMICONDUCTOR PROJECTS
FOR THE HOME CONSTRUCTOR i
R. M. Marston £2.85
This book imroduces the reader ta usctul new devices such as the FET,
SCA and K. wah tull comstructonal details of many usetul cireus

UNDERSTANDING CMOS
INTEGRATED CIRCUITS :
R. Moten £3.25

Begins with baswe dignal ICs Covers semxonducior physes CMOS
fabncaton wchnology and design

INTEGRATED ELECTRONICS

J. Mdimesn

£5.00
Using an integrated circunts approach thiy test ipads the reader ten by stop
#rom serconducior physics 1 devices, modeks, circuin and systems

LINEAR IC PRINCIPLES
EXPERIMENTS AND PROJECTS
E. M. Non £5.80
An introduclion to one of sectron’s most sciting devices
DESIGNING WITH TTL INTEGRATED
CIRCUITS

£5.55

Toxas lostruments
Covery the ontire famsly of TTL and practical sppheations of the ¢reuns m
drgiial sysiems

OPERATIONAL AMPLIFIERS DESIGN

AND APPLICATION 3
G. Tobey (Burr-Brown) £4.70
Completely up 1o Jate, s wosk covers the entirg fadd of opecatronal
smplitinis

BEGINNERS' GUIDE TO
TRANSISTORS

4. A Reddihough £2.55
Covers the base theary and prachce of modern transstars
COLOUR TV THEORY

0. F. Hutson £4.65

PAL Systems. principles and recaivar Circuitry for engineers (echniCigng
vt Frudents

45

TV SERVICING HANDBOOK
G. King £5.00

Thotoughty priciscal handbook deaks In detasl with modern ricenveTs

COLOUR TELEVISION SERVICING

G. King £€5.90
A preetical handbook, dealing with all modern receivers

MAZDA BOOK OF PAL RECEIVER
SERVICING

D. Sesl £5.30

A pracacal handbook with dves 200 dlusireons

THE OSCILLOSCOPE

6. Zweck £2.10
Starts from the first principies #nd takes the resder to an advanced vel
HOW TO USE VECTORSCOPES
OSCILLOSCOPES AND SWEEP

SIGNAL GENERATORS

8. Prenties £1 .95
1t goos Mo the whote subject deepty. in 250 haavy IHustiated (ages
99 WAYS TO USE YOUR
OSCILLOSCOPE

ﬁ:l::::- to salve nracthes) problerng wwng § scope
WORKING WITH THE OSCILLOSCOPE
A Ssunders €£1.85

A book devored o et and dhustatons of wavelorma thal should be
oresant

HOW TO USE YOUR VOM VTVM

AND OSCILLOSCOPE

M. Clittord £1.80
This book arms 10 gae you knowkedge and holp you pera:m & wide varety

of essertat tests on many diferen) kinds of sets. apphances and
m

£1.80

ELECTRONICS SELF-TAUGHT WITH
EXPERIMENTS AND PROJECTS
. Asne £2.20

Covers bass prncioles of eteciromes Progcts inciude & large number of

LOGIC CIRCUITS

N. M Morrm
Ay the understanding of jagicol oroblem.
nduding integraled circuty

INTRODUCING AMATEUR
ELECTRONICS
b A Smctair £1.60

The book tor the complete navics ol any age. 53 no previous knowledge
awumed

TEST INSTRUMENTS FOR
ELECTRONICS

M. Qlifiord
How 10 buald and wee text instruments

£3.10

deicutses cwoud principias

£2.05

4
ELECTRONICS MUSICAL
INSTRUMENTS
M. Crowhurst £2.05

This book jooks at rhe fp3cinating sulnect of slectronic music irom simost
every angla

EXPERIMENTING WITH
ELECTRONIC MUSIC

R. Brown and M. Olsen

P_ncnal Eip-,r{m:'miﬂu o g for u'lq"ﬂn!ﬂ-" and research
BASIC MATHS COURSE FOR
ELECTRONICS

H, Jacobowitz £1.70
Ohms Law and all maths 1o elocironics wiitien 10 an aasy. understandabie
way

£1.85

‘ELECTRONICS UNRAVELLED

2. Kye £2.20

A new commorisanse approach 10 the basic principles of glectrorics
DIGITAL ELECTRONIC CIRCUITS

AND SYSTEMS

N. M. Momis £2.60

The deal book fior ™e enthwais! confused by logic and digral techmiguss
INDUSTRIAL ELECTRONICS
N. M. Moms £3.20

The book concenustes mainly on temiconduttor devices and Gty

o thy mgny P are green. 5.1, unds are used
Hrnughout
HOW TO BUILD ELECTRONIC KITS
V. Capel £€2.10

(nstnucts the reader an how 1o chack COMPONanIs how M dssembly and
how W cure faults

FOUNDATIONS OF WIRELESS

AND ELECTRONICS

MN. G. Scroggh £4.25
Ninth eabon of s ever-popular basic theory book which atarts from
wmrah

RADIO, VALVE & SEMI-CONDUCTOR
DATA

A M 8a £2.50

Tenth editon, gives dms on 1,000 vaives and CRTs. 8 BOO trans-stors
dhodes 1ecivrs BRd OPIEM duvicus

ELECTRONICS CIRCUIT DESIGN
HANDBOOK

By the Editors of EEE Magagms

£5.20

Plaase 15t bHles (wath prae) separately Cheques, eic . 1o be payable
Electeonis Toasy Intermeiional and vent to

ETI BOOK SERVICE, 25 Court Close

Bray, Maidenhead, Berks.

Al prices inciude Postage and Paching.
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LECTRONICS IN

HBANSIED

THE THREE CHARACTERISTICS
studied in modern airborne surveys
are {a) Magnetic, {b) Radioactive and
{c) Thermal. Last month we looked at
the techniques and equipment used
N magnetic surveys; this second
part of the article covers the other
two methods.

RADIATION DETECTORS

Gamma rays are detected by the
ionisation effect that they have on
some materials. Early radiometric
work was done using Geiger tubes
but these have now been supersed-
ed by scintillation type detectors (in
airborne geophysical work). The
basic detector consists of a crystal
{usually sodium iodide) which gives
a flash of light {usually in the blue to
UV region) caused by a gamma ray
being absorbed and giving up its
energy.

The scintillation crystal is superior
to Geiger tube for two reasons: {a) it
is a denser medium so detection
efficiency is improved, and (b) its
‘recovery time’ is short. This second
factor is important because several
gamma rays may arrive at the
detector within a short interval.

The scintillations are amplified in
a photo-multiplier (PM) tube which
is in direct contact with the crystal.
This assembiy is then mounted in a
light proof container. The process of
amplification begins when photons
emitted during a scintillation strike
the photo-cathode and dispiace a
guantity of electrons. Due to the
voltage arrangement of the PM tube
plates these electrons are drawn to
the next cathode in the tube where
they displace a greater number of
electrons. in turn these strike the
next cathode and so on up the
cathode chain untit the output
appears as a voltage puise at the
anode. The combination of, crystal
and PM tube is termed a detector
head and is shown in Fig. 1

SCINTILLOMETERS

A scintilometer consists of a detec-
tor head, a power supply and a pulse
counting circuit. PM tubes require
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Fig. 2. Scintillometer,

PART TWO

by Martin Blanchard

an EHT supply of about 1.5kV but
do not draw much current. Fig. 2.
shows an early scintillometer which
uses three detector heads. The
heads are connected to a mixer
circuit where the incoming pulses
are chanelled on to one signal line.
The incoming pulses trigger a
blocking oscillator which gives con-
stant amplitude and width pulses to
feed an integrating circuit. The
integrator output is displayed on an
analogue -recorder. Other scintillo-
meters use a ratemeter (for counting
the pulse rate) and a digital read-out.
The scintillometer counts one pulse
regardless of the energy of a detect-
ed gamma ray and is therefore often
called a total count detector.

SPECTROMETERS

A spectrometer is a scintillation
counter with a facility for discrimin-
ating between the various energy
levels of the gamma rays being
absorbed by the crystal. The intensi-
ty of each scintillation is directly
proportional to the energy of the
gamma ray causing it.

Each part of the radiation spec-
trum which is counted is termed a
‘channel’. Four channels are com-
monly used with the channel limits
set as follows:

Channel 1: 0.9 t0 2.9MeV

Channet 2: 1.36 t0 1.56MeV

Channel 3: 1.66 to 1.86MeV

Channel 4: 2.3 to 2.9MeV
Channel 1 is usually called the total
channel and the other channefs are
often named after the radioactive
element that has a major energy
peak (or peaks) between the various
fimits: Channel 2, Potassium: Chan-
nel 3, Uranium; Channel 4, Thor-
ium

A complete spectrometer is
shown in Fig. 4. This has a common
detection system comprising three
units each of which contains three
separate detector heads. The total
number of detector heads is
therefore nine, each with a 6 by 4
inch crystal. This arrangement pro-
vides a good sensitivity combined
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with a relatively small space
requirement.

OPERATIONAL TECHNIQUES
WITH SPECTROMETERS

Because of the attenutation of
gamma rays in the atmosphere and
in surface material the altitude at
which spectrometers may usefully
be operated is limited to about 200
metres and in general the best
results are obtained at the lowest
possible altitude. Ail the spectro-
meter equipment is carried inside
the aircraft, including the detector
heads. These must be carefully sited
so that there is a minimum of
scattering and absorbtion of gamma
rays by the aircraft structure. Back-
ground radiation from the aircraft
{for example from luminous instru-
ments) must also be kept to a
minimum. Survey areas to be
covered using a spectrometer are
flown in paraliel lines like magneto-
meter surveys. The low altitude
means that a narrow line spacing
must be used.

INFRA-RED SCANNERS

IR line scanners are electro-optical
devices which reflect radiation from
the ground on to an IR detector.
Much of the IR radiation spectrum is
absorbed in the atmosphere but
there are two windows at wave-
lengths of between (0.0003 and
0.0005¢cm and 0.0008 to
0.0014cm. The detectors used are
manufactured from various semi-
conductor materials which have

different responses in parts of the IR
spectrum. The materials most fre-
-quently used are, for the 0.0003 to
i0.0005cm_region. Indium Anti-
imonide (InSb) and for the 0.0008
o 0.0014cm region, doped Ger-
imanium. In order to reduce their
internal thermal noise these detec-
itors are cooled to low temperatures
indium Antimonide to 77°K
{-196°C) and doped Germanium to
less than 10°K (-263°C). This
«cooling is achieved by the use of
gases such as nitrogen and helium
in their liquid state.

The detector output is usually
recorded on a video tape recorder
and on ordinary black and white
film. The film is exposed to a light
source that is moduiated by the
detector signal so that the -density
variations in the film are proportional
“to the IR radiation. The video tape
recorder however, produces the
detector output much more exactly.

Fig. 5 illustrates a practical line
scanner. The actual scanning
mechanism is rotated by a motor at
about 100rps and has three main
parts: the main mirror, the synch-
ronizing device and the film scan
motor. The main mirror is angled at
45° and reflects radiation from the
ground into a focusing device
which concentrates the radiation on
to the detector. The radiation can
only enter the scanner through a
slot, representing a scan angle ot
about 120°, so the detector only

receives a signal for one-third of a
rotation cycte. The detector is cooled
from an insulated flask containing
liquid gas and the detector output is
taken to a pre-amplifier stage. The
pre-amplifier output goes to a gain
control and the main amplifier and is
also sampled by a gate controlled
with' a synchronizing pulse from a
lamp and photo-electric device
mounted on the scanner shaft. This
device is triggered when the scan-
ning mirror is ‘looking” at the inside
of the scanner housing so that the
gate passes a sample of the pre-am-
plifier output when it is theoretically
zero and any undesired signal which
does occur, due to dc drift or
changes in detector response, is
integrated and fed back to the
pre-amplifier input to adjust the no
signal output to zero. After the gain
control and main amplifier the signal
is fed to another gate which is aiso
controlled from a photo-electric
device on the scanner shaft. This
gate is ‘opened’ only during the
120° of scan rotation when a signal
is present.

The final amplifier stage provides
outputs tc the monitoring oscilio-
scope, the video tape recorder and a
voltage-to-current converter which
modulates the film tight source. The
modulated beam from the tight
source is reflected on to the film by a
mirror mounted on the scan shaft so
that each scan builds up an image on
the film. The oscillescope display is
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Gamma Ray Energy Spectra.

Fig. 4. Spactrometer.
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viewed by the scanner operator to
monitor the equipment performance
and any necessary adjustment of the
systern gain.

OPERATIONAL TECHNIQUES
WITH IR LINE SCANNERS

The height at which IR line scanners
are operated is determined by the
resolution required. The lower the
aititude the better the resolution,
although, of course, at low altitude a
smaller area is covered in each scan
The minimum operating altitude is
limited for any particular aircraft
speed hy the scan speed if complete
coverage is t0 be maintained Nor-
mally temperatures differences of
about 0.5°C can be detected from a
height of 500 metres.

The time of day when IR line scan
surveys are flown is important, due
to the different temperature effects
occuring through a day. During the
night temperature differences are
often accentuated but any mist and
fog tends to absorb radiation. Often
a survey area i1s flown at two or more
trmes of the day to provide more
information for interpretation. Qper-
ation is usually stopped during high
winds as these tend to 'smear’ the
temperature profiles.

NAVIGATION TECHNIQUES

The problem of navigating in survey
‘areas is a critical one. Qbviously
geophysical results are not very
useful if the location in which they
were ohtained is not known exactly

Fig. 5. above. IR’
Line Scanner.
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Fig. 6. Equipment
used i a Spectro-
meter Survey.
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Often there are no accurate maps of
a survey area and riavigation must
be carried out on mosaics of survey
photographs {the accuracy of which
is sometimes doubtful). A frequently
used navigation aid is the Doppler
navigator, which has the important
characteristic that it requires no
beacons or other external equip-
ment. The Doppler navigator works
by measuring the Doppler ‘shift’ of
radio-frequency transmissions from
the aircraft which are received back
as reflections from the ground.
Information derived from the fre-
quency shifts and from the compass
is used to guide the aircraft along a
straight course.

The main navigation aid for
checking where an aircraft has flown
is the tracking camera which is run
continuously while the aircraft is on
a flight line and after a flight the
processed film allows the flight path
to be plotted on maps or photo
‘Mosaics.

All the geophysical instruments
described here are flown so that a
constant ground clearance is majn-
tained. However, over rough terrain
this is not possible using barometric

alumeters so radio altimeters are
used. A radio altimeter transmits a
swept range of RF towards the
ground and then receives the reflec-
tions, The transmitted and received
frequencies are mixed to produce an
audio frequency signal which is the
difference between the frequency
transmitted at a particular instant
and the frequency being transmitted
when that signal returns. This fre-
quency difference is proportional to
time {i.e. to the sweep speed) and
therefore to the altitude of the
aircraft. The audio frequency is
converted to dc to drive a pilots
indicator and provide outputs for the
recording devices. Radio altimeters
have accuracies of better than = 1
meter in 150 metres.

DATA SYSTEMS

In recent years it has become the
practice to record all information
trom the navigational and geophysi-
cal equipment on magnetic tape.
The instrument outputs are sampled
at a fixed interval, the timing being
controlled from a master clock which
also registers on the tracking camera
film to ensure correct orietation of
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Rack ot geophysical efectronic equipment—
Top shelf—Spectrometer console and mixer
box. Centre shelf—-Magnetomeler console
and various flight recarders. Background—
Two spectrometer detec tor heads.
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the survey data with the fltight path

plot. The taped data can only be read

out if special facilities are available
so the survey data is also recorded in
analogue form on multi-channel
chart recorders. This procedure also
guards against un-naticed faults in
the magnetic recording

GENERAL OPERATIONAL
TECHNIQUES

Generally the need for an airborne
survey is decided upon by the
possibility of a specific mineral
appearing in a particular area. The
geophysical instrument to be used is
selected for its efficiency in detect-
ing that mineral.

Once the basic instrument has
been selected a second instrument
is often chosen to provide additional
information to aid n interpretation.
Fig. 6 illustrates some of the
equipment required for a spectro-
meter survey The detector heads
are not shown. The type of geo-
physical equipment selected
governs the survey operating
parameters. If a spectrometer is in
use the maximum operating altitude
1s determined by the spectrometer
detection sensitivity and the mini-
mum operating altitude by safety
considerations

it s

Frequently, spectrometer
surveys are  flown a3t  an
alttude ot 150 metres but this

means that to maintain adequate
ground coverage the flight lines
must be fairly close together, say at
about 400 metre spacing. The flight
lines are marked on to navigational
maps or photo mosaics and are
flown progressively with the aid of
navigational equipment. Lines that
are flown in the wrong place or are
subject to an equipment failure are
usually reflown at the end of the
survey

When all the survey area s
satisfactority covered the geophysi-
cal information is plotted on to the
grid of flight lines and contour maps
are drawn. Computerised data may
be printed out in the form of contour
maps. Depending on the type of
survey the contour lines are of equal
magnetic field or equal radiometric
count rate and the maps are inter-
preted by geophysicists and gealo-
gists to predict the location of
possible mineral deposits.

Field investigation of selected
sites can begin immediately and so
that airborne geophysical
surveys enable ‘the few commer-
cially viable sites in a very large
unexplored area to be located in a
relatively short time. ©

6-Digit Digital Clock Kits

12/24 HOUR
50/60 HERTZ
BRIGHT DISPLAYS
SLOW TIME SET
FAST TIME SET
TIME HOLD

L.

e

!

£6.95

+90p Airmail p&p

The response to our advert tn the December issue was phenomenal, We are therefore extending this
special otfer so that you can get a second chance 1o purchase this fantastic bargan in case you missed
the first offer It you've been considering building a digital clock but were discouraged at the high prices.
we have just removed your |ast excuse

KIT COMPRISES:

1 National MMB314 Clock Chip, 12/24 hour. 50/60 Hz option
6 — Bright red common cathode displays, 0.27° character height

7 — NPN Segment driver transistors
6 — PNP Cathode driver transistors

9 — Carban resistors

5 — Diodes

2 Dise caps

1 Electrolytic filter cap

3 — Switches for time setting functions

2 — Etched, drilled and plated p ¢ boards

1 lllustrated assembly instructions manual

All you provide is 3 9-12v ac/ 200 m/a Transformer

and case of your choice

OPTIONAL JUMBO DISPLAYS

You can have 6 — 0.5 Jumbo displays with a suitable
board instead of the 0.27"" types. Clock kit with 6 jumbao
dispiays £ 10.95" + 90p airmail p&p

* ORDERING INFORMATION

The above prices shown in Bntish £s are approximate
equivalents of the following U.S Dollar prices and should
be used as a guide only.

Clock kit with § — 0.27"" displays- U S. $16.50 post paid
Clock kit with B8 — 0.60" displays U § $24 75 post paid

Remittance by BANK DRAFTS or
MONEY ORDERS IN U.S, FUNDS. SENT ANYWHERE N

THE WORLD.

INTERNATIONAL

NO ELECTRONICS KNOWLEDGE REQUIRED TO BUILD THESE KITS

sabtronics

P.O. Box 54683, Dallas, Texas 75206, UJ.5_A.
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Videomasler
urge allgood eleclronics
enthusiasls fo play the game

The best thing about the Videomaster Indetail .. . The Videomaster Mk. lll has eleven
Home T.V. Game Mk. Ill is that the sheer integratgd circuits_. .. fourtraqsistors r
pleasure of building it isimmediately followed ~ €levendiodes ... iseasytobuild .. . withno

alignment necessary because with ready-built

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

games. . _ complete withaliparts . . . including fully
Thefamous Videomasteris now drilled and preparedp.cb. . . . handsome plastic
available for youto make. It plugs into any box ... controlleads . . . complete step by step

standard UHF 625 line TV set, and it shouldnt ~ @ssemblyinstructions .. . RunsonaPP7 9 voit

: battery . . . andhaslogic and analogue "state
laieyatiingenthanialiew]phsie/al e of the art” circuitry all with National Semiconductors

CMOS devices . . . with full specification.

POST TODAY TO: The cost? Only £19.95 (+var)

—T—- ————————————— E I, I I I G G SEE s G S e T S E— ﬂ
 Videomaster Ltd |
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HEADPHONE
ADAPTOR

Unit restores damping and natural stereo separation.

HEADPHONES have impedances
which range from 8 ohms to 2 k ohms
or more and handle a typical
maximum power of 500 mW. To limit
the power that may be delivered into
the 8 ohm types, commercial amplifiers
generally supply the headphones from
the amplifier output via series resistors
of around 220 ohms.

Although this technique allows the
use of practically any type of
headphones without fear of damage

the series resistor drastically reduces
the amount of damping the amplifier
can apply to the phones.

A further problem with headphone
listening is that the stereo separation is
unnatural in that there is little right
channel information fed to the left ear
and vice versa.

This simple little adaptor is inserted
between the amplifier and the leads to
the speakers. It restores damping, by
supplying the phones from a 10 ohm

LEFT '\ LEFT
&
o SW1B
Fiy. 1. Circuit diagram
SW1A g g
RIGHT '\ RIGHT of the headphone
-0 adaptor,
[+ 10052 10052 [ ]
= 1w w o
= -lE
g2l3 ¥
2= 2%
a w
Z|< 515
=|s Dl
5 Olo
o 1 -
w
HEADPHONES
100 00
LEFT LEFT
COMMON COMMON
RIGHT RIGHT
- P
COMMON COMMON
NOTE
SW1A AND SWIB ARE PART OF THE
SOCKET USED FOR THE HEADPHONES
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PARTS LIST - ETI 238

Two 100 ohm I watt rasistor
Two 10 ohm i watt resistors
Two 4d-way screw type sgeaker
connectors y
One 100 ohm linear potentiomater
One  stergo headphone socket with
doubie-pole break contacts
One  box {as required)
Two  2-pin DIN plugs {if required)
Two 2}91-1 DIN line sockets
(if required} .

source, and has a blend control by
which the separation between channels

can be varied to obtain a more natural
sound.

CONSTRUCTION

We mounted the two four-way
terminal strips onto the lid of a small
box and the headphone socket and
potentiometer through one side. The
stereo-headphone socket should be the
type which incorporates double-pole
break contacts. This type is generally
of sealed construction and has 8 pins
on the back. Such a socket is necessary
so that normal speaker operation is
obtained until the headphones are
plugged in whereupon the speakers are
automatically disconnected.

Wire the unit as shown in the
interconnection diagram, and, if the
amplifier has DIN connectors, attach
short leads, with DIN plugs and sockets,
to the unit as shown in the main
photograph.

Fig. 2. Interconnection
diagrarn for the adaptor.
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HOMEWORK . ... I'M LOADING IN
TOMORROW’'S RUNNERS AT
KEMPTON!

IN THE FIRST OF several articles
under the title ET| Microfile, we'd like’
to introduce you to our star performer
who is currently enjoying fantastic
reviews in the States. We refer, of
course, to the multi-talented micro-
processor.

This device has been getting
mentions in ETI for the, past few
months, (N.D., Desk Top Graphics),
but we’ve never really said what it is,
what it does, or how it does it. In
fact, nobody really seems to have
thought of passing on microprocessor
information to the interested experi-
menter in a comprehensive way.
Micros are rapidly coming down in
price and up in applications — make
no mistake, the micro is here to stay,
very soon many electronics enthusiasts
will be using one.

"But what will they be using it
for?’’ we hear you ask. Here’s a short
list of potential applications:

Programmable calculator

Electronic games

TV games

Microcomputer

Controlling heating systems

Controlling measurement
systems etc.

Many more applications will suggest
themselves with a little thought. A
fairly typical system might be built
around a micro to control an electric
cooker in a sophisticated way so a
to permit programming of complete
menus with the micro automatically
controlling oven settings and timing
the- applications are limited only by
the imagination.

54

MEET THE MICRO

The main area which we will discuss
is the microcomputer, as this is the

ideal way to learn about micro-
processors, and is a) interesting b)
educational and c) useful. 1t is inter-
esting to look at American activity in
this area. Magazines such as Popular
Electronics carry full page adverts
from companies supplying complete
computer kits, and programs to run on
them. These computers, although
small and cheap, are nonetheless very
powerful — in fact on many of them it
is possible to use BASIC language,
which makes programming quick, easy
and fun. Qbviously, we'll have a lot
more to say on the amateur micro-
computer later.

FINE, BUT WHAT IS IT?

We still haven’t said what a micro-
processor actually is, so here goes.
Please bear with us whiie we explain a
bit about computer design. The micro
has been described as an ‘LS|
computer on a chip’. This is a slight
misnomer, and may lead you to
expect more from a micro than it can
reasonably give. It is perhaps more
accurate to say that a microprocessor
is the arithmetic, logic and controi
circuits of a computer impiemented in
LS| form. The definition given by
one major microprocessor manufact-
urer is "A Microprocessor is a very
large scale integrated circuit which by
the action of a sequence of instruct-
jons, externally programmabie, can
fulfil a wide variety of different elect-

ETI REPORTS

rical functions’, None of these
definitions is particularly revealing, so
let's take a closer look at what's
actually in a computer and, by
analogy, what¥ in a microprocessor
unit {(MPU)

The modern stored-program digital
computer (Fig. 1) consists of three
main units — the central processing
unit (CPU), the memory and the
input/output interfacing. The
sequence of instructions (program)
which the computer is to execute is
passed through the input interfacing
into the memaory along with the data

to be operated on, and step by step,

the machine works through these
instructions. Depending on the results
of calculations, the machine can jump
forward to the next step of the pro-
gram; otherwise it may go back to the
beginning with a new set of numbers.
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Fig. 1. The digital computer.

The instructions are fed, one by
one, into the central processing unit
which decodes them and ‘decides’
what they mean. The instructions are
then executed by the arithmetic and
fogic unit of the CPU and the resuits
may be tested to decide what to do
next, or retained for use in the next
calculation, or stored away in
memory. (End of slight diversion into
computers.)

This, believe it or not, is precisely
what a microprocessor systemn does —
the microprocessor itself (MPU} corre-
sponds to the CPU, and normally has
associated memory containing a
program for it to execute. The import-
ant point to note here, is that to
change the application of an MPU, one
does not usually: have to change any
components, but only the program;
this usually costs littie or nothing and
programming is actually fun — we
know our readers will take to it like
ducks to water.

HOW DDES IT DD THIS?

From this point on, we have to assume

that you, the reader, know a bit about
digital logic, which you will, if you've
been reading ETl for long. If you're
not too sure, please, please find out
now ;— it's definitely the coming
thing — and we advertise some good
books. We also have had to make a
decision to work with one particular
MPU, the reason being simply that if
everyone works with different types,
there will be a lot of dupiicated and
wasted effort, as really good and
interesting programs worked out for
one device won't work on a different
type. After considerable spadework
and deep thought we have opted for
the Motorola M6800 famity of devices,
for a variety of reasons. Please note,
however, that a lot of what we say
applies to MPU’s in general and not
just the M6800.

Figure 2 shows a block diagram of
a basic M6800 microprocessor system.
The most noticeable thing on this
diagram is the way all the devices are
connected together by three buses -
the control bus, the address bus and
the data bus. The control bus has
several lines carrying clock signals,

read/write, halt, reset and other signals.
for the controf of the system. The add-
ress bus has 16 fines in total A,—A; s,
which means that the MPU can access
up to 216 ie. 65 536 bytes, {8 bit

words} of memory directly. This
amount of memory is equivalent,
roughly, to 13 completely printed

pages of ETI with all kinds of special
characters, typefaces and colour
specified in a none-too-efficient code.
So you can see there is sufficient
memory potentential for most app-
lications. -

The data bus has only 8 lines and
will enable the MPU to input or out-

NOW I'VE GOT ALL THE INTERNAL
CONTROL FUNCTIONS PRE-
PROGRAMMED | CAN RUN IT UF
FROM COLD IN WELL UNDER
HALF AN HOUR!

+5V

Fig. 2. A basic Microcomputer system.
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6810 RAM

6820 PIA

6800 MPU
<
C
DATA BUS (8)
| =
ADDR. 8US (16}
|77
CONTROL BUS
< 1
=
)

6830 ROM

PERIPH. INTERF. ADAP.

6850 ACIA — ASYNCH.
COMM. INTERF. ADAP.

PARALLEL
INPUTS/OUTPUTS

SERIAL OUTPUT

SERIAL INPUT
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Motorola’s ‘MPU in a suitcase!

put any 1 of 256 different bit
patterns. This will be covered in more
detail when we discuss number
systems, Both buses are bi-directional,
so that the MPU can send or receive
on either, with the added facility of
disconnecting itself for $pecial app-
lications (Direct Memory Access, for
those in the know)

THANKS FOR THE MEMORY

Let’s now look at the two blocks
below the MPU — the ones labelled
ROM and RAM. We'll start with
RAM, or Random Access Memory.
This is the memory that holds both
the program and the data it will

operate upon, and the MPU can recall
and store data in this memory as it
works through a program. It functions
in a manner similar to a rack of pigeon
holes — upon selecting a particular
pigeon-hole or address, the MPU can
either read a word from it or stick
in a word. The 6810 RAM shown in
the diagram is a 128 byte semicon-
ductor RAM chip made by Motorola
to operate with the 6800 MPU.

RAM chips have one disadvantage
— when the power is turned off, the
contents are lost. This means that any
programs which have to be permanent-
ly resident in the computer have to be
in a different form of memory — this
is usually Read Only Memory. This is
programmed either during manufact-
ure or before insertion into the circuit
and cannot normally then be altered
by the micro, which can only read
information from it. Again, the 683G
is a Motorola part designed for the
6800 — many other parts are suitable,
however.

INPUT, OUTPUT

Referring back to Fig. 2, the two,
biocks at the bottom constitute
the bulk of the input/output {1/0}
interfacing mentioned earlier. The
6820 Peripheral Interface Adaptor has
two eight-bit parallel buses each line
of which can function as an input or

an output, while the 6850 Asyn-
chronous Communications Interface
Adapter is a serial $/O device. Both
these devices will be dealt with in
greater detail later.

With the addition of a few devices
such as a clock oscillator and a power
supply, these devices can be made into
a complete microcomputer. However
you also need some kind of input/
output device e.g. teletype or video
display unit and also a monitor and
debug program which will enable
you to load programs into memory,
run them and alter them. We'll have
more to say on this when we discuss
programming. The final (optional)
piece of hardware is a low speed
modem which converts digital signals
into audio tones so that programs can
be saved on a cassette tape via a cheap
tape recorder. This means that pro-
grams do not have to be typed in each
time the computer is switched on,
and is probably the computer experi-
menter’s best vaiue-for-money labour
saving device.

Well, that rounds off this general,
and very simple, introduction to
microprocessors. If youre already
using one, and have any interesting
thoughts, we'd like to hear from you.
If you're just thinking about it —
watch for the Microfile heading —
that's where you‘lt find the facts. @@

Now there's a better way
to keep your ETl copies

A couple of issues ago we
announced the ETI T-Shirt-
the response has been
enormous. Initially we just
wanted to sell the surplus
but we've had to reorder
twicel Made In cotton
(yellow with black printing)
these are available in three
sizes suitable for both sexes.
Send vyowr cheque and
P.O, for £150 [payable
to Electronics Today
International) and state
Small, Medium or Large.
ETI T-SHIRTS, 36 EBURY
STREET, LONDON SW1W
oLw.

We reckon ETI is worth keeping: and our surveys indicate that a
Staggering 97% of readers keep their ¢opies for af least three
months. Now we can ofier you a binder which holds 12 issues
whose quality befits the magazine: excellent. Send £2.00 (which
includes VAT and postage) to:

ET! BINDERS. 36 EBURY STREET. LONDON Swiw 0LW.
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SILENT A-B SWITCH -

Speakers may be A-B tested using this simple modification to our tone-burst generator

WHEN evaluating speaker systems in
A-B listening tests, the first few
seconds of listening convey the truest
impression of sound quality. Listening
for longer than a few seconds not only
fails to give further information, but
may well give a false indication. For
this reason it is usual to switch rapidly
hetween the reference speaker and the
speaker under test. This is generally
done by using the amplifier's A/B

HOW IT WORKS — ETI 124 AB

As this unit is based on the
operation of the tone-burst generator
ETI 124 described last month. that
article should be tharoughly read
first. Only the changes necessary to
that unit are detailed in this article.

Whilst an A-B switch would be a
little simpler if designed specifically
for that purpose, the modifications
required to the tone-burst generator
are s0 simple that we thought it not
worth while to design a special
circuit.

To make the gencrator act as an
A-B switch it is necessary to disable
the existing mode switch. We do this
by plugging in an external control
switch, SW6, via a stereo phone
socket. The phone sockel has two
change-over conlacts fitted which are
used to disconnect the plus and
minus six volts supplies from SW3
when the jack is inserted. One of the
phono contacts also disconnects the
plus six volts from the common of
the socket when the jack is removed.
As the common of the socket is
required to be at plus six volts the
phono sacket must be insulated from
the front panel which is at O voits.

The control switch, SWé6

effectively shorts either R4 or RS
T thus stopping the pulses from C2 or
C3 triggering the (lip-flop. When the
switch is actuated there is a delay
until the number of cycles as set by
the front panel switch have occurred
and then, at the next 2ero crossing,
the change-over occurs. The delay is
necessary to ensure that any contact
bounce of the SW6 contacts does not
cause unwanted switching of the
crcuit.

speaker selector switch, or by wiring a
change-over relay in the speaker
wiring.

Whilst such switching methods are
simple and reliable they have one
major drawback. That is that switching
may take place at any point in the
waveform and as a consequence
switching transients may be
introduced which tend to mask the
subtle differences for which one is
listening. Hence a method of switching
at zero-crossing points would be of
great value.

When the ET| Tone-Burst Generator
was constructed it was realised that it
contained all the circuitry needed to
performance this switching task and
that it could be modified to do so very
simply.

The switching must be done at low
level and hence the unit is used at the
input of a stereo power amplifier. The
reference speaker and the speaker
under test are each connected to one
channel of the amplifier and the silent
switch switches the input to the
amplifiers as required. Thus the
arrangement is mono only but this’is
all that is required to assess the
transient response and performance of
a speaker in comparison to a reference
speaker.

CONSTRUCTION

The ETI 124 Tone-burst Generator
should first be constructed, as detailed
last month, except that t