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£240

Now you ¢an buy a quality,
high performance pulse
generator which will match
your requirements exactly —
and at a realistic price.
Bradley Electronics make
two new models,

Firstly, the Bradley 233 -
shown on the left—whichis a
true, dual channel instrument
providing full mixing facilities,
both of output and time, on
two independent channels.

[ts performance features
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include eight PRF ranges from
0.5Hz to 50MHz with pulse
delays from 20ns to 15 and
variable pulse widths from
10nsto 1s. Qutput amplitude
is variable from 0.5V to 10V
while the baseline can be
offset +-10V,

And justto addto the
exceptional versatility and

flexibility of the 233, there's a
wide range of operating modes

all selected by push-button
switches,
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And, secondly there's the

Bradley 240. This has the same

basic specification and

performance as one channe| of

the 233 with the additional
feature of variable rise and fall
times. These are variable
between 5ns and 55 in any
ratioupto 100:1.

For full details of the new
generation Bradley 233 and
240 pulse generators, please
telephone Jim Clarke on
01-450 7811, extension 113.

WW—001 FOR FURTHER DETAILS
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£230

Or write to him at the address
below,

G. & E. BRADLEY LIMITED,
Electral House, Neasden Lane,
London, NW10 1RR,
Telephone: 01-4507811
Telex: 25583

A Lucas Company

BRADLEY
electronics

Prices quoted do not include
VAT
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SEE US ON STAND No. 645
AT THE LLE.A. EXHIBITION

Lt saaaron TigTI
TYeT T

Tasts bipolar trdnsistors, diodes and zener diodes. Measures
leakage down to 0.5 nA at 2V to 150V. Current galns are
checked fram 1pA to 100mA. Breakdown voltages up to
100V are measured at 10pA. 100pA and 1mA. Collecior to
emitter saturation voltage is measured at 1mA, 10maA. 30mA
and 100maA for I/ g ratios of 10, 20, 30. The instrument is
powered by a 9V battery.

TRANSISTOR RANGES (PNP OR NPN)

lceo &lggo:10nA, 100nA, TpA, 10pA and 100pA fs.d.
acc. +£2%1.s.d. +£1% at voltages of 2V, 5V,
10V, 20V, 30V, 40V, 50V, 60V, BOV, 100V,
120V, and 150V acc. 3% +100mV up to
10pA with fall at 100pA < 5%4-250mV,

A logarithmic scale covering 5 decades is used to display
either insulation resistance or leakage current at a fixed
stabilised test voltage. The current availabla is limited to a
maximum wvalue of 3mA for safety and capacitars are
automatically discharged when the instrument is switched
off or to the CAL condition. The instrument operates from a
9V internal battery.

RESISTANCE RANGES

TOM Q10 10T Q (1012 Q) at 250V, 500V, 750V and 1kV.
1M (1o 1T €2 at 25V, 50V and 100V,

100k Q10 100G 2 at 2.5V, 5V and 10V.

10k Qo 10G Qat 1V,

Accuracy +15% +B00'Q on 6 decadelogarithmic scald:

BVego! 10Vor100Vfs.d.acc +£2%fs.d. +1% at
Accuracy of test voltages +3% £ 50mV atscale centre. currants of 10pA. 100pA and TmA £ 20%.
Fall of test voltages <2%at10pAand < 20% at 100pA. [B_. 10nA,100nA,1|.1A...10mAl.s'.d.acc.:l;2%

Shart circuit current between 500pA and 3mA.
CURRENT RANGE

100pA to 1O0pA on 6 decade [ogarithmic scale.

Accuracy of current measurement 4+ 15% of indicated value,

f.5.d. £1%atfixed | of 1 pA, TOuA, 100pA,
imA, 10mA, 30mA, and 100mA acc. +1%.

hgg: 3inverse scales of 2000 t0 100, 400 to 30 and
10010 10convert l g into h g readings.

Input valtage drop is approximately 20mV at 100pA, 200mV Vgg: 1V f.5.d. acc. + 20mV measured at conditions
at 100nA and 400mV at 100pA. onhgg test.
Maximum safe continuous overload is 50maA., VCE(sat)’ 1V f.s5.d. acc. £20mV at collectar currentsof

TmA, 10mA, 30mA and 100mA with | cilg
selected at 10, 20 or 30 acc. +20%.

DIODE & ZENER DIODE RANGES

MEASUREMENT TIME

< 3sforresistance on all ranges relative to CAL position.
< 10s for resistance of 10G Q across 1 tF on 50V to 500V,

Discharge time to 1% is 0.1s per uF on CAL position. lpgr: As | g g o transistor ranges.
RECORDER QUTPUT Vz: Breakdown ranges as BV ¢ g  for transistors.
1V per decade £2% with zero output at scale centre. VpE: 1Vis.d. acc. £20mVatlg of 1pA, 10uA,

Maximum output £3V. Qutputresistance 1k , 100pA, 1TmA, 10ma, 30mA and 100mA.

we  £77 we, £77
LEVELL ELECTRONICS LTD_ Prices include batteries and U.K. delivery, V.A.T. extra.

; Optional extras are.leather cases and mains power units.
%?.xg?_T;%egoglg;hzgrgggg‘ B JENS B30 Send for data covering our range of portable instruments.

WW.-—004 FOR FURTHER DETAILS
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PROFESSIONAL USER?

cVisS

Have you seen our latest catalogue?

PLEASE SEND TQ ME AKG's NEW CATAIOGUE h
NAME = ey
1 TITLE
ADDRESS P

i AKG Eguipment Ltd., $82 Campden Hill Road, London, W8 7AS  WW5/74
| J

AKG Equipment Ltd 182/a Campden Hill Road
London W8 7AS. Telephone 01229 3695.

WW--005 FOR FURTHER DETAILS
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Wayne Kerr's
top-selling bridge

WAYNE KERR

Meets modern requirements.|s accurate to 0.1%.
s self-balancing. Has 2,3 and 4-terminal
connections. Continuous readout of real and
quadrature terms. Overall range 10 micro-ohms
to 100 gigohms, 0.001pF to 10 farads, 1 nanohenry
to 10 megahenrys and 10 picomhos to 100
kilomhos. Built-in source/detector (15692Hz).
Connectors for 200Hz— 20kHz manual operation.
Comparator facilities. Analog outputs.

Adjustable sensitivity. Ask for B642 Data Sheet.

WAYNE KERR

Amemberofthe Wilmot Breeden group.

For miore information phone Bognor {(02433) 25811, or write to:
Wayne Kerr, Durban Rd., Bognor Regis, Sussex PO22 9RL.

WW—i6 FOR FURTHER DETAILS
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Yortexion

QUALITY AMPLIFIERS FOR THE PROFESSIONAL

#a5e CUT BASS Cut = TREBLE + - BASS ¢ 8 WAY-30/70w

WP

50/70 WATT ALL SILICON AMPLIFIER
WITH BUILT-IN 5-WAY MIXER USING F.E.T.s

£93.17 50/70 WATT ALL SILICON AMPLIFIER

fine £8.47 VAT) WITH BUILT-IN 4-WAY MIXER
£96.80 N )

100 WATT ALL SILICON AMPLIFIER

(inc £8.80 VAT)
£13915  THE 100 WATT MIXER AMPLIFIER

3 (ﬁ%ﬁ:’s% 5 ﬁﬁ'zrol3o WATT MIXER T R
£12342  CP50 AMPLIFIER ik
818335 200 WATT AMPLIFIER

T esTE F.E.T. MIXERS AND PPMs

Vortexion Lid

TEL:01-542 2814 and 01-542 6242-3-4 | TELEGRAMS VORTEXION' LONDON SW19
257-263 THE BROADWAY - WIMBLEDON - S W19 1SF

WM -—007 FOR FURTHER DETAILS
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ANDERS MEANS METERS...

LANCASTER RANGE 240°

B Models CS60 and CS30 with scale lengths of
4" and 5.5".

S.AE. styling in matt black moulded case.

B Employed extensively for Tachometry, Simulator
and Marine applications.

® Availability from sensitivities of 200 microamps

Competitive prices.

Anders provide what is probably the largest
range of meters available from a single source
in Europe: MC/MI, dynamometer, vibrating
reed, electrostatic, etc. in over 100 case styles
and sizes, a few of which are shown below.

Vulcan Moving Iron. 4
models, 1:6%, 1-87, 2-77,
3-77 scales. Voltmeters,
ammeters and motor
starting meters,

Kestrel Clear Front. 7 Profile 350 edgewise

models, 1-3"—5-25" 4-3" scale.

scales. DC moving coil, DC moving coi! and AC

gramoviidleolyeciiet) moving cail rectitied.

AC moving iron. Horizontal or vertical
mounting.

Send for fully ilfustrated catalogue

-

W

MILLIAMPERES
D.C.

Popular models and ranges are stocked in depth
while a specially equipped instrument depart-
ment enables swift production of nan-standard
ranges and scales, to suit individual customer
requirements, in large or small quantities.

Oxford Long Scale 240° Profile Miniature
2 models, 5:57, 8" scales. Edgewise Meters. 3

OC moving coil and AC

models, 17, 1.2, 2" scales.
‘DC moving coil and AC

il ol AR moving coil rectified.

Stafford Long Scale 240° Regal Range 100°

6 models, 3-5°—11-57 flattened arc. 2 models
scales. OC moving coil, 2.5” and 32" scales. Taut
AC moving coil rectified, band. DC moving coil and
AC moving iron. Also 98 AC moving coil rectified.
scale.

nnnEHS ElE[THnnlts “mlTE“ 48/56 Bayham Place, Bayham Street, London, NW.1. Telephone 01-387 9092.

Manufacturers and distributors of Electrical Measuring Instruments, Sole U.K. distributors of FRAHM Rescnant Beed Frequency
Meters and Tachemeters. Manufacturers of purpose built electrical and electrenic equipment to customers’ requirements,
WW—008 FOR FURTHER DETAILS
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miniature rockers and pilot
lights snap-into action!

A good-looking- lineup—the Arrow miniature rocker brigade! They're
reporting for 10A 250V ac duty, and just as soon as you call them up, they
start saving you assembly time—and panel space. They parade shoulder,
to shoulder with their unique snap-in facility securing them tightly in an
instant. Eight single and eight double pole versions, 2 and 3 position switch-
ing with biased action, pilot lights, llluminated rockers—there’s a really
wide matching choice. Many to BS3955 and CEE24 standards, and ready
to face 100,000 ops and still come out switching!

Ask for the full data on Arrow 1100 series rockers.

16 AMP VERSIONS
The single pole onfot! and some changeover
varsions are now avallable with a 16 amp rating.
Send for further detalls.

/'-7 §111] ARROW-HART (EUROPE) LTD.
g W PLYMBRIDGE ROAD, ESTOVER.,
a8/ 81 PLYMOUTH PLE 7PN. ENGLAND.

TEL: 0752 701155 Telew: 45340 Cables: ARROWHART PLYMOUTH

Arrow switches on Stand No
(]

g ?;i', !)

114 L.E.A. Exhibition

Scottish Office
+3 MURRAY PLACE, STIRLING FK8 1DQ
Telophone : 0786 3823 f

U. K. Distributors ITT ELECTRONIC SERVICES HARLOW - 027-96 26777 RENFREWSHIRE - .
Johnstone 23457 LEIGH - Leigh5211/2/3 SUTTON COLDFIELD - 021-3554511 BRISTOL-0272 290125
COMWAY ELECTRONICS BRACKNELL - 0344 24765 JERMYN INDUSTRIES. SEVENQOAKS - 51174

S.A.5.C.0. LTD. CRAWLEY - 0293 28700 GLASGDW . 041.221 6152/3

Overseas Agents in Arablan Gulf, Belgium, Ceylon, Denmark, East Africa, Eire, Finland, France, Greece, Holland, Hong Kang, India, Israel, italy, Kuwalt,
Federation of Malaysia, Norway, Philippinas, Portugal, Singapore, South Africa, Spain, Sweden, Switzerland, Trinidad and Western Germany.

WW—009 FOR FURTHER DETAILS
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1
N GSNERATOH FG B AL

FUNCTIC

THE FGT FUNCTION YAVEFORMS AVAILABLE

Sine, square, triangles and ramps. Continuous syept, triggered, gatedibursts, frequency modulated,

GENERA TOR externally sync'd.
AMPLITUDE
Max. 20V pk~pk into open circuit {10V into 50 03 } on selected waveform at main output. Adijustable
from 1mVy.
Four basic waveforms available simultaneously from 600 ( at fixed level of 2.5V pk—pk.

ATTENUATOR
4 positions, 50dB in 20dB steps. For best possible resoiution and signal to noise ratio at low signal
levels.

FREQUENCY

0.02Hz to 2ZMHz in seven decade ranges — sine, square and triangle. 1000:1 continuous coarse and
fine adjustment on eachrange. 0.01Hz to 1kHz in five decade ranges — ramp. Dial accuracy

3% of range maXx. 0.02 Hz to 200k Hz.

QFFSET
45V d.c: bias will offset wavetorm above or below zero. Push-pull adjustable control.

EXT. VCO

0 to +-10V gives 1000:1 frequency upshift from min. dial setting.

0 10— 10V gives 1000:1 frequency down shift from max. dial setting, within any selected range.
Voltage may be a.c. ord.c. ’
Frequency modulation of the output aboutsa centre frequency is possible.

SWEEP

Range: 1000to 1. Mode: Lin orleg. Times 1mS to 10005.

Width: 5 position switch gives stepped reductions as a percentage of max.
SYNC

Syne. pulse output may be used to trigger an oscilioscope, X-¥ plotter ete. Or the output frequency
of the FG1 may be locked to a periodic reference signal for tests requiring coherent signals.

‘ o ’ Fu 'n EII — reaf value for money at £230 UK.
{excluding V.A.T.}

INSTRUMENTS.-DIVISION

FARNELL INSTRUMENTS LTD - SANDBECK WAY - WETHERBY - YORKSHIRE L522 4DH - TELEPHONE 0937 3541 - TELEX 557294
LONDON OFFICE: TELEPHONE 01-802 5359

WW—010 FOR FURTHER DETAILS
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THIS IS HOW YOU CAN USE

the clreul-stike
INSTANT PRINTED CIRCUIT BOARD SYSTEM®

Save months of scheduling time. Eliminate design, artwork, photowork, etching and drilling, in all prototype systems.

1. SKETCH YOUR BOARD

Be sure all components are included and
placed In the best position for easy copper
tape Interconnections.

2. CUT PULL TAB

Cut a corner through first layer to make a
pull tab.

3. REMOVE QUiK-RELEASE
ADHESIVE LINER

Remove polyolefin liner 10 expose pressure
sensitive adhesive.

4. ALIGN SUBELEMENT

Align pre-drilled holes in subelements to
matching hagles in the pre-drilled board.
Backlighting ¢r guide pins allow easy
registration.

5. PRESS IN PLACE

Prass firmiy In place. The pressure sensitive
adhesive holds the subelements firmly in
place, yet they may_be_repositioned if nec-
essary. Aftar the adhesive has cured, 48
hours or speadad by heat, the band strength
doubles. The subelement may still be re-
moved but not reused.

6. INTEACONNECT SUBELEMENTS

Inlerconnect subelements using copper tape

or jumpers.

— Overlap copper tape approx. ¥ inch.

— Press firmly in place with fingers.

— Do not oversiress copper by burnishing
onto board as it may tend to lift when
soldered.

7. INSULATE CROSSOVERS

Use insulating mylar tape between copper
tape when making crossovers.

8. INSERT COMPONENTS

Insert electronic components through the
pre-drilled holes from the opposite side
of the board. Bend leads over against cir-
cult so that they are firmly held in place,
then cut of! ends.

10. FINISHED CIRCUIT BOARD

Don't lose anymore time. You can go from schematic drawings to card cage
systems IN ONE STEP with CIRCUIT-STIK. All types of circuit element
configurations may be mixed and combined on the same board.

LOCAL STOCK

9. SCLDER BOARD

Clean surfaces solder best, For best resulls,
use a 47 wail Iron with a 600°F stender tip
and very thin, high qualily rosin core solder.
Excesslvely difly surfaces may be cleaned
with a rubber araser or alcohol just prior
to soldering. Lise only a SMALL amount of’
soldar. Clrcuit-Stik subelements have a
G-10 Epoxy-Glass subsirate and may be
soldered many times, Copper tape and
donut pads do not have an epoxy-glass
subsirate to act as a thermal barrier dur-
ing soldaring. Tharalore, the adhesive will
solten and care must ba taken to prevent
the copper from sliding or 1lfing. Best
results are obtsined when the soldering
iron tip 1s held on the lower layer of each
overlap joint. The adhesive ragains full
strength upon cooling.

*1.S. Patent No. 3,538,389
English Patent No. 1,269,592

Rastra Electronics stocks the complete line of CIRCUIT-STIK Adhesive-backed

Copper Patterns. Over 50 of the most popular types are described on the opposite page -- but if yvou don’t see what
you need, give usacali . . .

RaGSTRa8 ELECTRONICS LTD.

275-281 King Street - Harnmersmith -London W6 9NF - Tel. 01-748 3143/2960 - Telex 24443

o — g
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INSTANT CIRCUIT BOARDS ™
PRODUCT SUMMARY

EASY—TO—-ORDER: Each element shown below is referenced and described in the table.

ag

|

o

A PROVEN TECHNIQUE
TO PRODUCE HIGH
RELIABILITY CIRCUIT
BCARDS DIRECTLY
FROM SKETCHES OR
LOGIC DIAGRAMS.
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Sub-Elements are approx.1/2 size.
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FAST FLEXIBLE

Sub-elements are pre-drilled on .100 grid and preplated ready for soldering.

CIRCUIT-STIK provides exceptionally good adhesion, yet can be removed when an “instant’ modification is needed.

i

TO-5 & TO-18 SUB-ELEMENTS

PLUG-IN CONNECTOR STRIPS “HARD GOLD OVER NICKEL PLATE"

=
Pes. Prices Pes. ' Prices
Mir's Par Sub-Element PEra Mir's Per Sub-Elerment Per
Type (Fig. Pkg- Dascription Package Typs |Fig.Pkg. Dascription Package
1001-010| A 10} TQ-18 or TO-5 3 Lead £ 1.80 13550061 Z § | 15 Rin, .158'" Spacing Compenant Side £ 5.40
1001-030 | A 30 { TO-18 or TO-5 3 Lead on § strips 4.85 1256-005| Z § | 1% Pin, .156" Spacing, Clrcuit Side 5.40
1021-010| C 10 | TD=-53 Lead 1.80 1361-005| 2 5 |22 Pin, 100" Spacing, Compgnant Side 6.50
1021-033| C 30 { TO-5 JLoad on 5 sirips 4.85 1362-005| Z § |22 Pen, 100" Spacing, Circult Side 6.50
1023-010| E | 10 ; TO-56 Lead 2156 1385005 Z | 5 |22 Pm, .156" Spacing, Component Side 6.50
1023.030| E 30 | TO-56Lead on 5 strips = 585 1366-00%)| Z 5 | 22 Pin. .158*' Spacing, Circuil Sige 6.50
1024-01Q | F 10 | TO-58 Land 2.15 2367-005| J § |22 Pin, .156"* Spacing, Component Side 5.40
1024-03C| F 30 | TO-5 B Laad on 5 strips 585 2368-005| J 5 | 22 Pin, .156" Spacing. Circuit Sice 65.40
1025-010| G 10 | TO-5"10 Lead 2.15 = =
1425.030| G | 30 | TO-510 Lead on 5 sirips 5.85 DISCRETE COMPONENT STRIPS
DUAL-IN-LINE PACKAGE SUB-ELEMENTS 1302-005 | AA| § | 18 Discrete, Component Strip, mounts BO 3.95
1311-010| B8 | 10 | Universal Strip. mounts 80 dincretes 4.30
”g:-gm' g ;3 Dual-In-Line 14 Lead 2.15 2301005 | L | 5 |Mounts 105 compgnenis 3.40
101-630 Dual-In-Line 14 Lead on 5 atrips 5.85 SETEHC
2101-010| K' | 10 | Duak-In-Line 14 Lead 215 DISTRIBUTION STRIFS
4 PADS 1321-010 | CC | 10 |.100" wide 2.50
_ 1322-010|DD | 18 |.063"* wide . 2.95
1201-005( U 5 | 8'DIP's/Strip, 14/16 Lead, pwr. a‘?ﬁ‘dg‘n“d"n\zail. 6.50 1325-010(GG | 10 |Single Row .100" hele spacing 2.80
3203-005 | V § |6DIP'y8trip, 14 Lead. pwr. gnd gnd pins 7714 5. 40 1326-010|HH | 10 | Double Row 100" hole spacing 3.25
1205-005 | W 5 | Univarsal, 30 DIP's on 5 strips .50
A207-005 | X 5 |6 DIP's/Stop, 14 Lead 5.40 COPPER TAPE, DONUT PADS
3PADS SHOWN 7101 P [ 1 [.082" wide xQ¥H. long 0.55
7107 P 1 [.100" wade x 9 K. Iong 0.65
1202.005 | U 5 | BDIP’s{Sirip, 14/16 Lead, pwr. and gnd. avail. 5 68" 7103 P 1 |.187" wide x 9 It long 0.70
1 0os | v 5 |6 OIP's/Strip, 14 Lead, pwr. and gnd. ping 7/14f 4.70 7104 P 1 (.2%0" ~ide x 91t long 1.45
1206-005 | W 8 | Universal, 30 DIP's on 5 strips 5.60 7201 R | 250|.100" dia. pacn 1.80
1208-005 | X 5 | 6 DIP's/Strip. 14 Lead I 4.70 7202 R | 250|.125" dia. peds 1.80
7251 B 5 | Copper Sheet, 5" x 8 4.15
‘DOUBLEPADS
1221-005| U | s [6DIP'8/Strip, 1818 Lead. pwr. anc gnd. avail. | 5.05 EPOXY-GLASS BOARD MATERIALS - PRE-SHAPED BOARDS
1222-005 | V 5 |6 DIP's/Steig, 14 Lead.gwr. and gnd. pins 7/14| 4.70 PRE-DRILLED HOLES on .100 INCH GRID PATTERN
1223005 (W | 5 | Universal, 30 DIP's on 5 strips Egg
1224-005| X | 5 |60DIP's/Sirip, 14 Lead L ?30; T e g_gg
740 v 1 ("AC-45", B85, "C-22plns 3
- SINGLE PADS T 7405 V| 1] A"-40" "B-457, C-15 ping 3.05
1231-005 | U 5 |6 DIP's/Strip. 14416 Lead, pwr. and gnd. avall. 4.70 .
1232005 |V | 5 |6 DlP‘slSm& 14 Lead, pwr. and gnd. pins 7/14| 430 CONNECTORS, .156 PIN SPACING
o | % | 2 grt‘)'vg':fsl'ﬂ e e 249 7503 | M| 1| 22Pins ' 2.15
- P '8ISIHp. ead 4. ! 3
1082-010| @ | 10 | Flat Pack, 14 Lead l 2.15 7504 | M| 1| 44Pins 2.50
1406-010| Q | 10 | SCR Flat Pkg. Mg, _ ] 2.15 8351 | M [ 1 | Prototype Kit {Each 71.65

e

Order CIRCUIT-STIK components from:

RaGSTRaA ELECTRONICS

LTD.

275-281 King Street - Hammersmith - London W6 9NF . Tel. 01-748 3143/2960 - Telex 24443

WW—011 FOR FURTHER DETAILS
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Motorola LED sentries never die.

Unlike filament indicator lamps, Motorola Light Emitting
Diodes don’t die. -
They come in three colours—red, yellow and green—
~  andin viewing angles to suit all applications.
- B We're so confident of your determination to be
M Lp-to-date, that we've invested heavily to give you
& the LEDs you want, when you want them.
) 5‘ Use indicator lamps that are worthy of your
. equipment.Use Motorola LEDs as sentries to
B . watchoverit.
To find out more about the design
» B possibilities of these high-reiiability
& B products,just send for thenew -
8B Motorola Opto Electronics brochure,
i L which gives you information about our
light detectors and couplers too.
You'll find it profitable reading.

b {
d

Maotorola Semlconductors Lid., York House,
= Empire Way, Wembley. Middlesex. Telephone; 01-502 8836.
MOTOROLA Sem'conductors European manulacturing lacllities at Toulouse and East Kilbride.
Distributors: Celdis Lid., Reading. East Kilbride:
GDS (Sales) Lid., Slough, Dublin: Jermyn, Sevencaks:
Lock Distribution.Gldham: Semicomps Ltd.. Wembley.

W01 2 FOR FURTHER DETAILS
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ACTUAL SIZE

The Dymar Lynx.
A mobile radiotelephone system so special
We put our own name on it.

This Lynx has a pedigree. Since 1964
Dymar has designed and built VHF
radiotelephones which have borne some
of the most famous names in the industry.

Now we have something special. A com-
plete VHF AM and FM mobile radio-
telephone system. It cost £r100,000 to
develop. It's different. It's our own. The
name is Dymar. The brand is Lynx.

Lynx mobiles come as local control units.
The entire circuitry, space for options
and a s5in elliptical speaker in a single
-15 ft* package. Or as extended control
types, when the panel unit demands only
6.75 x 3.5 x 2.3in of dash space and the
transmitter/receiver vanishes into the
boot or under a seat.

Selective calling, if specified, is one of the
options that gets built-in.

AM sets - 15/20W RF output standard-
are Low, Home Office, Air, Mid or High
band. FM cover Low, Home Office or High
at a standard 20/25W. One, six or Io
channel versions are available, with 125
kHz or 25kHz channel spacing.

Before specifying a VHF mobile, check
on the rest of the spec. The tough diecast
aluminium construction; the clever use of
ICs and FETs; the modular approach to
sub-assemblies and the accessibility of
components; the safety padding; the lot.

It's all in the leaflet Lynx Mobile Com-
munication, and in a series of Data
Sheets. Use the Reader Enquiry Service
today, or write direct to Dymar.

b

m the name in radiotelephones

"DYMAR ELECTRONICS LIMITED,

Colonial Way, Radlett Road, Watford,
Herts. WD24LA. Tel: Watford 37321
Telex: 923035. Cables: Dymar Watford.

i
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Handful of relay know how'

We are one of the largest manufacturers of
Miniature Plug-in Relays in Europe.

Varley miniature plug-in relays including the If you have a relay requirement or problem
Miniaturised Bi-stable polarised relay type VPR contact Varley Technicians now, or send the
and Post Office approved relay type 23 are ® coupon for the Varley catalogue
used and approved by most leadingelectr- M W/~ M T Ga VA ~ =~~~ "o T oo TTEmT A AT AT
onic manufacturers throughout the world. o Ol}'{"e" g’e“ Col?dtrcz‘lr L'l:d_- L

F amoriage Row, burrage o oolwich,
The {rza:»?g;]sgopfgl;?gﬁﬁgﬁgiEgliﬁggﬂé gRICE' London, SE18. Tel : 01-854 1422 Telex: 897071
consistently high standard of performance and

T ; Name___ . -3
reliability in the manufacture of their range of
relays. Ultrasonic cleaning is used throughout’ ‘Company
manufacture. Each relay is checked under Address fL

P ——— |

dynamic conditions for contact performance
and timing.

P e o =
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C SERIES

& L5 KEF ELECTRONICS LIMITED  KEF offer you an excellent choice of loudspeaker systems whatever
TOVIL MAIDSTONE ME15 6QP Tel 0622 57258  yourrequirements. The larger speaker systems such as the Concerto
Registered in England Ne 7023902  are capable of reproducing more extreme bass and handle higher
amplifier power. The difference in sound between the largest and the
smallest speaker system is subtle —the high guality and detailed
engineering is evident throughout.
KEF believe that restricted space need not necessarily restrict
performance - visit your KEF dealer and hear what we mean.
Full details of the Coda!, Cantor?, Chorale3, Cadenza4 and
Concerto$ will be sent on request.

WW-—015 FOR FURTHER DETAILS.
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Ihe case for

erface74

Is backed by research

Texas Instruments take pleasure in inviting you to

" Interface 1974 — the Technical Seminar of the year —
at London’s Talk of the Town. This year Texas
Instruments stage a completely new presentation made
possible by the hundreds of new products, new !

applications and new ideas springing from their advanced technology.

Interface 1974 will contain Product and Applications information

vital to the job you are doing for :
your company. Subjects covered that 89 per cent of the delegates

include New Bipolar I.C.s, Timtor attending found the Seminar

transistors, Consumer 1.C.s, Power  informative, 78 per cent liked the

transistors, Optoelectronics and presentation, 90 per cent found the

new MOS products. Nowhere else Seminar useful to them personally

would you accumulate so much and 87 per cent said it would be

important, comprehensive useful to their companies. R == 27
information in one day. Texas Instruments also use this ORDER FORM -

At every Seminar Texas Instruments feedback to ensure that the
conduct a survey among delegates.  technical content and presentation

I
1
|
|

In 1973 the research document of their seminars is improved every ! #Please send me further

drew a sample of 462 answered year to meet delegate needs as details on Interface 74 I

questionnaires. These indicated closely as possible. 19 |I
1 : L | *Reserve me

T.1. Technical Seminars—Whefe experience counts Hekets for

renowned facilities of the Talk of slides {over 300) shown through the
the Town with highly sophisticated day. In addition a comprehensive
audio visual equipment to provide  data pack is provided covering the

I enclose a crossed cheque
made payable to Texas

|

|

|

|

I

|
| I
| I
Interface 74 combines the which reproduces the Seminar | ¥11th, *12th, *13th June |
| I
I [
I Instruments I
I |
I |
| |
I
I
|
[

interesting and well illustrated major topics of the Seminar.

lectures. This year extensive use Tickets for Interface 74 cost £12 Limited for £ )

will be made of video-taped plus VAT. This is inclusive of Sy NS
material to demonstrate semi- coffee, lunch and data pack. OR

conductor devices in working Training Board grants greatly reduce y oF

applications. the net cost to a company. | *My official

To derive full concentration and Certificates of Attendance willbe | Company

the maximum benefit from lectures provided. |- Cird TR 81 ST

each delegate will be seated in

|
comfort. Large screen presentation & | e — |
e et interface7?d | . |

ensure clear and comfortable | |

viewing. Coffee and biscuits will be = Tues. 11 June, Wed 12 June, | —— = e

provided on arrival and a three Thur. 13 June at The Talk of the II

course lunch served at your tzble. Town, Leicester Square, % ' —_——
13

Every delegate receives a slide book London.

I
I
| <
TEXAS INSTRUMENTS ETagon S |

elete as applicabl
Texas Instruments Limited, Manton Lane, Bedford. Tel: Bedford 67466 L_ __ __.__pE_ . 8 _(iw.)J

WW—016 FOR FURTHER DETAILS
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4 Amplivox Minilite.
/ Untouched by human ear.

New Minilite weighs a mere 50g.Yet it combines maximum
operating efficiency with absclute wearer comfort.
With Minilite, Amplivox have avoided the problems of the old
fashioned earplug insertsthrough ingenious usecfan adjustable \

earpiece. An acoustic tube with sibitant fitter replaces the heavier
and more familiar boom microphone. Pressure pads are out too, \

’ instead there is a non-metallic headband with
!‘ [ | special bars that give stability without
e = uncomfortable pressure.

Specified for Eurocontrol, Minilite is being widely used in air traffic
control, aviation and communications control as = <
well as other branches of industry. Minilite is,
undoubtedly, the headset ofthe seventies. It's just
one of the wide range of high-quality specialist
products for civil and military use from Amplivox.
No-one else offers so much for so little.

To find out more about the Amplivox range of
communications products— write today

stating your application requirements to:

Racal - Amplivox Communications Limited

Beresford Avenue, Wembley, Middx., England.

Tet: 01-902 8991. Cables: Amplivox Wembley.

Telex: 922101

/L
/ S
/7 SF
/ 0\;‘39 L/
RACAL L
/7
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AMTRON

electronic

kits
OFFER YOU
A CHOICE

With 200 different kits in the range there's a
choice for everyone. From a simple signal
tester to complex I.C. Digital equipment they
come complete with comprehensive assembly
instructions and even the solder required.

this!

Soldering Bit
costs reduced by457,

Adcola LONG LIFE soldering bits are stillin use after
100,000 soldering joints, if you use copper bits you
will need at least ten of them plus nine bit changes
and the continual dressing of bit facesto equal this.
Its a must to consider the saving from
- theuse of ADCOLA LONG LIFE soldering bits.

d ADGOL A They provide hours of enjoyment and make
or er now up into reliable, well-tested electronic units.
LONG LIFE SOLDERING BITS So whether you're a dabbler or an expert

a/ ] " / make AMTRON vour choice.
i SOKICLTING Hr1STrinmerls are Secovad 1D 11ove

| § N 1 N N N |
ADCOLA PRODUCTS LEMITED, ADCOLA HOUSE,
GAUDEN RDAD, CLAPHAM, SW4 GLH
I DEPT. WW SOLOERENG BIT SALES.
Please send me your lales! soldering bil calalogue I

I NAME: l

THE BIG NAME IN ELECTRONIC KITS.

ADDRESS
i '4 s I 4 & 7 Castle Street, Hastings, Sussex TN34 3DY
- " Tel: Hastings 2875

WWw—018 FOR FURTHER DETAILS WW—019 FOR FURTHER DETAILS
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"THE MOST ADVANCED SINGLE TUBE
COMPACT COLOUR TV CAMERA YET

The HV-1500 from Shibaden

| Combining compact. lightweight design with excelfent colour fidelity this new
single tube Shibaden camera fills the need for a high performance camera, small
and simple enough for every CCTV application.

The HV-1500 has a unique Filter Integrated Calour Vidicon which does
away with the usual complicated optical separation system and replaces
it with a special vidican filter, complemented by simple colour separation
- circuitry. The result is beautful colour pletures, even In low light
conditions, with no overlapping of images.

This simplicity of design also contributes 1o the camera’s sturdiness.
Coupled with the built-in automatic light sensitivity control, this

makes the HV-1500 as casy to operate as a black and white camera,
Besides being ideal for all studio and outside broadcast uses,
the simpticity. compactness and cotour quality ol the HV.1500
make it the perfect camera for applications such as surveillance,
medical diagnosis, research and development and process
controk.

e e —

Ta see tha HV-1500 in action, or for complete technical
information, contact Shibaden's Technical Service Departmant
at 01-203 4242/6 or write to :

HITACHI SHIBAODEN

(U.C) LIMITED

BROADCAST & CCTV EQUPMENT MANUFACTURERS
Lodge House - Lodge Road -Hendon - London
NW4 4DO.

CONWERTERS

VOLTAGE TO FREQUENCY
FREQUENCY TO VOLTAGE

* All ANCOM converters have built-in reference sources
* Linearity and stability, factory specified

* Negative or Positive input types
* Floating output

* Applications, A-D conversioh
Precision Integrators
Telemetry of analogue signals
Shaft rotation etc.

* Auxiliary modules
Telemetry amplifiers
Clock modules

BRITISH MADE
QUICK DELIVERY

. DEVONSHIRE STREET
eoeo CHELTENHAM, ENGLAND
& 0242 53861 or 24690

WW—021 FOR FURTHER DETAILS
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.6 | |
Many warld famous car
| manufacturers such as FORD,
power to drive the precision
D12/2005112 115/230v 200W sine wave £81.80
TW13 7EN, ENGLAND

DC/AC SINEWAVE TRANSVERTORS '
BRITISH LEYLAND, inclu-
” ding ROVER-TRIUMPH,
VAUXHALL., develop their
cars under exact laboratory
® o0 0
K instruments and computers
s b 1s provided by Valkradio Trans-
vaertors.
4 | I TYrepr2/400s
I Input -
\ e Type Volts | Output Price
; C12/308 |12 115/230v  3OW sine wave £32.45
[ ] ® D12/4005112 115/230v 400W sine wave | £197.00
l “ment ltS D24/5005{24  |116/230v 500W sine wave | £137.00
All prices +10% VAT, All 50Hz+Hz. Also available 60Hz + }Hz
. at same price.
Or an For operating frequency and wave form sensitive equipmant such
; ® Y ® ® as sound tape recorders. video tape recorders. professional film
® cameras. sensitive instruments, ete.
‘ Other models available for Inputs of 24, 60, 110 and 220 volts
] u e DC. Square waveform output also available. generally fram stock.
Send for informative brochure,
TEL: 01-8904242/4837
WW—023 FOR FURTHER DETAILS

{transistorised Invertors/Convertors)
conditions. The AC electric
C12/805 |12 115/230v BOW sinewave | £43.60
JAMES Scoﬁ | D12/1205|12 116/230v 120W sine wave £57.00
Tape Recorders VALRADIO LIMITED |
® BROWELLS LANE, FELTHAM, MIDDLESEX }
coupling to moving parts

—

The F.M. Alignment ol
Unit Type FMU/1 Nllustrated was designed at .-

the Aoyal Radar Establishment, Malvern, to suit

Ampex Recordess working on the IRIG intermediate

band specification (using ES 100 Elecirenics) e.g9. Madel J
Numbers FR 1200, FA 1260, FR 1300, FR 1800L, FB 400. PR 500

If you have a sophisticated Ampex Recorder— il
Align it to the Manufacturers specification
using our Alignment Units for D.R. & F.M.
Systams.

| E FL]
Speedy and inexpensive
For Further information and Technical Literature |

Write or telephone.

oS B resonant reed TACHOMETERS
tor hand use or parmanent mounting
Ranges and combinations of ranges from 900 to 100,000 r.p.m.

Descriptive Litarature on Frahm Resonant Reed Tachematars and

[E'ectrnnic E“gineering] ltd Frequency Meters available fram the sale U K. Distributors. Manufacture.

and Distnbution of Electrical Measuring Instruments snd Electronlc
CARNTYNE INDUSTRIAL ESTATE Equipment. The largest stocks In the U.K. tor off-the-shell delivery,

ELASCONEI- a0 ANDERS ELECTRONICS LIMITED
TR0t oA Anders means meters 48/56 Bayham Place, Bayham Straer,

| London MWt Tal: 01-387 9092

WW.— (22 FOR FURTHER DETAILS WW—024 FOR FURTHER DETAILS
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Purpose-built servo and actuator |
systems using standard components =

Bi-diractional
Control Amplifier

[

The illustration Shows a selection of modules |

from the McLennan standard range which are

available as individual items or can be

supplfed engineered to custom-built systems.

Such a system could be complete in itself or
form part of your own deslgn.

Typical examples include :

Camera positioning: Plotting Devices:

Self-steering Systems :

Signal-seeking Aerial Drives:

Professional Tape Drives :

Automated  Production
Servomator Lines.

TYPICAL APPLICATIONS

® Machine Tool Drives !

® Positioning in Radiology

® FastPanning of Heavy Cameras

® Stable Variable Speed Drives for
Research and Production

P i, '@ Jacking Systems
integral feedback | |
Potentiometer

components for speed and economy McLennan Eng"‘ee"ng Ltd

. of building. - Control Systems and Components
E“" Kings Road, Crowthorne, Berkshire. Tel: Crowthorne 5757/8.

P
Eﬁgtrm?"*'?‘:'"'"f T N T T T RS e -

WW-—025 FOR FURTHER DETAILS
Soe us at the |.LE_A. Exhibition .
on stands 108 and 232.

b

o . Typical precision gears

inertia DC motor

v
|k

McLennan have considerable
experience in the solution

of actuator and servo
problems using synchronous,
stepping and D.C. motor
techniques as well as solonoid
-powered types. An important
facet of our skill lies in
purpose-designing around standard

i /
- Plastic Boxes

® Ex stock availability UK DISTRIBUTOR
® Eight differant sizes; three different types- Vero Electronics Limited
® Moulded in high-impact polystyrene Industrial Estate,
® Suitable for machining. engraving and Chandler’'s Ford.

silk-screen printing ; Eastleigh, Hants,
® Two-tone, light grey or transparent top; S05 3ZR

dark grey base Tet: Chandler’'s Ford 2952
® Suitable for free-standing or y Telex: 47551

wall-mounting applications
@ Integral fixing points in base for

circuit boards or chassis Subsidiaries and Agents
® Other sizes supplied to special order throughout the Waorld

WW—026 FOR FURTHER DETAILS
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wooe: T TR-21

Easy—handlingﬁll!

superb perform icel!

I i ] T're.lﬁs':d_uc; and Recorder g )
amplifiers and systems

| 3l = oRIve |
R 9o
4 [l

f'-r l

p—F Y

| ™

34
RO

PORTABLE VHF TRANSCEI |

refiable high performance & practical controls
individually powered modules—mains or dc
option single cases and up to 17 modules
in standard 19" crates small size—low weight
—realistic prices.

Y LDI[E=E

Fvide Electronic Laboratories Limited |

6/16 Oakham Court, Preston PR1 3XP |
A\ Telephone : PRESTON 57560

WW—028 FOR FURTHER DETAILS

5 Tovocum

(150MHz. 1W)

ardners

NINIMOD

Minimod

Made in Britain by Gardners...

l First of a new range of all-British  you need it. Minimod provides a
miniature encapsulated power  choice of a standard 5 volt
| supplies, the Minimod series is  output {avaflable up to 1 Amp)
: designed and manufactured by  for digltal circuits or 12-0-12 or
FEATURES: l : : Y el
, e | Gardners to provide reliable, 15:0-15 volts for linear circuits,
® Three operating frequencies in any 2MHz segment of the regulated power supplies in 2.neat  using a 230 volt input. Each unit
142--172MHz range may be selected. { pack designed to plug into your P.C. s fully stabilised with foid back
& A monolithic HCM filter produced by our own crystal divi ‘ beoard. Minimod simplifies  current iimiting, and in the case of

il . . o b development or production of 5 volt unlts, over voltage
sion 1s_userf |n_ the IF amplifier. Performance and selectivity equipment by providing power where  crowbar is provided . , .
in this single superhetercdyne set are excellent.

® A light emitting diode is used to indicate the transmit output Ask Gardners to tell you more about Minimod.

Standard or special models can be supplied.

level and condition of the battery. This approach improves

reliability and allows checks under poor lighting conditions. ;
. . . "
® Use of a posistor eliminates the troublesome fuse and al- )
leviates maintenance requirements. '| e

Specialist$ in Electronic Transformers and Power Suppiies.

EXPORT DEPARTMENT |
Iovoco M TOYO BUILDING, NO.5.12-20, JINGUUMAE,
TOYOC SHIBUYA- KU, TOKYO, JAPAN
] TOYO COMMUKNICATION | |GABLE. EXPORIOYOCOM.1OKYD
g TEL: 10X 400-2258 2

EQUIPMENT COLLTD. | (yrrey 2423001

TRANSFORMERS LIMITED

|

|

| Gardners Transformess Limited, Christchurch, Hampshire BH23 3PN
‘ Telephone 02-015 2284 Telex 41276 Gardners XCH

wWw—027 FOR FURTHER DETALLS WW-—029 FOR FURTHER DETAILS
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Maxi-Super HT 1810 and |
;:;JLODEIEW Maxi-Mini HT 1800 !
Solder Sippers |

Designed for use when working
or re-working P.C. Boards. Per-
mits removal of molten solder
from Multi-leg camponents, en-
abling easy extraction, The sol-
der is ‘sipped” through the noz-
zle, and automatically ejected
when the instrument is next used,
A Swiss precision instrument
manufactured to a high degree
of accuracy.
The anti-corrosive outside casing
has a knurled finish for mare
positive grip, and encases plated
internal parts.
The Maxi-Super has been design-
ed with a 3.5 kg. spring acticn
recoilless plunger, whilst the
Maxi-Mini with its conveniently
shaped operating button, has a
2.5 kg. spring action plunger,
protected by a channel guard,
Both models have been designed
with an easy-to-replace ‘dupont”
teflon screw-in nozzle,

S n I I O .
PLEASE SUPPLY

SIPPERS
MAKE DE-

Longs Ltd.
Hanworth Lane
Trading Estate
Chertsey Surrey
KT16 9LZ.

PLEASE FORWARD PLEASE SUPPLY
without obligation Maxi-Super HT Maxi-Mini HT
I-further details. 1810 a1 £6.60 1800 at £4.95 l
I [enclose chequevaloe £ I
L NAMR . e ——oem_ POSITION
I COMPAKY l
l ADDRESS l
_SIGNED

Reg. England 68496
Q-Q- ] J

Prices include VAT
N N B B N N N N |

WW-—030 FOR FURTHER DETAILS !

LAUTION i YOLTS ! 18vde
LAMP CURRENT: 75 ma
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Jermyn now offer a stereo decoder module that simply and
easily converts your existing meno tuner for stereo reception.
Multiplex output equipped tuners simply have the module plug-
gedin, older types need the de-emphasmcapacltor disconnected.

The unit will do |ust|ce to the most expensive equipment.
Channel separation: pically 40dB

Distortion: T{/pically 0.3% at 560mV RMS
Composite input signal
Automatic with lighted indicator

o 00

Stereo switching:
Power supply: 10-16 volts.
Assembled and fully tested with a no-strings 12 month
guarantee the module costs an astonishing £6.90. Excluding VAT.
(Alsc available as a Kit at £4.90.) Beat that!

o Jermyn Industries Please rush me | I Kit{s}. .| made up Stereo decoders.
150 Vestry Estate I enclose cheque/postal order for €

‘Sevenpaks Kant Name
Address

S A\ (T[]
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:' HIGH POWER IDC COUPLED AMPLIFIER

* 4 %

*

UP TO 500 WATTS RMS FROM ONE CHANNEL
DC-COUPLED THROUGHOUT
OPERATES INTO LOADS AS LOW AS 1 OHM

FULLY PROTECTED AGAINST SHORT CCT,
MISMATCH, ETC.

3 YEAR WARRANTY ON PARTS AND LABOUR

The DC300A Power Amplifier is the successor to the world famous DC300 which is so widely used in
Industrial, and Research applications in this country. It is DC-coupled throughout so providing a power
bandwidth from DC to over 20,000Hz. The abllity of the DC300A to operate without fuss into totally
reactive loads while delivering its full power, and maintaining its faithful reproduction of Pulse or complex
waveforms has established the DC300A as the world's leading power amplifier. Each of the two channels
will operate into loads as low as 1 ohm, and the amplifier can be rapidly connected as a single ended
amplifier providing over 650 watts RMS into a 4 ohms load, and still providing a bandwidth down to |
DC. Below is a brief specification of the DC300A, but if you require a data sheet, or 2 demonstration
of this fine equipment please let us know.

8 volts per microsecond

1 ohm to infinity

1.75 V for 150 watls into 82 i
10K ohms 10 100K ochms

DC-20kHz @ 150 watts 4+ 1db, — Odir
500 watts rms into 2.5 ohms

+0. —15 DC to 20kHz, ! watt 82
Balow 0.05% DC to 20kHz

Slewing Rate
Load impedance
Input sensitty
Input Impedance

Power Bandwidth

Power at clip point {1 chan}
Phase Response

Harmonic Distortion

Intarmod. Distortion Below 0.05% 0.01 watt 10 150 watts Protaction Short, mismateh & open cct. protection
Damping Factor Greater than 200 DC to 1kHz a: 82 Power supply 120-256V. 50-400H:2
Hum & Noise {20-20kHz) At least 110db below 150 watts Dimensions 19" Rackmount, 7" High. 93" Deap

D180 — 150 watts per channel

Othar models in the range: D80 -— 60 watts per channef

=

MACINNES HOUSE, CARLTON PARK INDUSTRIAL ESTATE,
SAXMUNDHAM. SUFFOLK IP17 ZNL
TEL: (0728) 2262 2615

MACINNES LABORATORIES LTD

WW-—032 FOR FURTHER DETAILS
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Linstead
Laboratory
nstruments

WIDE RANGE MILLIVOLTMETER
High impedance millivalimoter with 20 scales
! 1otal measurament ringe B0 micro-amp a.8. to
400 volts d.c. 10-megohm input with overioad
protection and frequoney range of 500 kHz il

£38.80

CrITPLT 3

.ﬁ_ﬁr HATCHE TYE® GB

WIDE BAND SIGNAL QENERATOR
Sina-square wovo wida band high pawer sighal genarastor.
10 Hzr-1 MHz. 0-8 volts r.ms. 2 watls into 5 ohms in-

corporating short GrCult protscnon,
£32.80

NUFFIELD SPECIFICATION 131

y oy

the best for less

BRITISH MADE BY LINSTEAD
Linstead Electronics, Roslyn Works, Roslyn Road,
London N15 5JB. Telephone: 01-802 5144
Iraland, Lannox Laboratory Supplies Lrd.. 3/4 South Lainster Straat,
PO Box 2124, Dublin 2.

Denmark, Scarfysik, 13-18 Hjotringgade, DK 2900, Cepenhagen.
Swadan, EM| Svenskha A/B, Tritonvagsn 17, Fack, 171 19 Sotna 1.
Norway. EMI Norsk A/S. Fostboks 42 Koravoll, Oslo B,
Malaysin. Laboratory Equipment Sdn. Bhd.. P.O. Boa 80, Batu Pahat.
Benelux, A.S.E. Ltd,, Nationalastrast 38, B-2000 Antwarp.

WW—033 FOR FURTHER DETAILS
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The model EF 5603U high performance
FM Varicap Tuner, incorporates back-to- {
back dioves with a five gang triple interstage coupling.
FEATURES: % High selectivity # Low oscillator harmortic content

# All rejectiona above 90 4B * Receiving frequoncy B7 MH: and 109 MH:
* Low price plus good delivery tima

TOKO U.K.Ltd
Shirley Lodge, 470 London Road, Slough, Bucks.
Tet(75) 48444 Telex: 847185
WW—034 FOR FURTHER DETAILS

C 1Tand’z VideoTape

. from

DixonsTechnical.
Atvery

S

|
non-technical prices. ;

Our 1" Tape range.

Aecommended Price Dixons Price
{Exe. VAT)

SCOTCH §~ 24004t £10.40 £B.50
SCOTCH §~ 3000 R £16.82 £13.50
BASF 4~ 2400 h £10.76 £8.50
SHIBADEN §* 2400 ft £10.80 ‘£9.10
DIXTEC CCTV 3~ 2400 ft £5.50

Now T'tape atless than half price! |

Average recommanded Dixons price ¥
prica (Exc. VAT)

1075 ton 8" x 3" [

NAB Metal Spool £15.00 f7.00 1
1500 ftonB X1 L - [
NAS Metal Spool £19.50 £7.50
21501ton8" x 1" !
NAB Metal Spaol £20.75 £9.50 I
3000193 x1"

NAB Metol Spocl £26.50 £9.50

All Dixtoc Video Topos are of tha highest quallity, we supply 17 in

air-tight containers, also 1~ on matal spools. Current stocks are high,
but so is demand. We racommand you place your ordar quickly. -
- ) S ——

1 T
Ploaso send ma reois of Taps,
Siza Lenglh Dixons Prico |
TOTAL PRICE:
| ancloso a cheque mado payabla 10 Dixons Technical Limited.  WW/VT/4
R Dixons |
: ADDRESS Yechnical Lid
K fapstelyhyty 4
5y y
o, — . e
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STORAGE OSCILLOSCOPE
| TYPE CB-1*

¢ Screen area
60 X BOmm
Max writing speed
200km/sec
Pass band DC 10 1MHz
Sensltivity
10mV 10 50V/cm
Image holding time:
. In normal operation

30 min
Instrument switched off
1 week
PRICE £240

‘ TYPE C1-54+

shot  operation, “'Z"
« modulation  and  illu- ‘r l
minated  non-parallax "; =
graticufe. | -! =
|
| price  £140 -¥.-;““
' ") @
| = I’Tp":-.
0. ®

WIDE-BAND OSCILLOSCOPE

P

Screen area
90 X 40mm
Pass band
DC to 20MHz
Sensitivity
10 tc 100mV/em
Features Include: In-
temal amplitude cali-
brator. Crystal con-
trolled fraquency
Calibrator, Beam loca-
tor. Push-button single |

-

&
- ppre—

Telephone 01-727 5641

PLEASE WRITE FOR FULL CATALOGUE OF TEST EQUIPMENT
*Made in USSR
OBTAINABLE FROM STOCK FROM

Z & | AERO SERVICESLTD

44A WESTBOURNE GROVE, LONDON w2

Telex 261306

WW-—036 FOR FURTHER DETAILS

Endless Loop Cartridge Units
~Designed, Developed, Manufactured.
Asusedin industrial monitoring alarm and public address

systems ete., - by manual or remaote control. All enquiries
welcomed.

F‘!;li'Ci-l TAPE MECHANISMS

7a Balham Grove, London, SW12. 01-873 1382.
WW—037 FOR FURTHER DETAILS

8 THINKING OF BUYING

REPAIR AND
RECALIBRATION
SERVICE AVAILABLE
ON AVO MULTIMETERS
| FARNELL INSTAUMENTS LIMITED, SAWDBECK WAY. WETHERBY, YORKSHIRE
1522 4DH TEL: D937 3541 TELEX 557234 LONDON OFFICE TEL: [4-802 5358

| 1WW—038 FOR FURTHER DETAILS

CONFRACTORS TO H.M. GOVT. P.O. APPROVED

YJREPAIRS

7-14 DAYS SERVICE

OF ELECTRICAL

MEASURING
INSTRUMENTS

Industrial and Precision Grade

TO SOLVE YOUR INSTRUMENT PROBLEMS
CONTACT

LEDON INSTRUMENTS LTD.

il DLl 76-78 DEPTFORD HIGH STREET,

LONOON. SEB. TEL: 01-692 2689

i
STOCKISTS

ALSD SUPPUERS OF GEC
RISSO AND OTHER,
MULTI RAKGE TES1 5675

v GLADSTONE WORHS, GLADSTONE ROAD,
v FOLKESTONE. KENT. TEL: {STD) 0302 57555

WW—039 FOR FURTHER DETAILS
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NCW,
active filter
takes over

from passive
networks

WHITELE

ACTIVE
FILTER

These actlve filters are designed to take over the functions
of passive filter networks in audio telecommunications
systems. They offer several advantages, in space—saving,
economy and reliability.
As a size comparison, one active filter will take up the same
space as two Post Office Type 3000 relays. By using the same
fixing and terminal holes as the relays, it offers an extra
convenience when baseboards are being prepared. By
replacing inductive components with solid state devices,
filter characteristics have-been obtained at less cost, without
insertion loss, and with increased flexibility and economy.
These new active filters have B.P.O. approval, and have wide
applications, in the audio area and in signalling and control
systems.
L] L] y
STAND No, 101 ZL 1 l'y
|.E.A. EXHIBITION versa l l S

SEE US ON
ELECTRONIC & ELECTRICAL DESIGN

PRODUCTION CAPABILITY
 CABINET MAKING

SHEET METAL FORMING/FINISHING

 PLASTICS MOULDING

ENCAPSULATION
WHITELEY ELECTRICAL RADIO CO.LTD.
Mansfield, Notts, England. Tel. Mansfield 24762
London Office: 109 Kingsway, W.C.2. Tel, 01-405 3074
WW—040 FOR FURTHER DETAILS

Wireless World, April 1974

low cost memory card
IS easy to interface....

RSS 3000 .CARD

Rondom Access
256 Wouds

12 Bits or fens

I Miciosec cyele
TTL Compairible
Expondable

Eayy interfacing
LOw COS5T
267,50 ona of
plus VAT

AL

j =
=
=
=
o=
=
-
=
o=

=
£

Litmrosa's low cout Random Access PAemory Cpyd Type RSS 3000 wies ‘stotic’ memary
chips ond i1 vary ecsy to interfage with any duipment. Al fnputs and outputs ore

TTL coenpatible ond ne clock or timing coniiderotions ace necessory when reading o
wriling inro the momory .

The R55 3000 features o complete memory system oa o vingle peinted cii cuit bowd
and meeures &1 Insh x 7 Inch with o 43-woy cdge connecter terminotion, Al
availoble iv a Memony Address Regltar [or expantion up to 4096 wards, ond &
power wupply eord witohls for chiving vp to fows RSS 3000 cavda ot o time.

Fully decoded oddress lines, Tris:tote sutpul, simple asynchronous contied lines ond
low cagr mokcs this systom ideal for e 03 o buffer stero In wmalt computans ete.

Iimrose electronics Itd.

E~10 KINGSWAY, ALIRINCHAM, CHESHIRE, VAl+ IP]

Tet. D&l 92B 8043

WW—0MI FOR FURTHER DETAILS

BIGBOOST
FORTHE GARDNERS

RANGE

o0Hz 300VA Square Wave Inverters

gy
TS
Wy |

I'it's produced by Gardners it must

be something special, and d is!

Now avaitable, modeis 107A and B are
precisicn bult inveriers groviding

240 valts ag. from 12 and 24 volt
battery aystems.

Both modets oHer unusually high
oulpul ratings enablng the user 10
operate many canventional ipads such
as Ighling and small power tools in
siuations wherg main power supglies
arg not avadable

Gardners inverters are designed to

dnve any mans oparated equipment
which is not unduly sensitive (o the
diflerence between sine and square
wavelorms Incandescent lamps, TV sels,
elactric dnlls are typical of a

wige lield of possible applications

Both the 107A and B models are rated
at A00VA (300W UPF) and will
accommodate reasonable short term
overicads. Price E87 plus VAT,

8Brochure GT 28 gladly sent on request.

Specialists in Electronic Transformers and Power Supplies

GARDNERS

TRANSFORMERS LIMITED

Gardners Translormers Limited Christchurch Hampshire BH23 3PN
Tetaphone 02-015 2284 TELEX 41276 GARDNERS XCH.
\WWW—042 FOR FURTHER DETAILS



Wireless World, April 1974

A NEW STANDARD FOR SOUND REPRODUCTION |

HD250 High Definition Stereo Control Amplifier

- Desig.r?ed for disc and
tuner input and two
y S tape machines, with
H complete recording and
: ¥ « reproducing facilities. .
TR L _ i

The HD250 amplifier establishes a new standard in amplifiers for sound reproduction in the home. Improvements
have been made in respect of performance, engineering design and quality of construction. We believe that no other
amplifier in the world can match the specification of the HD250 at any price. Look at extracts from the specification

1
iss
(L

!

y o —

below.
Power:output Hum and noise output
Rated: 50 watls aversge continuous power per channel. into any Dise: —83dBy. Measured flat with noise bandwidth of 23kHz.
mpedance frem 4 ta 8 ohms, both channels driven. —B88dBv. Measured with “A™ welghted characteristic.
Maximum: 90 watts average power per channel into 5 ohms load. Lirig: —85dBv. Measured flar
Distortion —B8dBv. "A” weighted.
Pre-amplifier; Zero. {Cannat bc identified or measured as it is below
POt aeiie® inherent circuit noise.) B5izet 177 % 437 % 11% deep verall.
at rated output: Less than 0.02% (typically 0.01 % at 1 kHz.)
at 25w output: Typically 0.006%. Waight: 21 b,

Wirite or phone for leaflet A25.2 74 which describes the design philosophy
and conception of the HD250, together with a complete specification.

RADFORD AUDIO LIMITED, BRISTOL BS3 2HZ. Tel. 0272 662301

WW—043 FOR FURTHER DETAILS

from STARWET

The STARWET spectrumanaly-
ser module ST 858 is the [atest
itemtostem fromthe STARWET
design team. The result of
several years work it incorpor-
ates new concepts based on a
different approach to spectrum
analysing. The outcome being
an ultra reliable instrumentwith
an excellent specification (by
any standards) at a price hither-
to thought impossible forequip-
ment of this calibre and type.

SPECIFICATION : Frequency range 10 MHz to 850 MHz in two calibrated ranges Sensitivity Better than 50 mv for 0-5V per cm Resolution Better b
than 25 KHz. Dispersion From less than 1 MHz to 400 MHzvariabla Input Via §0ohm BNC connactor on front panel Output 1 Coax cable for connection
10 Y input on scope Output 2 Coax cable for connection to $yne. Input on scope Power requirernents 240 volts AC 50Hz 10watts. (Other voitages and
frequencies available as required} Siza Width 11in {28em.) Height 437 5in. {1 1-2cm.) Depth B-5in. (21-6cm .} Nett weight 7-51bs (3.4 Kg) Gross weight
10lbs (4-5Kg.)

For further details contact the sole distributors of STARWET equipment:

CHILTMEAD | 1D |

7-9 ARTHUR ROAD, READING, BERKS (rear Tech College) Tel. Reading 582605
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The new Rank
WOW & FLUTTER
Meler
Type 1742

E RAHK KALEE

' -

_—/—:‘T

1
_,,....m....-\-.

eo® ‘v

2=y wy e b

.\,m«'l‘ l ” ..

9”;’? 2

Fully transistorised
for high reliability

Versatile
Meets in every respect all current specifications
for measurement of Wow, Flutier and Drift
on Optical and Magnetic sound recording/reproduction
equipment using film, tape or disc

High accuracy
with crystal controlled oscillator

Simple to use
accepts wide range of input signals with
no manual tuning or adjustment

Two models avallable:
Type 1742 A’ BS 4847: 1972 DIN 45507
CCIR 409-2 Specifications
Type 1742 ‘B” BS 1988: 1953 Rank Kalee
Specifications

For further information please address your enquiry o
Mrs B. Nodwell
RanK Film Equipment, PO Box 70
Greal West Road, Brentford
Middlesex TW8 9HR
Tel' 01-568 9222- Telex 24408- Cables Rankaudio Brentford

& RANK FILM EQUIPMENT

WW—044 FOR FURTHER DETAILS
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ELECTRONIC
INDUSTRIAL THERMDMETER

KE #1 KLRE THIC WORKK 11T

THE MCDERN WYO EASURETEMPERATURE

A Thermometer designed to operate as an Electronic Test Meter. Will
measure temperature of Air. Metals. Liquids. Machinery, etc.. etc.

Just plug-in the Probe. and read the temperature on the large open 1]

scale meter. Supplied in zippered vinyl case with transparent front
and carrying loop. Probe. and intarnal 1} volt standard size battery.

Maodel “Mini-On 1" measures from — 40°C to 4+ 70°C, price £17.60
Model *Mini-On Hi"' measures from + 100°C to + SO0°C, price
£20.00{VAT. EXTRA}
Write for turther detalls to
HARRIS ELECTRONICS (LONDON),
138 GRAY'S INN RCAD, LONDON. WC1X BAX
{‘Phone 01-837 7937}

B

WW—045 FOR FURTHER DETAILS

HEPWORTH ELECTRONICS

A DIVISION OF B. HEPWORTH & CO. LTD.

Bank Buildings, Kidderminster.

PRESENT
ELECTRONIC | Ac-DC
DEVELOPMENT | PRECISION
CORPORATION | CALIBRATORS
PRECISION B cr;LTa:;on B %

EX XX X'

-3; o 5 5 m:\;_

m——

e

e —

DC milli Volt Calibrator MV105

THIS IS ONLY ONE UNIT FROM THE E.D.C. RANGE
OF MANUAL OR PROGRAMMABLE VOLTAGE
STANDARDS.

Tel: 0562 2212 or 3 for Data and Price

WW-—46 FOR FURTHER DETAILS
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Eddystone Radio

a27

Economy! Simplicity! Reliability!
1830 Series Ccw, M.C.W, A.M, S.SB Crystal controlled

Transistorized HF/MF
general purpose receiver

120 kHz — 30 MHz in 9 ranges

Rack mounting as standard

Cabinet optional extra
AC or battery operation

British MPT approved as
ships reserve receivet

i‘ Illustrated brochure from:

Eddystone Radio Limited
I' Alvechurch Road, Birmingham B31 3PP. Tel: 021-475 2231. Telex 337081.

I; A mamber of Marconi Communication Systems Ltd LTC/ECI05

WW—047 FOR FURTHER DETAILS

BIAS ELECTRONICS| encineens

YOURSELF FOR A

BETTER JOB -~ MORE PAY!

Do you want promotlon. a better job.  The B.LE.T. gulde to success should be

highsr pay? "New Opportunities” shows  read by avery amblitious engineer.

vou how to get them through a lew-cost Send for this helpful 76 page FREE book

B.1.E.T.home stud y course. There are nd now. No obilgation and nobody wili call
i)ook,s to buy and you CAR pay-88-yOu- an Ylali'l:‘ it could be the best thing you
BArT. ever did.

EENECUT OUT THIS COUPON I I NI S
CHOOSE A BRAND NEW FUTURE HERE!

Tick or 1iale 3ubject of interes!. Post to the address below.

C. & G. L.I. Radio
BIET—Technatron Electricat (w] TV Servicing Cert. O
Practical Radio & Post Master General
l Electronics (Technatron) O 1st & 2nd class Certs, I
| I Electranic Enginaering 0O C. & G. Blectricat
b | Telavision Maintenance & Servicing O Enginearing Practise [
¥ | Genaral Radio & TV Engineering O C. & G. L. Installations
- Radio Servicing. Maintenance _andWiring g3
PROFESSIONAL RECORDERS [ iR 0 ol ontirs. ©
City & Guilds Radio, Society of Engineers
for broadcasting and studio use. TV Electronics Mechanics n {Electrical Eng.} O
i . Radio Amateurs Elactrical Insaliations and Witing 0 I
Our range includes console, transpartable and rack I Pmcnule g C &G Eun:xc}czé:1 g
H i Colour Television achmcians (Prima,
mounting machines. Computer Elactronics O C. & G. Telecommunications e E I
Mor:lo-stereo A Uac g i}track 5 slow speed radio I ToB.L.E.T. Bwwo2 Aldermaston Court, Reading RG7.4PF a 0% I
station loggers all to IBA requirements.
I NAME {Bioeh Caplials Please)
BIAS ELECTRONICS LTD. 01-847 3121 ADDRESS I
Unit 8, Coombe Trading Estate, 112-120 Coombe I Other subjecta | Age '
Accraditad by CAC.C Mcmber of A8 C.C.

Lane, London SW20 0BA

e B BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY

WW—048 FOR FURTHER DETAILS
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More than 350
different types
to choose
from

Vitality's
__the name for
miniature and
sub-miniature
lamps.

If you can’t find the lamp you need
from the 350 different types of Vitality
sub-miniature and miniature lamps just
pick up the phone and ask for the Vitality
applications service.

Miniature and sub-miniature lamps
are Vitality's speciality and the range
available is one of the most comprehensive
in Europe.

Write for the Vitality catalogue
for full details on the range and appli-
cation notes, or phone us if you have a
special requirement for conventional or
unusual environments, wherever a light
source is needed for illumination, reference,
indication or warning.

Vitality Ltd

BEETONS WAY, BURY ST EDMUNDS, SUFFOLK.
TELEPHONE: 0284 62411.TELEX: 81295,
Authorised Distributors

Townsend Coates Ltd., Coleman Road, Leicester LED 4LF.
Telephone: 0533 768561.Telex: 34321.

Farnell Electronic Components | td., Canal Road,
Leeds!S12 2TU.Telephone: Leeds 636311 Telex: 5514 7.

WW-— (49 FOR FURTHER DETAILS
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mombrex

MODEL 40 ¢
WIDE RANGE AUDIO GENERATOR

* 4 RANGES. 10Hz--100 KHz. I\
* SINE AND SQUARE WAVE OQUTPUT.
* DUAL CALIBRATED ATTENUATOR.
* STABILIZED OUTPUT LEVEL 1 V.

Trdde and Export enquiries welcome
Send for fulf technical leaflets
Post and Packing 35p per unit
NOMBREX (1969) LTD., EXMOUTH, DEVON. ‘
Tel: 03-952 3515

r——
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ROGERS

AUDIO TEST
EQUIPMENT

A comprahgnsiva, versotila sange of
1est aquipment primarily dasi?ned for
the measurement of high quality audio
aqulpment, but with additional
apphcations in tha glectronlcs industry
in general. The equipment is of
particular interest te tha prolessional
audio engineer, recording studios,
broad casiing authoritles and
sducationsl establishmanis,

DM344A Distortion Factor Meter. Designed to meks accursta and rapld measurs-
ments of total harmonic distortion genegrated within high quality sudio amplifiers,
recording and transmission equipment. -Selling Price: Chassis — £132.50.c/w.
Case — £140.00 4+ VAT.

5324 Low Distortion Oscillator. Generates a pure sine wava and has been designed
88 a general purpose low distortion signal sousce. The primary application, used in
conjunetion with the DM344A. is the messuremant of total harmonle distortion.
Salling Price: Chassis — £66.50.¢/w. Case — £62.50 + VAT.

AM324 AF Millivoltmeter, Designed for voltage measusements in the audio and low
RF ranges and. principally for measuring low Ievel signals in high impedance circuits.
Selling Price: Chassis -— £64.00.c/w. Cass — £70.00 + VAT.

Rl Modsol "A" Noise Generator. A poriabia

.: -’;‘,“‘. battery operaied unit designed for carrying

=l o s out listening lests on loudspeakers. *Pink'

A &= . or ‘White" nofse can he selacted andoutput
it I can be continuous ar burst. Qutput is con-

uhuously variable. Selllng Prico: £32.50
+ VAT.

Fudl Cotpur {iterature describing the completr range may be had on reguest

ROGERS DEVELOPMENTS (Electronics) LIMITED
4/14 Barmeston Road, London SE& 3BN. England
Telephone: 01-698 7424/4340

\WW—051 FOR FURTHER DETAILS
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Whether your needs
run to one hundred
%h slabilty

XO's or one
thousand monoiithic
ctystal hiters, or you
IUs! want len
tHousand crystals in
& hurry ai the right
pnce. Hy-Q
Electronics are as
close as your telex

We've built a
repulation lor being
up front When
quality, price and
delivery are being
considered, you
don’t have 19 accept
eighl week delays
when you've
thousands of dolars
worth of equipment
just wailing tor

of lelephone cryslals.
Call Hy-Q for

laster delvery!

You name it.
We've got it!

and lots
and lots of
others,too.

P.O. Box 256
Frankston
Victona, 3199
Australia
Phone 7839611
Telex 31630
Cables HYQUE
Melhourne

P.O. Box 29,

Pasir Panjang
Singapore, 5

Phone 636477
Cables HYOUESING
Tetex AS21427

Hy-Q

Elecironics
WW—052 FOR FURTHER DETAILS

DAVENPORT

F

ﬂ
J

LINE SOURCE
PUBLIC ADDRESS

“ew FULLRANGE

LAYOUT OF SPEAKERS
SPEAKER UNITS
e LAYOUT OF

SPEAKER UNITS

0 |
0 E

0
i
0
0

Twalve 8" x 5" alliptical
and one 12°° twin cona

|

Ay renl.
-

Eight 8'* x 5" elliptical

and one 10" twin cona
CABINET HEIGHT 48" °

CABINET HEIGHT 66"

A BHDCHUH.E GIVING FULL SPECIFICATIDN, INCLUDING SPECIFIC
SOUND PRESSURE LEVELS. FREQUENCY RESPONSE GRAPHS AND
POLAR DIAGRAMS, AVAILABLE FROM THE MANUFACTURERS.

S. B. DAVENPORT LTD.

ELLES RD., FARNBOROUGH, HAMPSHIRE, ENGLAND

TELEPHONE FARNBOROUGH {HANTS) 614551

a29

U.V. Recorder,
Storage Scope,
Scope & Camera?

The alternative!

|

0000 0 C0C0, 0000, DOOC 000, oop, 00000 © ace,
8°°° 3 8°°% 3 99 £ e 879080 e e
o 90 of o002 o o © S o ©o
0000 Q 000U, 000G pooo [+ a Dood o a0
Q o 0 o [<I-] 0 o0 o Q0

90 .92 923 o O ¢ e @ o, 0O

0 0000 © dooo ool o Q o ©oo

RECORDING OSCILLOSCOPES

Medelec Fibre Optic Recording Oscillgscopes
are highly versatile top quality general
purpose units specially designed for industry
and research. They are based on the wide
experience gained by Medelec in the exacting
field of medical instrumentation.

v High quality, low cost recording

vr Wideband brilliance modulation

v Five Recording Modes include Raster
¥z Simultaneous recording and viewing

¢ Single frame or continuous records
from a built-in caniera

For fuil technical details or a personal
demonstration of the FOR-4 or any Medelec
unit please contact us.

medelec |

Medelec Limited Woking Surrey

1831

!

kTtal: Woking (048 62) 70331 Telegrams: Medelec Woking J

.

WW—053 FOR FURTHER DETAILS
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. The
- GreatSound
| of Vitavox

Nothing succeeds like success.
You met the new Vitavox power range last year. Its
success was instantaneous, and has been growing

Good — but not good enough for us. We have
been, and are, continuously improving ‘our units.
We want to give you'the best value and perform-
| ance — so now we offer you, improved on 1973,
the latest . . .

@ S3 Pressure Unit
® AK 156 Loudspeaker
®H.F.Hoarn {
@® Dividing Netwaork
The matchless range
~-now better than ever...

Giving You...

<
=,
=1
A
Sensitivity i ;
p i |
Power - = |

Efficiency

Craftsmanship

VITAVOX

Limited

Westmoreland Road,
London NW9 SRJ
Telephone : 01-204 4234

Piease send me further information on your product range

I

! |
} Name - e = P L Mo e :
I Company ST - L :
I A oS s = || |
| A e Oy ]
= e o e o S = 1 d

WW—035 FOR FURTHER DETAILS

ever since. ’
]
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il

[ AUDIO
LEVELS -----

PPMs

o all BBC 4 %44
Specifications B&F ?‘f

CHILTERN WORKS
HICH WYCOMEBE

BUCKS

"y
_____‘“!M_ Y ——
| ELECTRICAL INSTRUMENTS I_._TD

KIGH WYCOMBE 309174
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A unique drafting aid for the
electronics engineer enabling
him to prepare in minutes a
perfect PCB,

A fine-tipped marker charged
with a free-flowing etch-resist
ink. Simply draw tha
desired circuit onto copper
laminated board—etch—
clean.

The circuit is ready to use.

NO MESS — NO MASKING
A perfect circuit every time !

£71-10 for one-off, £4.40 for six, £8-80 for twelva. VAT
-and post included. Available now in every country in
Europe.

Name = -

Address .. . P —

Post to: DECON LABORATORIES LTD.
FREEPOST

PORTSLADE,BRIGHTON,ENGLAND
(No Stamp Needed) Phone 0273 414371

) s S —— ] v——

WW-—057 FOR FURTHER DETAILS
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1 Audio
frequencies
to order;

400 to 10,000 ¢/s...tell us what you need, and our little plug-
in fixed frequency oscillator will supply it, dependably! It's
solid state, hased on a single silicon transistor and available
encapsulated in epoxy resin, withall the Whiteley experience
of the technique, or in a cased form as illustrated—both
giving a long working life. Qutput is 10 mW into a 600 ohms
load. Standing on its octal base, it is very proud of its
P.O. approval. There's no doubt, when you need a single
audio frequency sine wave output for any purpose. .. this
is a very useful liftle chap to have around. Ask us for details.

Whitele

versatility...

STANOD No. 101
ELECTRONIC & ELECTRICAL DESIGN

[.LE.A. EXHIBITION

PRODUCTION CAPABILITY
CABINET MAKING

SHEET METAL FORMING/! FINISHING:

PLASTICS MOULDING
: = ENCAPSULATION
Further information from:

WHITELEY ELECTRICAL RADIO CO. LTD.,
Victaria Street, Mansfield, Notts,, England.

Telephone: Mansfield 24762,
London Office: 109 Kingsway, W.C.2. Telephone: 01-405 3074

\WW—058 FOR FURTHER DETAILS
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1924-1974

Over 50years..

Nothing succeeds
ke success.

in 1924, we empioyed six people.
Then, wireless was a novelty. We were
selling condensers as piece parts tohome
radio builders. We've diversified alot

and have become an international name,

synonymous with quality components
for the communications industry.
Traditionally, we've been involved in
Variable Capacitors. Our latest is the
Trimline Capacitor, an advanced and

extremely

Several new products will come on to

miniaturised component.

the market this year. One new area is in
Angle and Linear Displacement Transducers.

We're not standing still in other areas

either — we've expanded our range of
Tetfer Trimmers. And increased its

versatility.

A third of our business is export. All in

all, the last 50 years have been good.
And we've no reason to expect the next
50 won't be better.

That's success for you.

Hi

&

Wrlte for further information to.—

JACKSON BROTHERS
(LONDON) LIMITED

Kingsway, Waddon, Croydon CR9 4DG.

Tel: 01-681 2754/7 Telex: 946849

U.S. Office: M. Swedgal, 258 Broadway,

New York, N.Y. 10007.

s

==
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i | 1.) Celestion's new super
i tweeter. 2,) New design
“pressure’ mid-range unit.
3.} Ultra Lincar 12~ Bass
i drive unit. 4.) ABR.
| ensures controllzg bass
down to 16Hz,
§.) Pretision crossover for
_perfett system integration.

e

A new Loudspeaker oi advanced design suitable for studio
use and for home instailations of the highest quality.

UNITS: HF 2000 {dome ‘pressure’ type) MF 500 (Mid-range
Dome 'pressure’ type) Ultra linear 12 bass driver and 127
ABR. The crossover has resulted from considerable re-
search and crossover points are at 500 Hz and 500C Hz 80
Watts Maximum, 4-B ohm, This monitor loudspeaker system
has an exceptionally wide and flat frequency response.
Very low order harmonic and inter-modulation distortion.
Precise response to transients. Beautifully maintained polar
response ensures absence of unwanted directional effects
and provides a highly satisfactory stereo image throughout
the listening area. Matched pairs. e 1

SIZE40 X [5 x {1} Natural Teak or Walndt Cabinet

Celestion

Loudspeakers for the Perfectionist

ROLA CELESTION LTD.

OITTON WORKS, FOXHALL ROAD. (PSWICH. SUFFOLK 1P3 %

WW—060 FOR FURTHER DETAILS
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NEW VAT INCLUSIVE PRICES

Aavbio 1.cs

Autho IC. Leaflar No. 12 (Circit dete etc)
FREE with 1.Cs 10p separately.

3 Watt NEW pin for pin
roplacament for SL4030

TBAROOD
5 Watt into 358

MC1303L £1.09

Dual Pre-amp

MC1338P £1.29

{ow noise Dual Pre-amp Singla

MFCA000 A orB 4%p

250mW

TAA30D {1.7%

1 Warttinte An. B rail %
LW 380 {140

2Wart ~
SL41d- £1.76 Z

QHAUGUL £345

15 Wart

NEG40L
35 Wart driver
T0499 Can

MC1310

Inductariess. phase-lotked foop

multiples siereo decoder. supplied with
FREE lusfiat No 11 {available s=paralaly 10p)
MC1312 £6.49
The L.C, CBS 50 Quadtsphonic decader
Availabla, only with alf companents ine,
vorpboard & dateited laaflet. Prica is all
incluarve.

“awe SL&14& above. Also availahle. heatsink
o1 SL414 01 5L415 165 Suiteble starme
P/C Bosrd 69p. SL416 (5 Watt Amp}
ZN414 with free laaftet ne 10

£3,05

£2.29

G UWASUE electronics

DIGITAL CLOCK

mL\'IS

MM5314

120r 24 hout. 4 or6 cigh
50 or 60Hz  operation
teading zeto supression
single  vdltage supply
similir 1o DIGITRONIC 1n
PW. March 1973,

Upm luh Output
& 847 Output tpad
With 15 mm 1. Tramyptar &
plrg phas FREE Zerer Suabitisnr
ot gy & Careast
wockyt aaglar & Mams Laad
matal case

b Polarity By ‘Pm! Duiput
Frvaril
Switch .
b I 0
‘-Vﬂ‘{Il d Rgbber . Owait <L
Seletzor Foct Swich

7¢ Series TTL Linears
INTERNATIONALLY 8gin DIP
KNGWN  BRANDS pin D TO9% 14pin DI
Ist, GRADE DEVICES AT NEW
ROCK BOTTOM PRICES
SN7400 20p  5N7473 4tp |
SN740T 20p  SN7474 aip
SN7402 20p  S5N7475 83p !
5N7404 Wp  SN7476 a4p 08 g 40, 50
SN7408 2%p  SN7430 &2p Ho 40y i
SN7410 20p  SN7492 82p mnt < 45 pond
5N7433 3p  SN7493 82p e - 95, b
SN7420 200 SN74100  £237 M 2 Abp et
5N7430° 200 SN72121 asp 47 = - 2
3N7441 81p  SN74141  f£110 748 42p 45 %
SN7442 8tp  SN7a192  £218 CA3045 S5 MESVUO0SI  f165
SN7447 £1.45 CA3075 [185  MVAIZVILOJE|  C1.EG
- 43082 L1685 MVAISVUDIT) 186
Cheapest OptO yet WMI0IK £1.9  NESSE S8
5 LM201H £1.15  "NESBOB e
Gl‘.l" LED's LM301 006 NEselE £8.62
LMIOH B%  NESOZB 487
: LM30BK 145 NESES £280
LED 2. 0125, 2§ LM303K L2889  NESED £2.75
LED3. 0478" 17 LM3302 TIh  NESGT .80
ME1330 My SGI0N £3.08
= ME1350 st £2.69
A | B 0.0 TarzEl w5,
b ME1352 L0 TAA29) 9%
MC1357 s TAAdD tn
Sl Vat Inclusive Prices MC1358 [0 Talz0 "y
MC14566 L1758 TAA150 164
MC1 45RCP1 f242  TAAITD %15
PRICE BARRIER SLASHED) ‘=i, 5% wes  'n
L 143EN £1.48 TAAS0 _N.ﬁ
MFCE030A 0435
LITRONIX .
DL707 =
READOUTS SERIES | NEW
1 MMB3 16 — siarm clock L18.50
{” high &lso Liguld Crystaldd it display inc.
ﬁh:;::;lr‘: ﬂ"""’h sncket—' C? 14,38
TBAB10S (7 Wan) £1.70
Ref LED t Raf LE° 1A Dual G55 {2656| 1.2
Mullard LP1400 Multipiex
Deacoeder Medule £4.96
£099 + 20p VAT = £2419

INDUCTORS

LP1178 MULLARO 470ihz
Block IF. Filter
Now only £1.49

&

COPPEACLAD

Danco [Clacton) Ltd, Mawi-Q Colls g L (N
253§ g Ep
Transistor Ranga x5 Blp 2y
Series 17 10 5T inclusve JfaH" 2B5p 23
Blue: Yeliow; Red & White a5 0p il
Al 49¢p asch 124" 82p Elp
" T t1.10 lsp

Cual Purpose Renge: 1Tas =

Series 1 1o 7 inclusive
Bius: Yellow; Red & White
ANl 49p sach
10 5 Groen 53p each
Forrite Fod Asrisls Medium & Long Wave

for 300pf & 500pf tuning (state which)
88p anch

R.F.Choke Range 0.1uH to 19mH
For full detaila ask for (eafet Na. &
p & pBo.

Multard LP1iB6

-

Dig Breadbosrd 4 1571 l.ls'

Spat Fice Cutter

Pia irdertion Tood (Surm 017 or 0L15%]

Varscior diods tuned FM.
funing hean E£A1F as
desctibad in P.E. May 1973
LP1185 moeiching 1.F stnp
ta.ns

VAT INVOICES ON REQUEST

WW—061 FOR FURTHER DETAILS

20 + 20 Wartl Integrated
staren amplifiar Kit suparb
sinie-ol-the-art  design by
enginears o1 Tewas Insteu-
meonts

£31.3% + p & p 48p

SE= EA1000 A1D055 A1018 ADOSMS
3 Watt amplifier module F.M. tuner chassis, fully F.M. Tunsr, simiar 10  Multiplex Sterec Decoder
Price including handbox frensiszorised. 9 Vah AJ0055 but in oded fully Built & allared to

snd FREE HEATBINK
{Quantity Discounts}
Our Price £2.48

Ou: Price £8.20

Tarmunal Pis (PRSS50}—State Saw

3: decade pvm
A State-of-the-Art Digitai Voitmeter 1.C.

pamtive sarth pparation

wilnut case.
silver Fascia enc
Our Price £11-38

56, Fortis Green Road, London. N10 3HN

TYPE CB04 TVPE O
Spl Hp 385pt Bap
1001 Mp 365 + 385pf 9%p
15pf p TYPE 00
20pt 70 208 + V76pf
25pf Mp with screen &
50pt 78 lnri'l:'\marl 99
B B3 ilacen
7?;: 83:. 100pf 69p -
100p? 85p 300p!
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OVERSEAS CUSTOMERS DEDUCT

ONE ELEVENTH.

POWER PACK /CONVERTER

Sweiched 3. & T} o¢ 8 Vel

W At}

Our Prica £608 4 papip
unstahiined version ot shove £2.99.
Oither Elminatare {astabiksad)

6 Vohix @ 5 10 50mA 11.65
§ Voitz B vy 1o 60emh 165
§ Volts imevnture) @ wp i 50mA frd ]
84§ @ oo SmA 215
S+ 30w sins LL75
7§ Vobus for cassemmy Playsrs {Smafll L% §
e 1 Veltswam 4 t498
Fuby mabirsed car bamtery Lotwarie®  gmind switched
outpets of B; T or O L5439
p i g all models 20

Cualimlina 210 228

pin 13§p 28pin 304p 14pin 153p
Y4pin 184p 36pin 38ip 18pin 173p
16pin 17§p 40pin a4p
24pin 284p

Dept. 5.

S00pt

Price includes
data booklel
{10p separelaly}

black &  match A1005S

Que Price £6-60

UNLESS SHOWN OTHERWISE F&P ON UK
ORDERS 15101:. OVERSEAS ORDERS AT COST
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. . . between the world famous 3M Wollensak
cassefte tape transport and no compromise
electronics designed and manufactured in
Britain.

The Wollensak transport, renowned for
maintaining its high performance throughout
years of use, is matched to electronics designed
to give reel to reel quality with cassette con-
venience and economy:

* high reliability . ensured by solid state
switching:

* intrinsic low noise furtherimproved by Dolby
Noise Reduction System;

* low distortion at every stage:

* correct equalisation and bias levels for
regular and ¢hromium dioxide tapes;

* high overload margins throughout;

* separate amplifiers for microphone, low
level line and high level line inputs;

* controlled headphone output;
* twin peak programme meters.

Recommended retail price £165-00
(excluding V.AT.)

NDATH EAST AUDID LIMITED
\' u -A- I 5 CHARLDTTE SQUARE
NEWCASTLE-UPON-TYNE
' NET 4XF

Doiby is a trade mark of Dolby
Labaratories Inc.

3M and Wellensak are ads marks
of the 3M Company.

e

|HARRIS ELECTRONICS {London]

Wireless World, April 1974

I 2 - e =

METER PROBLEMS?

A very wide range of modern design
instruments |s available for 10{14
days’ delivery.

Full Informatlon from:

138 GRAYS INN ROAD, W.C.1 Phone: 01/837/7937

WW—062 FOR FURTHER DETAILS

WW-—063 FOR FURTHER DETAILS

INSIST
ON
VERSATOVVER

Acclaimed as the World's leading
telescopic uitover 1ower in the
field of rado communicaton

Models from 25" 10 120

&

{ ook for the name
STRUMVIECH

Sirumech Engineering Co Ltd
Coppice Side. Brownhills. Walsall, Stafls

WW—064 FOR FURTHER DETAILS
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THE NEW NELSON-JONES FVi TUNER

PUSH-BUTTON VARICAP DIODE TUNING
o G_H__ﬁ_fr_ﬁ!'- (6 Position) ("WW* JUNE '73)
Exclusive Designer Approved Kits

What ara the Important fasturas to look for In an FM tuner kit ? Naturally it'must heve an attractive appearance whan bullt. but It must also embody
the latest and best in clrcuit deslgn such as:—

—

MOSFET Front end for excnl]ant cross madulation performance and low PHASE LOCKED Steros decoder with Stereo mute, ses balow.
noisea. L
3 GANG Tunlag for high selactivity — fina tuning indicators.
VARICAP wning diodes in back to back configuation fo low distortion. PUSH BUTTON tuning (with AFC disable) over the whole FM band.
CERAMIC IF fikars for defined IF rasponse,
INTEGRATED crcult IF amplifiers for relibility and excellent limiting/AM IC STABILISED end §/C protected power supply.
rejection, CABINET veneared Inside and out.

The Nelson-Jones Tuner has all of these features and many more, and mere importantly the design is fully preven not [ust with a lew prototypes but with many thousands
of working tuners spread across tha world,

| Type Spacn: 20 dB quibting 0.76uV. Imago rejection ~70dB.1.F. Rejcction —85 dB |

Basic tuner module prices stant as low as £10-79, with complete kits starting at £23-95
{mano) + PP 50p. and of coursa ell components ara available separately.

Ourlow costalignment service is availableto customers without accessto a signal generator.
Please sand largs SAE for our Iatest price lisis wiich detall all of tha many optlons and
special low prices for complate kits, All our other products remain availabla,

PORTUS AND HAYWOOD PHASE LOCKED DECODER {W.W. Sept. "70). 5till tha lowest
distortion P.L decocer available. THD typlcelly 0.05% (a1 Nclsan-Jones Tuner OfP level) 1
Supplied complete with Red LED.

Prica £6.50 when bought with a complete N-J tuner kit or £7,68 if bought separately
(P.P. 19p.)

PLEASE NOTE. Existing tuners ere readily convertible and kita/parts are avoilable for this
pUrposa,

TEXAN AMPLIFIER. we have designed tha tuner case and metalwork to match the
Toxan amplifier {see photograph). Complete designer epprovod Toxan kits aro available et
£28-50 plus p.p 60p including Teak Slaave.

Avallable Shortly: Vericap tuner using Mullard LP1185 module—no allgnrnent
required. Image Rejection —40dB. |.F. Rejection —65dB. o}

THE RON DO
QUADRAPHONIC
SYSTEM (20 warrs/cuanner

Complete designer approved kits for this outstanding Quadraphonic Sound System
('P.E." Sep. ‘73, atc.} with the following features . —

Y SWITCHING FACILITIES AND MODULES FOR SQ, QS AND CD4. % COMPLETE LOUDSPEAKER SYSTEMS AVAILABLE,

% COMPLETE LOUDSPEAKER ENCLOSURE DESIGN. % MODULAR BUILT IN-AM/FM RADIO.

% [INDIVIDUAL KITS MAY BE INCORPORATED IN EXISTING EQUIPMENT. Y% KITS AVAILABLE AS PUBLISHED—SEE BELOW.

Y LOW COST, FULLY ENGINEERED, INTEGRAL DESIGN. !

CBS SO* MATRIX DECODER Complete Kit £8-00 Post Free VAT Extra :
*TM CBS INC. £ s Incl. CES Llcence Fee - ]"

PREAMPLIFIER BOARD "~ Complete Kit £3-:00 Post Free VAT Extra

MASTER VOL./TONE/BALANCE BOARD Complete Kit £8-50 Post Free VAT Extra

POWER AMP. BOARD AND HEATSINK Complete Kit £7-50 Post Free VAT Extfa

BTEREC PAIR per Board

POWER SUPPLY BOARD . Complete_ £5-00 Post Free VAT Extra

MAIN SMOOTHING CAPACITORS (TWO REQD) ~ Per Pair £1-50 Past Free VAT Extra

MAINS TRANSFORMER " Complete Kit £6-25 Post Free VAT Extra

CHASSIS—PUNCHED and DRILLED WITH SCREENS Complete Kit £3-25 Past Free VAT Extra

QUAD SELECTOR SWITCH 7 £1-30 Post Free VAT Extra

WOODEN CASE ' £1-75 Post Free VAT Extra

HARDWARE PACK i £2-00 Past Free VAT Extra

CONTRQOL SECTION FACIA £3-50 Post Free VAT Extra

THE COMPLETE P.E. RONDO SYSTEM IS AVAILABLE AS PUBLISHED. PLEASE PHONE OR WRITE FO.R FULL DETAILS

Access "~ OPTO-DEVICES i
A . Panel mounting LED's. 7 Seg LED's

0-325" RH Dec Point.

You cen order theso - goods by 4 ¥ o 1024 23 Common Anode 1-4 £2-00; 6-24 £1-80.
Telephana on  Access. Simply . GREEN 1-9 59p 10-24 49p | Common Cat_hod_a 1-4 £2-00;5-24 £1-80.
quote your Access Wumber. 7447 Dec Driver £1:30 {C.A.)

V.AT. Please add V.A.T. at 10% to all prices for U.K. arders.

INTEGREX LIMITED, P.0. Box 45, Derby, DE1 1TW Phone Repton (028389) 3580

WWwW—065 FOR FURTHER DETAILS
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NEW PRODUCT
CASED AUTO TRANSFORMERS

240 Voll Muins to 115 Valts, smart ateal cased
unis coated in lough resin. fitted with power
|aad, fuse and 115 Valt American type sockel up
to GO0V A, above 500V A Cable cniry.

VA (Watts) PRICE posT | way { Cloakroom BWars) | no O Capetid Goft F.&P.
200 ., £558 3 | Lighting ete £ £ e
- Ey3b i Gives up to 30 B 1 3 A ol
;ggg - E‘n & e | mins. delay before 200 151 (X 743 052
20V A verslon uncualed< 5 tupe— switching ofl. ﬁ }gg ‘ﬁ:’o 1:ﬂ g‘gg |
atp | Delay: 1-30 mins. adjustable. 50 15 580 1239 i
S Max Load: 400 VA or 1000 Watts | 1o0¢ 156 70 748 120 |
A
AUTO TRANSFORMERS (Open) | fesistive. ; b B BE i o
N e e powt | lvory Case: 3din.x3jin, x2in. CASED VERSION In plastic caated ateel case
T "5 220, 240 Vol Fittings Instructions included. wlilh Poweriaad. Ploass atete 118V or 2407 output | 30 VOLTS
apped at ‘”' Trads Price: £580. Post 20p British 0¢ Ametican autie! sockels up to 300VA. IMAR At
A A e e A : Slarsoll bl oy L T
b 28 020 MINIATURE & EQUIPMENT W X ;AP'
Primary 2OV with Scr ol. e PLAP.
i T"""""“"’ 2oslazo v olls LvouTs leu.:'A'gps TYPE PRICE Par. | No! &5 &
ec. eC. gL, 113 h M X
3% 22 -4 $¥ | POWER UNIT Type P6200 | 383 — =0 — = 2% (@ oo O
500 0 !
1000 o R ;g Supalying & or 9 Vali OC uf B R Y R 19 om | g a 90 o8
2000 5 2530 : 5 51 530 082
o8 0-9 330 3w s 143 010
000 i Rl s 120 ',”A“',’,,":f,.‘f:,:“ EnmhECs C1 085 0B850 500 207 228 em | § 1;; oL BE
2 meire culpul lead with d-wa 0-8.9 05 1000 1000 208 g3 020 { o 1 1000 067
POWER UNIT Type P1076 muttiglus giving £ nod 23 15015 — 4 e 24 ta o
mm socketa and 3-5 mm plugs. o-18 015 200 200 238 130 010 50 vo LTS f
Oulput switched 3, 45, 6. 'H. Price £2 25. Poat 10p. 20-0-20 — L 244 123 C-10
o and 12 Volia 31 500 mA D.C ; 20 150 180 237 120 010 | PRIMARY 200210V,
Operaies  from 240 V mnlm. 0-15-20 01520 500 500 205 297 €13 | SECONDARY 24, 30. 45, B0V
lullnble lor Radion, Tape Re- . 0-20 .20 300 300 214 116 022 | AMP Rel. P rlee PAP.
corders, Record Playars efe. ( ° o0 - 3500 No Scresm 1115, 300 040 No.
Size TAx4-0X14-0 cm (1 20-12-0- 00 - 221 155 030 [ 05 184 Z10 o
Price £3 5. Post 25 12-20 (0.C) 1 128 297 038
: , Een s ' el e i
] s 3 a 125 715
BRIDGE RECTIFIERS MAINS KEYNECTOR 0-1527 0-15-27 100D 000 204 324 038 | ¢ 123 g3 07
: The safe, quick, connector 12 aﬂd 24 VOLTS S PRIMARY 200-248 Yotts. 2 e Hieg el
for electrical appllances 8 121 500 100
! 12v Piw £ )
13 Amp rating, fused 03 015 m 134 o2 :g :g gg‘z’ Hg
wili connect a ¢ / 05 3+ 111 1M 022
ONE AMP Price TWO AMP  Prce | number of appli- t 25 z' 149 02 | 60 VOLTS
SOPLV. 02 50 PV, 015 | o ; a0 22 | PRIMARY 2001246V
WePLV. 52 100 PLV vap | ances quickly A 2 1 +15 038 | SEcONDARY 19, 25. 3, 40
0PIV, 28 OBV g4s | and safely to B 4 g s 082 | dov. i e
SWOPLY. D30 400 P.LV. 050 | the mains, ldeal for testing, de- | 1o 5 72 it 52| NARLESINFEt Frics ""g-,
FOUR AMP SIX AMP monatrating, window displays, etc., [«12 6 116 567 052 | g.g 102 21 030
100 PLY. oS S0 P.LV. ass | Warning Light, Interlocked to pre- | 1 8 N a6 L 103 308 Q38
200 P 1V 0°58, 100 PL1LY o0 by i 15 10 el 184 129 042
WOPLY. 085 200 PV, 1 | vent connecting when live. 30 15 187 1375 o4t | 3 105 571 08
SWPIV. 075 400 PLIV. 24 | Trade Price: £2:95. Post 250. o 2 = ik 1] : 10 Ja 0w
107 I
A.S.P. LTD. BYRE HOUSE, No. 2 UNIT, [ PLEASE ADD T0% FOR VAT [l W We o
SRS |

ELECTRONIC MAINS TIMER

A rellable unit
ideal for timing
Bathraom [ Toilet &
Venlilators, Stalr-

SAFETY ISOLATING
Prbﬂ; 120/240W. SEl: 120/240V. Cému Tap with screan

TRANSFORMERS

WW—066 FOR FURTHER DETAII.S
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g

50 re:corder'

Why pay more or less?

You could of course spend a ot maore for a recorder

which does no more — or there again

plotting by hand!

"save” by

If all you need is a high speed, sensitive, high

impedance,

5 range, servo operated laboratory

chart recorder suitable for horizontal or vertical

use with a nine speed digitally
controlled chart drive
and electric pen lift.

BUY the CR5b0 at ...

SPECIFICATION Rangos
cat FS.0. X 0.5%

: 400 mm/sec.

: 270 mm

Accuracy
Writing Speed
Chart Width

Chart Spead

: 10mV or 10uA,,
100mvV,, v, 10V,
100v., FS.C.

:1,2,5, 10mm/min
and 0.6.1, 2, 5,

STAND No. 630
I.E_A. Exhibition
Olympia

WW—067 FOR FURTHER DETAILS
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COMMUNICATIONS

an international exposition showing complete
Radio & Data Communications systems

under the following categories

DATA COMMUNICATIONS:

Systems for the transmission of data (and speech) by digital methods: data modems, data loggers, terminals,
networks; telemetry; facsimile and broadband data systems; error correction.

MOBILE RADIO COMMUNICATIONS: (Civil)

Systems for communications with and between aircraft, ships and land vehicles: radio determination and radio
navigation systems; personal radio and paging systems: orbiting satellites for maritime and aeronautical

mobile systems.

FIXED RADIO COMMUNICATIONS:

Point-to-point services for speech and data transmission using long-distance radio links; VHF, UHF and microwave
radio-relay links; over-the-herizon {and tropospheric scatter} communications satellites and earth stations.

DEFENCE COMMUNICATIONS:

Systems for tactical and strategic situations, taking into account the special requirements of military {land. sea
and air) communications including transportability, flexibility. robustness, reliabifity and compatibility.

WORLDS LARGEST COVMIMUNICATIONS EXPOSITION

COMMUNICATIONS 74 the second Radio & Data Communications Exposition has five compietely interrelated
dimensions which together justify our claim that the event is the world's largest.

Dimension 1 THE EXHIBITION

The Exhibition has already attracted well over 100 Inter-
national Exhibitors, both manufacturers and users. They include
the following world famous company names and authorities.
Bell Telephone (Belgium). BAC, Cable & Wireless, Decca,
Exchange Telegraph. The Home Office, Honeyweli, IAL.
ITALTEL {ltaly). ITT. Marconi. Ministry of Defence, Post
Office Telecomms., Racal, Redifon, RF Communications
{USA), Siemens. Storno, Thomson CSF (France).

Together they cover the fields of DATA—MGQBILE RADIO—
FIXED RADIO & DEFENCE COMMUNICATIONS.

Dimension 2 THE CONFERENCE

So many papers were submitted for the Conference that it
was necessary to introduce an additional session on each of
the four days. There will now be 56 papers presented in the
course of the Conference.

The main user stream will be linked to the daily themes of the
total COMMUNICATIONS 74 event.. and the technical and
designer sessions in parallel will ensure that delegates will
find something of interest to them durlng the whole run of
the Conference.

Anocther innovation. the introduction of afternoon sessions on
two days for the shorter presentation of papers on a wide range
of topics. Interest will be maintained on two evenings with
films on communications subjects.

Dimansion 3 THE INWARD MISSIONS

Six  Inward Missions sponsored by the Electronic
Engineering Assaciation are being brought into this country
to coincide with COMMURNICATIONS 74, Four are made up
of users of Radio & Data Communications systems, covering
the four major aspects of communications in the exhibition,
an official delegation from NATO/SHAPE and a mission of
International Journalists.

Official guests, they are invited into this country through the
British Overseas Trade Board and the Ministry of Defence in
association with leading manufacturing companies. The Home
Office, Post Office Telecommunications and The Communica-
tions 74 Committee are also host authorities, and a two-day
visit to COMMUNICATIONS 74 is part of the Missions
programme.

Dimension 4 THE DELEGATES

The most important dimension of all, we need to receive many
thousands of you THE DELEGATES. if we are to call
COMMUNICATIONS 74 asuccess. However, we already know

that we may expect a very heavy traffic of senior Radio & Data

-muynications

Communications systems users throughout the four days.

You will have noted under the headings of Exhibition and
Conference that there will be a lot to see and hear and that
means hard work. However, we have also designed a social
programme, it is below and we hope it will help 1o make you
feel that you arg seen to be very important in our scheme of
things and that you will be made very welcome at
COMMUNICATIONS 74,

Dimension 5 THE VIP PARTICIPATION AND THE
SOCIAL EVENTS

In COMMUNICATIONS 74 we have a full commitment on the
part of government ministries and agencies, and an inter-
national line up of the best known manufacturers in Radio &
Data Communications,

They have come together and have supplied leading authorities
in their various fields to speak in our planned schedule of four
official luncheons and a banquet. tn addition we finish off on a
friendly note with a Farewell Supper-Dance.

From all of this you will realize that a complete programme is
waiting for you the user. manufacturer or designer of Com-
systems throughout the four days of
COMMUNICATIONS 74,

Free Exhibition and Conference Programmes are now ready,
so please fill in and return coupon below. If you have already
done s0, you may expect your Exhibition tickets and Confarence
Programmes In the next week of so.
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' COMMUNICATIONS 74

An International Radio & Data Communications Exposition
Metropole Convention Centre, Brighton, England.
4-5-6-7 June, 1974

Gentlemen: Please send

Free Exhibition Tickets O] Conference Programmes:[]

TITLES

COMPANY
ADDRESS

Talephone: 01-405 6233 Cables: Busquip London WC2

i it e el e st —




a3g Wireless World. April 1974

NEW STANDARD CASES from OLSON

NEW SERVICE FROM STOCK — DESPATCHED BY RETURN OF POST |

Cases made from
20swg. zinc copated
m/s. Front & rear
panels 16swg. alum-
inium. Cases finished
il Olive green ham-
mertone with front
panels in light straw
shade 384. All cases
fitted with ventilated

) ’ rear panels and a
. . very attractive

‘ FRONT PAN DIM. .
TYPE | WIDTH HEIGHT DEPTH : PRICE LEG EXTRA chrome plated re-
71 FE a4y~ a1 x4 £2.95 T0p tractable leg can be
22 81" 51 51 g xE" £3.30 70p fitted as an optional

extra.
23 104" 63" 6L 110 &dx{6Ne £3.95 75p )
24 123" 1% 7% 757" £4.30 T5p

Qur Trade Counter is open for personal callers fram 9 a.m. to 5.30 p.m. Monday-Friday POSTAGE EXTRA + 10% VAT,

0LSON ELECTRONICS LTD., FACTORY NO. 8, 5-7 LONG ST., LONDON E2 8HJ. TEL: 01-739 2343

Ww—068 FOR FURTHER DETAILS
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New one for-all' |
Transistor/FET |
Tester for only £86*

1

RCA introduces the WT-524A, a new "one for all" tester for
solid-state devices. With it, you can measure AC beta—up to
5,000 —of any bipolar transistor, and Gm—up to 100.00C pmhos
—of any field-effect transistor {(FET). And you'll do it with an
accuracy of +3%/! It also checks diodes, SCRs and triacs—and
can do the job in-circuit or out. i
The large, easy-to-read 63" mirrored scale meter of the new
WT-524A features special scales for lg. lego. loss: leeo- and lp A
currents. Each tester also includes two universal socket adapters
and three colour-coded test leads.

Try the new WT-524A for yourself. You'll appreciate its quality.
accuracy and ruggedness. To buy: order from any Authorised
RCA Distributor or from:

*Excluding V.A.T.

Electronic
Components

ACA Limked

Sunbury-on-Thamas

Middlesex

Phone: Sunbury-on-Thames 85511

WW—069 FOR FURTHER DETAILS
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COMMUNICATIONS
SUMMARY OF CONFERENCE SESSIONS =

] Organised by ELECTRONICS WEEKLY and WIRELESS WORLD

Tuesday June 4— Wednesday June 5—
Data Communications Day Mobile Communications Day
Session 1: Data Communications Session 4. Mobile Communications
9.30-12.30: Winter Garden 9.30-12.30: Winter Garden
11.20: Highlight Paper 11.20: Highlight Paper
Session 2: Equipment Design 1 Session 5: Equipment Design 2
9.30-12.30: Clarence Room 9.30-12.30: Clarence Room
Session 3: Mobile Communications Session 6: Maritime Communications
9.30-12.30: Hall 5 9.30-12.30: Hall 5
| Evening Film Session: Session® 7: Short Communications Papers
From 18.30: Clarence Room 14.30-16.30: Hall b
: Evening Film Session:
Thursday June 6— From 18.30: Clarence Room
Fixed Communications Day ) - = =
Session 8: Fixed Communications Friday June 7—
9.30-12.30: Winter Garden. Defence Communications Day
11.20: Highlight Paper Session 12: Defence Communications
Session 9: Equipment Design 3 9.30-12.30: Winter Garden
9.30-12.30: Clarence Room 11.20: Highlight Paper
Session T0: Defence Communications Session 13: Equipment Design 4
9.30-12.30: Hall 5 9.30-12.30: Clarence Room
Session 11: Short Communications Papers Session 14: Testing/Mobile Facsimile
14.30-16.30: Hall 5 9.30-12.30: Hall 5

Further information on the conferénce can be obtained by completing the relevant parts of the
form below and returning it to: k

iPC BUSINESS PRESS LIMITED, ¥ 1
Room 15, Dorset House, Stamford Street, London SE1 9LU 1
If you wish to order tickets immediately please complete the appropriate sections of
the form below.
The fees are as follows 1day: £15 2days: £25

3days: £35 4days: £40
All prices are exclusive of 10% VAT.

*CONFERENCE PROGRAMME/*TICKET APPLICATION FORM

*Delete asinecessary
Please send me the complete conference programme (J
OR Piease send me ticket(s) for the following dayis):
Tuesday, June 4 O Wednesday, June 53 Thursday, June 6 3 'Friday, June 7 O
! enclose remittance
1day @ £16.50 8 2days @ £27.5003 3days @ £38-500 4days@ £44.000

Cheques should be made payable to IPC Business Press Ltd and sent to IPC Electrical-
Electronic Press Ltd, General Sales Dept. Room 11, Dorset House, Stamford Street,
London SE1 9LU.
INETTRD - c ot i e (S o o S S e RO .
Company ......... BIPromeer:owen 14 5Ll -ELL b e s L Fia T Wa v s w-aiv o P ANIOO 1 &, LY« o ;
Address ...... R N - 1013 o T |+ i -1 oo S IR
Slgnature (|f orderlng 1ICKELS | S e e e e bV S b T [CENE, ., Tl U hRR T s

f (s il d in England. F s Dorset House. Stamford Strast. SE1 9LU. Registered Number G771 28.

T e -
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STEPPING STONES TO
SUCCESS

mA

PANEL METERS
PAR EXCELLENCE
FOR EVERY WALK OF LIFE

lr—\ INAF-\I_lA 19 MULBERRY WALK, LONDON SW3 6DZ
L_JI I - (UK} Ltd. Telephone 01-352 1897
WW-—070 FOR FURTHER DETAILS

'| 1 RDOUBLE-SIDED
WALL CHART

‘How to huild and use the PE. Sound Bender’

Centred around a simple constructed ‘audio modutator’ unit,

the P.E. Sound Bender is not just a single sound effects unit,

but your key to a host of exciting with-it sounds.

Just feed a music or speech signal to one input and a control signal
to the other, and you can have a tremolo, a frequency doubler,

a ring modulator, or a voice-operated fader.

PRACTICAL

ELECTRONICS

*an ISSUE 0" snl! Mln npnll 25“ *Subject to 1he current national industrial situation at tha time of going to press
000000000000000000000000000000000000000000000000000

0000000000000 0000000000000000000000
0000000000800 0000028530000000000000
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Join

theD

Digital Computer
Logic and
Electronics

€ P@uur WA ICandai}

A Self-instructional Course

Book 1

Book 2
Book 3
Book ‘|

Basic
computer
logic
Logical
circuit
elements

Designing circuits
to carry out
logical functions

Fiipflops
and
registers

AW Jowen BA (Cantabl)

Teach yourself the
latest techniques of

digital electronics

Computers and calculators are only the beginning of the
digital revolution in electronics. Telephones, wristwatches,
TV, automabile instrumentation — these will be just some of
tha application areas in the next few years.

Are youiprepared'to cope with these developments?

This course of four volumes — each 113" X 81" — guides
you step-by-step with hundreds of diagrams and questions
through number systems, Boolean algebra, truth tables, de
Maorgan's theorem, flipflops, registers, counters and adders.

All from first principles. The only initial ability assumed is
simple arithmetic.

At the end of the course you will have broadened your horizons,
career prospects and your fundamental understanding of the
changing waorld around you.

£2.95 Acomplete programmed learning course in 4 volumes

Designer This course is written to meet your
Manager needs in coming to grips with the
. Enthusiast theory and practice of digital logic and
i : Scientist electronics. The programmed instruction
. % Engineer system ensures a high level of retention
Digital Com e, .
@ Ly Stud of everythi learn.
I.oglc ond | fer tudent verything you

Electronics
A& Svl ok il Coue

Book‘ e

S RS R —
! To: Cambridge Learning Enterprises, 49 Main Street,
[ Hartford. Huntingdon.

Please send me . . ... set{s) of Digital Computer
l.ogic and Electronics at £2.95 for which | enclose
chegue/PO/money order value , . .............

89
s
&

surface post anywhere in the world.
Payment may be made in foreign currencies.
Quantity discounts are available on request.

£2.95

including VAT, packing &

Name

1
i
1
[
]
I
I
{
!
]
E
I
1
i
Address r
]

Guarantee

If you are not entirely satisfied with Digital Computer

L.ogic and Electronics you may return it to us and your

money will be refunded in full, no questions asked, e o o e e R s e S
WW-—071 FOR FURTHER DETAILS
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3% accuracy — which
just about summates
this new 25MHz
dual-trace instrument
- from Scopex.
A professional scope
by any standards
—yetat£185in a
price bracket far
below its design
specification.

/CoPEX

SCOPENGDROCH

The precision scope for
the demanding engineer

Wireless World, April 1974

» DC-25MHz,
full screen
* Measuring
accuracy 3%
= Signal delay on
both channels
= Trig level and
polarity from
one simple control
* Wide timebase range,
200 ns/cm to 200 ms/cm
= Sensitivity
10mV/cm to 50 V/icm
» High brightness
i PDA tube !
| * Lightweight
portability |

Write now, or telephone:
Scopex Instruments Limited,
Pixmore Industriaf Estate,
Pixmore Avenue,
Letchworth, Herts.
Tel: Letchworth 72771

(STD 04626)

WwW—072 FOR FURTHER DETAILS

DOL4747

CAVERN ELECTRONICS

30p pius 11p Post and Packing
30p refunded on your first order of £3 or over
HUNDREDS OF COMPONENTS - ILLUSTRATIONS
Details of our Credit Scheme included.
Send Cheque ar P.O. for 41p ta:—
CAVERN ELECTRONICS

94 Stratford Road, Wolverton
MILTON KEYNES MK12 5LU

Retail Counter open Manday to Saturday
{Closed all day Wadnesday)

1974 COMPONENTS CATALOGUE

DATA

| ELESTA

.1.'..|.I

%8
A

MINIATURE PLUG-IN RELAYS
FOR INDUSTRIAL APPLICATION

High performance 3-pole & 4-pole C/0
relays.

SEV tested. CSA, VDE & DEMKO
Approved.

Coil Voltage: 3V to 240V AC & DC.
Contact Rating: 4A 250V AC resistive.

BRITEC LIMITED
17 Devonshire Road, London SE23 3EN
Tel: 01-699 8844 Telox: 896161

WW—073 FOR FURTHER DETAILS

R

Type A modular system with widest
e Or range of film backs, lenses, viewing
o systemns and atdaptors to meet virtually
Oscilloscope
p Plus inexpensive Type P (prices from £50)
utitising coateriess Polsroid @ film and
‘ ameras Type C with economical 35mm film for
continuous faed.

J

S —

More cornplete details available on request from:

Telford PRODUCTS LTD.

WADSWORTH ROAD PERIVALE GREENFORO MIDDX. ENGLAND Telephone:01:998 10T Tolax:935524

HEEYTYYT & e COMPHY OF BENTALA OUSTAES LAATED

==
®AReg. Trade Mark.

WW—074 FOR FURTHER DETAILS
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| this is Otarri

From Japan’s biggest manufacturer of Tape Duplication
equipment, the DP4050 reel to cassette copier.

Highest attainable in cassette performance.

Foolproof operation for non-skilled personnel.

Eight times copy speed.

Complete relay-solenoid operation.

Automatic cycle through Record-Rewind-Stop.

Absolute consistency in manufacture through large volume
production.

Cassette to cassette version also available.

Otari MX7000 3-SPEED -— 32/71/15 ips or 74/15/30 ips. Electronic

Master Recorder.  speed change. Cast aluminium deck — 1” thick. Sel-sync.

From £879 Cannon inputs, optional balanced or unbalanced. Balanced

excl. VAT line outputs. Built-in tone oscillator — 700 Hz or 10
kHz. Vu meter reads input, output or bias current. Equali-
sation and bias controls on front panel. Headphone out-
put. F.E.T.S. all inputs. 2 or 4 channel.

Scotch 207
Sole U.K. Distributors: UK’s LOWEST PRICE

NOTE NEW ADDRESS-

Industrial Tape Applications
R S Pratt Street,London NW1 OAE. Tel: 01-485 6162 Telex: 21879

WW—075 FOR FURTHER DETAILS

New MULTI-PER | | ‘%
RECDRDERS| | &k cliAl

t BY USING A

DIACROM
SPATULA |

with even
‘ greater
] performance, Manufactured in France
& Beitish Patents applied far
100V fs,
0.3 sec.fs. No other cleaner has all these-advantages: —

1. Only 100% pure, natursl dismond graing are wtilised.

2. Blades ara reatad with hard chrome 10 reinforce the satting of the dismand grains, o]
obviate loosening or breakaway during use. Thia process also prevents elogging of tha

diamondsd gurface by residuss resulting from usa.

* Multi-channel, 2 - 6 with full range 3. All dizmonded blides are rectified 1o ensure an sbsolytely smooth surface by sliminating
z8ro set dismond graine which may rise above tho surface. This efiminales all excassive
scratching during use.
*Multi-pen - {elt tipped. § cotours. 4_ All dizmond grains sre rigidly calibrated o ensurs 8 perfectly unidform grain size of sither
i 200, 300 or 400,
* 16 switched c’?a” speeds, 2.5 mm/hr B. The clwoms gives & very weak co-afficient of Iriction and the rigidity of the nylen handle is
ta 1200 mm/min calculated 1o parmit proper Uliliation and yet pliant anough ta aveid undue pressures on

highly delicate relays,

.
i .
Choice af Z fold o rofl chart ® Grain size 200, thickness 56/100 mm.. both faces diemonded. For quick cleaning of indusirial

tolays and swatching oguipment, ate,

DFTV.e plug-in preamplifiers @ Graln ales 300, thicknass BE/100mm., both taces diamonded. For amallar squipmunts, like
swilched ranges 100 uv - 500 V f.s, telephone relsys. computer ralays, tc.
sensilivity. Also 100 mV [or OEM 1 ® Grain size 403, thickness 25/100 mm.. one face dismonded. For sensitive relays and tiny
contacts. Two close contacts facing rach other can be individually clesned, bacause onty one
OEMversion  ENVIRONMENTAL EQUIPMENTS e ; |
LTD. ‘ Sole Distributors for the United Kingdom
{ Eastheath Avenue, Wokingham, Berkshire SPECIAL PRODUCTS (DISTRIBUTORS) LTD
RG11 2PP. Fel: Wokingham 784922. 81 Piccadiily, London W1V OHL. Phone: 01-629 9556
As supplied to ths M.O.D, J.X A E.A. C.E.Q.B. British Rall and other Public Authoritias;
o = - - | also major industrial and stactronic usars throughout the United Kingdom.
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THE MINITEST
IS PREFERRED

The SE|I MINITEST has made a remarkable impact in the
pocket-sized multi-range meter market. by making itself
a firm favourite with discerning people in the industry.
Let’s look into the reasons why.

First,the appearance. Diminutive. neat. wipe-clean
plastic cover with pressed steei case.
Controls are simple and easy to use.
Second, the range. The Minijest
measuras a.¢c. and d.c. voltages d.c.
current and resistance over 20 ranges
1o a sensitivity of 20,000 and 2,000
ahms per volt d.c. and a.c. respectively.
Third, high voltage probes. These
extend the range to 25 or 30kV d.c.

Little wonder the Minitest is preferred! A -

SALFORD ELECTRICAL
INSTRUMENTS LTD

Peel Works, Barton Lane, Eccles,
Manchester M30 OHL.

Telephone. 061-789 5087 Telex: 667711,
A member company of GEC Electrical
Components Lid.

&EC

YT

WW—078 FOR FURTHER DETAILS
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Phoenix o
Electronics
(Portsmouth)

139-141 Havant Road, :
Drayton, Portsmouth, Hants POG6 2ZAA

Full member of AFDEC-—the industry's association of f
franchised electronic component distributors.

Our prices include VAT at the current rate—-and carriage
on all goods is free.

Send for our catalogue and price list—we’llimail that to
you free, too.

THIS MONTH'S BARGAIN OFFER—
% | Small-signal silicon transistor kit.
& BFY51. 8BSY95A, ME1120. MESOO3 and

5 each—BC108, BC178, BC205, BC208,
2N2926—catalogue value £6-20.

BARGAIN PACK PEP1—£4-60.
Please send your catalogue—free!

i,

I

Name

For Components and Service
Tel: Sittingbourne 70533 Telex:965313

B CONNECTORS BRACK & PANEL W POTENTIOMETERS

ECIRCULAR HFANS HDIALS

HR.F. @R.F. CABLE ECHOKES

W EDGE BRELAYS HBLOWERS

; AMPHENQL - ETRI - DELAVAN - TUCHEL - U.M.D.
Invader components Ltd

i

TRINITY TRADING ESTATE - SITTINGBEOURNE . KENT

WW—080 FOR FURTHER DETAILS
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HS 77

The high-speed Revox (15/7+4 ips) is firmly established as
standard eguipment in the majority of London theatres. local
radio stations, National broadcasting companies and recording
studios. Avaifable in a wide range of configurations

including the full, half or quarter track models.

Immediate delivery.

Options:

Sel sync £20 Varispeed'£15

Scotch 207 UK's
LOWEST PRICES

VHS 77 Sole Supplier

WIDE BANDWIDTH. 40 Hz-4C KHz of particular interest to
research establishments. TAPE DUPLICATION. The equalisation
characteristics 17.5 and 35 Sec aresuch thata 1:1,2:1

or 4:1 speed ratio will produce a copy tape of the same recording
characteristi¢ as the master. HIGH TAPE VELOCITY of 30 ips
{76 cms) is invaluable for the analysis of data and transient

information. Also 15 ips. TAPE ECHO 50 milli seconds or 100

milli seconds. Immediate delivery. Finance available.

NOTE NEW ADDRESS-

Industrial Tape Applications

5 Pratt Street, London NVW1 OAE.Tel: 01-485 6162 Telex: 21879

WiW—081 FOR FURTHER DETAILS

L GATWICK HOUSE, HORLEY, SURREY, ENGLAND
Tel: Horley (02934) 5353 -
Telex: 87116 {Awrocon Horley) - Cables: Aerocon Telex Horley

WAW-—082 FOR FURTHER DETAILS

PARKER

sweeT METALFOLDING MACHINES

Forms channels and angles
down to 45 degrees which
can beflattened to give safe
@ edge. Depth of fold accord-
ing to height of bench.

One year's guarantee.
Money back if not satisfied.

BENCH MODEL

36° X 15 gauge copncity
24° % 18 gauge capacity
Also the well-known vice model of

“Sand for details:
A. B. PARKER

FOLDING MACHINE YWORKS,
UPPER GEORGE STREET,
HECKMONDWIKE, YORKS.

Telephone 40 3987

. - . £40.00 carr. frae
4 . E38.00 cart, fraw
38" % 18 gauge capocity . .. £21.00 carr. froe
24% X 18 gauge eapacity ., . €15.00 carr, frea
18" % 16 gauge capacity ... E15.00 cas, free
add 10% VAT to tatal price of maching
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Electronic fun for all ages

THE MOST_WERSATILE ELECTRONICS KITS.

All components are beautifully sneepsulated
in unbreakable transparent plastic blocks.
Parfect connectione are mada WITHGUT
SOLOERING, SCREWING OR WIRIAG.

INCREDIBLE VALUE. 3ulld, dismantle and
rapuild projectes eny numbsr of timee and
invent your oun sxperiments too.

COMPLETELY SAFE,instructive and FUN - all

kits operate from 9v. battary only.
VALUABLE MANUALS included with every kit.

Kit 2A-30 projects £10.45
Radlos, amplifiers,alarms,]

Ki -100 projectsi20.45
Ae 2R plus elsctronic

birds,cats,sirens,organs,
i metronoma,guns,light and

JADX-105 projects £25.25
As 3A plue snlar coell
expariments and complete
apphisticated control

AA0DX-150 projects E33.95

As 3A0X plus Relay and
Mater experiments: ion

L concentration-,voluma-,
output-,field intaoneity-,

volt-,resistance meters,

anmeter ,illuminometer,etc.

| Cheque/P.0.(or 6p. for literaturs) to:

Sausfaction guaranteed,
ELECTRONI;I(IT LTD, 408 St.Jo_l‘m's _S‘tr_aet,
London, EC1. [01-278 45-7,9] =

WW—084 FOR FURTHER DETAILS
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CT 5000 series calculator chip
CT5005

MR

CT 7001

g

o M S

| S am p'e beSt Ltd for the amateur electronics engineer

CT 7000 series clock chip

| —

=SS

DISPLAYS
e

* 28 pin DIl MOS-LSI chip
* Fourfunction {4+, —, X. +
* 12-digit drive

* Right hand entry

* Selectable (0.1.2.3.4.5) and
fixed decimal point

* TTL compatible
£5-65 ea.

-

* 28 pin DIL MOS-LSI chip

% 28/30/31 day calendar

* 12/24 hour clock and 24 hour alarm
%* Snooze alarm

* 6 digit display thr. min, sec}

* Clock radio features

3015F FDB5V

% 12mm character

% lowvoltage 4-6v % lowvoltage 4-6v

% 100,000 hrs life % 100,000 hrs life
% TTL compatible

% 9mm character

h £1.-25 ea. £1.25 ea.
* u
Ot RESISTORS — Carbon film -
On chip Z back-up 1 watt 5% tolerance 2 ohm —
* Seven segment or BCD outputs 1 megohm. Pack of assorted
£16-50 ea. polites

Pack of 500—£5-00

' 127 CLAYTON ROAD, |

| .
 CASH WITH ORDER CHEQUES MADE PAYABLE TO SAMPLE-

BEST LTD AND SHOULD INCLUDE Sp PER UNIT FOR POST 9"5553;“;3:0"'
- AND PACKING (MIN 25p) AND 10% FOR VAT.
Tel: 949 2430

WW—086 FOR FURTHLER DETAILS

SPARSNBITEMK 1

ELECTRONIC <5y

IGNITION KIT -':-7},{
COMP.F_IISES

Ready-drilled Case and Metalwork. Cables. Coil Connectars, Silicon
Grease. Printed Circuit Board, 5-year guaranteed components and 2
fuil 8-page instruction leaflet.

WHEN COMPLETE THE UNIT CAN BE FITTED TO
YOUR CAR IN ONLY 15 MINUTES USING THE
STANDARD COIL AND CONTACT BREAKER POINTS:
TO GIVE YOU:
Instant all-weather starting, Up to 20% fusl seving. Longer battery
iitd, Higher top speed. Faster acceleration. Spark plugs last about five
times longor. Misfire due to contact breaker, bounce electronically
eliminated. Purer exhaust emission resuling in loss air pollutjon,
Cantact breakar burn elfiminated.
Suitable for all patrol engines up to & cyfinders
KIT—PRICE ONLY £11.62 [12v car only)

=

0:0

SP-152 SP-352

BECKMAN PLANAR GAS DISCHARGE DISPLAYS
Continuous 7 segmant, attractive orange, viewing up to 40 fee1.

Single coil/C.B. Motor Cycle £17.60
Twin coil/C.B. Motor Cycle £23.24

Pleasa state whather Positive
or negative carth unis are
required when ordering. Also

SP—152 1} digit [-55") elock module
SP-352 2 digits [-55"]

Other modules available, including:

SP-151 3{ digit {-50”}. + am/pm. ciock modul
SP-332 2 digits [-33"}

CT5001 4 FUNCTION CALCULATOR IC
SLA7 -33" RED LED DIGITAL DISPLAYS
Pack of 4: 4X£1.70

Pack of 6: 6 X£1.70

MM5316N ALARM CLOCK IC

RCA TA8055T LIQUID CRYSTAL
DISPLAY

MMS5316N+TABOSST

Supplied with Soldercon pins 1o make

clock chip socket

PCB for P.E. Digital Clock with RCA [-C
NEW MOSTEK ALARM CLCCK IC

£4 00+ VAT =£440
£4.00+ VAT =£4-40

e £7-20+VAT=E£7-92
£4-00 + VAT=F£4.40
£6.00 + VAT =£86.60

£6.80+ VAT=E£7-48
£10-20+ VAT =£11-22
£15.00+ VAT =£16-50

£11.604+ VAT =£12.76 -

£21.00-+ VAT=£23.10

£1.50 + VAT=£1-65

£6.00+ VAT=£660

Ready-built Unit £14.85 }

Triple coll/C.B. Motor Cyele £27.50
Motor Cycla units sre not
avatlable In kit form

state B or 12 volts.

SEND FOR YOUR UNIT DR FULL
BROCHURE NOW

FROM

ICE ELECTRONIC SYSTEMS DEPT W.W.
114 PARK FARM ROAD

BIRMINGHAM B43 7QH
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MKS0250N So new that it will only be available sometime in May, 24hr
format—Alarm—Snooze—Multiplexed 4 to 8 digit gas discharge
or LED display—Display can ba shared with calculater—Low cost.
N.B. CONSTRUCTORS OF P.E. DIGITAL CLOCK

With minor modifications an RCA Liquid Crystal may be substituted
for the Slemans Liquid Crystal, and RCA L-Cs bought from us will
include clear ins:ructions on how this may be done.

Data supplied with all devices

Also available separately at 10p per device.

No p&p charge for UK orders. Overseas p&p 50p.

SINTEL, 53 ASTON STREET, OXFORD

WW—_0B7 FOR FURTHER DETAILS
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AVELEY

1 ELECTRIC
AT THE L.E.A. 1974

For the 10th and best |.E.A. Aveley are
presenting up-to-date cost-effective

MICROWAVE MEASUREMENTS
NETWORK ANALYSIS
SPECTRUM ANALYSIS

SIGNAL GENERATION
RECEIVERS

RADIO TELEPHONE TESTING
TELEVISION MEASUREMENTS

ON THE STAND WE'LL HAVE
SENIOR ENGINEERING PERSONNEL
FROM OUR PRINCIPALS

ROHDE AND SCHWARZ
SCHOMANDL KG
STEINHEIL LEAR

NARDA MICROWAVE:
WILTRON COMPANY
PACIFIC MEASUREMENTS

WE'VE DONE ALL WE CAN TO MAKE
VISITING US WORTH WHILE.
COME AND SEE US ON

STAND 638

Olympia phone: 01-931 5720
Office phone: 01-397 8771

contact:

AVELEY ELECTRIC LTD.,
Roebuck Road,
Chessington, Surrey,

Telex: Avel Landon 928479

solutions to measurement tasks such as:

For complimentary tickets or more info.,

WW__088 FOR FURTHER DETAILS
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Heathkit for
Instruments
with built-in quality
and savings

Send for the latest Heatiskit Catalogue and see what Heath offer in
Oscilloscopes. Counters, Chart Recorders, Digital Multimeters and

- Portable Testers.

All are available as kits or factory assembled and calibrated. See the
world's largest selection of Test. Marine, Radio Amateur. Hi-Fi. Auio-
motive. Home and Office electronic kits.

Choose cash or Monthly Budget Plan payment.

V & - \Free Catalogue
ﬁ Please send me the FREE Heathkit Cata-

Iogue & details of Monthly budget plans.

: HEATH {GLOS.) LTD. DEPT. WW/4/74
Bristol Road,

ol 1ol Gloucester GL2-6EE ’

Showrooms in GLOUCESTER (above) & LONDON: 233 Tottenham Court Rd.
WW—089 FOR FURTHER DETAILS
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this has been designed such that three amplifiers may
achieve a convenijently compact module.

WA ACTIVE FILTER CROSSOVER

0‘0 FOR YOUR TOP FLIGHT SPEAKER SYSTEM

AS FEATURED IN WIRELESS WORLD Dec 1973

An essential and critical component in a high quality speaker system is the crossover unit conventionally comprising
of a series of passive networks which unfortunately, through introducing reactive impedances between the amplifier
and the speakers, result in the loss of the advantage of high amplifier damping factor and renders the speakers prone
to overshoots and resonances. An elegant solution to this problem, described by D. C. Read in Wireless World,
involves the use of a series of active filters splitting the output of the pre-amplifier into three channels, of closely
defined bandwidth, each of which is fed to the appropriate speaker by its own power amplifier. A design for a suitable
20 Watt amplifier, based on a proven Texas circuit, was also described by Mr. Read. The printed circuit boards for

be stacked and mounted together on a common heat sink to l

ACTIVE FILTER READ/TEXAS 20w POWER SUPPLY : o
Pack amp. VAT Please add 10%
t Fibreglass PCB {accomo- Pack FOR 20W/CHANNEL STEREO
dates afl filters for ane 1 FibreglassPCB 70 | SYSTEM to all U.K. orders
channsl) 1-05 2 Setof resistors, capacitors )
2 Set of pre-sets, solid pre-sets (not including Pafk e L. {®or &t current rate if changed)
i Q/P coupling capacitors) 1-10 ibreglass b
:::::u::m??::f;z:;' %& - 3 55;0155:-.1.;99.“1“.:10,5 )2.40 2 Set of rectifiers, zener U.K. ORDERS—Post free (mall order only)
polystyrene capacitors  4-20 | 5 off each pack required lor stereo diods,  capacitors, fuses, OVERSEAS—Postage at cost 4 BOp special
3 Setofsemiconductors 2:65 | system fuse holders 2:60 packing
2 off cach pack required for sterco 4 Speclal heatsink assembly g 3 Towidal transformer 495
system for set of three amplitiers ‘B85
——— —— 5 Set of 3 O/P coupling —_— '
SUITABLE ALSC FOR FEEDING capacitors 1 "
ANY OF OQOUR HIGH POWER 2 off packs 4, 5 required for stereo ENGUIRIES WELCOME |
DESIGNS systam For quality sets of speakars

—— - N |

SEE FOLLOWING PAGE i

ICON DESIGN
A NOVEL STEREO FM TUNER

(see this issue)}

We are pleased to offer kits of parts for the above tuner,
including P.C. boards, filter, 1.C’s, etc.

All parts are to the designers specification ‘enabling a
guarantee of performance to be offered.

Be ready for part II by sending S.A E. for details today to

ICON DESIGN

33 RESTROP VIEW, PURTON,
21, WILTS SN5 9DG. L

| ANALOGUE AND
| HYBRID COMPUTERS

i €180 Features:
18-1.C. Operational Amptifiers, 1% accuracy,
Automatic Function Selection and Mater
Switching. 3-Four Quadrant Multipliers.
Individua! Pot-Set Facilitles. built-in stabi-
lised power supplies. D.V.M. optional axtra.
Price £850 complete with patching leads.
We manufacture 8 range of inexpensive
analogue and hybrid machines and are
specialists In producing computers to your own spacificatlons. Why
pay more than you can afford for a computer which does not quite
do what you want? You will be pleasantly surprised at the cost of
an analogue or hybrid machine buitt 10 your own requirements.
Phone or write for details of our Analogue or Hybrid apparatus
PHYSICAL & ELECTRONIC LABORATORIES LTD.

MANUFACTURERS OF ANALOGUE AND HYBRID COMPUTERS
28 Athenaeum Road. Whotsione. London N.20. Tel. 01-445 7683

WW—090 FOR FURTHER DETAILS
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JE

S AUDIO INSTRUMENTATION

lllustrated the 5i4562
Distortion Measuring
Unit—low cost distor-
tion measurement down

to .01% £35-00
Si451 £40.00- 5i453 £45-00
Comprehensive Millivoltmeter Low distortion Oscillator
350p Volts 20ranges sine square RIAA,

prices plus VAT
J. E. SUGDEN & CO. LTD. Tel. Cleckheaton (09762) 2501

USED THROUGHOLT THE WOARLD. SANMWA'S Eg(g&szdci OF 30 YEARS ENSURES

ACCURACY, RELLABILITY, VERSATILFTY. LNSUI D TESTER PERFORMLAMCE

COMES WITH EVERY SANWA

6 Monihs’ Ggeraniea Excellert Repait Senvex

MODEL P28 . MAODEL AT45

MOBEL JFSD 4 MDDEL 3BICE

MODDEL b MDDEL N1DT

MODEL U5DDX .| MOOEL 360ED

MODEL A303TRD E1745  MODEL EMBOD

MODEL K30 THD 1 MODEL RIGOOCS £7521

MODEL FBOTRO £26.28 THESE FPRICES ARE SUBJECT 10 AN
THESE PRCES ARE SUBJECT TO AN ADCITIONAL CHAAGE OF 1% FORVAT.

Cases gatra. avellabie loe st meters but not sold wepsratady

Please write for illustrated leaflotr of thess and other specislised Sanwa maters
SOLE IMPORTERS IN LK

UALITY ELECTRONICS LTD.

W\W—092 FOR FURTHER DETAILS

CARR STREET, CLECKHEATON, YORKSHIRE |

47-49 HIGH STREET, KINGSTON-UPON-THAMES, SURREY. KT11LP
Tei:01-546 4585

WW—093 FOR FURTHER DETAILS
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Pack

Fibre glass prinled circuit boand for
pawar amp.

Seat of resistors, capatitors, pre-sats for
POYWer amp.

Set ol semiconductors for powes amp.
{highesi voliage version],

Pair of 2 drillad. finned heat sinks,

Fibre glass printed circuit board for
pre-amp.

Set of low noise resistors, capacitors.
pre~sots for pre-amp.

Set of low noisa, high gaih semicon-
ductors for pre-amp.

Toroidal T20 + 2

Davaloped from the famous Practical Wireless TEXAN.

HOFIN S Linsiey-Hoo BB Amplfier

DESIGNER
APPROVED KIT

* 75 WATTS PER CHANNEL
* BANDWIDTH (3dB) 3HZ-40KHZ

Full circuit description in-handbook

Price
£0.76
£1.50

£5.50
£0.80

£1.10
£2.70
£2.10

Pack
8, Sel of potantiometars {induding mains
switch]
9 Set of 4 push button switches, rotary
mode switch,

10 Toroidal ransformer complete with
magnetic screenshousing primary:
0-117-234 V. secondaries: 33-0-33 v
24.0-24 V.

11 Fibre glass printed cnrcilit board for
powaer supply.

12 Set of rosistors, capaciiors, sacondary
fuses. semicanductors for power
supply. .

* WITH TOROIDAL TRANSFORMER
% 20 WATTS PER CHANNEL

with full kits

012

| FREE TEAK CASE and HANDBOOK
KIT PRICE only fz 8.25 POST FREE {U.K.)

Pack Price Pack Price
1. Set of all low noise resistors £0.80 7 Set of ali semiconductors £8.25
2 Set of all small capacitors £1.50 8 Special Toroids! Transformer £4.95
3 Set of 4 powar supply capacitors £1.40 ¢ Fibre Glass P.C. Panel £2.50
4 Set of miscelianeous parts. 10 Complete chassis work. hardware

ncluding DIN sockets, fuses. and bratkets . £4.20

fusa holders, control knobs atc. £1.90 11 Preformed cable/leads £0.40
& Sel of slida and pushbuttan switches £0.90 12 Handbook £0.25
6 Set of potentiometers and selector 13 Teak Cabinet £2.75

switch £1.45

SEMICONDUCTORS
2NB99 025 2N4058 0.12 BC214L 0.14 MPSABS 04D TIPA3A 1.00
2N1813 0.20 2N4082 0.1 BCY72 0.13 MPSUQS5 060 TIPI4A 1.50
ZN1711 025 2ZN4302 0E0 BD529 Q.85 MPSUS5 0.J0 TIP41A 0.74
2N2926G 010 2N5087 042 BD530 085 SN72721F 0.58 TIP4ZA 0.50
2N3063 0,15 2N5210 154 8DY58 1.60 SN72748P 058 TIPAD5S 060
2N3055 045 2ZN5457 045 BF267 040 TIP29A 0.50 IBOBT20 0.50
2N3442 120 ZNG5459 0.45 BF259 047 TIP30A 0.60 IB40K20  1.40
2N3702 iR 1] 2N5830 0.30 BFR39 0.25 TIP29C o INGtd 0.07
2N3703 010 40361 040 BFR79 025 TIPAOC 078 INS16 0.07
2N3704 0.10 40362 045 BFY50 .20 TIP31A 060 15920 0.10
2N3705 010 BC107 0.10 BFYS&1 020 TIP3ZA 70 5B05 120
2N3706 0.09 BC108 0.10 BFY52 020 X
2N3707 010 BC109 0.10 MJ4a81 1.20 UK. ORDERS — Post free {mazil arder anly)
ZN3708 007 BC125 0.15 MJag1 130 P t cost + 50p spectal packin
%::33709 0.08 BCi28 o5 MJES21 0.60 (VRS I b :‘ ¢
710 1.09 BCIB2K 10 MPSA05 030

2N3711 U.ﬂg BC212K r1z m;gﬁ}i 0.5!'5: V'A'T' Please add 1 0%
2ZN3819 0.Z: BCI1B2L 0.10 0.3
e 0n BXieal ou1 mMpsass om  toall U.K. orders
2N3908 .20 BC212L MPSAGE5 {*ar a1 cutrar rate if changed)

035

* DISTORTION LESS THAN 0.01%

* UNCONDITIONAL STABILITY

FRE

KIT PRICE oniy

Price  Pack
13  Set of miscellansous parts including DIN
£1.55 skts, mains input skt. fuse holder.
interconnecting cable, control knobs
£3.10 14 Setof metalwork parts inciuding siik
screen printed fascia panel and all
brackers, fixing parts. etc.
15 Handbook.
£9.15 16 Teahkcabinet.
' 2 each of packs 1-7 inclusive are required
£0.56 for complete stereo systam,
3a Set of samiconductors for Power Amp,
{30W version),
£3:50 3b  Set of samiconductors for Power Amp.

{50W verslon).

COMPONENT PACKS FOR

W.W. AMPLIFIER DESIGNS
30W BAILEY
Pk. 1 F/Glass PCB
Pk, 2 Resistors, capacilors, pols
Pk. 3 Semiconductor get
30W BLOMLEY
Pk, 1 F/Glass PCB
Pk, 2 Resistors, capaciters. pets
Pk, 3 Semiconductor sé1
20W LINSLEY-HOOD
Pk, 1 £/Glass PCB
Pk. 2 Resistors, capacitors, pots
Pk, 3 Semiconductor set
80V REGULATED POWER SUPPLY
Pk. 1 F/Glass PCB
Pk. 2 Resistors, capacitors. pots
Pk, 3 Samiconductor set
BAILEY-BURROWS PRE-AMP
Pk. 1 F/Glass PCB
Pk, 2 Resistors. capacitors, pre-sets, transistars.
Pk, 3R Rotary powntlometer set

—

TEAK CASE

with full kits

£56-6 n POST FREE (U.K.)

Prica

£3.25

£6.30
£0.30
£7.35

£3.40
£5.30

£0.65
£1,35
£4.70

£0.70
£2.15
£5,60

£0.70
£2.40
£3.35

£0.85
£1.40
£3.10

£1.60
£4.95
£1.60

For further detalts on the abave and other designs Including
100W amplifiar and Stuart Tape Recorder write for FREE

LisT.

METALWORK SYSTEM FOR
WIRELESS WORLD AMPLIFIERS

Designed 1o house Bailey, Blamley or Linsley-Hood Class
AB ompltfiers with simple or regulaied powar supplies and

Baifoy Bumows pre-amp. Options of standard or hum
reducing toroidal mains ransformer. Also rotary control

varsion. Detalls in price list.

For FREE LIST write NOW!
Dept. W-04

POWERTRAN ELECTRONICS
PORTWAY INDUSTRIAL ESTATE

ANDOVER, HANTS SP10 3NN

WW—094 FOR FURTHER DETAILS
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Cilightweight L150MHz bandwidth at Smv/div
CHmv/div at 15MHz (3% accuracy  LlVixed sweep
CJCalibrated sweep delay CiGated trigoer
C1Bright 8x10cm display

A new Dual Trace, SO0MHz
Portable Oscilloscope for £440

{Exclusive fF VAT )

Yes indeed! A 50MHz dual-trace  value when compared with 15kV. and dual-trace operation in
instrument costing you only £44C.  similar 50MH z instruments. alternate and chopped modes
And it's portable too — the light- The outstanding specification of with 5mV/div all the way up to
weight, comfortable-to-carry. the D75 includes a wide-range SOMHz.

take-it-anywhere kind of portable.  dyal timebase incorporating sweep  Write or telephone now for the
Developed by enginesfs for intensifying. delaying, mixed specification and a demonstration,
engineers this newcomer from sweep and single-shot facilities. and prove for yourself that the
Telequipment offers unprecedented an 8 x 10cm CRT operating at D75 s the oscilloscope for you.

Tektronix U.K. Ltd,
Beaverton House, P.O. Box 69,
Harpenden, Herts.

[Tevcovrmen R JEgEiHeen one
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Astrologically speaking..

- . - the best and most promising times of the year are
May, June and December, however if you are careful and do not
attempt anything too rash, the remainder of the year should not
present you with too many problems.
\! All'in all a productive future s forseen in your horoscope.

' ..how discover our scopel

The 5AV and 1EV series of high voltage cartridge
rectifiers are rated at 50mA and 10mA average rectified curren{
respectively.

|
i
The 5AV-series is offered over the voltage range 2kV to
6.5kV Vram and is ina 5mm x 10mm diameter package offering the
design engineer an extremely compact solution to many high
voltage rectifier problems.
The 1EV series offered with Vram ratings up to 12kV is
/ in 2 16mm long package that provides longer tracking paths than
‘ the SAV series enabling the lower voltage types to be usad without i
I! further encapsulation.
The 1EV series has fast reverse recovery
4' characteristics and so is suitable for use in high frequency
systems where rectifier efficiency is important.

[: Both series are available now.
- i = F =
INTERNATIONAL RECTIFIER [I‘;R
HURST GREEN OXTED SURREY RH8 388 TELEX RECTIFIER OXTED 95218 TELEPHONE OXTED 3215/4231 -

WW-—096 FOR FURTHER DETAILS



Wireless World, April 1974

Editor:
TOM IVALL, M.LER.E.

Deputy Editor:
PHILIP DARRINGTON

Technical Editor:
GEOFFREY SHORTER, B!Sc.

Assistant Editors:

BILL ANDERTON, B.SE.
BASIL LANE

Drawing Office:
LEONARD H. DARRAH

Production:
D. R. BRAY

Advertisements:
G. BENTON ROWELL (Manager)
Phone 01-261 83319

KEITH NEWTON
Phone 01-261 8515

A. PETTERS {Classificd Advertisements)
Phone 01-261 8508 or 01-928 4597

JOHN GIBBON (dake-up and copy)
Phone 01-261 8353

57

What is an engineer worth?

The short answer to the question What is an engineer worth? is: what he can get.
This may seem cynical to those who have certain ideas about the intrinsic worth
of an engineer—in terms of his education, qualifications and so on—but because
this intrinsic worth cannot be evaluated in money there can be no other answer.
In practice the engineer has 1o accept a prospective employer’s evaluation of his
worth, perhaps after the two of them have bargained about it. In private industry
the settlement may be a capricious one, very much dependent on market forces
and therefore seemingly unfair in relation to other workers. At the time of writing
there are bricklayers and carpenters earning £4,000-£5,000 p.a. in the London
area. How many engineers can command this level of salary? It may seem that
in state-run organizations such as the Civil Service things arg better because
they are more regularized and predictable. As a result the engineer may be more
ready to accept without question the employer’s evaluation of his worth: it
seems to be based on the accumulated wisdom of the state and the will of the
people.

Of course there have been plenty of studies, reports and recommendations
made on behalf of the engineer. Last year, for example, we had the fourth CEI
survey of professional engineers and the IEEE manpower report. Such investiga-
tions are mainly intended to let the engineer see where he stands and what are his
prospects: they don’t hope to change anything. One of the most forthright state-
ments was in the famous “Brain Drain™ report. which said there was clear
evidence “that industry undervalues its engineers, technologists and scientists®
and recommended that industry should be prepared to “promote within its own
salary structure the pay of qualified engineers, technologists and scientists™.
More recently the United Kingdom Association of Professional Engineers has
been campaigning against engineering employers’ “apparent willingness” to
classify professional engineers “alongside the mass of technicians and manual
employees™ in concluding pay agreements.

Much of the agitation for improved pay rests on the assumption of a superior
order of intellectual ability in the professional engineer relative to other engineer-
ing workers—an ability to analyse and conceptualize, to see clearly the funda-
mentals of problems—which has been brought to a high level by three or more
years’ education and given the stamp of an official qualification. This is the core

" of the engineers’ claim. It is a strong case and nobody disputes it. Why, then, do

not engineers have the courage of their convictions and organize themselves to
deploy this advantage in a more effective way? Mere recognition is not enough.
The CEI is a toothless watchdog. The reluctance of engineers to organize them-
selves into pressure groups or unions is partly because, like many creative
people, they are individualistic by nature, and partly because the word “pro-
fessional” for them has an image that is aloof from the cloth-cap image of the
trade union. They therefore turn their backs on collective bargaining in a world
which operates on collective principles. If only they were able to recognize fully
the significance of their own strength they would find the will to use it.



Novel stereo f.m. tuner

1 —Circuits and operation

by J. A. Skingley and N. C. Thompson

Plessey Components Ltd, Swindon

Wireless World, Aptil 1974

Using a ready-made front-end, integrated circuits and only one inductor, this tuner
design is simple to operate, construct and set up. It includes novel circuitry to give
inter-station muting, a.f.c. restricted to less than station spacing, a single-lamp
tuning indicator, temperature-compensated varicap tuning allowing stations to be
preset, and a linear-scale frequency meter. A simple stereo decoder circuit (part 2)
uses active filters to eliminate “birdies’’ and remove subcarrier harmonics. Printed
circuit wiring diagrams, assembly instructions and setting up procedure will appear

in part 2.

" The designer of technical equipment for the
domestic market faces a problem. On the
one hand the technical operating require-
ments can dictate a multiplicity of controls
and demand a detailed knowledge of their
use. On the other hand the operation must
be simple ahd easily understood by people
of all walks of life and professions. This de-
sign had to cater for non-technical people
and children.

The first requirernent then was that the
system used should mask the technicalities
and present the user with the simplest
possible mode of operation, relying at most
on traditional skills [earned from more con-
ventional a.m. receivers, without sacrificing
the advantages to be had from a modem
f.m. tuner.

The second requirement was to provide
a tuner which was at least as good as the
best commercial unit on all technical para-
meters. The total design objectives were
therefore

requirement ] —ease of operation:

(a) provision for push-button tuning

(b) no undesirable outputs

{c) powerful a.f.c.

(d) scnsitive, unambiguous tuning indi-
cation

requirement 2—good performance :

(a) 2uV for 30-dB signal-to-noise ratio

(b} 3-dB limiting 0.5pV

(c} image rejection 40dB

(d) i.f. rejection 65dB

(¢) capture ratio 2dB

{l) a.m. rejection 60dB

(2) a.f. response + 1dB, 20Hz to 15kHz.

The combination of these objectives led to

a system which to our knowledge is unique

(Fig. 1}.

The core of an f.m. system is its i.f. strip,
and in this design it was decided to use a
block filter and integrated-circuiy limiting
amplifier. The distribution of selectivity and
gain has conflicting requiremnents. From the
point of view of noise selectivity should

SBA7S0
W P
f—
YAt aqudio
pre-amp. pre-cmp
front end ! % / ", i.m.
module oy, detector audio
Qutput
.1, fliter limiting
A B Lt.amp. ¥
electronic
] mute
switch
Y | |

A

tuning

potentiometers limiting a.f.c. amp.

tuning
indicator |-
drive

Fig. 1. In this tuner design limiting and demodulation is provided in a five-stage amplifier and a
balanced demodulator, both in the SBA7504 i.c., additional gain being provided by a two-stage
discrete-component preamplifier. Integrated muting circuit eliminates inier-station noise and

the novel one-lamp indicator makes tuning simple,

come after gain; from the view point of
intermodulation effects gain should come
after selectivity. The ideal choice is one
where the gain and selectivity are uniformty
distributed throughout the system, and this
was more nearly achieved in traditional i.f.
amplifiers using discrete components. The
use of integrated circuits however precludes
the use of this system because selectivity
cannot be integrated,

There are however a number of advan-
tages to the use of block filters over distri-
buted systems. They can be designed as a
single entity, providing a shaped response
via the controlled interaction between sec-
tions to give a complex pole system, and
avoiding the need for delicate stagger tuning
of discrete sections. Termination conditions
are easily allowed for, the filteras a whole is
less sensitive to variations in transistor para-
meters. The filter used in this receiver is the
Murata SFG-10.7 MA, which has excellent
bandwidth and selectivity (Fig. 2).

~|360'

§ 80" @
R A A
= b
z -201 =
Q 40
I~ omplitude 5
2 &
i
Lot 1] o 8
% .t
EALT
o
1 i phase
- 40+
—360™
BT i e x i
104 106 10-8 110

FREQUEKCY (MHz}

Fig. 2. Filter characteristic is maintained
by making filter *‘see™ 330 ohms at source
and load.
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The integrated amplifier must have ex-
cellent limiting characteristics to provide a
good a.m. rejection, and the device chosen
achieves this by the use of a five-stage
limiting amplifier and a balanced demodu:
lator. This is the Plessey SBA750A which
has 45dB rejection at 200uV and 60dB at
2mV input. These figures correspond to
2uV volts and 20V respectively at the input
in this design. This device also features a
mutable a.f. amplifier which is used in the
mute circuit to be described later.

It is interesting to reflect here that, at the
present stage of integrated circuit develop-
ment, the system designer has a wide choice
of such building blocks, and, being relieved
of the detailed design of these, has far more
scope for originality than he used to have.
This would seem in_contrast to the gloomy
forecast once made that all design would be
done by the i.c. manufacturer, leaving the
system designer the simple task of plugging
in devices. In fact it is this new freedom
which brings to light the need for new
building blocks, and in turn produces more
advanced systems.

Objective 1(a), is met by using a varicap-
tuned front ¢nd. The performance of com-
mercially-available units, although capable
of improvement, is equal to our design
objectives and presents the simplest solu-
tion. The unit chosen was the Mullard
LP1186, whichcanbeconveniently mounted
on a printed circuit board.

To achieve objective 2(a) more gain is
required than that given by the above items.
This extra gain is provided by a two-stage
feedback amplifier as shown in Fig. 3. The
first stage acts as a transconductance ampli-
ficr, its gain being defined by the 100-ohm
emitter resistor. The second stage then
functions as a transresistance amplifier or
current-1o-voltage converter. The combina-
tion therefore has a gain defined by the
100-€2 resistor and the 2-kQ feedback re-
sistor, and has a value of 26dB. The output
impedance of this stage is around %0 ohms,

59

Features of this simple-to-operate sterea tuner include a miiting circuit to prevent unwanted
signals being heard (e.g. weak stations, signals affected by flutter, and mistuned stations),
a single-lamp uning indicator and a linear frequency meter.

100,
",l-= - AN —s =G Vg
ak7 _thiter
output
_ Lo o ;
_ 10n o—¢—0
input-—y—ﬂ - -!
:Tu- 2N3904
100n 4
' 350

Fig. 3. Feedback amplifier consisting af voltage-to-current converter followed by a current-ta-

valtage converter has 26dB gain, defined by 100-ohm and 2k-ohm resistors. Outpui impedance
af 90 ohms is made up ta 330 ohms to correctly feed the filter.
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Fig. 4. Mute circuit, operated by the amount of amplitude modulation in the i.f. output, has the advantage of suppressing unwanted outpits de
to detection on the non-linear regions of the S-shaped demodulation curve. Point X, fed from the demodulator via Fig. 5, feeds the tuning
indicator, which is held off by Tr,, in the presence of noise. An output from this circuit unmutes the stereo output from SBA750 i.c. First five

transistors are contained in SL3045 i.c.
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and so a buffer resistance of 240 ohms is
used to present the filter with its required
source impedance of 330 ochms, This intro-
duces a slight loss of gain, but ensures that
the cotrect filter characteristic is obtained.

Muting circuit
The system so far described provides an
audio output from an aerial input and could
therefore be used as a tuner as it stands.
However, this is really where our story
begins. If the above system is used, the first
thing soon realized is that the interstation
nois¢ is highly objectionable. In fact it
corresponds to a fully modulated signal
over the entire audio band, since the input
stage noise is sufficient to achieve limiting
in the last i.f, stage, with a bandwidth equal
to the i.f, filter pass-band.

In addition to this ear shattering blast, as
a station is tuned a highly distorted version
of the station programme is received before
the correct tuning point is reached, also at a
high volume. This is of course due 1o de-
tection via the ““S™ curve of the detector, and
will be produced at equal intervals either
side of the correct tuning point. The net
result of all this is design objective 1(b), the
suppression: of all unwanted outputs. Put
the other way round, the only sounds heard
should be correctly tuned stations.

Audio muting is achieved by using the
remote gain control facility of the SBA750.

This is a pin connection usually taken to a
remote potentiometer carrying d.c. only.
For our use the potentiometer 'is replaced
by & p-n-p transistor {Tr, ,, Fig. 4) which is
controlled from a number of sources.

Because the noise level is sufficient to
produce a fully limited signal from the i.f.
amplifier, the magnitude of this carnot be
used to detect the presence of the station to
un-mute the system, and this presents a
problem. The solution is simple in concept.

What is required is a measure of the
degree of limiting taking place within thei.f.
amplifier, and this is easily monitored by
detecting the amount of amplitude modu-
lation present in the i.f. output. This has the
advantage of detecting the spurious res-
ponses mentioned earlier, as these are in fact
caused by the high-slope &dges of the i.f.
filter response converting the frequency
modulation into amplitude modulation
which is then detected by the quadrature
detector.

The first device in Fig. 4 acts as a buffer
to the i.f. amplifier output, which is very
sensitive 1o capacitance loading. The next
two devices form the amplitude detector.
Transistor Tr,, is diode-connected and fed
with a small current from the supply. As the
five devices Tr, to Tr,; are contained on
one chip of silicon (SL3045), they have well
matched base-emitter voltages, and this
causes Tr, s to conduct the same current as
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Tr,4- The |-k resistors in Try, and Try5
bases provide a higher input impedance for
the signal while preserving the voltage
match, since the basecurrentsarealso equal.

The collector of Tr,q would sit at a rela-
tively high voltage due to its smaller load
resistance, but application of the i.f. signal
{noise or ““clean’" 10.7MHz), which is about
400mV pk-pk, causes this stage to rectify
bringing its collector down to a low voltage.
The collector time constant is chosen so
that the 10.7-MHz signal is filtered out but
allowing amplitude modulation up to about
100kHz to be followed. This modulation
can only be negative, as the i.f. is amplitude
limited, and this produces positive-going
signals, when present, at Tr, collector.

The following transistor pair is biased
with Tr,, normally on, so that this positive-
going slgnal turns on Tr ; and hence Tr,
both ofwhich are normally non-conducting.
In the presence of noise therefore the capaci-
torin Trjcollector ischarged rapidiy taking
the base of Tr,, positive. This will happen in
the presence of any form of a.m. noise or
spurious signals, and may be used to mute
the receiver.

Single-famp tuning indicatof

There are many ways, of meeting objective
1{d). However there is a need to provide an
indication which is readily understood by
all, without the need for instruction, which

= -:-+Vs
< =
» vansss
3K h J
ukg
:

S0k 30k 50k

to

Fig. 5. A.F.C. amplifier has its voltage swing limited to restrict a f.c. aciion to less than station spacing. Using a compuier programme, the
tuning potentiometer network was optimized to provide uniform lock-in range over the tuned band and correct temperature compensation of
the front-end. Diodes in potentiometer smoothing circuit allow quick charging of capacitors and keep seitling time after switch-on short.
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Fig. 6. Circuit of f.m. receive section of tuner with a.f.c., muting and tuning indicator circuits. Frequency is displayed on a moving-coil meter
(circuit in part 2). Resistors in this circuit should be 2%, tolerance.

ruled out several of the recently-used types.
These include the centre-zero meter and the
two-lamp system, as neither of these provide
a maximum response at the correct tuning
point, which is the conventional mode of
adjustment. This topic is to be covered in
another article and the final design is shown.
in Fig. 5.

Inputs are taken from the balanced de-
modulator output via 10kQ resistors and
fed to a long-tailed pair with the addition of
a third transistor. This device is connected
so that it conducts a maximum current (one
third of the tail current) when the inputs are
balanced. The collector of this (point X} is
connected to the base of Tr, (Fig. 4), the
d.c. conditions being arranged so that at
balance, and assuming Tr,, is off, Tr; con-
ducts 20mA into the single l.e.d. indicator,
D. This then has a maximum brilliance at
the correct tuning point.

The 7r,, tuning indicator is extinguished
in the presence of noise, since T+, ; conducts
away the current supply to it when its base

is made positive by the action described
earlier.

Objective 1(b) can now be easily obtained.
We only require the audio signal to be un-
muted when there is a correctly tuned
station being received, that is, when the
tuning indicator is fully lit. The voltage-
current characteristics of a L.e.d. are similar
to those of a zener diode; therefore a 240-
ohm resistor is placed in series to give a
voltage-varying point, and this is used to
operate the mute transistor Tr,, (Fig. 4).
The systetn will only pass a correctly tuned
signal of significant signal-to-noise ratio.
Very weak stations, stations suffering from
gross interference or aircraft flutter, spuri-
ous respuuses, and even strong stations
which are mis-tuned by morethana few tens
of kHz will be completely muted.

A.F.C. circnit

There now only remains the objective 1(c),
the provision of a.f.c. This function received
a lot of thought and discussion before the

system described was finalized. A high
degree of loop gain was required to reduce
the tuning error to negligible proportions,
but when this was tried, however, scveral
disadvantages came to light.

Firstly it was found impossible to tune
the receiver with a.f.c. applied. One station
would be captured and the tuning control
rotated past several others on the dial before
the original station was lost, and then it was
not known which station had been re-
captured. The tuning was completely ambi-
guous, in opposition to the main require-
ments and objective 1(d) in particular.
There are several expensive commercial
tuners having this fault.

The solution to this problem is simple in
hindsight. What is needed is indeed high
gain, but the frequency range should be
restricted to less than -the typical station
spacing. This is easily achieved by limiting
the swing voltage available from the a.f.c.
amplifier. One requirement for the above
system to be successful is that the tuner
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Filter Murata SFG 10.7MA
Front-end module Mullard LP1186
Mains transformer

RS Components (634 Trans)
Push buttons

RS Components (Press 2P)
Pre-set pots

RS Components (Lin Cerm 50k)
Multi-turn pots

RS Components (Multi pot 50k}
Regulator

RS Components (MVR 15)
Rectifier

RS Components {REC 70)
Meter RS Components (MR 42A%

Semiconductor devices

Components {main board)

o SBAT750A
ic, SL3045
Try, Try 2N3904
Try, Trgto Tryq BC|179
Troto Try, Tr,y, Tr;, BCl09
D, D, 1N4148
D, 5082-4403 (l.e.d.)
Dy, Dy 1N4001
f  Capacitors
ENEN 10nF (disc ceramic)
C;, C;, Cs, @, 47nF (disc ceramic)
' Cra 0.1pF (disc ceramic)
C,, Cy 8.2pF (min. plate ceramic)
Cq, Cys 100pF (min. plate ceramic)
Cio 470pF (disc ceramic)
Ciy 0.22uF (stack foil
polycarbonate)
C12.Cyg 2.2uF (63V electro]ytic)
Cps 10mF (stack foil
polycarbonate)

CIG' Cz;g [},lF (slack rO]l ]
polycarbonate)

Ci Cro 22F (25V electrolytic)

Cio 4.7uF (63V electrolytic)

C31,Caa 220pF (16V electrolytic)

Resistors (all Electrosil TR5 2% |
except thermistor)

Rh R-h R26 100Q
R, 4.7kQ
R, 3900
R, 2.4kQ
A 2kQ t
R, R, 3300
Rg, Ry5 2400 ‘
Rm: Rll- Rl&- Rz4- Rza,
R300 R31s Riq, Raj 10k02
R, 5.6kQ
» IMQ
R4 R3s. Ry, Ryoto Ry 6.8kQ
RIS’ R;B, R19 1kQ
Ry 100k
Ry Ry Ryg 20kQ
Ry, 5.1kQ
Ry 1500
Ry Ry, 12k
R 5.1k
Ry, 11kQ
Ra.u Rd..'a lzm
Rys 8.2kQ
R, 6.2k02 |
5 2.7kQ
R.o 82kQ
Ry 200kQ2
Ry, 1.1xQ
Ry, 1200
RT, VA10555

thermistor

e e e '

should not have a temperature drift greater
than the hold-in range of the a.f.c. This
would anyway render the tuning calibration
unreliable. In this design the a.f.c. amplifier
is used to provide temperature compen-
sation independently of the hold-in range.
The circuitry used is shown in Fig. 5.

The differential output from the tuning
indicator triple is further amplified by Tr,
and Tr,. Due to the action of the triple there
is 2 common-mode signal present in its out-
put, and this is rejected by Try and Trg by
providing them with a constant-current
tailfrom Tr,. Also under extreme mistuning
it would be possible for Tr, or Trg to
bottom, causing a spurious output voltage
and incorrect a.f.c. action. Diodes D, and
D, are included to prevent this from hap-
pening. They limit the swing available by
clamping Try and Tt 4 collectors together
at a maximum of 0.6 volts difference.

The afc. can easily be cancelled by
closing switch S, thus removing differential
gain. The output voltage is now determined
by the current from Tr,, which is fixed, and
the total load resistance in the common
mode. Thisincludes the thermistor common
to both collectors which is selected 10 pro-
vide the correct compensation of the front
end, via the following network.

This network was optimized by a com-
puter programme to provide a shift of the
end voltages of the tuning potentiometer by

amounts representing equal frequency
shifts. This results in a uniform lock-in
range over the tuned band, and also correct
temperature compensation. A possible
method of switching and tuning potentio-
meters is shown; alternatively these may be
connected in parallel provided that the
total resistance remains at 50kS2.

The positive end of the tuning potentio-
meter, point A, is connected via a total of
10.6k€2 to the positive supply, and any resi-
dual mains ripple at this point will modulate
the tuning and produce a hum at the output.
Less thap 0.1mV ripple is required to pro-
duce a hum level at least 60dB down on full

Performance

Sensitivity 1.8pV for 30dB s/n
{mono, see graph in
part 2 for stereo)

| 3-dBlimiting  0.7uV

image rejection 42dB

i.f. rejection 60dB

capture ratio 1.8dB

a.m. rejection  60dB (see graph)

mute level 310 5pV

output level 180mV stereo
1.7V mono

harmonic 0.5% for 75kHz dev.

distortion
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signal. Therefore, the resistance is split and
two 220pF capacitors inserted as shown.
This has the desired effect, but produces a
slow sweep across the tuning range as these
capacitors charge up after switch-on. This
is annoying as several stations are captured
by the a.f.c. in passing, before the wanted
station is reached.

To gvercome this defect, it is arranged
that D, and Dy diodes rapidly charge the
capacitors, by-passing the 1.2-k§2 resistors.

When fully charged, the voltage drop
across these is insufficient to keep the diodes
forward biased and they cease to conduct,
allowing the full time constant to become
effective. By this means the switch-on
settling time is greatly reduced. These
diodes can be seen in Fig. 6 which shows the
discrete components and their inter<on-
nectionwith the integrated circuit and front-
end module.

The tuner circuit described provides the
optimum performance with regard to the
needs of all users. Operation is simplicity
itself. The set is silent while tuning between
stations and the tuning indicator is un-iit.
When a station is encountered the tuning
indicator lights fully and the set un-mutes.
The tuning control is now left untouched in
the knowledge that no further adjustment is
required. If an adjacent station exists, the
controlmay be turned further and the tuning
lamp will blink off then on again and the
new station will be heard; again no further
adjustment will be required. This action is
similar to turning a rotary switch. If this
new station is further away, the set will re-
main silent until it is reached; mis-tuned
stations cannot be received. H the a.f.c. is
disabled, for instance when hunting up-
band for foreign stations, the tuning indi-
cator allows a sensitive fine adjustment 1o
be made. The mute facility may also be re-
moved under these conditions to allow weak
stations of less than § to 10V to be received.

The design has been sufficiently thorough
to ensurc that the performance can be
guaranteed, provided that the components
specified are used and the layout of the p.c.
board is'as recommended. Seiting up can be
done with nothing more than a trimming
tool, for the single tuned circuit, and a pair
of eyes.

Part two will include details of an improved
stereo decoder, assembly instructions, and
setting up procedure.
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Paris components

exhibition

As semiconductors have been a marker,
for many years, of the state of develop-
ment, we thought we would have a look
and see what was happening here. Trends
are towards larger-scale integration of
almost evervthing, from computers to car
radios, and the number of stands on
which displays for meters, calculators,
clocks, watches and any parameter not
previously thought of makes one wonder
whether liquid crystals, light-emitting
diodes, neons, or some device yet to see
the light of day will be the standard in
ten years’ time.

Semiconductors

To get down to details, an example of
lis.i. was shown by Motorola, who had
the. MC6800 set of ion-implanted, n-chan-
nel integrated circuits, which together
form a microcomputer. (Will the next step
be a nano-computer, one wonders?) The
set consists of an 8-bit central processor,
an 8k ROM, a 1k RAM, an interface for
peripherals and an asynchronous line
interface. The processor, in a 40-pin pack,
handles decimal or binary and accommo-
dates 72 instructions, with provision for
up to 64 bytes of external memory—in
any form.

Also by Motorola is the set of three
ics for a PAL decoder, giving final R,
G and B tube drive from the composite
video signal. One of the set is the
MC1327 colour demodulater, which is
already known, together with the TBA
395 (chrominance) and TBA 396 (lumi-
nance) modules. The last two contain a
gain-controlled chrominance amplifier,
a gated burst amplifier, pll. reference
oscillator, chrominance amplifier a.g.c.
generator (this is usually known as a.c.c.
—automatic chrominance control) and
colour Killer, together with black-level
clamps, beam current limiting and tracked
control of saturation and contrast.

Chips for calculators continue to
evolve, and General Instrument Micro-
electronics showed two new ones. The
8-digit C595 possesses automatic con-
stant on all four functions, and percentage.
It has one memory, but four separate
keys allow the memory to be updated,
information stored, cleared or read. All
functions are .in the one chip, including
display and clock. The C150 is a 14-

digit unit for office or scientific work,
which offers the facility of storing and
operating upon two numbers simul-
tanecusly, for example, in the solution of
quadratic equations. C151 is a version for
general use, with a direct square root key.

S$GS-Ates showed a range of seven in-
tegrated circuits—in various stages of
development—which together make up a
virtually complete colour receiver. The
planning is such that three of the i.cs are
concerned with the colour section of
receivers, the remaining four being usable
in monochrome sets. One remarkable
chip, the TDA1170, contains the entire
vertical deflection circuitry, providing
1.6A peak-to-peak to the deflection coils.
A voltage stabilizer is built in to provide
immunity to supply variations.

SGS-Ates also had their TDA2020, a
15W audio amplifier on one chip, claim-
ing high-fidelity performance at a t.hd.
figure of 1% at 15W. It requires + 18V
supplies, and has a power-limiting circuit
with thermal shut-down. The two-rail
supply enables direct coupling of the
loudspeaker. The amplifier is also avail-
able in industrial guise as the LOG68, to be
used as a servo driver and error amplifier
combined.

An automotive ic, by ITT Semi-
conductors, the SAJ280, is intended to
ensure that seat belts are worn. The unit
is named *“Interlock” and creates all
manner of visual and aural commeotion if
the belts are unfastened either before or
after ignition, which it also prevents in
such circumstances. It will refrain from
'such behaviour if the vehicle is moving
when the belts become unfastened.

“Qld-fashioned™ semiconductors-—--
transistors-—are acquiring & very hum-
drum connotation lately, but nevertheless
development continues in all the important
parameters, Motorola had the range of
high-power Darlingtons which are intend-
ed as replacements for the 2N3055,
2N6253 and 2N625 single types. The
new pairs offer fizg between 500 and 5000,
with Vo of 45 to 80V, Shunt dicdes
across the output transistor are built in.
RTC were also showing power Darling-
tons, in p.n.p. and n.p.n. configurations,
offering Az of 3000 typical at collector
currents of 1.5A to 10A. Collector voltage
ratings are between 60 and 100V and,

‘the PM3260,
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again, the shunt diodes are built in.

Transistors and diodes for high fre-
quencies, shown by RTC, include the
BFTS50 low-noise type {less than 2dB at
500MHz); the BFTSI1, a 1W, 12V type
with an f; of 2500MHz at 140mA; the
BLX38 linear class A wide-band amplifier,
delivering 700mW at —60dB intermodu-
lation in Bands IV and V; two Gunn
oscillators for 3cm work and some gal-
lium arsenide avalanche diodes for use
as X-band oscillators, producing 4 W.

Pentawatt is the name given by SGS-
Ates to the new 5-lead package with an
integral bolt-down heat sink, claimed to be
usable up to 30W.

Instruments

While we were not primarily looking for
new instrumentation, it was there in
abundance, and must be mentioned at
least.

Marconi Instruments TF2370 spec-
trum analyser displays the spectrum of
the signal in a completely new way. The
information normally presented in ana-
logue form—the spectrum-—is stored in a
memory which is organized as a 256 X
512-point matrix. The 512-point axis
corresponds to the x axis, or frequency
base of thé display, and the memory is
addressed as the sweep progresses, so that
at the end of a sweep, the point of the
spectrum at each frequency increment is
stored at one of 256 (vertical) addresses
or one of the 512 (horizontal) lines. At
the end of the sweep, the memory is read
at a rate of 76Hz, modulating the bright-
ness of 512 vertical lines to produce a rep-
resentation of the spectrum. The system
has the advantage that the spectra of non-
repetitive signals can be displayed without
loss of brightness or the use of storage
tubes. .It also permits two images to be
displayed, for example a reference trace
and the signal from a circuit under test.
Resolution is 5Hz and 0.1dB, a 100dB
dynamic range is provided and a 9-digit
frequency meter is incorporated.

New equipment from Philips includes
a dual-trace 120MHz
oscilloscope with 5mV  sensitivity. An
extremely high e.h.t. of 20kV enables the
observation of the “two nanoseconds
every other Thursday” type of pheno-
mena. Time-base speed is Sns/cm and y
rise. time is 3ns. The PM3010 is a dual-
trace instrument measuring only 86 X
153 X 190mm and weighing 1-8kg, but
providing a y bandwidth of 5SMHz with
sensitivity of 30mV/div. The battery pack
is rechargeable.

From Iskra, the Digimer 1 is a 3-digit
multimeter for a.c. and d.c. volts and
current, and resistance. Resolution is from
0:1mV, 0.0lmA and 0.1Q. The unit'is of
unusual form, being somewhat like a tiny
petrol pump in appearance, the readout
being where the gallons normally appear.
Each function is sclected by a separate
unit, which is plugged into the base to
form a foot.
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Research
Notes

Yoga and electronics versus
stress disease

A medical use of a closed-loop feedback
sysiern has been reported in the Lancet.
The patient is part of the loop and the feed-
back is used 1o change of the state of his
body.

High blood pressure is ofien the result
of psychological stress. A possible treat-
ment is to relieve the stress by Yoga
exercises. which can relax both the mind
and the body. An Indian-born doctor.
Mrs Chandra Patel, now working in
London, has reported encouraging results.
She uses a simple measurement (skin
resistance} as an indicator of tension. The
patient’s skin resistance is made 1o con-
trol the frequency of an audio oscillation.
By monitoring the pitch the patient can
“hear himself relaxing” and this helps him
to improve his performance of the relax-
ation exercises. Some of Dr Patel’s patients
have been able to reduce or even abandon
the use of drugs to relieve blood pressure.

The Lancer,73.11.09

Neutron radiography

If a metal-and-plastic clock is X-rayed,
only the metal parts show up clearly. If
neutrons are used instead of X-rays only
the plastic parts appear. This useful
property makes neutron radiography
complementary to X-radiography.

The physical basis of newron radio-
graphy is the way in which neutrons
interact with matter. A neusron has about
the same mass as a proten, and this makes
it interact more strongly with single
protons than with heavier nuclei. (It merely
“bounces off” a heavy nucleus, with little
loss of energy—an elastic collision.)

In nature, single protons occur in
hydrogen atoms, so the substances which
stop neutrons most effectively are hydro-
gen compounds such as water and
plastics. Living tissue, which contains
both water and organic compounds, is also
revealed.

A difficulty in neutron radiography is
that the silver compounds in photographic

film do not interact strongly with neutrons.
so ordinary photographic film cannot be
used to register neutron pictures. At the
Nuclear Research Centre at Karlsruhe in
West Germany, where neutron radio-
graphy is used to take pictures of the
insides of fuel elements, much work has
been done to find ways of facilitating
photography. What is required is some
means of image conversion which can

change the emergent neutron beams into.

some form of radiation which affects a
photographic emulsion. The required con-
version can be accomplished by allowing
the neutrons to pass :hrough thin films of
metals such as dysprosium. gold, indium
and gadolinium. The neutrons activate the
metal atoms and make them emit various
kindi of radioactive rays which follow
the same density pattern as the neutron
beams.

Exposure of the film can either be
direct, with the film and foil in contact
during neutron bombardment. or indirect.
The indirect method makes use of the fact
that the neutron bombardment leaves the
metals slightly radicactive. The foil
therefore serves as a storage device, and a
photograph can be made by laying it over
a film and leaving it there until the

“remembered” radiation pattern has
exposed the film sufficiently.
The exposure times required for

neutron radiography are short. compared
with X-radiography, and the technique
has possible medical uses.

Black holes and naked
singularities?

Astronomers are beginning to search for
“black holes™, strange dead stars. Since
they emit no light or radiation of any kind
the search is difficult. and may well
require the aid of electronics for success.

The notion of a black hole is quite
simple, and goes back to the 18th cenury.
Laplace pointed out that, according to
Newtonian physics, the “escape velocity”
which a moving object has to reach in
order 1o leave a star increases as the
gravity at the star’s surface increases. In a
very large star, with the same density as the
earth, gravitation could be so intense that
the escape velocity would exceed the vele-
city of light. So nothing, not even light,
could leave the star. which must appear
black o an outside observer.

Stars of the required size do not exist,
but there is good reason for believing that
the necessary gravitational strength can be
obtained in another way, namely the pack-
ing of all the mass of a normal-sized star
into a very small -space. What poverns
density is energy. Thermal energy keeps
atoms and molecules apart. The energy
inside the atom keeps the elecirons away
from the nucleus. It is theoretically possible
for this energy to be lost as radiation,
giving rise 10 an unimaginably dense
body made up of closely packed atomic
nuclei. If such a collapsed star has a mass
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greater than about 1.3 times the mass of the
sun then the gravitation can be large
enough to prevent light, radio waves, X-
rays and all other forms of radiation from
leaving. The star is black. But the process
doesn’t stop there. The gravitation is by
now so strong that the matter of the star
continues to be crushed. The star becomes
even smaller and denser, until perhaps it
shrinks away to nothing. But so long asits
gravitation remains it appears from the
outside as a black hole of a size which
depends on the mass; in other words, the
“black hole” begins where gravitation
reaches the required intensity and does not
depend on the size of the lump of matter
inside.

How do you detcct a black hole without
going close to it and so running the risk of
being sucked in and destroyed? One
possibility is to find a black hole which is
one partner of a double star, that is. two
stars orbiting about one another. To an
observer, the pair would appear as a single
visible star which exhibited peculiar
motions. Another possibility involves a
possible amplification effect on passing
clectromagnetic waves. A wave passing
near the star could split into two parts, one
being sucked into the black hole and the
other continuing outside. These 1wo waves
could in theory interact in such a way that
the internal wave reinforced the external
wave. The effect is small. but it is possible
that a positive feedback mechanism might
exist which would allow the external wave
to reach a large amplitude before leaving
the sphere of influence of the btack hole.

An even stranger possibility is the
“naked singularity”, which is a completely
collapsed star nor contained in a black
hole and therefore capable of being com-
municated with. It may seem impossible
to communicate with a speck of nothing-
ness made of encrgy-less maiter, but the
prospect is not recessarily as bleak as that.
If the collapsing star is spinning, as many
stars are, then it still has angular momen-
tum, and this prevenis it from collapsing
intc nothing. There may, therefore. be very
small, dense, spinning bodies which can
reveal their presence in some way. such as
exciting nearby gas into states which pro-
duce radiation.

It all sounds rather abstract, but black
holes and singularities are of such great
interest to physicists and cosmologists that
the search for them is bound to continue
over the years.

_—

‘“Horn loudspeaker
design’’

We apologize that it has been necessary to
postpone the publication of the second part
of J. Dinsdale’s anicle “Horn loudspeaker
design”. This second part will now appear
in the May issue.
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Doppler distortion in
loudspeakers

Simple techniques for the separation, measurement and
assessment of intermodulation distortion due to the Doppler effect

by James Moir, F.1.E.E.

James Moir & Associates

The significance of the Doppler distortion
produced by loudspeakers has been the sub-
ject of discussion for many years, opinions
ranging all the way from “‘there isn't any
such distortion™, to the very opposite view
that it is “the main source of distortion in
loudspeaker reproduction”. Such wide dif-
ferences of opinion generally arisc when
there is no well founded body of measured
data on the extent of the distortion, but in
this instance, the issue has been clouded by
the different methods of expressing the
scanty data that is available. It should assist
our understanding if the origin of Doppler
distortion is clarified.

Frequency intermodulation distortion

Consider a loudspeaker reproducing two
tones having frequencies f; and f;, with a
frequency ratio of twenty to one, then while
the loudspeaker cone is moving towards the
listener to reproduce one half cycle of the
lower frequency, f;, it will simultanecusly
reproduce ten complete cycles of the higher
frequency, f;. On the reverse half cycle of
the lower frequency, while the cone is mov-
ing away from the listener, it will reproduce
the second ten cycles of thehigher frequency.
This is a classical Doppler situation, the
pitch of the higher frequency as heard by
the listener, being increased as the source
moves towards the listener, and decreased
as the source moves away from the listener.

An observer listening to a signal fre-
quency, f7, from a source moving towards
him with a velocity, v, hears the resultant
note with a frequency, f3, where,

[ = fle+v)e

where ¢ = velocity of sound in air. When
the source is moving away from him he
hears the note as having a frequency,

£ = fle—v)fe

The velocity of sound in air is around
1125f1/s and the velocity of the cone gener-
ally below 10ft/s but dependent, of course,
on the frequency and amplitude of the lower
frequency. Thus the maximum change in
pitch (frequency} due to the Doppler effect
is in the region below 1%,

When the moving source is a loudspeaker
diaphragm executing a sinusoidal motion,
the note as heéard by the listener will swing
cyclically between the two limit frequencies

quoted above at the frequency of modula-
tion, f;, a simple example of frequency
modulation. The mathematics of this are
well understood, the known result being the
appearance of two sidebands, symmetrically
disposed about the carrier frequency at
frequencies (f3 £ £,) and having amplitudes
that are an indication of the extent of the
Doppler distortion. It is necessary to dif-
ferentiate between the value of the carrier
frequency shift Af; measured in hertz and
the frequency at which the sidebands due
to this shift appear. The carrier shift is an
indication of the extent of the Doppler dis-
tortion and it is at its acceptable limit when
it is only 20-30Hz. The sidebands are
always spaccd from the carrier at the fre-
quency of the modulation, f, because the
carrier frequency deviation is cyclic at this
modulating frequency.

‘The amplitude of the two sidebands can
be predicted by some mathematical mani-
pulation of the basic equation for a fre-
quency modulated wave.

v = Vysin(2afit+ Msin2nfr) (1)
where

carrier frequency deviation

medulating frequency
o7,
A
Quantity M is the modulation index, fam-
iliar 1o the engineer interested in frequency
modulation breadcasting. With the stan-

dards adopted for f.m. broadcasting a
transmitter fully modulated to a deviation

‘of 75kHz by a 15kHz signal, has a modula-

tion index of 75/15 = 5 but as will be seen
in the later discussion the frequency devia-
tion in any audio application is at its very
worst, only a few tens of herz and the
resultant index, M, is almost invariably
much less than unity.

The amplitude of the two sidebands that
are generated can be obtained by expanding
Equation | in Bessel form. It has been
shown that this results in the series,

e = EJo(M)sin 2nf,t
+J, (M) sin 2afyr +2nf e
+sin (2nfs — 20/, tn
L7 @

where J,: Bessel function of order 0
J, : Bessel function of order 1
J,: Bessel function of order 2.

Values of Jo(M), J (M), J5(M) can be
obtained from standard mathematical
tables but examination of the data indicates
that if the analysis is confined to the fre-
quency deviation range thal is of real in-
terest in Doppler distortion problerns, then
M is always below | and the sideband am-
plitude is then simply M/2 x the amplitude
of the carrier frequency.

If it is assumed that the lower frequency
signal applied to the loudspeaker is 100Hz
then for M = 0.1, M/2 = 0.05 and the two
sidebands have amplitudes that are 5% of
the amplitude of the carrier frequency f;.
The deviation Af; = 0.1x100 = 10Hz.
This is the frequency deviation Af, of
carrier f; and if this has the standard test
frequency. of 3kHz the flutter amounts to
10/3000 = 0.3%.

Amplitude intermodulation distortion

Distortion sidebands of a very similar type
appear when a two frequency signal is
applied to any device that has a non-linear
input/output characteristic!, If two sinu-
soidal voltages ¥, = Vsin(2afinyand V; =
sin {nf,!) are simultaneously applied to a
device having a transfer characteristic re-
presented by the power series,

My = e, V+a V2 +a,V+a,V* (3)

the output will include in addition to the
harmonics of f; and f; two sidebands hav-
ing frequencies of (fz + ;) and (f; —f;) with
amplitudes proportional to the coefficients
a, and a, in Equation 3. It will be seen that
the frequencies of these two sidcbands are
identical to those produced by frequency
intermodulation but the amplitude of the
two sidebands is determined by an entirely
different factor, the degree of amplitude
non-linearity in the device. The extent of
this non-linearity is indicated by the value
of the coefficients a, and a, in the power
series of Equation 3. The sidebands pro-
duced by this amplitude dependent inter-
modulation are subsequently referred to as
the a.i. sidebands. These a.i. sidebands are
produced in loudspeakers by non-linearities
in the suspension, non-uniform distribution
of the magnetic field in the gap and at higher
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_frequencies by non-linearities in the cong
material.

The distortion spectrum that results from
applying two separate lest frequencies is in
the simplest example like that shown in
Fig. |. The two sidebands f, + f, are the sum
of the Doppler and amplitude modulation
components whereas the f; +2f, are almost
invariably due to amplitude int¢rmodula-
tion. The remaining two distortion com-
ponents are the first two harmonics of the
two test frequencies f; and f;.

it should be remembered that the pres-
ence of the amplitude intermodulation side-
bands implies the simultaneous presence of
harmonic distortion components having
frequencies of 2f;, 3. 2f, 3fs, ctc. These
have no equivalent in the frequency inler-
modulation case. With the same amount of
distortion power in both the f.i. and a.i.
. sidebands, the total dittortion power due
to the amplitude dependent distortions will
usually be the greater proportion of the
total distortion. Thefirst order intermodula-
tion sidebands whether due to Doppler or
amplitude intermodulation are seen to form
only a small part of the total distortion. It
is thus unlikely that their presence will be
easily detected.

It has generally been considered that the
amplitude dependent distortions were the
prime cause of much of the residual dis-
tortion in loudspeakers. Perhaps it should
be remembered that it has never been con-
clusively demonstrated that the addition of
the lower order harmonics alone results in

any significant loss in sound guality. Thus
violins, all of unquestionable tonal quality,
differ markedly in their harmonic structure.
The quality deterioralion that is evident
when harmonic distortion is present is
generally assumed to be due to the side-
bands components (f; /1), (21 2f}} etc.,
that inevitably accompany harmonic dis-
tortion, but do noi accompany the har-
monics in musical instruments.

Measurement technique

Separate determination of the amplitude of
the a.i. and f.i. sidebands has evidently
proved difficult if judged by the complexity
of some of the techniques used. The tech-
nique to be described provides a simple
method of not only separating the two sets
of sidebands from cach other but allows the
f.i.sidebands to be separated from the music
being reproduced by the loudspeaker.

Our technique is to insert an amplitude
limiter and f.m. discriminator designed for
acarrier frequency of JkHz into the measur-
ing system. This particularcarrier frequency
was chosen as it allows data obtained to be
compared with that obtained by other in-
vestigators® when assessing the subjective
effect of wow and futter, a very similar
form of frequency intermodulation dis-
tortion.

The arrangement of the test equipment is
shown in the block diagram of Fig. 2. Test
signals are provided by two Bruel and Kjaer
type 1014 signal generators, adequately de-
coupled and fed via a Quad type 303, 50
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watt amplifier Lo the loudspeaker under test
mounted in the open air. The output signal
from the loudspeaker is picked up by a
Bruel & Kjaer type 4131 microphone
mounted on the axis of the speaker at a
distance of | metre, amplified and then fed
in parallel to the 3kHz limiter and dis-
criminator and to a Marconi type 2330
narrow band analyser. Meter M, checks
the amplitude of the two scparate’ input
signal components f; and f; and the total
amplitude of the combined signals, meter
M, reads the f.m. distortion components
only, while meter M indicates the ampli-

‘tude of each of the individual components

of the speaker output signal spectirum. The
reading of M, is proportional to the fre-
quency deviation of the carrier f;. This is
related to the modulation index, M, by the
simple relation,

= (AL x )

Beers and Belar® derived an equation for
the f.m. distortion components. This is,

frx/P
or = BOTZ00 @)
where P, is the power al frequency f, and d
is the cone diameter.

This equation provides a guide to the
relations that should exist among the data
collected. :

It will be seen that the distortion should
be proportional to the frequency f; and to

the amplitude of £, (i.c. \/F;). be indepen-
dent of the amplitude of f, but inversely
proportional to the square of the cone
diameter. A measuring system intended to
obtain data on the amplitude of frequency
modulation sidebands should meet the
following requirements. (1) The limiter and
discriminator should not respond to an
amplitude modulated signal. (2} No fre-
quencyintermodulation components should
be measurable at the amplifier output termi-
nals when the two-frequency test signal is
applied.

As used, the measuring system provided
loudspeaker distortion values that were in-
dependent of the amplitude of f; over a
range of at [east 10: | and they were directly
proportional to the amplitude of f/, upto a
power output at least ten times the power
applied to any of the loudspeakers during
testing. The requirements of (1}and (2) were
mel with a large factor of safety.
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Fig. 3. Level of Doppler distortion. See text for further explanation (a) 12in {30.4cm) diameter loudspeaker (b) din (10.1em) diameter

loudspeaker.

Amplitude intermodutation
nieasurenent

While the test system as shown in Fig. 2
measures the frequency intermodulation
components alone, and ignores the ampli-
tude intermodulation components, it ap-
peared desirable to be able to scparately
measure these amplitude intermodulation
sidebands. To do this advaniage was taken
of the absence of any frequency term in
Eguation 3. Thus when none of the co-
efficients of ¥ in Equation 3 are frequency
dependent, the amplitude intermodulation
distortions produced are independent of the
test frequencies, provided only thai the
amplitudes of the test signals are held con-
stant. A choice of 1wo frequencies such as
4kHz and 900Hz eliminates almost all the
components due 1o frequency intermodula-
tion. leaving only the intermodulation com-
ponents due 1o amplitude interactions.
Experimentally, this is found 10 result in
a modulating frequency of about 200Hz.
Below this, the coefficients become fre-
quency sensitive. To obtain data in this
region, advantage is taken of the dependence
of the a.m. components and the indepen-
dence of the f.m. components on the ampli-
tude of f;. Experience, subsequent 1o the
development of the technique, has shown
that there is little advantage in using it for
measuring the amplitude of the a.m. side-
bands, values of adequate accuracy being
obtained by subtracting the measured value
of the f.m. sideband amplitudes from the
measured value of the total sideband ampli-
tude. There is some phasc ambiguity in this
bul it does not appear to be significant in
typical loudspeakers. We now have a tesl
system in which the amplitude intermoedula-
tion and frequency intermodulation com-
ponenis can be separately measured.
Measurement of frequency intermodula-
tion distortion is generally carried out with
the lower frequency f,, somewhere around
70 to 90Hz. A loudspeaker having a fre-
quency response limited by a high cone-
surround-enclosure resonance frequency
will not reproduce at constant level fre-
quencies below this resonance frequency
because of the restriction to cone motion.
In consequence, it will minimize Doppler
distortion. Converselya loudspeaker having

a prominent bass resonance in that portion
of the frequency band containing high
levels of bass signal, will introduce con-
siderable f.i. distortion.

Test samples

The data obtained on three of the speakers
is typical of the resulis obtained on many
other units. They are fairly representative
ol the products available on the market but
the choice was biased towards demonstrat-
ing the effect of radiator size on the fre-
quency intermodulation distortions.

The first unit tested was a 12in (30.4cm)
cone speaker covering the full audio range
mounted in a poried enclosure having a
volume of 3,200 cu. in. The second was an
enclosure of 1498 cu. in using a single 7in
(17.7cm) diameter unit to cover the full
range. The third was a 4in (10. l[cm)diameter
unit in an enclosure of 400 cu. in.

All three systems were operated at an on-
axis sound pressure level of 85dB at the
carrier frequency of 3kHz. It is appreciated
that this may be a litile below the sound
level at which the hi-fi enthusiast may
operate his system bul it enabled the per-
formance of the threc systems o be com-
pared without grossly overloading the
smaller units. In all cases the level of the
lower frequency, fy, was varied over a range
sufficient to confirm the expected relation
beiween sound pressure level and distortion.

Tést data

The first result was the finding that the am-
plitude of the f.i. sidebands as calculated
from Equation 2, for the two smaller
speakers, agreed almost exactly with the
measured values. This suggested that sub-
tantially a/f the distortion sidebands (/3 + /)
introduced by these speakers were due 1o
frequency intermodulation, the amplitude
intermodulation sidebands being at least
20dB below the frequency intermodulation
sidebands at the same frequencies. This was
confirmed by further analysis of the 12in
unit where the a.i. distortion just about
equalled the f.i. distortion. Typical test data
is quoted in the following Lable, the results
applying to a sound pressure level of the f;
component of 85dB at a frequency of 80Hz.

1t is inleresting Lo note that the amplitude

Intermodulation distortions in
typical speaker systems

Cone N
. Amplitude Freguency
dia(r:\ner)ter (dB) (dB)
4 40 -1
8 -41 =25

12 -43 -41

intermodulation components showed little
dependence on cone diamelter, nol only in
the three units used for the tests quoted
above, bul in a large number of other units
tested. This rather suggests that this residual
distortion is a basic property of the dia-
phragm material, but no further work has
been carried out on this aspect of speaker
performance.

Distortion on programme

In practice, frequency intermodulation
takes place between all the components of
a complex music signal rather than between
one high frequency and one low frequency
signal. Music has an extremely complex and
continuously varying frequency spectrum
so another technique was devised to show
the amount of frequency intermodulation
distortion developed during the playing of
an ordinary programme. This technique
takes advantage of the lack of dependence
of the frequency intermodulation distortion
on the level of the higher frequency carrier
signal, f5.

A notch filter tuned to 3kHz is inserted at
a convenient point in the amplifier system
to remove the 3kHz components of the
music, but at a later point in the chain, a
3kHz signal from a signal generator is in-
serted and adjusted 10 about 507 of the
programme level.

A filter in the microphone pre-amplifier
circuit removes this inserted signal and the
3kHz band from the repraduced signal and
channels it through the limiter and dis-
criminator and into a high speed chart re-
corder. With the filter and the limiter and
discriminator out of circuit a chart record
of the signal at the microphone output is
obtained. The chart is then re-wound, the
filter inserted, the record replayed and the
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output of the discriminator recorded below
the upper music curve. Thus we obtain two
curves showing music and f.i. distortions on
the same chart. This arrangement has the
subtle advantage that it also eliminates all
the wow and flutter modulation present in
the recordings where these were used as test
material.

Typical results obtained on two speaker
systems are shown in Fig. 3 as confirmation
that the test system is not 2 limiting factor.
Fig. 4 illustrates the results obtained on a
well-known electrostatic ioudspeaker. This
particular unit has lower [i. distortions
than any other type so far tested.

Significance of Doppler

We now come to the significance of the
Doppler distortions, a more contentious
subject, ignoring the suggestion that it does
not exist. The next line of defence is usually
that the Doppler distortion cannot be heard
and therefore is of no consequence. This is
a sterile line even if it were well founded.
Progress towards the perfect reproduction
can only be achieved if each distortion is
removed as it is identified. If we find 2 way
to remove an inaudibie distortion, it should
be removed to help bring into prominence
the remaining distortions and allow those
to be deat with. As each distortion is re-
moved those remaining become more ob-
vious and at a later siage in the develop-
ment, the distortion that was inaudible
becomes of prime concern.

How should we assess the importance of
Doppler? The existence of several schools

100 Sinusoidal modulation of piano
music.

of thought has led to much misunderstand-
ing. If in a particular loudspeaker the side-
bands due to Doppler are of greater ampli-
tude than the sidebands at the same fre-
quency due to amplitude modulation, it is
almost certain that the Doppler sidebands
are subjectively more significant. The am-
plitude of the Doppler sidebands as a per-
centage of the carrier can then be compared
with the amplitude of the a.m. sidebands at
the same frequency expressed in the same
way. This is the technique we use to indicate
the relative importance of the a.m. and f.m.
sidebands. On this interpretation virtually
all the sidebands are due to Doppler when
using single loudspeakers having cone
diameters below twelve inches. At this
diameter the a.m. and f.m. sidebands are
about equal, but in speakers having cone
diameters above this value the a.m. dis-
tortions predominate.

We have earlier noted that the sidebands
whether due to Doppler or amplitude inter-
modulation are only a sma|l part of the total
distortion spectrum and if judged on this
basis it is possible to show that their
presence is of no significance. Thereis, how-
ever, little evidence to suggest that the lower
harmonics themselves are subjectively an-
noying, largely because they are harmonic-
ally related. This simple harmonic relation
does not hold for any of the sum and dif-
ferencecomponentsso theymay be expected
to be more annoying per per cent, than the
harmonics. For these reasons it would seem
unreasonable to expect the subjectively
judged distortion to be indicated by com-
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paring the power in the Doppler sidebands
to the total distortion power.

Yet other approaches are to express the
amplitude of the f.m. sidebands as a per-
centage of the amplitude of the carrier fre-
quency f, or to compare the total power in
the two f.m. sidebands to the power in the
carrier frequency f5. We feel that neither of
these are as realistic as comparing the am-
plitude of the a.m. sidebands and Doppler
sidebands at the same frequency.

An aliernative way of assessing the im-
portance is to compare the values of flutter
that result from the Doppler process with
the known data on the significance of flutter.
The most comprehensive data is that due to
Stottand Axon.? Ina well conducted experi-
ment they found that the “just audible™
amount of futter was around 1%, when
reproducing piano music. Their data is re-
produced in Fig. 5. On this basis all the
loudspeakers used in our music recording
tests would be adequate. I personally would
reject this view, feeling that even a moder-
ately experienced observer is about ten
times more sensitive to flutter than Stottand
Axon suggest. Thus on balance, ] feel that
comparing the amplitude of the f.m. and
a.m. sidebands gives a true picture of the
relative importance of the fm. and am.
sidebands.

Listening tests

Obtaining a decision by listening tests is un-
iikely to be a simple matter. Not only is the
distortion power in the sidebands a small
part of the total distortion but the f.m. and
a.m. sidebands vary in different ways when
the amplitude of the high frequency signal,
changes. The Doppler component is not
dependent upon the amplitude of the high
frequencies being reproduced, whereas the
amplitude intermodulation distortion is
directly proportional to the amplitude of
the higher frequencies. Thus the proportion
of the f.m. and a.m. sidebands to the total
sideband distortion power varies continu-
ously as the music spectrum changes.

We have attempted to assess the import-
ance by experiment but only with a small
listening crew. The Doppler sidebands in
the 3kHz region were removed by suitable
filters and tape recorded. The a.m. side-
bands were similarly obtained by filtering
from the signal spectrum in a slightly over-
loaded amplifier and these were also tape
recorded. The two sets of sidebands were
then compared when reproduced at the
same level. Both observers were agreed that
the Doppler sidebands were subjectively
more annoying than an equal percentage of
the a.m. sidebands.

As a second check the petformance of
three loudspeakers having very similar fre-
quency response and amplitude distortion
figures but very different Doppler distortion
figures were subjectively compared and
again both observers decided that the
speakers with the higher Doppler distortion
values sounded rougher than the speaker
with low Doppler distortion values. The
result is more convincing because the de-
cision about the sound quality was made
before either of the observers knew that one
of the speakers had much lower Doppler
distortion values than the othet two units.
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Reduction of Doppler

On the basis of the test data presented
earlier it appears necessary to have a bass
radiator area not less than about 120-150
square inches in any single wide band loud-
speaker.

It is often thought that the use of z two
unit system is a complete solution but this is
highly unlikely when changeover frequen-
cies in the kHz region are used, a practice
that is almost universal because of the ex-
tension of the frequency range that results.
Allthe signal components below thechange-
over frequency are then Doppler modu-
lated. If two separate units are used, each
dealing with a fraction of the tota] spectrum
the crossover must be in the 300-500Hz
region (0 remove the relatively large low
frequency signals from the high frequency
unit.

This aspec Is well illustrated by the charts
in Fig. 6 representing two high quality (and
high priced) speaker systems. In respect of
Doppler distortion, it will be seen that
neither system is significantly different to
the single 12 inch unit. On comparing these
results with those quoted earlier for the
electrostatic speaker, the clectrostatic unit
distortions are about five times lower than
the speaker system using a 3kHz cross-over.

Simple cross-over networks are of little
value. A series capacitor achieved very little,
for the current in the speaker unit is then
directly proportional to frequency below
the cross-over frequency and the h.f. unit
tends Lo operate as a constant velocity device
up to the changeover frequency. Any cross-
over network must have an attenuation of
at least 12dB/octave below cross-over to
effectively eliminate low frequency modu-
lation of the high frequency speaker,

A three unit system can be a further step
in theright direction if the lower changeover
frequency is below about S00Hz but it is not
automatically so. The acoustic impedance
facing the middle range and high frequency
unit diaphragm is modulated by the low
frequencies reproduced by the larger low
frequency speaker and in some systems this
results in appreciable Doppler distortion.

As another alternative, horn loaded de-
signs, can be adopted. The mouth area of
the horn is then the effective area of the low
frequency radiator. This is generally several

Music “Atso Sprach Zorathustra®
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hundred square inches and thus Doppler
distortion is almost invariably very much
lower than from any other type of speaker.
This is one reason and possibly the major
reason why hom loaded loudspeakers
usually have a “cleaner sound™ than any
open diaphragm speaker system though
this may be accompanied by a more re-
stricted bass response. It is suggested that
the achievement of low distortion is much
more important in obtaining good sound
quality than any extension of the frequency
range below 70-100Hz.
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Communications 74

Brighton June 4 to 7

Users of radio and fine communications
systems will find the very latest techniques
and equipment described and demonstrated at
“Communications 74", a four-day confercnce
and exhibition 10 be held at the Metropole
Convention Centre, Brighton, Sussex. from
June 4 10 7. Over 100 exhibitors will take part
and 56 papers will be read. Some papers and
exhibits will be of interest to communications
equipment designers. Full details will be given
next month but here is some advance informa-
tion:

Exhibition. The 100 or more exhibitors will
include many of the best-known names in the
UK electronics industry, together with organ-
izations such as Cable & Wircless, the Post
Office, the MPT, the Ministry of Dcfence
and the Home Office. The event is supported
by the Department of Trade and Industry and
the Elecironic Engineering Association, and
will cover the fields of data communications,
civil mobile radio communications. fixed radio
communications, defence communications,
recording systems, test equipment and anciflary
devices and equipment. For free exhibition

LEVEL OF MODULATION SIDEBANDS RE, 3kHz

{b)

over frequency (b} three unit monitor with 2kHz crossover frequency:

This article is the essence of a paper read
at the September 1973 meeting of the Audio
Engineering Society of America in New
York.
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tickets contact the organizers: ETV Cyber-
netics Ltd, BETA, 109 Kingsway, London
WC2 6PU (telephone, 01405 6233; cables,
BUSQUIP LONDON WC2).

Confcrence. The 56 papers are to be presented
by speakers from well-known companies,
colleges, Government departments and other
organizations in the field of communications.
Overseas speakers will come from Canada,
Denmark, Germany, Japan, Sweden and the
USA. Organized by Electronies Weekly and
Wireless World. the conference will be divided
into four broad subject areas: June 4, data
communications day; June 5, mobile com-
munications day; June 6, fixed communications
day; June 7, defence communications day.
While the emphasis of the conference is on
uses of communication systems, there will be
four equipment design papers presented on
each day, run in a scparatc morning session.
For fur&er information contact: Roger Wool-
nough, IPC Electrical-Electronic Press, Dorset
House, Stamford Street, London SE1 9LU
(telephone, 01-261 B590).
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Anglo-French digital

telecommunications pact

France and Britain are to collaborate in
the development, manufacture and market-
ing of a digital telecommunications
switching system. It will be based on a
combination of the existing E10 digital
switch, developed by the French company
CIT-Alcate! and at present operated in
the French public elephone network, and
the system 250 stored programme con-
frol processor, developed by Plessey.

The importance of the digital switch is
its use in the pulse code modulation sys-
tem of digital transmission which has
already been adopted by the British and
French Post Offices as their future stan-
dard and which administrations all over
the world arc expected to turn to in the
1980s.

Development costs could be 5 to 10
million pounds, and the partners claim
that the world market for their sort of
product in the early 1980s will be around
£500m a year—excluding the US, Japan
and Germany. The system is code-named
Felicite and the partners should be ready
10 take orders by the end of 1976.

Sonex versus
Hi-Fidelity *74
Competition for the annual Sonex audio
exhibition held this year at the Post
House Hotel. Heathrow will have given
the organizers food for thought. Thirty
companies exhibited their products at the
nearby well-organized Hi-Fidelily *74
exhibition in the Heathrow Hotel, as
opposed to 35 at Sonex. Both exhibitions
ran during the same period from March
27 to 31. The need for a new exhibition
arose, according to the organizers, Pyser
Britex (Swift) Ltd, through increasing
annoyance expressed by manufacturers
and distributors at the conditions under
which they have been obliged to display
their products at recent exhibiions—*It
is impossible to mount a worth-while hi-fi
exhibition where most of the products
have 1o be displayed in small hotel bed-
rooms”.

Auendance at Sonex was similar 10
that at the Hi-Fidelity ‘74 exhibition. In-

formation on new products introduced at
both shows will be presented in the next
issue of Wireless World.

17% UK semiconductor
growth predicted

40% for m.o.S. circuits

In predicting the growth of the UK semi-
conductor industry for 1974 at a *‘con-
servative” 17%, J. D. Hurley who is
general manager of ITT Semiconductors
said his forecast had been tempered be-
cause of recent increases in the price of
gold (gold content can account for as
much as 25% of device prices) and other
raw materials. Despite the shortage of
silicon wafers, due to the “lead™ time of
capital investment of two to three years
following the 1971 recession, device
prices had been held firm. Mr Hurley said
in reviewing the semiconductor industry
for 1973.

During that year there was a sharp
growth in custom circuits (up by 100%),
and a general semiconductor arowth
(2895) that exceeded ITT expectations
(16%). A trend to m.os. and complex
i.cs was confirmed, and “forward integra-
tion"—the semiconductor industry mak-
ing complete calculators, watches, micro-
computers and electronic cash registers—
became fact. EEC legislation came into
operation. one effect of which is that duty
must be paid on equipment if the majority
of devices used are not European.

For ITT Semiconductors it was a year
of record export growth, and of 55 new
products, contributing to a 23-fold in-
crease im m.o.s.. t