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RF Input 1E Canpat AF

@

MM ev/am MobuLaTION METER ~F 2304

@ 60002
!

Automatic fm/am

Modulation Meter

How long does it take for you to make a series of
modulation tests with the meter you are using? The
M.I. TF 2304 Automatic Modulation Meter eliminates at
least five manual operations for each test and even more
per test when aseries of measurements is to be made.
That can save you hours in a production day.

When connected to a transmitter, the TF 2304
automatically tunes to the carrier frequency and
automatically sets the level, all within a few seconds.

Exceptionally efficient screening and a very low distortion

mixer ensure locking to the wanted signal. Itis only
necessary to select the required moede and range and the
meter will read either deviation or 9, depth. L.E.D.
lamps indicate if the signal level is too high or low and

a push-button inserts a 23 dB attenuator to extend the
maximum input level to | watt.

The basic frequency range is 25-1000 MHz and there
are 8 peak deviation ranges covering |.5kHz f.s.d. to
150 kHz f.5.d. and a.m. depth ranges of 309, and 1009,
f.s.d.all with a modulation frequency range of 50 Hz to
9 kHz. Modulaticn symmetry can be checked by
push-button selection of positive or negative deviation
and peak or trough amplitude.

The accuracy of modulation measurement is - 3%,
of full scale so transmitter deviation can now be set
close to the permitted maximum with a consequent
increase in efficiency.

The TF 2304 can be operated either from mains or
internal rechargeable battery. it’s small and light and
there's acomprehensive range of accessories including
a carrying case.

The price will pleasantly surprise you. Ask for full details.

M : THE AUTOMATIC CHOICE

MARCONI INSTRUMENTS LIMITED,
Longacres, St. Albans, Hertfordshire, AL4 0JN. England. Telephone: St. Albans 59292, Telex: 23350.

A GEC-Marconi Electronics Company.
WW--00f FOR FURTHER DETAILS
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PCE +2V 10mA

®

v

AC V, | & dB
DC V, | & NULL

RESISTANCE
LEAKAGE at 3V
VOLT DROP at 10mA

RF VOLTS

HIGH VOLTS
HIGH CURRENT
TEMPERATURE

RELIABLE

b
Op 74 8,

120 BASIC RANGES

50uV/500V fsd, 50pA/500mA fsd, -90dB/+50dB mid scale. Acc.+1.5% fsd above 500uV & 500pA .
Response 3Hz/200kHz above 500uV and 500nA. Input R = 100MQ on volts.

150uV/500V fsd, 150pA/500mA fsd, polarity reversible. Acc.*+1.5% fsd above 500pV & 500pA.
Input R = T00MQ on volts. 5 Null ranges have centre zero lin/log scale covering + 4 decades.
0.2Q/10GQ in 7 ranges, polarity reversible. Low test voltage for solid state circuits.

Uses 3V source with current ranges to test capacitors, diodes and resistance up to 100GQ.

Uses 10mA source with voltage ranges to test diodes, LED's and resistance down to 10mQ.

30 OPTIONAL RANGES

0.5V/500V fsd, 10kHz/1GHz, using RF Probe. Price £20 + VAT.
1.5kV/50kV fsd, AC/DC, using HV Probe. Price £14 + VAT.

1.5A/50A fsd, AC/DC, using Current Shunt. Price £14 + VAT,
-150°C/+500°C fsd in 7 ranges using Temperature Probe. Price £36 + VAT.

The instrument operates from a 9 volt battery, life 1000 hrs., or, AC mains when optional Power Supply Unit is fitted.
Size is 240mm x 150mm x 80mm. Weight is 1.75 kg. Meter scale length is 140mm. Leather case is available at £12 + VAT,

LE VE LL KT

MOXON STREET, BARNET, HERTS., ENGLAND, EN55SD.
TEL:01-449 5028/440 8686

WW—060 FOR FURTHER DETAILS
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The world over_ For high quality electronic valves,
semiconductors and integrated
circuits — and the speediest service —
You get the specify Haltron. It’s the first choice of
Governments and many other users
. throughout the world. Haltron product
best SerV|ce quality and reliability are clearly
confirmed. The product range is very,
f very wide. And Haltron export
rom Ha Itron expertise will surely meet your
requirements. Wherever you are, get
the best service. From Haltron.

Hall Electric Limited,
Electron House,
Cray Avenue, St. Mary Cray,
Haltron Orpington, Kent BR5 30J.
: Telephone: Orpington 27099
Telex: 896141

WW—059 FOR FURTHER DETAILS
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THE ‘MISTRAL’ 1
DIGITAL CLOCK

* COMPLETE KIT %

THE ‘MISTRAL’ 2 DIGITAL
ALARM CLOCK

* Fully Built, Tested and Guaranteed %
WITH SLEEP-OVER FEATURE

@ Pleasant green display
@ Silent Synchronous Accuracy
@ Pulsating colon - Push-button setting
@ Building time 1 Hr.
@ Easy to follow instructions
® Ready drilled PCB to accept components

12/24 Hour readout
Fully electronic

Attractive acrylic case
Size 10.5x5.7x8 cm

KIT PRICE £10.25
+ 82p VAT
P&P inc.

Also available from:

Henry’s Radio, 231 Tottenham Ct. Rd., London W1; Henry's
Radio, 404 Edgware Rd., London W2; Crofton Electronics Ltd.,
124 Colne Rd., Twickenham, Middx.; Imtech Products Ltd.,
Imp House, Ashford Rd., Ashford, Middx.; Bywood Electronics,

68 Ebbemns Rd., Hemel Hempstead, Herts.

@ Soft Green Display

@® 24 Hour Alarm

@ 10 Minute Repetition

@ Alarm Set indicator

@ Accurate Silent Timekeeping
@ British Designed and Built

COMPLETE CLOCK
£12.99

+ £1.04 VAT
P&P inc.

SPECIFICATION
* 14 dignn LED display

* 10 dign mannssa with sign and One accumulating memory
2.hgit exponent with s tor * Display and memory exchange
data entry or results b
{10 "'~10 SPECIAL FUNCTION

* Automatic selection of correct * Tngono e tunclions  (sin
notauon for result display (scren c 1§

- Dome keyboard for

response and prevenung double * Hyperbolic fun (sinh sh
eniry inpul tanh}

BASIC FUNCTION (+ x T Inverse-hyperbolc tun

AND MEMORY tsinh cosh tanh

* Algebraic mode operat * Rad deyree selectab

* Constant aperalions i oI

* Repeat operaiions ' Logartthms (in )

* Chain gperatn * Ant-loganthms {e' 10

* Change sign operation

1419 — ADVANCED

* Dsplay and Y-register exchange
ble

© Inverse tngonnmetric functions
excellent isn ' cos 1 )

vhe or licaung point}

1420 — SENIOR

© 14.digit LED dchsplay
* 10-digt mantissa with sign and
2 digit exponent with sign for
data entry res
(10 "~10
s A 1 selecon ot correc
olation tor resutt display {scien
ufic or Hoating point)
Dome  keyboard for excellent
response and preventing double
entry input
* Algebraic mode operation
Chan operatons -
Change sign operation
Three memones
Display and memory exchange
avle
* Tngonometric
©os tan)
Inverse-tigonametic
isn ' eos  tan
* Radian ot deyree selectable
© T constant
¢ Logarthms {in log
¢ Antrlnganthms (e’ 104
Combinatonial functions {n' ()

tuncrons  (sin

tunctions

{nh
* Normal  distrbution  lunction
{Prix)
Garmma tunction (I (xj }
* Group operations (Xr O X

v Group contrals {K* K, Xt X
L i

* Power lunction fy'}

* Reciprocal (1 x)

' Square root x)

Power funcnon (y')
* Rec ) (1

PRICE £25.89

P&P 75p + VAT £2 13

° Square (x }

Sum of squares (Nx')

* Summation (XX

* {tem count (n)

* Mean value (X

* Mixed chain  operations with
parentheses approach (up 1o two
levels)

PRICE £55.63

P&P 75p + VAT £4.51

1421 — PROGRAMMABLE

BESIDES HAVING THE
CAPABHITY OF A SCIENTIFIC
CALCULATOR
* 9-digit LED display
8 digits capacaty lar data entry or
results (10 10
Full Hoanng point
Automauc chsplay blanking
Three-register operational stack
Change sign oneration
Reverse polish notation
Display and Y regisier exchange
abie
* One accumulating memory (Me
mory store. M2mory recall M:+
M Xand M + X')
* Tugonometnc  tunctions  (ein
cos. tan)
Inverse-tngonomerric
sin ' cos | tan
Radians and degrees exchange
able
constant
Logarithms (In log)
Antr-logarithms (e')
Power tunctior ty')
Reciprocal (1 x)
Square rool (\ x}
Square (X7}
IT CAN LOAD ANY 102 STEPS
PROGRAM TO HELP YOU SOLVE
THE REPEATED, ENORMOUS
COMPLEX PROBLEMS
The Qualitron Programmable
Calculator can be used to memor.ze
any combinaton of key entres
while in the LOAD mode. then
automancally plays back the pro-

funcuons

gt sequences as otten as
desired in the RUN mode

Up to 102 steps can be stored in
multiprogram  sequence blocks
Epch block or program can be
executed ndhvidually or you can
make the decision 0 branch to
specific program, run each in seties
or pertarm intermediate calcuia
nons from the keyboard

PRICE £40.80

P&P 75p + VAT £3.32

WTITECH PROCUCTS LTO

use Barclaycard or Access,

Cash, Cheque or Postal Order or if you wish to

address and card number when ordering.

simply quote name,

IMP HOUSE, ASHFORD ROAD
ASHFORD, MIDDX. TW15 1XB W
telephone ASHFORD 44211 (4 lines)
telex 936291 WESSIMP ASHFORD

wwaLamericanradiohistorv.com
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Teonex are
better known abroad...
because we don’t sell
in the U.K.

Z)

Electronic valves (a really comprehensive
range), semi-conductors (a wide variety),
integrated circuits.

Teonex offers more than 4,000 devices.

They are competitively priced and they are
superlative in performance, because the company
imposes strict quality control. Teonex concentrates
entirely on export and now operates in more than

70 countries, on Government or private contract.
All popular types in the Teonex range are nearly
always available for immediate delivery.

Write now for technical specifications and prices
. to Teonex Limited, 2a Westbourne Grove Mews,

London W11 2RY, England. -
Cables: Tosuply London W11. Telex: 262256

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

TEONEX :
cLectronic vawves + sew conouctors =1 | fOr Teonexport only

WW-—057 FOR FURTHER DETAILS ~
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THE PEAK OF VERSATILITY.

‘The AVO EA113 steps forward from the AVOMETER range
to take a well deserved bow

wg

The AVOMETER range for Electronics.

EAI13 does everything a major multimeter will maintenance workshop, w'th many peaking adjust-
do, but it does it with a high input impedance of ments to make, you can't beat analogue display,
IMQ/V (dc voltage ranges), a 100kHz capability, As afinal bonus, the EAIL3 brings you two
centre zero facility, single switch range selection, valuable time-savers. No &lectrical zero setting and
overload protection and other refinements, all for internal batteries which are rated to run for 10
aUKTrade Price of well under £120. EAL13 is, of months of continuous round-the-clock operation.
course, an Electronic multimeter, Choose your next multimeter from the

The range of measurement and accuracy are British-built AVOMETER range and ring your
outstandingtoo. Voltage from 100pV to 1kV Distributor for price and delivery.

(F£1.25%): Current from 0.01pAto 3A (£1.25%): Avo Limited,

Resitance from 1€2to 100Mg). Dover, Kent, England.
Yes, digital instruments also have high Telephone: Dover
impedances-Avo offer the DAL14 - but when it AL (0304) 202620 Y

comes to all-round versatility in the laboratory and  7m rmen wessoement Conttent Aemmaten o

WW—094 FOR FURTHER DETAILS
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Born to be stars!

The commumications industry has voted top
spot to every Dymar mstrument since the first in 1965,

Now meet two newcomers.

Type 2041 Af signal generator. Frequency
range 3Hz to 300kHz Maximum output 3W into 3
ohms. A combination to cover the field from audio
applications to vibration analysis. Calibrated and
stepped 600 ohims attenuator gives adjustable output
levels from 1mV to 3V fsd). Auxiliary output from
oscillator for accurate frequency monitoring,

Type 2081 RF power meters. 2081730 resolves
1mW to 30W 20817100 covers 2mW to 100W.
Bandwidth-DC to beyond 500mHz And that covers
most communications transnitters-hand portable.
mobile or base-operating in HF. VHF and UHF. Built-in

extras. RF sampling and fast response peaking

Of course. both operate from mains supply or
internal rechargeable batteries-conferring the famous
Dymar go-anywhere guality.

And both will undoubtedly receive the recog:
nition heard everywhere. Check it on the Dymar.

Ask Dyimar for details or use the Reader Reply
Service

the name in radiotelephones

Dyimar £+ +ani s Linited Colonial Wav Rud'ett Road
Watiora Heets WD TLA Envland Te 2pnone Wartord
37320 Teer osdan Catiey Dyoar Watrora

WW~—101 FOR FURTHER DETAILS
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Good, better, best...

All things are a matter of compromise and superlatives must take
account of it. Few will dispute the slogan under which our
precision pick-up arms are sold. In this context 'best’ is not only
a reference to quality in design and manufacture, but extends to
service which we believe is unequalled.

Every week we send out hundreds of letters providing detailed
advice and answering customers’ queries in a way that only
specialisation permits.

Spares are despatched promptly to all parts of the world, usually
the same day, and a recently introduced exchange service pro-
vides new arms for old on very attractive terms

Because of these things demand sometimes exceeds supply but
delivery is yet another matter in which we should be able to help
if you write to

SME Limited - Steyning - Sussex - England

’ L
i

s IIVIE=:

The best pick-up arm in the world

WW-—_066 FOR FURTHER DETAILS
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@ RIRRRTERRIN DN22 GRAPHIC EQUALISER

048

-348-
648 =
12 45— . . - L2 |- = — R

H: S0 90 60 300 500 900 I1X6 3K 5K 9K 16K Hz

Better Performance thanany Graphic Equaliser onthemarket

BUY BRITISH BUY KLARK-TEXNIK RESEARCH LIMITED

Summerfield Kidderminster DY11 7RE
Tel Kidderminster 64027

WW — 005 FOR FURTHER DETAILS

FAST RESPONSE STRIP CHART RECORDERS

Made in USSR
;ypel H3020-1 Type H3020-3
'ngle pen Three-pen
Specification Recording: Syphon pen directly attached
‘ to moving coil frame,
Basicerror. ............ 2.5% curvilinear co-ordinates
ﬁﬁg;{,‘.’,‘;’;" gnzlAschD Equipment:  Marker pen, Timerpen, Paper footage
Width of each channel . . . . . gbmm ' indicator, 10 rolls of paper, connectors,
Chart speeds, selected by etc.
pUSHIRULIONS 21z i GER S 0'},_?'225_0'255_"1 L]‘/ifc' Dimensions: H320-1: 285x384x16.5mm
. PEAiadl ' H320-3: 475x384x16.5mm
Chartdrive............. 200-250v 50Hz PRICE: H320-1 £108.00
H320-3 £160.00

Available for immediate delivery Exclusive of VAT

Z & | AERO SERVICES LTD.

44A WESTBOURNE GROVE, LONDON W2 5SF
Tel. 01-727 5641 Telex: 261306

WW—078 FOR FURTHER DETAILS
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Design Council
Award

QUAD 405

Onceagain’, Quad’s ability to comkin2 : ) /
outstanding technical development erd
good design nas won & Design Couxc | Award.

Once again the desig-is all our own work,
and vre are ustifiably p-oud of it.

For f.rther details of the QUAD 405
curret dumging amp ifiar and othes QUAD
productswrite to: Deat. WW

The Acoust cal Manutecturing Co. Lid
Hunt ngdce. Cambs, PE18 7DB.
Telephore C480) 52331

QuAD

for the closest approachtothe original sound
fortwenty-five years
CUAL /s a Regiseved Trade Mar

The previous Award was for the Quad 33 control unit (seen here with the Quad 405)
the Qued 303 power amplifier and Quad FM stereo tuner in 1969,

WW—095 FOR FURTHER DETAILS
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Wayne Kerrs
top-selling bridge

Meets modern requirements.ls accurate
t0 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 (1592Hz).

Connectors for 200Hz — 20kHz manual
operation.

Comparator facilities. Analog outputs.
Adjustable sensitivity. Ask for B642

Data Sheet.

WAYNE KERR

Amemberofthe Wilmot Breeden group

For more information phone Bognor (02433) 25811, or write to: Wayne Kerr. Durban Road. Bognor Regis. Sussex P022 9RL

WW — 073 FOR FURTHER DETAILS

METER PROBLEMS?

137 Standard Ranges in a variety of
sizes and stylings available for 10-14
days delivery. Other Ranges and
special scales can be made to order.

Full Information from:

HARRIS ELECTRONICS (London)

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

WW—034 FOR FURTHER DETAILS

| Belling-Lee

Input connector/filter T

&V
@ Protects equipment against mains borne
voltage transients. /
@ Filter combined with standard CEE 22 mains inlet.
@ Fits same panel cut-out as standard mains inlet.

@ Result of Belling-Lee unique expertise / /
in filter and connector design. /\ / )
ﬁ ® Ask for literature

Bellingand'Lee Limited, Great Cambridge Road,
Enfield, Middlesex. Telephone: 01-363 5393.
Telex: 263265. Cables: 'Radiobel’ Enfield. v =

WW — 013 FOR FURTHER DETAILS
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(BIS QIS \V(©) ¢
INTERNATIONAL
DANAVOX (GT. BRITAIN} LTD,

"BROADLANDS" BAGSHOT ROAD.
SUNNINGHILL, ASCOT, BERKS.
TEL: 0990 23732/6: TELEX: 84584

Of researCh.u "on components and accessories for dictating

machines, tele-communications, hearing aids
and electroacoustic equipment etc.”

\ / : ’
STETOCLIP ‘ TQE IQR
JUNIOR 60 ' STENPCLP
HEADSET HEADSET

STANDARD &
SUB-MINOR PLASTIC
EARPHONES EARHANGERS

2,5 mmand 3,5mm
JACK PLUGS &
SOCKETS

B 'DANASON!
DANASQUND NDUCTION AUDIO SUBMINIATURE
HEADSET ARGV SWITCHES

WW—075 FOR FURTHER DETAILS
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Attenuate with J}

Now with the latest additions to the range, you can select for ALL your needs from the following:

2100 Series: , ‘L" and ‘S’ Band

8 models covering impedances ) Attenuators:

of 50£2, 75 £2, 600§ unbalanced 2 Small, compact Attenuators
.and 60052 balanced. 0-100dB ! with designed-in reliability.

in 1 d% Séeszs- ;5'3‘;;'1:"CY i : Fitted with SMA connectors
range D.C. to z. ) ‘L’ band units, 50§2, D.C. to
NEW 2100 style Attenuators, > ATTERUATION 68 Tor M os 2GHz, 'S’ band units 5082, D.C.
50?2 with 0.1dB ste!)s to 1de . P to 4GHz. 1 watt power rating.
which may be combined with 2 g ‘L’ Band Attenuators with 1 dB
standard 1dB units on a 7 £ 2 )M‘Jl parrars o mren e sed | and 10dB steps can be supplied
common panel. srTENuAISR TR M together in a case for laboratory use.

1z grer 8 Swatt

‘Q’ Series: 708 Series: ‘RV’ Series: 2050 Series: 2010 Series:
High accuracy Attenuators Low cost rotary Attenuators. Ladder network Atwmnuators High discrimination 60052 Rack mounting programmable
with low insertion loss. 6 Modeis with 50§ and 75§}  suitabie for controlling balanced Attenuator with Attenuators providing 0.1dB,
Models covering impedances impedance in.0.1, 1.0, and output signal levels where 0.1 dB increments to a total 1.0dB and 10dB steps for
of 50£2 and 752 with 0.1dB, 10 dB steps and frequency high accuracy is not of 121dB. Frequency range use primarily in automatic/
1.0d8 and 10dB steps. range to 100MHz, essential. Separate umits DC to 300KHz NEW computer-controlled test
NOW with frequency range  Combinations of these units  provide 1.0 and 10dB steps 1402 balanced Attenuator  systems. Programming modes:
extended to cover D.C. to can be supplied in a robust  and the two units cen be to similar design. 0.1dB dB8 {1} 4-line compatible BCD,
750MHz with increased case for laboratory use. supplied mechanically linked jncrements to 91dB. {2} 1 out of 10 line code
accuracy. Useful to 1GHaz. as a tandem pair. (3) local front panet thumb
Frequency range to 150 MHz, wheel switches.

Send for full particulars of the complete range of Hatfield Attenuators

HATFIELD INSTRUMENTS LIMITED,
Burrington Way, Plymouth PL5 3LZ, Devon.
Telephone: Plymouth (0752) 772773

fOfward thlnklng in eleCtroniCS Telex: 45592. Grams: Sigjen, Plymouth.

WW — 033 FOR FURTHER DETAILS

FREQUENCY COUNTERS
sonen rereosmance iwsreuments reom || | (=) Y (T b freX

PERIOD, TIME, FREQ./RATIO AND CALIBRATED
OUTPUT FACILITY. FAST DELIVERY.
o (e q'-:-'?m'.f."i. - .'; M:;;""“

" A t ..-.:‘_A_‘_...'-dw-f* .

I BRB R R

TYPE 1001M

P RA NG MANUAL I 2

TWO TONE BLUE CASE £670 ] GHz MODEL 41

Sensitivity 10mV. Stability 5 parts 10."

v Yo bars ¥ R.F.SIGNAL GENERATOR
301M J2ZMHz 5 Digit £82 | 401 J2MHz 6 Digit £121 Pri 54.85
501 32MHz 8 Digit £178 | 701A 80MHz 8 Digit £195 rice £ .
801A/M  300MHz 8 Digit £305 | 901M 520MHz 8 Digit £375 : ;i?e::‘:ca]eifg’r;:;l"lzr:“;‘:":';::“;'s PLUS VAT
801B/M  250MHz 8 Digit £262 | 1001M 1.26Hz 8 Digit £670 Y e B ek e
. . A . * Overall Accur —231%.
Slart/Stup versions plUS £12 Mﬂmﬂfy versions available it not * M‘:)edjla!i::,'.lvaacr}’able depth and frequency.
suffixed M £25 extra * Internal Crystal Oscillator providing calibration checks throughout all
Type 101 1MHz 100KHz 10 KHz Crystal Standard £85 ranges.
Type 103 Off/Air Standard £85 * Mechanical scal§ adjustment for accurate alignment against internal
SUPPLIERS TO: Ministry of Defence, G.?‘O., B.B.C.,_ Govornmon_( Dept., Crystal * :”:lv:‘:r;:;y;;a;\?s;:z;x:
Manufacturers and Electronic Laboratories world-wide Trade and Export enquiries welcome
R c s E L E c TR o NI c s Send for full technical leaflets
o - . Post and Packing £1.00 extra
NATIONAL WORKS, BATH ROAD
NOMBREX LTD., POUND PLACE, WOLBOROUGH STREET,
HOUNSLOW, MIDDX. TW4 7EE NEWTON ABBOT, DEVON, TQ12 1NE
Telephone: 01-672 0933/4 Teol. Newton Abbot 68297
WW — 026 FOR FURTHER DETAILS WW—063 FOR FURTHER DETAILS

wWWW.americanradiohistorv.com


www.americanradiohistory.com

Wireless World, May 1976 13

_ . ! LOW-COST INSTRUMENTS
ANEW DIMENSION JllE==—=r==~
IN SOLDERING RN o YALTE
P i T ! ot
- |5
. - =)
®s e Clr » O £82
L5 =i | +£2.00pp
Iso-Tip Cordi s = e
so-11p Loraiess 745 COUNTER TIMER
u Measures frequency, period, time and totalises
SOIderIng Iron 32 MHz frequency, range {DC coupled)
, . 5-digit .3” LED display
Ideal for factory, field Sl 6 Gate times/Time units, 10us to 1 S in decades
laboratory or home, the Iso-Tip Sensitive, protected FET input
Cordless offers a great advance in
soldering. It 1s completely portable, v —
heats in 5 seconds and recharges FRp—— —
automatically in its own stand. Bl T M @ f ® =
The Iso-Tip is powered by - ] ¢ - . n & % -
long-life nickel cadmium batteries P e ssscce § .o
giving tip performance up to 50 T Se— “i._
O - .
%%tgzmtgviﬁggg‘fgaff;’éedﬁff Srzgtc' 744 COUNTER TIMER 643 FUNCTION GENERATOR
sizes ranging from Micro to £79 +£2.00 p.&p. + VAT £86A;riiggl,Zt"i‘n‘:v‘se:n:/AT
Heavy Duty to meet all solderlng Measures frequency, period and time 01H=-YMHz
requirements. [ 0 ey oge (O o) | e ange el o) of eaency
5-digit, long-life incandescent display v qSinewave outputs
. Sensitive, protected FET input 50Q + simultaneous outputs
gﬁrengnn R?&gﬁ gE RIGe 3cl'N'fi:,°E':;|ca§d Delivery is normally ex-stock—telephone for Eg:;/trs;rgation

Prices correct at time of going to press, subject to change without notice

Telephone: Reading (0734) 595844.
Telex: 848659, OMB ELECTRONICS

Riverside, Eynsford, Kent DA4 OAE
Tel. Farningham (0322) 863567

WW — 028 FOR FURTHER DETAILS

WW—037 FOR FURTHER DETAILS

Cx gr
;\ﬂwglF;I;T Llj;?lm Resistors “Ocg

= Cndh
Resistance Range 1052 to 150K 2

Tolerance from+1%

Nominal Watage (@ 70 °C upto 50K§2 126mw

Prices from 9.06p each 100 rate
Temperature Coefficients from 50ppM
Size 4 Tmm long 1:8mm diameter

G AL
~FAST!

-[lg [}ﬂmpmaﬁis Telephone . 0582-62241

AEL GATWICK HOUSE, HORLEY, SURREY, ENGLAND

Luton Road, Dunstable, Bedfordshire, LU5 4LJ England. Tel: Horley (02934) 5353 .
Telex: 87116 (Aerocon Horley) - Cables: Aerocon Telex Horley
WW — 010 FOR FURTHER DETAILS WW—043 FOR FURTHER DETAILS

@ P.A. SYSTEMS FOR AIRPORT, HOTEL, FACTORY.

@ THEATRE AND LECTURE THEATRE AUDIO SYSTEMS

@ AUDIO MIXING EQUIPMENT

@ SIMULTANEOUS TRANSLATION SYSTEMS

@ RADIO AND T.V. BROADCAST SOUND CONTROL EQUIPMENT

@ MARINE INTERCOMMUNICATION AND ENTERTAINMENT EQUIPMENT

@ System design, manufacture and installation.

H AUDIX LIMITED
l I I X Wenden, Saffron Walden, Essex CB11 4L9
TEL. Saffron Walden (0799) 40888: TELEX: 817444

www.americanradiohistorv.com
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Jointhe Digital
Revolution

Understand the latest
developments in calculators,
computers, watches, telephones,
television, automotive instrumentation . . .

Each of the 6 volumes of this self-instruction course measures
113%" x 8%'' and contains 60 pages packed with information,
diagrams and questions designed to lead you step-by-step
through number systems and Boolean algebra, to memories,
counters and simple arithmetic circuits, and on to a complete
understanding of the design and operation of calculators and
computers.

Design of Digital Systems.

plus 50p packing and
surface post anywhere in
the world.

Payments may be made in
foreign currencies.

Quantity discounts
available on request.

VAT zero rated.

Also available — a more elementary course assuming no prior
knowledge except simple arithmetic.
Digital Computer Logic and Electronics.

In 4 volumes: £3 9 5
1. Basic Computer Logic [

2. Logical Circuit Elements plus 50p P. & P.
3. Designing Circuits to
Carry Out Logical Func-  Offer Order both courses for
tions the bargain price £9.25, plus
4. Flipflops and Registers 50p P. & P.

Désigner These courses were written 50 that you could
teach yourself the theory and application of

Manager digital logic. Learning by self instruction has the
Enthusiast 2dvantages of being quicker and more thorough
Sci . than classroom learning. You work at your own
cientist speed and must respond by answering questions
Engineer on each new piece of information before

Student proceeding to the next.

Guarantee—no risk to you

If you are not entirely satisfied with Design of Digital
Systems or Digital Computer Logic and Electronics,
you may return them to us and your money will be
refunded in full, no questions asked.

—_————— e — e ———

To Cambridge Learning Enterprises. Dept COM
FREEPOST, St. Ives, Huntingdon, Cambs PE17 48R

‘Please send me ..... set(s) of Design of Digital Systems at£6.45 each.
p & p included .

or ... set(s) of Digital Computer Logic and Electronics at£4 45 each,
p & p included

...... combined set(s) at £9.75 each, p & p included

B

I ‘delete as applicable
I No need to use a stamp — just print FREEPOST on the envelope.

Name ... .. 5 Gocooccacaao 5 coseeboono I

(S e e e e e e e e
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brenell

PROFESSIONAL
TAPE TRANSPORTS

and multi—uhanpel electronics
for studio and industrial use

2bmm model

Tapewidths up to 25mm

Speeds: 3mm/s minimum up to 152cm/s max
Finance 2 and 4 speed models
available Reel Capacity up to 29cm

Remote Control Facility

Tape Tension Control

Automatic Interlock against misuse
Special models to customer requirements

BRENELL ENGINEERING CO LTD
231-5 Liverpool Road. London N1 1LY. Tel: 01-607+8271

XK KKK XX

wiaany americanradiohisiory caom

(EYILDE

TRANSDUCER and RECORDER N\

AMPLIFIERS and SYSTEMS

reliable 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.

SY/ILDIE Bectonic

49/51 Fylde Road Preston L_abc_)ratorles
PR12XQ Limited.
\ Telephone 0772 57560 j

WW~—054 FOR FURTHER DETAILS
rd
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A wide range of transformers
manufactured in production

quantities to customers
individual requirements

Prompt Prototype
Service available

MICROPHONE
TRANSFORMER IN
MUMETAL CAN

Drake Transformers Limited

Kennel Lane,
Billericay, Essex.

Telephone:
Billericay 51155

transformers

mains, audio, microphone, ferrite core

and other wound components

TRANSFORMER

WITH UNIVERSAL

END FRAMES AND

TURRET LUG CONNECTIONS

TRANSFORMER WITH
TWO HOLE CLAMP AND
SOLDER TAG CONNECTIONS

2
=

-

X

¥
%@gg Yim
* ] - ::

bead

~

WW — 014 FOR FURTHER DETAILS

PN

1

& e

GRAMPIAN REPRODUCERS LTD. HANWORTH TRADING ESTATE FELTHAM , MIDDLESEX TELEPHONE 01-894 9141

X209

WW—098 FOR FURTHER DETAILS
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ELECTRONIC
INDUSTRIAL THERMOMETER

THE MODERN WAY TO MEASURE TEMPERATURE
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
scale meter. Supplied with carrying case, Probe and internal 1%
volt standard size battery. :
Model “Mini-Z 1” measures from—40° Cto + 70° C
Model “Mini-Z 2"° measures from—5° C to + 105° C
Model “Mini-on Hi”" measures from + 100° C to + 500° C

PRICE £20.00 each (VAT 8% EXTRA)

Write for turther details to

HARRIS ELECTRONICS (LONDON),
138 GRAY’'S INN ROAD, LONDON. WC1X 8AX
(‘Phone 01-837 7937)

WW—~035 FOR FURTHER DETAILS

Autocrat

The absolute leader in its class

Farnell offer the only
DIGITAL MULTIMETER

with all these features

4 AUTORANGING (with hald) 4 AUTDPOLARITY
+ AUTOZERD 4 $IX RESISTANCE RANGES
# LARGE DISPLAYS  A.C. & D.C. VOLTS & CURRENTS
+ TEMPERATURE MEASUREMENT

G BV TS

E‘I‘Tﬂ: 31:*!1‘!5 E l 47

Details from . Farnell Instrumeanis Limated © Wetherby - W Yorks LS22 4DH
Telephone « 0837-3%41 or 01 -864 7433

WW — 008 FOR FURTHER DETAILS

' [RADFORD)

AUDIO HIGH
SENSITIVITY VOLTMETERS
AND NOISEMETERS

HSV1 Audio Voltmeter. Average reading . . . . . £125.00
HSV2 Audio Voltmeter. True r.m.s. reading . . . £175.00
ANM1 Audio Noisemeter. Average reading . . . £150.00

ANM2  Audio Noisemeter. True r.m.s. reading . . £200.00

Four instruments are now available for the measurement of audio
frequency signals including noise. They are derived from a basic
battery operated voltmeter design having 16 measurement ranges
from 10uV for full scale meter deflection to 300V f.s.d. The
Voltmeter has a high input impedance and low inherent noise. It s
fitted with a high grade meter having a 5'' mirror scale of excellent
linearity, calibrated in volts and dBv.

The Audio Voltmeter (HSV1) becomes an Audio Noisemeter
(ANM1) by the inclusion of frequency contouring networks having
characteristics recommended by international organisations
concerned with specifications and measurement standards as
being suitable for the quantitative measurement of the subjectiye
effect of noise in audio systems. The HSV1 and AMNI1
instruments respond to the average or mean value of the
waveform being measured and are calibrated in r.m.s. values on a
sine wave.

In the HSV2 and ANM2 instruments an r.m.s. to d.c. converter
module is incorporated which provides a true r.m.s. reading on
waveforms with a crest factor in excess of 10. These instruments
are also provided with an additional output socket giving 1.00V
d.c. output corresponding to 1.00V at nominal full scale meter
deflection to operate a chart recorder or d.c: digital voltmeter.

All the instruments are fitted with a socket to enable an
external network of any weighting characteristic to be introduced
in the measuring circuit. This extends the use of the instruments
to vibration and acoustical measurement as well as to the
measurement of gramophone turntable rumble, f.m. receiver
noise, etc.

Brief Specification covering all instruments:

Frequency response as

Voltmeter: 4Hz to 500kHz., +0.5dB
Input impedance. M onhm shunter by 30 pF
Attenuator accuracy: . 0.25%

Meter scale linearity. 1%. Typically better than 0.5%

Waveform error in true r.m.s.
instruments:

Noisemeter included weighting
characteristics:

+ 1% for crest factor 10

WIDE BAND (flat response volt-
meter)

DIN "AUDIO BAND’

IEC/DIN 'CURVE A’

CCIR
11%" x 7%" x 8% deep
Size. overall (26 x 18.5 x 22cm)

Please write or phone for descriptive leaflet giving details of the
design and full performance characteristics of the above
instruments, together with a reprint copy of Dolby Laboratories
Inc. Engineering Field Bulletin No. 19/2 — 'Noise Measurement
on Consumer Equipment’.

. RAﬂFORD LABORATORY INSTRUMENTS LTD.
Ashton Vale Road, Bristol, BS3 2HZ
Telephone 0272 662301

WW—060 FOR FURTHER DETAILS
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UVEROWIRE: GET THE CONNECTION

® A new and ideal wiring system for proto-

types, Breadboards, and limited production.

® Achieves a permanent interconnection of
components, at high speed, on a very high
density.

mBased on the use of Verowire(R) wiring pen
with unigue spring wire clamp for wire
retention, advancement and retraction.

® Moulded wiring combs fitted to board route
the wire from point to point neatly holding
and stabilising the wiring layout.

mBy using a specially designed tool, |.C. legs
are deformed and positively held in the
board enabling the wire to be easily
wrapped around them.

®Using a self-fluxing polyurethane coated
wire, no pre-stripping is required. Connec-
tions are completed by soldering, melting
the insulation and at the same time making
a permanent soldered joint.

® A complete introductory Verowire kit is
available consisting of a wiring pen, spools
of wire, terminal pins and all tools neces-
sary. You only reguire a temperature
controlled soldering iron to Verowire a
board. A sample board from the Vero high
density O.1.P. board range is also included
in the introductory Kit.

Available world wide through
3 subsidiary companies and
25 agents.

Vero Electronics Ltd.
Industrial Estate, Chandler’s Ford,

Eastleigh, Hampshire SO5 3ZR.
Telephone: Chandler's Ford 2956
Telex: 47551

RUNIT RN TWIN BANK s 1517

m’“"[‘"‘. {less lamps) LENGTH

g 144 mohes UNI T

o e
e with three

red lamy
:olnup:dm i

oundtoLight ,
MASTER NPT wars

{Less Lamps)

TYPE B 3BANKUNIT

Connects to your
Toudspeaker or loud

/100 WATT SPOT LAMPS [

P e
;C Fitting| €5 Fitting
13 e - dow
e EL95< £2.17
04 10 our type A or 8 fitings
|RED,YELLOW.GREEN

SLUE i
"“" TR o epy. WwW, THE CRESCENT || SuEal] £ 8.0 0 €3

WORSTHORNE, BURNLEY
ENGINEERING CO.LTD. LANCS. Tel. Bumley 20940

WW—072 FOR FURTHER DETAILS

Your choice of
Live Sockets-
Instantly!

A Lexor DIS-BOARD gives you up to 6
sockets from one power outlet. Portable
or permanent fixing, compact units, with
safety neon. Over 1.000 socket
combinations available from stock. All
types of fittings and finishes

Brochure from

LEXOR DIS-BOARDS LIMITED
Allesley 01d Road, Coventry
Telephone 72614 or 72207

WW—051 FOR FURTHER DETAILS

12v. D.C. DRILLS WITH SPEEDS UP TO 9000 R.P.M.
TITAN — 350 GRM. CM. TORQUE CHUCK CAPACITY — 3.00mm.
RELIANT — 35 GRM. CM. TORQUE CHUCK CAPACITY — 2.4mm.

PRICES incl. V.A.T. at 8 % . Multi-purpose Stand — £9.96 + 67p P.&P.

Titan Major Drill Kit — £43.35 + 94p P.&P. (Titan Drill, 40 Tools, Stand, 12V. Rect. Unit).
Reliant Major Drill Kit — £39.17 + 94p P.&P. (Reliant Drill, 40 Tools, Stand, 12v. Rect. Unit).

MINIATURE DRILLS
FROM £5 -00 {inc. V.A.T. and P.&P.)

Titan Mini Drill Kit — £14.72 + 45p P.&P. (Titan Drill and 20 Toois).
Reliant Mini Drill Kit — £10.40 + 23p P.&P. (Reliant Drill and 20 Tools).
Titan Drill — £9.01 + 45p P.&P. Reliant Drill — £4.80 + 20p P.&P.
Send Foolscap S.A.E. for full details.

MAIN DISTRIBUTORS: A. D. BAYLISS & SON LTD., PFERA WORKS, REDMARLEY, GLOS. GL19 3JU.
TEL. BROMESBERROW (STD 053 181) 273 & 364
STOCKISTS — Richards Electrics of Gloucester and Worcester - Hoopers of Ledbury

WW—007 FOR FURTHER DETAILS
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We at lcon Design can justly
claim to have originated many ideas
now becoming standard; the single
lamp tuning indicator and a moving
coil frequency meter for example.
We were also one of the first to use
push button pre-select with separate
manual tuning.

Our quality and service are still
second to none.

We are now pleased to announce a

TOUCH TUNE PRE-SELECT UNIT
for our tuner

This is a separate unit, powered from the normal tuner supply, and designed as an
alternative to the existing push button unit (K9a). It provides six pre-select channels
while maintaining the manual control and frequency meter circuits. The pre-set pots
(20 turn cermet types, of course) are accessible from the underside of the tuner
without removing the cabinet, being mounted between the chassis and the front
panel. The channel selected i1s indicated by L.E.D. lamps incorporated in the touch
buttons, which replace the manual buttons without modification to chassis or front
panel.

We regret that a photograph was not available at the time of printing, and invite
requests for full details and prices by return of post.

T e,

N\

MAIN BOARD K1-
KIT £23.30 KIT £5.36
BUILT £25.30 BUILT £6.36

SEPARATE ITEMS (inc. in kits)

KITS P.C.B. for main board
P.C.B. for stereo
K1 All main board resistors, including tuning pot P.C.B. for selector
S L o £5.32 P C.B. for power supply
K2 All main board capacitors . £1.98 MC1310 or equiv.
K3 Main board transistors and diodes £3.00 TBA7508B
K4 Main P.C.B. i.cs, filter coil and front end £13.00 SL301B
K5 Stereo board resistors £0.76 SL3046 .
K6 Stereo board capacitors . . £1.05 TBA625C (reg) & heat sk.
K7 Stereo P.C.B. i.c. and transistors .. £3.55 LP1186 front end )
K8 4 way function switches. . £4.59 Filter SFG10-7MA
K9a 6 way channel selector. inc. cermet pots, P.C B Coil. (assembled & adjusted)
o £12.75 Ten turn tuning pot
K10 Power supply. inciuding transformer and P.C.B Front panel
.. .. £5.50 Teak cabinet o
K11 Full metalwork set, front panel, cabinet, plugs Meter (scaled 105 or 108 MHz)
mains lead, wire, etc £25.60 Scale only (state which)
K12 Frequency meter 'and drive components for K9a
£10.22 All kits guaranteed to work or free repair!

D ..
FULL TUNER KIT £85.00

COMPLETED TUNER £92.50 33 Restrop View

Purton, WILTS
ALL ORDERS ACKNOWLEDGED — EX STOCK DELIVERY SN5 9DG
PLEASE ADD 25% VAT TO ALL ORDERS

www._americanradiohistorv com
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More computer f‘
for yourmoney
from theseupto -
date educational
aids

Our family of low-cost computer educational °
aids is now larger than ever.

Wireless World, May 1976
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In-addition to our popular Logic Tutors,
we now have a fairly large selection of
|.C.Patchboards, an Analog Tutor, a
Digital Arithmetic Tutor and a unique
Microprocessor Educational Kit.

You ought to get details. » -

LIMROSE ELECTRONICS LIMITED,
241-243 Manchester Road,
Northwich, Cheshire, CW9 7NE. s
Tel. 0606 41696 and 41697 .

WW — 10¢ FOR FURTHER DETAILS

DATA AND
COMMUNICATIONS
TERMINALS

Teletype 28, 32, 33, 35, 40
TermiNet 30, 300 & 1200 (30 and 120 cps)
Teleterm 1030 & 1132 (portable 30 cps
with integral coupler and RS 232C)

Other page printers (by Siemens, ITT Creed, etc.)
TermiNet 120 line printer

* Spares, repairs, overhauls and maintenance
* Other types and models available
* Refurbished units also available
* Short and long period rentals
* Minicomputer interfaces
* Quantity discounts
* Immediate delivery

TELEPRINTER EQUIPMENT LTD.
70-80 AKEMAN STREET,
TRING, HERTS., U.K.

Telephone 0442-82-4011
Cables RAHNO Tring
Telex 82362

A/B Batelcom Tring

7

| vt;lmul;o TRANSVERTORS

TRANSISTORISED INVERTERS

VALRADIO TRANSVERTORS ARE BEING USED ALL OVER THE
WORLD FOR MANY APPLICATIONS, INCLUDING" VIDEO TAPE
RECORDERS, SOUND TAPE RECORDERS, ALARMS,
LABORATORY EQUIPMENT, TELEVISIONS AND MANY OTHER
TYPES OF EQUIPMENT.

SOME TYPICAL TYPES ARE:

D24/500S 24v DC input 500 watts sine wave output 230v

AC . £217.20

D12/150T 12v DC input 150 watts square wave 230v output
................................... £47.55

D24/60S 24v DC input 60 watts sine wave 230v output
................................... £66.95

We also manufacture Frequency Changers, Power Supplies and
Standby Systems, and we are always happy to quote for your
special requirements. All prices plus VAT

Please send for full details to

VALRADIO LIMITED, BROWELLS LANE, FELTHAM,
MIDDLESEX, TW13 7EN
Tel. 01-890 4242/4837

WW — 015 FOR FURTHER DETAILS

WW — 017 FOR FURTHER DETAILS
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TPA SERIES -

integrated circuit
power amplifier

-

i

TPA 50 - D Specification

Power Qutput 100 watts rms into 4 ohms
65 watts rms into 15 ohms

Frag Rasponse 10-1dB 20Hz to 20KHz into
15 ohms. -1dB at 150KHz

Total harmonic Less than 0-04% at all levels up to
distortion B0 watts rms into 15 ohms

Input sensitivity OdBm

Maoise -100d4B

Rise time 2 u seconds

Price £77 plus V.A.T,

100V Line (C.T.) and balanced inputs available.
For full technical information contact;

H||H ELECTRONIC

CAMBRIDGE ROAD, MILTON, CAMBS
TELEPHONE CAMBRIDGE 65945/6/7
WW—031 FOR FURTHER DETAILS

PROFESSIONAL - FREQUENCY COUNTERS
.BY HOYMITZ

Up-to-the-minute design. All five of our range of
frequency-period-ratio counters are directly gated. For
best resolution — FAST,

Stability. Electronic controlled crystal oven 3 parts 10*
Bright. .63’ character height display. (All Nine)

CHOICE. Filament or LED with Polaroid Filter.

All counters have suppressed leading zeros and auto
decimal point positioning for easy positive readings. The
memory is also standard.

Suffix F— Filament Suffix L— LED
_ Type DG40OL

PP: gg:gg: Type DGA0OF PRICE £349.00
S::silivily oy Sensilivity AMP 1.0C-150 Mhz, 10mV
Frequency 100 Mhz ?gnms\;hvny AMP' 2.40 Mhz-400 Mhz.
PRICE £199.00

Type 06500L

Type DG500F PRICE £475.00
Type DG32L Sensitivity AMP 1.DC-150 Mhz. 10mV
Type DG32F Sensitivity AMP 2.40 Mhz-500 Mhz.
(8 digit only) 10mv
?:,";',:m . SPECIALS TO ORDER
PRICE £169.00 Telephone Today 0642-43124

Telex No. 587238
Hoymitz Electronics Ltd.
. 7-9 Albert Terrace, Middlesbrough
Type DGT700L Cleveland, TS1 3PA, England
Type DG700F
- Sensitivity AMP 1.0C-200 Mhz. 10mV. PRICE £569.00

Sengitivity AMP 2.40-700 Mhz. 10mV

Prices exclusive of VAT

WW—040 FOR FURTHER DETAILS

wnann armaaricanradinhicton, cam

Gardners

TheBest
of British

ENCAPSULATED POWER SUPPLIES
DC Input — NV Converter Series
® Fully stabilized *

® Input/output isolation

® Short circuit protection

® Fully shielded, low radiation

® Commutation spikes less than 20 mV P-P

TYPICAL .
Cat. No. Nominal DC OUTPUT REGULATION (Voits)
Input Voltage Volts Amps LINE LOAD

NV7300 5 2x15 0.25 .006 .006
NV7308 5 180 0.05 2.5 2.5
NV7312 12 5 1.00 .005 .024
NV7314 12 2x 5 1.00 .005 .024
NV7317 12 6 1.00 .009 .021
NV7319 12 2x 6 1.00 .009 .023
NV7323 12 2x12 0.50 .01a 011
NV7328 12 2x15 0.50 .019 011
NV7336 12 24 0.5 .07 .09
NV7342 24 5 1.00 .004 .024
NV7344 24 2x 5 1.00 .004 .024
NV7349 24 2x 6 1.00 .008 .023
NV7353 24 2x12 0.50 .010 012
NV7357 24 15 1.00 .024 .021
NV7358 24 2x15 0.50 .015 .012
NV7366 24 24 0.5 .07 .09
NV7368 24 50 0.25 .3 2"
NV7372 50 5 1.00 .002 .024
NV7383 50 2x12 0.50 .007 on
NV7388 50 2x15 0.50 .010 012
NV7396 50 24 0.5 .07 .09
NV7398 50 50 0.25 3 .2

Based on ambient 20°C, 100sq. in heatsink
*modules facilitating polarity changes
Additional designs are fully described in GT.218, __

AC Input — Minimod Series T
® P.C. mounting interchangeable f:-"“““s e

with most American types e
® Linear stabilization
® Foldback current limiting s
® Wide temperature range sioH| =

. A = 2

® Modules available for U.K. = L&'M

(210-250v), European {200- =

240v) and American {106-121v) requirements
® Supply Frequency 50-400Hz

OUTPUT Short Circuit % Regylation

Type Current mA line & toad
number Voltage® Amps (Typical) {Typical)
PUO1 5 0.5 370 0.3
PUO2 5 1.0 770 0.5
PUO3 15-0-15 0.10 37 0.1
PUQ4 15-0-15 0.20 84 0.1
PUGS 12.:012 0.12 a5 0.1
PUO6 12.0-12 0.24 120 0.2
PUI1 18-0-18 0.15 50 0.1
PU10 15 0.10 37 0.1
PU12 12 0.10 45 0.1
PU13 18 0.065 23 0.1

Voitage tolerance 5v modeis £ 0.1v. All other models + 0.2v.

Nickel-Cadmium Cell Charger Units

Constant current outputs permitting up to 10 cells to

be charged in series. DC INPUT - NV7304 AC INPUT - PUO7

ALL UNITS DESCRIBED ARE NORMALLY AVAILABLE
FROM STOCK. SPECIAL DESIGN SERVICE. cusTOMm
BUILT UNITS FOR APPLICATIONS REQUIRING
DIFFERENT SPECIFICATIONS ARE PRODUCED AS
PART OF OUR STANDARD SERVICE. TRY US FIRST.

NN Gardrery

Gardners Transformers Limited

Christchurch - Dorset BH23 3PN

2 Telephone. 0201-5-2284

V/ .\‘ Telex 41276 Gardners XCH
‘ Approved manufacturers of

electronic transformers, modular
power supplies, inverters and converters to Defence Standard 05-21
WW—070 FOR FURTHER DETAILS
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With our New

SUPER 30
soldering iron
we have a slight
problem
at£295 how
itisa
Drecision fool.

Our reputation for professional
soldering equipment has beer
built on our precision products,
s0 we have taken extreme care
to see that our new ORYX
Super 30 iron at,

dare we repeat it, only £2.95,

is going to be the best at its
price.

\ %k plus VAT at 8%

3 slement, .
[ron coated screw-on tip,
Stainless steel shaft,

Styted handle,

A two-minute element

change, and a Stainless

steel clip-on hook.

You can have further

technical information, or by
ordering one now you will

see why we call it the

Super 30.

Hiustration actual size.

Fe

Greenwood Electronics

Greenwood Electronics. Portman Road, Reading RG3 INE
Telephone: 0734-595844 Telex 848659

WW — 012 FOR FURTHER DETAILS
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Switching problems?
Rely on Zettler.

[ Producing 30 basic types Our product range W
of relay and 15.000 variants comprises:

with regard to contact
stacks, terminals, energizing
current and contact
material, Zettler is among
the largest manufacturers
of electro-mechanical
components.

Low profile {flatform)
Timing - Miniature - Low
contact capacity - Herme-
tically sealed - Stepping
Mains switching - Latching
Contact stacks - Solenoids

Impulse Latching Relay
AZ 340

Make contacts:

Resistive load: 10 A/240V AC.
Lamp load: 8 A/240 V AC.
Compensated fluorescent tubes:
3.7 A/240 V AC.

Break contacts:

Resistive load: 8 A/240 V AC.
Lamp load: 5 A/240 V AC.
Compensated fluorescent tubes:
3.7 A/240 V AC.

K i /
We resolve your switching problems rapidly and expertly. Please
contact us for further details.

ZETTLE

Brember Road, Harrow, Middx
HA2 8AS. Tel. (01) 422 0061

Please look us up at

IFSSEC 76. London 26-30 April. 1976 Stand No 26
IEA-Electrex 76, Birmingham. 3-7 May. 1976. Stand No. 4318

A roember of the worldwide ZETTLER electrical engineerning group. est. 1877

WW—004 FOR FURTHER DETAILS

Zettler
UK Division

VERSATOWER

Strumech Engineering Limited -
Coppice Side, Brownhills, Walsall, West MidT8nds
Telephone: Brownhills 4321 £

WW—046 FOR FURTHER DETAILS
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ANADEX CF-700

1 GHz COUNTER
FOR £475

ALaOLL TN wobs

) -

Features include: —
* 1 GHz count rate with 1Hz resolution
* 30mv sensitivity with high overload capa-
bility
* 8 digit ‘'SPERRY’ display

Also: Mode! CF-710 giving 0.001Hz resolution up to

10k Hz

a S p e n electronics limited

18a HIGH STREET, NORTHWOOD, MIDDX
HAG61BN
TELEPHONE NORTHWOOD 27688

WW-—041 FOR FURTHER DETAILS

Servos
synchronous
steppers
dc motors

gearboxesand - ° o

control systems 0
Stockists for IMPEX Motors moleﬂﬂc_\n

McLENNAN ENGINEERING LIMITED
Kings Road Crowthorne Berks Telephone: Crowthorne 5757/8

Increased output capability fromrour
new factory enables us to offer our MP
range of regulated static inverters off-
the-shelf”.

Our Type MP range is designed for use
wherever DC voltage is to be converted
into a regulated AC supply.

All models are designed to meet the
most severe environmental requirements
and highestreliability standards giving a
stabilized, sinysoidal output voltage and
protection againstoverload, short-
circuitand wrong polarity.

If you have an Inverter requirement the
chances are that we can satisfy it from
stock, so why not contact us now.

We can also supply larger Inverters
and no break systems up to T80KVA.

Avel-

off-the-shelf’
ability!..
for Static

Inverters

Stabilized Sine Wave
Inverters with 200VA or

500VA rating.

Nominal Inputs: 24,32,48,110and 220v DC
Nominal Outputs:110-125v and 220-250v 50
or 60 Hz

Output Waveform : Low distortion Sine Wave
Facilities for external synchronization

and parallel connection of Inverters.

R.F.l. Suppression.

Avee-fwoscre \©)

South Ockendon, Essex. RM155TD
Tel: South Ockendon 3444 Telex 897106

Stand No. 5432 -
IEA ELECTRE X International Electrical Electronic and E
Instrument Exhibition. Nationa! Exhibition Centre, &5
Birmingham 3-7 May 1976.

WW—055 FOR FURTHER DETAILS
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We're
going
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__SEE YOU THERE!

AND YOU CAN SEE & HEARALLTHESE |
BRAND NAMES ON DISPLAY & DEMONSTRATION

[ Acos DUAL KLH PIONEER STAX w
ACOUSTIC RESEARCH DUNLAP CLARKE KOSS POLY PLANAR STUDIOCRAFT
AGFA-GEVAERT EDWARDUS LENTEK QAS SUPEREX
AIWA EMPIRE LINN-SONDEK QUAD TANNOY
AKG ERA LOWTHER REVOX TDK
ALPHA FISHER MARSDEN HALL ROGERS TEAC
ARNOLD FUJI MAXELL ROSS ELECTRONICS TENOREL
BB GALE MICRO-ACOUSTICS ROSS UNISON TOKA!
BGW GARRARD MIRSCH SABRE TOSHIBA
BOSE GOLDRING MONITOR AUDIO SANSUI TRIO
CAMBRIDGE HARMAN KARDON MONOGRAM SENNHEISER ULTIMO
CELESTION IMF MORDAUNT-SHORT smC UNISOUND
CERWIN VEGA INFINITY NAIM AUDIO SOMMERKAMP VAC-O-REC
COLLARD ISOPHON NAKAMICHI SONOTONE YAMAHA
CONNOISSEUR JBL PEERLESS SONUS ZEROSTAT
CURB JR PHASE LINEAR SOUND COMPONENTS
DAYTON-WRIGHT KEF PICKERING STANTON

And by opening day there will be even more |

THERE'S MORE
TO SEE & HEAR

AT
HIGH FIDELITY 76

theonly true

Hi-Fi exhibition

this spring

AT THE »* g € gI1\0
HEATHROW HOTEL i
LONDON AIRPORT



www.americanradiohistory.com

" "Hes asking Y
-- fora = &
\reedrelay &
- assembly |
- witha 30kV ¥
ISolated coll

-
e gﬁ;l R BEA M anG : - o i
People often bring their need to us. They know the
Whiteley speciality. Being helpful! And the item that
started life as a customer request, joins the Whiteley
product-list, ready to help other designers over & problem.
You, perhaps? Consider a neat relay assembly — one or
two dry reed switches with a rating of 25W, housed in a
mounting tube, with either ‘normally open’ or ‘change-
over’ contacts. Around them, a coil operating from 8,
12,24 or 50V supply, 30kV isolated from the contacts.
The whole unit mounting on a 0.25" insulating plate
with a couple of 3 way tag strips. If you're interested,
ask for a data sheet. But more, keep Whiteley in mind
as the people who make useful things.
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Whiteley Electrical Radio Co. Ltd. y

Mansfield, Notts NG18 5RW, England. Tel: 0623 24762.

See us on STAND 5247 I.E.A. Exhibition
WW 088 — FOR FURTHER DETAILS
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GIANT
KILLER!

SC68 ADVANCED SCIENTIFIC
The SC60 is the most advanced scientific and
statistical calculator in its price range.

OPERATING FEATURES:
® Algebraic mode entry ® Two nested parentheses
levels ® Number entry to floating point of scientific
notation @ Automatic selection of correct notation
for result display (scientific or fioating puint) @
10-digit manussa, 2 digit exponent @ S1gn selection
and display (Mantissa and exponent) @ Full chain
calculation with any function sequence @ Three user
bie memories @ “Protected" memory group
includes — Sum memory — Sum-of-squares memory
— Index memory.

REALTONE SC60 @ £46
+ VAT £3.68 P&P 60p
FUNCTIONAL FEATURES:
@ Basic anthmetic (+, —, x, =) ® Group operations (¥ o, x, x
o

® Tng functions (sin cos tan) @ Group controls (K Ko xhxX Cuoy
@ !nverse Trig functions ® Convenence tunctions{ ! x x )
sn " cos  tan ) @ Flexble memary control (STO RCL XM
@ toganthims {1n log) @ Factor reversal (XY)
@ Ant-logs {e' 104 @ Oegree Radian selection (Trig or Inverse Trig)
@ Exponentiation (y') @ Automatic error detection and display
® Combinatoral functions (n' (31 (N),) ® Separate clear uperatons (CE CL SLF CL ,,)
@ Anthmelc mean standard deviaion a

® Normal distnbution function (Pr(x))
@ Gamma function (1 x))

@ Binomial coefficients of squares (norm) ¢

@® Combinations @ Normal probability function

® Permutanons ® Ffactorial

Vanance o square 100ts of the sum

Accessones include N Cd rechargeable battenes (rechargeable n 5 hrs ) A ©
adaptor charger leatheretie carry case instiuctions One year parts and labout
warranty See 17c¢cm x 9cm x 3cm Weight 330q

$C60.10.—Also available in the SCE0 10 which has 12 operator-accessibie
memones with  protected group memory  which ncludes SumM-memory
sum-of-squares memoery, and index memory The additional 9 auxihiary store recall

memories give you sufficient memory storage for up to ten intermediate resuits or ten

constants. the extra memornies may be used to store a group of variables for repeated

processing of the varniables. £64.82 (inc. VAT) + packing 60p.

We repair most makes of calculator S.A.E. for quotations and details of ourcomplete

range. Texas SR52 at £250. SR56 at £86.C W O

KﬁAMER & CO., 9 Oclobév Place, Hoiders Hill Road, London, NW4 1EJ
Tei. 01-203 2473. Telex 888941 attention KRAMER
Registered No 1797716 Export orders invited: t 2 50 P&P

WW — 042 FOR FURTHER DETAILS
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sese o6
® 3
Fully transistorised
m for high reliability
Versatile

Meets in every respect all current specifications
1742 for measurement of Wow, Flutter and Drift
on Optical and Magnetic sound recording/reproduction
' equipment using film, tape or disc

High accuracy
with crystal controlied oscillator

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

Two models available:
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 1o
Xﬁ Mrs B.Nodwell
- Rank Film Equipment, PO Box 70
ANK FILM Great West Road, Brentford
. Middiesex TW8 9HR ~
EQUIPMENT el 01568 9222 Telex 24408- Cables Rankaudio Brentford

WW — 030 FOR FURTHER DETAILS
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HEPWORTH
ELECTRONICS

Worcester Road, Kidderminster
Tel. 0562 2212 or 3

for

Quick, Clean, Low Cost, No Waste

Breadboarding:
THE SK10 Socket

the SK50
Socket. SK50 Costs £6.95, the
SK10 Costs £12.07.

or its little brother

VAT and Postage extra or from London and South
East Distributors

ASPEN ELECTRONICS
18A High Street, Northwood, Middlesex

Tel. 27688

WW—032 FOR FURTHER DETAILS
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SPEEDSERVICE

Hard-to -find tubes and
semiconductors are normally
included in our quotations.

We try to give a complete answer.

AEL GATWICK HOUSE HORLEY SURREY RH6 9SU
Telex 87116 Cables Aerocon Telex Horley Telephone Horley 6353

WW—044 FOR FURTHER DETAILS

J E S AUDIO INSTRUMENTATION

Illustrated the Si 451
Millivoltmeter — pk-pk
or RMS calibration with
variable control for
relative measure-
ments. 50 calibrated
ranges £50.00

Si 453! jairiasm v s £50.00

“§i452 ............ £40.00
Distortion Measuring Unit. Low distortion Oscillator.
15 Hz — 20 KHz —.01% Sine — Square — RIAA

PRICES plus VAT
J. E. SUGDEN & CO. LTD. Tel. Cleckheaton (0274) 872501
CARR STREET CLECKHEATON, W. YORKS BD19 SLA

WW—048 FOR FURTHER DETAILS

Where to obtain a low-cost device to use as a linear
output stage for mobile and marine radio under

SSE conditions.

M-OV long-life beam tetrodes.
A single TT21/22 gives
100W PEP at 1200V H.T.
and one TT100 delivers
180W PEP at 850V H.T.

EEVand M-OV
know how.

LAPSBO

THE M-0O VALVE CO LTD, Hammersmith,London, England W6 7PE. E
Tel: 01-603 3431 Talex: 23435. Grams: Thermionic London. SEC
WW—085 FOE FURTHER DETAILS
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Time code generators’

D.M.W.

D.M.W. ASSOCIATES (ELECTRONICS) LIMITED

translators, tape search
systems with manual or
computer control

High-power wideband

linear amplifiers

HIGH SPEED VIDEO ANALOGUE TO DIGITAL AND DIGITAL TO ANALOGUE

A comprehensive range of airborne and
ground-based time code generators, translators
and tape search units. The equipment is used in
conjunction with instrumentation-type magnetic
tape recorders for efficient data acquisition and
analysis systems. Both manually operated
equipment and fully computer-controlled systems
are available. The computer-controlled systems
are offered with the supply, installation and
commissioning of the systems, including
checkout software and other ancillaries. Com-
puter interface units are available. A design
service for special time code applications is also
available.-

A comprehensive range of wideband linear
amplifier systems, which cover the
frequency range from 2 to 60 MHz. A wide
range of power outputs is available by
suitable combination of ancillaries, such as
automatic aerial matching units, hybrid
couplers for power splitting and combin-
ing, sub-octave high-power switched
filters, modulators etc, is available. The
company also offers a development service
for the design and manufacture of special
systems.

CONVERTERS AND SYSTEMS.
VIDEO INSERTION UNITS

’ : —

STAND 160
COMMUNICATIONS

The third in a series of
international expositions

METROPOLE CONVENTION
CENTRE
BRIGHTON, ENGLAND

8910 11 JUNE 1978
Organised by Tony Davies Communications Limited

L

il

RESEARCH AND
DEVELOPMENT
FACILITIES
COVERING A WIDE
RANGE OF
TECHNOLOGY

DMW Associates (Electronics) Ltd
6-8 Morris Road

Royal Oak Industrial Estate

Daventry, Northamptonshire

Great Britain, NN11 5PD

Telephone: Daventry (032 72) 71472

Naim Audio Ltd. 11 Salt Lane, Salisbury, Wilts. Tel: (0722) 3746 I

naim audio

the power amplifier

BE FAIR TO YOUR MUSIC

Reproduction of
sound and its acceptability
is dependent on a combination
of physical parameters not yet
fully explored. We believe that
only a compatible combin-
ation of specifications will
enable a system to

- and power amplifier will do

reproduce music. We
have taken care that the
NAC 12 and NAP 160 pre

so faithfully, while accepting
the output of any pickup
cartridge and driving

any loudspeaker

s stooomtmsern oo

WW — 029 FOR FURTHER DETAILS

" PRECISION PETITE LTD.

119A HIGH STREET, TEDDINGTON, MIDDX.
TEL. 01-977 0878

Now with the:

*NEW MK.IIDRILLe

10,000 r.p.m., 120
cmg

“MORE
POWER —
MORE
TORQUE”

12v. - 14v. DC

DRILL ONLY £8.00
(P.P. 35p)

STAND £3.76
(P.P. 35p)
Incl VAT

(Together 50p P.P.)

SAE for illustrated
- leaflet and order form

WAV americanradiahictaons,cam



www.americanradiohistory.com

Wireless World, May 1976

29

COIL WINDING

s
«

r

=

Manufacturers of all wound components including
transformers, chokes, stators and armatures.
Prototype and design service available.

Electric Windings' factories are equipped to handle
large or small volume production. Vacuum
impregnation plants provide varnish impregnation
for all temperature requirements.

ELECTRIC WINDINGS (LONDON) LTD.
(Dept. WW) Avenue Works, Gallows Corner
Romford, ESSEX RM3 0AJ

Ingrebourne 46677

Vaco STRIPEX
Wire Stripper

Precision Stripping Tool for most types of PVC
wire and cable from 38-10AWG. — Solid or

stranded.

Features include:

33 self adjusting cutting knives
penetrate and remove insula-
tion without nicking the wire.
Depth Control adjusts for
different insulation thick-
nesses

Wire cutter with transparent
finger guard snips cable clean

Lightweight moulded nylon
body reinforced with
fibreglass, reduces fatigue in
continuous operations.

Packed in contoutred plastic
Model No. 70285 case. Individually cartoned

No.70286. Metricwireplier. Crimpsterminals, cutsand measures
bolts, cuts and strips wire. Combines the most used cable
‘operations In a single tool.

i - G
T

Distributed by

Special Products Distributors Limited
81 Piccadilly, London W1V OHL
Tel. No. 01-629 9556
Cables: Speciprod London W1

WW — 023 FOR FURTHER DETAILS
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ELECTRONORGTECHNICA
carbon film
RESISTORS

Ye and Yaw 70°C 5% tol. E.12
EX-STOCK
£4.50 PER 1,000 T

. OF ONE VALUE VAT
Contact John Gingell

Z AERO SERVIGES LTD.
44A Westbourne Grove
I London W2 5SF

TEL. 01-727 5641 TELEX 261306

WW—089 FOR FURTHER DETAILS

fPower Resistors [\

eX StOCk to 6 weeks Delivery

\

* Low cost
% Rated up to 210 watts

% Custom designs are
our speciality

S\ Data on our standard ranges is available on-request

Eig Gompmiengs  recpnone ose2-62041

Luton Road, Dunstable, Bedfordshire, LUS 4LJ England

WW — 011 FOR FURTHER DETAIl S

EXCLUSIVE — WORLDBEATING 2S&i™

NON-ALARM £12 INC VAT, ETC.

4

- £1°

* Or Ready Built & Tested £21. 50

ALARM ¢
kVV

TEAK Case 70p extra

Built-in Alarm @ Mains failure ind.
Photo cell con-
trolled brightness
AM /PM Indicator
Giant 0.5" LED
Display

12 hr. mode

@ Tilt Snooze Sw.
® 9 min. Snooze

@® No knowledge of

CWO, PULSE ELECTRONICS, DEPT. WW1 1,202 SHEFFORD RD., CLIFTON,
SHEFFORD, BEDS.

S.A.E. for complete price list

electronics to
build kit

wWwWwamericanradiohistorv.com
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MODERN METHODS OF CAPACITANGE MEASURING

A complete range of British-made instruments designed to simplify capacitance measuring.

30

ESP 100A ESP 300A ESP 200A
1pF - 10uF 1pF - 2,000.F 1pF - 50uF
PORTABLE AUTO-RANGING WIDE SCALE BENCH MODEL

AUTOMATIC CAPACITANCE BRIDGE

£42.00 £185.00 £82.00

+ VAT + VAT + VAT

Very accurate and sensitive these instruments require no manual balancing and take less than a second to measure a capacitor. To get the full story
send now for brochures and a free copy of our booklet ‘Modern Methods of Capacitance Measuring . Better still phone now for a demonstration.

VISIT OUR STAND NO. 5822, IEA EXHIBITION, BIRMINGHAM, 3rd - 7th MAY

SUPPLIERS TO: Ministry of Defence, G.P.O., B.B.C., Governmant Depts. and Electronic Laboratories world-wide

ELECTRONIC SERVICES AND PRODUCTS LIMITED.
E S p CROSS LANE, BRAUNSTON, Nr. DAVENTRY.
NORTHANTS. ENGLAND. Tel: RUGBY 890672.

WW—105 FOR FURTHER DETAILS

CRYSLON ccecrroncs o, OUR NEW xL2000 dpm . . .

for for second to none applications

ALL SOUND & COMMUNICATION
EQUIPMENT

SOUND MIXERS CUE SYSTEMS
TALK-BACK ALL ANCILLARY EQUIPMENT

100 WATT
POWER
AMPLIFIER

FREE STANDING

@ True automatic polarity full 44 digit display with basic
0.01°, accuracy.
& 0.55" Beckman or 0.43" led display.

OR @ Automatic zeroing feature.
RAC K : ('B%zo?i\glzrt:;gi‘én;s:%nscreened analogue circuits.
MOUNTING O Commponania reake the XL2000 susable tor won o mos
process comrol,_tes_t, calibration and automatic
FULL PROTECTION CIRCUITS S e ol T
SEND OR TELEPHONE FOR DETAILS J
exel electromes lmited
CRYSLON ELECTRONIC LTD. e
SYDENHAM INDUSTRIAL ESTATE
LEAMINGTON S PA, WARWICKSHI RE telephone : bournemouth 10202} 766166.tx 417143
Tel. 37628

WW—039 FOR FURTHER DETAILS SISV ORIEURIHEPET RIS
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Test Fquipment

| Multimeters

The Eagle range of multimeters
covers every possible need of the
electrical or electronic engineer.
They cost from about £6 to £58
(inc V.AT.). There's at least one
which suits your job precisely.

SIMPSO

260-6P MULTIMETER

The Simpson Multimeter

15 s0 soundly constructed
that it is capable of

taking a lot of punishment
— in the lab or in the

field. The tough rugged case
houses a Taut Band
suspension movement, N
fast transistorised cut-out
with re-settable push button
and covers 33 ranges.
Couple this to a wide range
of accessories, delivery

ex stock, fast and efficient
service department, and
your problems are solved
for only £44.95+ V.AT.

We have a lot of other test equipment too.
Send the coupon and we’ll send you our
complete catalogue.

F-------------
IPlease send me details of all your test equipment

B vame b
| AopRess....... i

Eagle International Ltd., Precision Centre, Heather Park Drive, Wembley HAQ 1SU
Tel(01)-902 8832

BACH-SIMPSDN (U.K.} LIMITED
TRENANT INDUSTRIAL ESTATE,
WADEBRIDGE, CORNWALL PL27 6HD
WADEBRIDGE (020881) 2031 TELEX 45451

Y ) e -l
WW—071 FOR FURTHER DETAILS
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DATEST 1: THE NEW TIME SAVER

Automatic device tester and identifier

DATEST 1 saves valuable repair time by automatically testing diodes, transistors, and all types of FETs, both in and
out-of-circuit, plus common op. amp. i ¢.s out-of-circuit

To carry out a test simply connect the device and switch on. if the display flashes its "No Go''. If you get a steady pattern it's
Go . No prior knowledge is required of device polarity or whether it is bipolar or FET

On the contrary, she clear six-LEL display tetls you at a glance the polarity of the device (NPN. PNP. N-channel, P-channel) and

for out-of-circuit tests whether it is bipolar, depletion FET, or enhancement FET

1f you then flick the test current switch you can instantly place limits on current gain, leakage current, and FET parameters

Finally if you need to you can even plug 1 a multimeter and . actually measure some of them

DATEST 1 with its advanced four i.c. and six transistor circuit (pat. app!. for) rapidly pays for itself in skilled man hours saved

and in expensive mistakes avoided For complete user confidence DATEST 1 even stops working abruptly and gives a special

display when bat-ery voltage has dropped 10 100 low a value

DATEST 1 1s available now and comes complete with battery, easy-to-use probes for in-circuit tests. and detailed handbook

Write for full details or send now for your own "'time saver’ . Price £49 plus 8% VAT, cash with order

DATONG ELECTRONICS LIMITED

11 Moor Park Avenue, Leeds LS6 4BT
s Telephone: 0532 755579

WW—081 FOR FURTHER DETAILS
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ATTENTION Clg_ | Hudio Connectors
ﬁ: Broadcast’pattern jackfields, jackcords, plugs
& & P and jacks
OVERSEAS BUYERS' 3 N Quick disconnect microphone connectors
U ! Wt 1 Amphenol (Tuchel) miniature connectors with
We undertake many export contracts for ‘ e, coupling nut
supplying electrical and electronic goods. l E - Q:;C'\gﬁoa;%aﬁabllvg-'?n.r?i'sgsaflr;dn ut;sct)rsproabr:e‘sj
Send your enquiry to a reversers 1
nay quiry to. E Low cost slider faders by Ruf
Future Film Developments Ltd.
BURMEL INTERNATIONAL 90 Wardour Streetp
21 Marloes Road - London W8 6LG
Telephone 01-373 1257 Cables Burmel London W8 London W1V 3LE
01-437 1892/3
WW—104 FOR FURTHER DETAILS ' WW—053 FOR FURTHER DETAILS
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SOUIGE
make

CONSERVES YOUR CASH. No need to lock up capital in slow
moving stocks.

SAVES TIME. Parts usually despatched by return. Orders phoned
before midday are often on the way same day.

APROTOTYPE SERVICE. Invaluable when assorted alternative
experimental parts are required.

0 SOLVES BUFFER STOCK PROBLEMS. Eliminates need for

heavy stock holding. Our stocks are at your immediate disposal.

SIMPLIFIES ORDERING. One transaction for a variety of parts
saves bookkeeping and paper work.

NO ORDER TOO SMALL. Every enquiry is of equal importance
and dealt with expeditiously.

Obviously Single Source Service can solve a ot of your day to
day problems. As the first step get the relevant U-C S
catalogue, which illustrates and describes hundreds of parts
any of which you may want at any moment. Write, or better
still phone 0602 328711.

So make United-Garr Supplies
your SINGLE SOURCE for:-

] @

United-Carr Supplies Ltd., 112 Station Road, llkeston, Derbyshire DE7 5LF Tel: likeston 328711 (STD 0602 328711). Telex 377117
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It makes sense

tousethe

United-Carr
Supply Service
when you require
smalleror mixed
quantitiesofany
of thefollowing:-

CINCH

Barrier terminal strips.
Fanning strips.
Marker strips.

Printed circuit board
edge connectors.

D Subminiatures.

Multi way plugs and
sockets.

Electrical Components.
Single and double pole
rocker switches.

Mains and low voltage
indicator lights.

Plunger switches.

Mains connector blocks.

Automotive lamp holders.

Push on terminations.
Fuse holders.

,.7-

Audio sockets.
Group boards.
Valve holders.

Fuse holders.
Battery connectors.

Industrial Fastenings.
Tee nuts.

DOTLOC single thread
lock nuts.

Lift the Dot fastenings.
Turnbuttons.

Plugs and grommets.
Metal and plastic
components.

Press studs.

Edge clips. W buttons.
Cable clips. Door catches.
Cover plates. Cable straps.
Turnbuckles. Metal and plastic
Knob clips. components.
Separate catalogues are

available for:-

Electronic Components,
Electrical Components
& Industrial Fasteners.

Write or phone for your free copy.
stating possible requirements.
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‘We tailor TWTs 'fast"at EEV

Screening can be with leads
or plug to customer
requirements.

- =

s

Plug-in vacuum envelope.

a0 g

. Basic foc
Convection cooled . ‘k ocussing
1 assembly,
finned heat sink for
horizontal mounting.

Conduction cooled

Convection cooled finned heat sink for mounting

heat sink for vertical mounting.

Coaxial transition.

Waveguide transition.

Convection cooled finned heat
sink for vertical mounting.

Convection cooled
finned heat sink
for horizontal
mounting.

/ Conduction cooled
heat sink lor mounting
inany position.

'P% P EEV make travelling wave tubes on a
Com modular ‘building block’ system.
oaxial transition. 3

So you get exactly the tubes you want
from EEV, and you get them quickly.

Our production capability hasnow
expanded into new and much larger premises.

Youcandepend on EEV for fast service
for TWTscovering all civiland military
communications bands.

Send us your spec or write for data sheets.

EEVand M-OV know how.

THE M-O VALVE CO LTD, Hammersmith,London, England W6 7PE. Tel: 01-603 3431 Telex: 234356. Grams Thermionic London E
ENGLISH ELECTRIC VALVE CO LTD.Chelmsford. Essex. England CM1 2QU Tel 0245 61777 Telex 99103 Grams: Enelectico Chelmsford FG€C
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Waveguide transition.
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Plain words to the word-bound

The English language may not survive. It becomes compressed into a smaller
working space with every advance in science, engineering and the arts. Just
before it disappears, someone may possibly be heard to mutter “destructive,
superfluous augmentation” or perhaps, being the last plain English speaker,
“What does it all mean?”

It sometimes appears to technical journalists, exposed as they are to the full
force of technical gobbledygook on all sides, that jargon is used in preference to
plain words because it sounds more esoteric. It also saves the writer the trouble
of finding the ordinary word which would be understood by people who are not,
perhaps, familiar with the subject and may be thus admitted to to the circle of
cognoscenti. For example, is the instruction “For store access, input ‘initiate’
command. Interrogation complete will indicate” easier to take in than “To
obtain data, push ‘start’ button. Light will flash when finished”? We think not.
Things have now reached the point where public relations firms not only issue
“hand-outs” to describe their clients’ products, but hand-outs to explain their
hand-outs.

It is easy to accuse the Americans of debasing the English language, but the

,British manage to do that very well themselves. Admittedly, the Americans do

come up with some grotesque phrases, such as “as of this point in time . ..” and
“It is GO”. They have even coined such mutants as “to merchandize” and “to
pressure” and many other noun-verbs — but most are understandable, if absurd.

Our main complaint is against the making of new, jargon words from standard
ones when the intended meaning is the same. To reference an amplifier output to
its input is no different from the ordinary process, in which one refers to it. To
input is the same as to put in and to access is no improvement on to take out. It
may be said that the words are not misleading, merely unnecessary; but what of
“random-access memory”’, which implies that a read-only memory is not equal]y
accessible in a random way"

Self-importance is not the only spur to “jargonization”; laziness is often
responsible for writing that is hard to understand. It is easy to see why someone,
should write “l.s.i. r.o.m. i.c.”; the words would take too long to write and use up.
too much space. But if this is true perhaps the words ought to be replaced by
bettér ones, or redundant ones left out.

There is no excuse for attempts to confuse the uninitiated readers by special

language when plain words can be used (sometimes of course they can’t; one
would be hard put to it to write “staphylococcal peri-onychial whitlow” in

economical standard English). Communication is essential if people are to be
educated and jargon is a formidable barrier against this. It is probably too late for

this journal to do any more than record its dismay, but if we can persuade a few"
writers not to talk of decoupling an emitter to earth or of a power unit supplying

d.c. current, we will have helped a bit.

Maana 2o aricanrodiobicion . oo
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Low-noise,low-cost cassette deck

For some years the author had
contemplated the possibilities for the
provision of music of reasonable tech-
nical quality, by way of headphones,
while away from home on camping
holidays — which were normally taken
in scenically attractive but physically
remote parts of the countryside. Of the
available alternatives, the use of pre-
viously recorded tape cassettes seemed
the most satisfactory, but it is unlikely
that further action would have been
taken on this matter but for the current
availability at an attractive price of
good-quality cassette mechanisms
made under Staar patents by Garrard
and Goldring-Lenco.

It must be explained, at the outset,
that the intention was not to provide an
instrument which would equal or
exceed that of expensive and carefully
engineered ‘“transcription” cassette
recorders, but rather 1o~ evolve a
straightforward and relatively inexpen-
sive circuit arrangement which would
nevertheless provide a standard' of
performance which would be accept-
able in the context of existing, high
quality, audio equipment. In the event,
the performance of the prototype has
substantially exceeded expectations,
and has led to a major revision of the
author’s opinion of the performance
obtainable from this medium.

In particular, it would appear that,
with good system design and appro-

priate attention paid to recording and

bias levels in a direct recording made

High-quality design
for
mains/battery use

by J. L. Linsley Hood

‘from a good quality L.p. disc onto a

reasonable quality ferric-oxide cassette
tape, the major component of noise on
replay is likely to be the surface noise on
the original disc. Also, the differences
between the source material and the
cassette transcript can be sufficiently
small that they are not readily apparent,
even on A-B comparison.

Basic circuit

The general layout of the system
adopted is shown in Fig. 1. The d.c.
power supply unit has two outputs —
one of about 12-14V at 200-400mA to
feed the d.c. drive motor which operates
the cassette feed, and which has its own
speed control system incorporated by
the manufacturers, in the case of the
Garrard CT4 used in the prototype —
and one having a well-smoothed and
electronically stabilized output preset
to a nominal 13.5V, which feeds either
thereplay or record amplifiers. Between

WWW-americanradiohistorv. com

these two lines there are two change-
over switchcs, to the centre point of
which can be connected a 12-14V d.c.
supply, so that the system can also be
operated from batteries.

The changeover switch in the ampli-
fier supply line is a small microswitch,
not supplied with the cassette mechan-
ism but operated by a protruding tag on
the side of the record push button on the
mechanism. To make a recording, this is
depressed before the cassette is insert-
ed, when a mechanical interlock retains
the button in the inward position. When
the d.c. supply is connected to the
record amplifier panel, it also energises
a 12V, three-pole change-over relay
connected in parallel with it. This relay
transfers the connections from the
combined replay-record heads from the
input to the replay amplifier to the.
output of the record amplifier. Under
normal replay conditions, neither the
relay nor the record amplifier panel are
energized. The bias/erase oscillator is
mounted at the output end of the record
amplifier and is supplied with power
when this panel is energized. By using
separate record and replay amplifiers
some additional component cost is
incurred, but the internal switching is
greatly simplified.

Replay amplifier

The use of the extremely low tape speed
of the Philips cassette design, coupled
with the small head gaps necessary for
good high frequency response, and the
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Séa lbatt. @

+20V nom.

® Sap

mains
20
O—-/o—"—— ac.
ac power
mains s::igzly
dh ac
,_+{L -
]
12 =14V | 22004
25V
+ -

cassette drive motor f—»
and
stabilization circuitry Jeg—

relatively low coil inductance required
for adequaterecording and bias current,
lead to a very low output voltagé from
the cassette replay heads. In the stereo
configuration this means a 0VU (normal
maximum record level) output of some
800-1000pV, and actual signal levels
down to a few tens of microvolts. Under
these circumstances, it is imperative
that great care is taken, both in the
design of the input amplifier circuit and
in the layout of the wiring from the
heads to this, to prevent obtrusive noise
or hum. The use of a d.c. tape motor
greatly reduces hum originating in the

motor, but the mains transformer in the.

Jpower supply should have a low exter-
nal mains field and should be as far
away as possible from the replay
amplifier input wiring and replay heads.

In the prototype, as the mains trans-

former which had been obtained was
not very well designed from the point of

-its external 50Hz field, a home-made.

Mumetal shroud was fashioned from a
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+12-14V

® I‘ O external supply

from battery
it required

actuated by record’ button

Fig. 1. System diagram showing
record/replay switching and
battery/mains selection.

Motor stabilization circuitry is provided
by the makers of the mechanism.

surplus c.r.t. screen to enclose it and this
completely solved the problem.

The input circuit of the replay ampli-
fier is shown in Fig. 2: the amplifier is
optimized for the minimum practicable
noise voltage, to which the major
contributory factors are Johnson noise,
due to thermal agitation in the input
circuit and input device base diffusion
impedances (minimized by making the
input impedance as low as practicable
and by the correct choice of input
devices — epitaxial-base silicon bipolar
transistors are preferred); “Shot” noise,
. which is proportional to both current
-and bandwidth; “excess” or ‘“I/f" noise,

Fig. 2. Relay amplifier.

WY mains l) batt.
© +Ve supply to
VU meter
amplitier 2,200
16V
— o
330 S3 % L L
t - 100N
+ relay
replay e 12V —> record bias & erase
2,200 i1 RL AR osc
6V amplifiers Leg— 1/3 amplitiers 50 KkHz
77 % change-over microswitch

due to imperfections in the crystal
lattice and proportional to device
current and root bandwidth and inver-
sely proportional to root frequency;
collector-base leakage current noise,
which is influenced both by working
temperature and collector-base voltage;
and finally surface recombination noise
in the base region. Where these are
approximately calculable, the equations
shown below are appropriate.

~ Johnson (thermal) noise' V= \/AKTRAf

Shot noise i= 2qlp\f
Modulation (1/f) noise v, = ¥ AN

where \f is the bandwidth (Hz)
K=138%10-23, T the temperature (K), q
the electronic charge (1.59%107!? cou-
lombs), f the frequency and R the input
impedance.

In practical terms, this means using a
silicon bipolar epitaxial-base transistor
as the input device, which should be of
p-n-p form to take advantage of the

v Riz
- +11V nom. 330
t&:;::f <— ; — \A—O + 13-5V  high
edance
i | ] . ©® B
+ Cs output
' 2,200
i - 3 . R
R/, 574 470 25p
K
A AAY &
R
680
+ C2
47,
-_—
Try Ry
BC214LC L2DK c
record/'r;eplay — :T'an
coils
] R Sta v amp. output
tootherg—— 4 R Rg 12 10k 0. T socket
channel 10&% g TryMPSAI2 | 470 AAA- O i
70us  120us
Rg /o H
+ 56 replay to V.U meter
c, + R Ry characteristic ' CIrcuit

k2 Ca Cs
471 T47n

» o
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better surface recombination noise
characteristics of the n-type base
material, at an appropriately low col-
lector-to-emitter voltage, say 3 to 4V,
with as low a collector current as is
permissible and a base circuit impe-
dance giving a suitable compromise
between Johnson noise and device noise
figure requirements. In the case of the
Texas Instruments BC214LC, the
optimum collector current and base
circuit impedances are 10pA and about
800 ohms. This gave, on the prototypes
of this amplifier, a measured noise
referred to the input of some 0.2uV
which is only slightly above the pre-
dicted Johnson noise value for the
known input impedance and equalized
bandwidth. In practice, the input noise
introduced by this stage is sufficiently
less than that of the tape background
for it to be unimportant as a contribu-
tion to the overall system noise figure.

In the second stage of this amplifier,
where the replay equalization (frequen-
cy/amplitude response shaping) is
performed, a good-quality integrated
operational amplifier “gain block” is
employed, as in all the other gain stages
of the system. The unit chosen is the
Motorola MC1741CG, which is a fairly
standard 741 but in an 8&-pin TO39
metal-can encapsulation, and is, in the
authors experience with these devices,
much to be preferred on grounds of
reliability. Two equalizing
characteristics are provided, having
70us and 120us upper time-constants. Of
these, the former is the internationally
agreed standard for chrome tape, and
the latter is the normal standard for
ferric types.

The output from this amplifier, about
0.4volts rm.s., at 0VU and 660Hz, is
taken to the output socket, and the VU
meter through an isolating silicon
diode. A similar isolating diode on the
output of the record amplifier circuit
allowsthe VU meters to be used both on
-record and replay settings, which is

—-14}+
—-16 |
—-18}
-20F
—-22
—-24F
—-26 -

—28

—-30 1 | R N N A | | |

useful for assessing tape output char-
acteristics, and the recording levels of
recorded cassettes.

The two replay characteristics are
shown in Fig. 3, and are determined by
the switched values of Ry ;; and Cg, s.
Some additional treble lift to compen-
sate for head limitations is given by Ry,
Cs and gives rise to the part of the curve
indicated in Fig. 3.

Although the author has some per-
sonal reservations about the use of
series feedback configurations in the
case of magnetic pick-up input equali-
zation arrangements, where at the
upper end of the recorded frequency
rangeit is possible to generate relatively
large pickup output voltages with
consequent risk of distortion due to
common-mode failure, in the case of
cassette replay heads the likely output
vol‘ages are so small in relation to the
input device C,, voltage that this is a
negligible problem. Also, to design for
the lowest practicable noise level, series
feedback configurations remain the
simplest form to implement, although in
higher-speed, higher-output recorder
systems it could be worthwhile to
introduce feedback, around an invert-
ing amplifier, at a low impedance at the
earthy end of the playback coils.

To avoid replay head magnetization
problems due to switch-on current
surges through the replay coil windings
on the charging of an input series
capacitor, the replay coil is connected
between the input reference voltage
source and the base of the input
transistor, so that the total current flow
through this is limited to the base
current of this device — about 0.1pA.
(Head magnetization is less of a prob-
lem on record due to the demagnetizing
effect of the fairly large bias voltage
applied to it during recording. It is,
however, important that the time
constant of the record output circuit
should be shorter than that of the decay
of bias voltage, which is ensured by the
use of fairly substantial capacitor
values on the record amplifier positive

-supply line.)

The measured total harmonic distor-
tion of the replay amplifier, input to
output, at up to 1V r.m.s. output, is less
than 0.01%, and a very high degree of

Fig. 3. The two replay characteristics,
with different values of R,

.- =T
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Measured performance
figures of prototype
(Garrard CT4 mechanism)

Frequency response *1dB 35H:z
~12kHz (BASF LH Super C90)

Channel separation 45d8B at 1kHz
Erasure better than 50d8

T.h.d. at OVU-(660Hz) 0.75%"

Replay amplifier background noise, CCIR
weighted, —56d8.

Zero recorded level background noise,
CCIR weighted, —52d8.

Bulk erased tape background level, CCIR
weighted, -54d8.

The above figures refer to a 1kHz tone
recorded at OVU on BASF LH Super C90.
Both channels are identical to within 1d8.
Record amplifier t.h.d. at + 3VU less than
0.02%

Replay amplifier t.h.d. at +3VU 0.01%
(Residual distortion less than background
noise at —6VU.)

“This figure should be considered in the
context of typical disc replay figures (e.g.
1.2% and 0.6% harmonic distortion for
20cm/s at 1kHz, vertical and lateral
modulation respectively) for a good-qua-
lity pick-up cartridge in a good-quality
arm, rather than in comparison with the
less than 0.1% t.h.d. typical of a
good-quality audio amplifier.

" h.t.-line noise and ripple rejection is

given by the use of a constani.curtent-
source load (Tr,) in the first stage.

Record amplifier

Since the design value of input sensiti-
vity for this amplifier is not very high —
50mV r.m.s. input at 1kHz for a 0OVU
record level — great care to obtain a
high signal-to-noise ratio is unneces-
sary (the difference in recorded noise
obtained by replacing the input
MC1741CG with a very low noise circuit
such as that used in the replay amplifier
is only of the order of 0.75dB). A simple
amplifier design based on a pair of these
operational amplifiers is therefore
entirely adequate, and confers a number
of minor advantages in addition to
those of simplicity and economy of
component cost.

To avoid the necessity for winding
coils for the generation of the required
peaky record characteristic (desirable -
to offset shortcomings in the head
performance, tape and recording char-
acteristics at the upper end of the
recording range) an active RC circuit
arrangement is employed. This is shown
in the circuit diagram of Fig. 4, and
consists of the network Rg, R, Cy5, Cy5
in conjunction with R;¢/VR; and C;s.
The recording characteristics obtain-
able from this are shown in Fig. 5, for
various component values, which may
be of use if it is desired to use different
record heads to those supplied with the
Garrard CT4. The magnitude of the
pre-emphasis hump in the 13-15kHz
region is determined by the setting of
VR; (a preset component on the circuit
board), while the basic recording treble
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R21
+13°5V —y AA— > 4135V
R +-L Cio to other channe!
1513 2,200 and bias
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680n
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socket VR, —P— to V.U meter circuit
10k
R
3k9 26
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-
b AA—
VR,
100
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15k 470p 1000 o0
120n 10
10V 0V T
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lift time constants are determined by C,,
and C15'

Changeover from the basic 70ps

recording characteristic to the 120ps’

one is by switching C,g into circuit. The
new cassette-standard bass pre-empha-
sis at 3180 us is provided by C;;, Ry, A
39kQ swamping resistor is interposed
between the output of the record
amplifier and the head, to approximate
to a coastant-current recording condi-
tion. Since the impedance of the head at
the upper end of the frequency range of
therecorder is less than 10k, the loss of
h.f. due to this is small, and readily
compensated for in the equalizing
circuitry. With this value of output
swamp resistor, attenuation of the bias
voltage by the low output impedance of
the 1741 is sufficient to eliminate the
need for any additional bias-trap circuit,
while allowing record amplifier circuit
outputs of up to +3VU with less than
0.02% t.h.d. at 1kHz.

With the recording heads used in the
prototype, a 0VU record level at 660Hz,
chosen to avoid regions in which
-pre-emphasis characteristics would
influence the result, corresponded to
2.25Vrm.s. at the output of the
recording amplifier. Since the output
magnetic flux characteristics of the
heads were not specified, this level was
chosen arbitrarily as the one at which a
third-harmonic distortion level of
approximately 1% was given at 660Hz on
a good quality (BASF Super LH C90)
ferric tape. This gives a + 3VU setting of
3.1V r.m.s., which is below the amplifier
clipping level on 13V supply line
voltage.

The output of the record amplifier is
taken to the VU meter circuit through a
silicon diode, but since the record

Fig. 4. Recording amplifier.

output is higher than that of the replay,
an attenuator is included in this circuit
to bring the two outputs to equality.
The 47k resistor to the zero-volt line
serves to provide a forward current to
bias the diodes into conduction.
Switching between record and replay in
the VU meter circuit is automatic since
only the circuit in use has an output

Fig. 5. Recording characteristics with
variations in C;s and C,, The peak
heights are adjustable by VR, (b) being
the compromise adjustment and (c) the
setting for optimum square wave
reproduction.

dB
30~

28~

= 220n C,,=470p
26

----- =150n Cyp = 470p
241

=120n C4p=330p
22

20

o]
T

)]
T

nop

«—+3dB at 30H:z
0 L 1 1 L 1

{ input from
bias osc.

above the zero-volt level, the other one
being disconnected from the supply
line. Unwanted signal transfer through
this diode feed network is of a very low
order magnitude.

4VU meter

This is a straightforward precision
millivoltmeter of conventional type, in
which the meter rectifier bridge is
connected in the feedback loop of an
operational amplifier as shown in Fig. 6.
Although this is a more elaborate
arrangement than most conventional
VU meter systems, the cost of the
operational amplifiers and the associat-
ed germanium diode rectifiers is small in
comparison with even a modest twin

_‘: _'>"
o

100 1k
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replay amp

7 +13'5V (unswitched)

4x OA95

output O
Ras
180k
recordampo. +
output Y
1741CG
R33
33k
R3z
47k
- VR, | _set zero VU level
Cos 5k ‘' to225Vrms.
U
*L Coe
™
oV
Fig. 6. VU meter circuit.
R30
15k
L ¢ erase coil
i C20
Cqy —
= L
o}
2zonT g record
T,.4 coils
MPSU-05 ¢ =R (Ci)
18k 50k 1n
r set
bias
Co2
P 220n

R":‘9

szl::zT % 10k

ov

Fig. 7. Erase and bias oscillator, with continuous variation of bias level. Prowszon is
made on the p.c.b. for the level to be switched.

VU meter, and the arrangement has
much in its favour in a very linear
a.c.-to-d.c. conversion, flat frequency/
amplitude response, high input imped-
ance, and short output voltage rise
time due to the low output impedance of
the amplifier. This latter feature is of
particular value in tape recording,
where the signal level meter should
ideally have zero inertia so that it can
follow the modulation of the signal
without missing short-duration peak
levels.

.Bias and erase oscillator
, A fairly common and irritating feature
of inexpensive cassette recorders is
their inability to erase fully an existing
programme on a tape, when a further
recording is being made on top of this.
For satisfactory erasure of ferric and
ferrichrome tapes, at least 20V r.m.s.
should be supplied to the erase coil, and
for chrome tapes a value as high as 25V
may be required with typical cassette

H

erase heads. To obtain voltages as high
as this with low-voltage lines, it is
customary to use a push-pull oscillator:
driving a step-up transformer, but some
care is necessary to avoid harmonic
distortion which can impair the record-
ed signal quality and s/n ratio.

A simpler method, which avoids
many complications, is to use the erase

‘head as the coil in a self-oscillating

circuit, and employ the Q-multiplication
of the tuned circuit around the erase
coil both to provide the necessary
voltage swing and also to improve the
purity of the waveform. The circuit
shown in Fig. 7 is a modified Colpitts,
and provides an output of 25-33V r.m.s.
at the required erase frequency (50kHz),
with supply voltages in the range 12-14
volts and with a waveform distortion of

‘less than 1%, even when loaded with the

bias circuitry. The current consumption
is, however, of the order of 100mA,
giving a transistor dissipation of about

0.7W. The Motorola MPS-U05 is
particularly suitable, but other high-
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gain, high-transition-frequency 1W
devices are quite suitable since the
circuit is not particularly critical of
component values or types, except in so
far that these may modify the operating
frequency, which should be within the
range 50kHz *+5%.

¢ 'The h.f. bias waveform is also derived
from the erase coil, by way of a
resistor-capacitor chain, VRj, Ryg, Cp, t0
each record head output (VR; is twin-
gang). Since the purity of the bias
waveform at the recording head is the
design requirement, it is tempting to use
a value of series capacitor (Cy) which
will be series resonant with the record
coil at the bias frequency, as is fairly
standard commercial practice. How-
ever, on reflection, confirmed by mea-
surement, it is better to use a larger
value of Cy, and take advantage of the
integrating characteristics of the series
network to attenuate higher order
distortion components in the bias
waveform, as seen at the head.

The bias voltage required across the
record coil is dependent on the tape
used but, as a guide, should be in the
region 5-7V r.m.s., with the CT4 heads.
The signal level, for reference, at this
point, is only about 50mV.

(To be continued)

Garrard Engineering Ltd now tell us
that production of the CT4 mechanism
is to stop in June. As mentioned in the
article, however, Goldring Ltd also
market a unit made under the Staar
patents and this will continue to be
available for some years. The type
number is CRV and one difference
between the two is that the CRV does
not incorporate motor speed stabiliza-
tion. An easy way to overcome this is to
use the SGS-Ates TCA910 regulator j.c.
on asmall p.c.b., the design of which we
will publish in the next article.

Wireless World has arranged a supply of
stereo glass fibre p.c.bs for this design.
The boards measure about 9inX 33%in
and accommodate the changeover relay
as well as two pre-set potentiometers per
channel for. switchable bias settings.
One-off price is £4.50 inclusive from M.
R. Sagin. 11 Villiers Road, London NW2.

Automation in broadcasting

In addition to the International Broadcasting
Convention being held in London, September
20-24, there is to be an international

.conference on automation in sound and

video broadcasting and transmission
networks held in Paris, October 19-21. Papers
are still being invited and anyone wishing to
contribute is asked to contact Mr B. Sewter,
IBA Engineering Headquarters, Crawley
Court, Winchester, Hampshire (Tel:
Winchester 822477).
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Traffic broadcasting

demonstrated
f——————————————)

The BBC has demonstrated the techni-
cal feasibility of its proposed m.f.
single-frequency road traffic
information broadcasting service to UK
Government officials, police, motoring
and freight organizations and receiver
manufacturers. It is a “dedicated”
system (separate from the existing
sound broadcasting networks) with
many low-power m.f. transmitters —
one for each local traffic area. Using as
it does only one frequency, it avoids
mutual interference by time division
multiplex working (for principle, see
January News, p.36, and May 1973 issue).

The demonstration was based on two
250-watt RCA transmitters working on
593kHz, one at Brookmans Park, Herts,
and the other at Tatsfield, Surrey,
representing two adjacent local service
areas in, say, an 80-station national
network. Guests were taken on a trip
round the north-west London suburbs
in a coach fitted with a special t.r.f.
receiver for the service and an ordinary
car radio and cassette player. At regular
intervals formal announcements
(representing real traffic bulletins) from
the transmitters were heard on a
'loudspeaker. At different parts of the
route, a switch on the special t.r.f.
receiver was operated automatically by
signal level so that the passengers heard
either the nearest (‘‘local’) transmitter
or both (“local and adjacent”) trans-
mitters. Also, when the car radio or
cassette programme was On contin-
uously it was automatically interrupted
when a traffic transmission occurred,
ensuring that the traffic bulletins were
heard. This was done, and the traffic
t.r.f. receiver switched on and off, by a
burst of tone transmitted before and
after each bulletin which operated a
decoder in the t.r.f. receiver.

The next step is for the BBC to run a
full field trial using real traffic bulletins
in a given district. Meanwhile the
European Broadcasting Union’s work-
ing party studying traffic information
broadcasting has said that the v.h.f.

scheme using existing sound broad-

casting stations, operating in W. Ger-
many, Austria and Switzerland (and to
be tried in the Netherlands), provides a
short-term answer but that a “dedicat-
ed” m.f. network as proposed by the
BBC would be preferable in the long
term.

Programmable record
playing

To believe the BSR publicity machine,
the ACD Accutrac is not only the
greatest thing since sliced bread, it’s
supposed to rank alongside the inven-
tion of the gramophone and claims to be
*“ ... the first innovation in record
reproduction since the l.p. was intro-
duced over 30 years ago.” Despite this
classic overstatement, the Accutrac
4000 is certainly a novel machine, with
its use of an m.o.s. chip to enable the
sequence of playing tracks on an Lp.
disc to be programmed at will. :
Track identification is achieved with
the pickup, a development from ADC’s
XLM cartridge, which houses an infra-
red source and detector responding to
energy reflected from the smooth
surface between bands. Band selection
can be determined by a remote control
unit which duplicates the push-button
functions on the turntable assembly.
Functions provided are clear, play,
reject, cue and repeat, together with the
choice of any sequence of up to 24
selections from the 13 'track-selection
buttons. The remote unit contains
m.o.s. circuitry, whose consumption is
so low that the battery is permanently
connected, that sends binary-coded
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ultrasonic pulses at around 40kHz to a
receiver which may be positioned
remotely from the player.

Two motors are used in the player, a
brushless d.c. direct-drive mechanism
for the platter and a servo-controlled
motor for operating the pickup arm,
the drive being disconnected when the
stylus plays a groove. =

Because the controls are situated
outside the lid, it can be closed as soon
as a record is placed on the turntable;
and the automatic feature means that
the pickup arm need never be handled.

BSR, who own ADC. now produce
65% of the world’s record players and
changers from the U.K. at a rate of
240,000 per week. Bulk of this goes to’
the U.S.A. and BSR claim they now
have over 50% of the Japanese market.
BSR aim to produce 5000 Accutrac units
per week by September, the U.S.A,
Japan and Germany being the main
targets, Three models will be in produc-
tion, the 4000 unit costing around £300,
including v.a.t. and excluding power
amplifier.

Computer-assisted
mixing system

With the rapid growth of multi-track
recording — as many as 24 tracks being
common. these days — it is becoming
almost impossible for the sound engin-
eer to remember the steps he is taking
during the mixdown process. After
years of consultation with broadcasters,
film and recording studios around the
world, Rupert Neve & Company Ltd
have produced NECAM, the first British
computer-assisted mixing system.

Curling tongs in use with a new p.t.c. thermistor now available from Mullard. The
thermistor is fitted with a high thermal capacity sleeve (inset) and is doubly insulated to
make it an effective self regulating heater with no need for a thermostat.
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Launched in March, the system elimin-
ates the dull and repetitive tasks
associated with multi-track recording
equipment while retaining the artistic
expression of the sound engineer.

NECAM reduces the real-time prob-
lem by enabling the engineer to inter-
rupt a “take”, recycle over short
segments, or even operate at half tape
speed, allowing the computer to “look
after the joins”. Many take attempts
may be stored, recalled, and updated at
will. The faders are servo driven and
touch sensitive, providing both control
and indication. A small keyboard pro-
vides fingertip control of all the func-
tions so that segments of many take
attempts may be assembled into a new
take simply by computer data handling,
a display at all times indicating what is
happening. Although the decision func-
tions of NECAM are stored as software
in the computer memory, a floppy disc
store provides a permanent record of all
the takes. The system uses the interna-
tionally accepted SMPTE edit code for
fixing tape transport locations.

Communications at the
National Theatre

buring the past three years complex
audio and visual communication sys-
tems have been installed in the first two
of the three theatres which form the
New National Theatre at The South
Bank, London. The two theatres are the
890-seat conventionally shaped Lyttle-
ton Theatre which will concentrate on
living writers’ productions and the
1,160-seat Olivier Theatre which will be
used for classical plays.

Basically the installations consist of a
telephone exchange, ring intercom,
paging systems (including radio pag-
ing), closed circuit and off-air television,

Each stage manager’s desk has the
following facilities: low voltage effects
and telephone ringing circuits; cue
lights system; talkback; control of show
relay and house lights; Post Office and
internal telephones; two-channel c.c.t.v.
monitor; stop watch, desk and script
lights. The desks can be plugged into at
least four different positions in each
theatre. In addition each theatre has an
inductive loop system available for
“hearing aid” simultaneous translation.
The last-mentioned can also be used in
conjunction with the ring intercom
system for technicians. The two
theatres (the smaller Cottesloe studio
theatre will be equipped in time for the
official opening in June or July) have a
comprehensive c.c.t.v. system providing
show relay sound and vision in the
many foyer areas, control rooms and
offices in the building.

Japanese award
for Britain

e ——— e ———

One of Britain’s leading hi-fi loud-
speaker manufacturers has won the
Grand Prix award in the overseas
products category of the 5th Japanese
Stereo Components Grand Prix Con-
test. This is considered to be of high
prestige value by Celestion who won it,
particularly as the award, which is
given to only one product in the entire
hi-fi field each year, was gained in the
face of competition from American,
Scandinavian and German products.

A further award for a British product
was received by Quad’s 405 amplifier.
The award is the “Decibel d’Honneur”
made by the French audio journal
Revue du Son and was presented for
“unquestionable excellence of perfor-
mance”. What might be called a relative
honour. '

This electrical
link-up was carried
out under water to
demonstraté that a
new connector now
in production at
Hughes Microelec-
tronics Ltd’s Glen-
rothes factory real-
ly does keep out the
moisture, particu-
larly important for
airborne electronic
equipment where
rapid altitude var-
iations are a major
cause of seal failure
through moisture
intrusion.
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Flight warning system
proved

A new aircraft safety system, GPWS
(Ground Proximity Warning System),
which should help to reduce the number
of aircraft crashes into high ground and
during airfield approaches on landing,
was demonstrated during February.
The demonstration, on an HS748 from
the Royal Aircraft Establishment at
Bedford, included a full test of GPWS
against the Civil. Aviation Authority’s
operating specifications. (These are
curves of flight variables plotted against
rate of change of height above terrain
for all the varying flight modes.)
Analysis of aircraft accident statistics'
has apparently shown that, of the 743
passenger deaths in 1975, a total of 510
were caused by situations which could
have been avoided if GPWS had been in
use.

The new device, developed by Plessey
Aerospace at Titchfield, Hampshire,
gives the pilot a verbal warning by
means of a synthesized voice to “pull
up” or “climb” when the aircraft is
approaching a dangerous situation,
Heart of the system is a small computer
known as Miproc produced by Plessey
Microsystems. This is claimed to have
advantages over analogue systems,
such as those developed in the USA,
including accuracy of control, rapid
re-programming capability to meet
minor specification changes, and ease of
maintenance. Currently, ground proxi-
mity warning systems receive informa-
tion from the radar/radio altimeter,
landing gear, flap selectors, ILS glide-
scope/localiser receivers and the baro-.
metric altimeter or air data computer.

Package radio stations

Complete national radio networks are
now available in standardized modules.
In March, Pye TVT Ltd, of Cambridge,
launched a range of sound broadcasting
units designed for national, regional
and local stations. A unit consists of
standard buildings fitted with studio
furnishings and modular equipment to
suit varying requirements. Expansion
from one type of station to another is
carried out simply and economically by
the addition of further standard build-
ings and equipment. The range inciudes
transportable and mobile stations for
isolated areas and outside broadcast
networks. Inter Engineering BV of
Eindhoven are to handle all civil,
architectural and acoustic design in
addition to power and supply services.
This range of equipment and services is
intended, in the main, for the overseas
market and it is claimed that everything
needed to establish a working network
is included.
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PHILIPS

PHILIPS

~ Follow the ‘Philips plus’
way to prosperity

Make sure that your workshop is the most efficiently
equipped and that your service engineer’s home visits are
the fastest and most effective. Get these Philips instruments now.
You won’t find better value for money.

PM5501 PAL TV

Pattern Generator Price £149

Extremely light, portable instrument for service in customers’
Home. 5 different test patterns for colour and black/white
installation and service. RF output signal switchable: VHF
Band III and UHF Band IV. 1 kHz tone for sound performance

checks.

PM5509 PAL TV Pattern y
Generator .

Price £350 :

The ultimate in pattern generators. ;
Full IF coverage; band I, I11, IV !
and V. Electronic tuning with § '
preset channels. 10 test patterns

(colour and black/white). Adjustable
chroma/burst and HF-amplitude.
Special sync, video and VCR outputs.

PMG6456 FM Stereo Generator
Price £192

Complete stereo signal. L & R signal.
Internal L.F. modulation: 1 & § kHz.
External stereo modulation
possibility. X-tal controlled pilot.
Adjustable multiplex signal.

een|

—p——
PM5324 HF Generator Price
Frequency range 1oo kHz - £297

110 MHz. X-tal calibration.
Special band spread ranges.
High frequency stability.
Electronically stabilised
output max. 50 mVrms in
75 2. Facilities for internal
and external AM and FM

modulation.
PM5334 TV

Sweep Generator Price £399

8 frequency ranges, 3 MHz -

860 MHz. Sweep width
continuously adjustable over
selected range. Sweep frequency
adjustable, 8 — 50 Hz. One variable
and 3 fixed markers. Signal
frequency is accurate and
thermally stable. Stabilised output
into 75 < load.

PM2503 Electronic Multimeter

Price £69

AC/DC voltage ranges 100 mV-1 kV,
AC/DCcurrentranges1 nA-1 A.
Restistance ranges 100 Q@ — 10 M €,
2-3",, accuracy on all ranges.
Resistance measurements: unique
linear scale. No zero adjustment
necessary. Automatic polarity
indicator.

PM2412 General Purpose
Multimeter Price £48
DC voltage 300 mV - 1000 V.
ACvoltage 3 V-600 V.
DC current tomA -6 A.
AC current 100 mA -6 A.
(all values f.s.d.)
Resistance 1 Q@+ 10 M . Tautband

40,000 /V.suspension-type meter.
Digital Multimeter

——a\|}
Price £95

DC voltage ranges 0.2 — 1000 V.

AC voltage ranges 0.2 — 600 V.
AC/DC current ranges 0.2 mA -2 A,
Resistance ranges 200 (1 —-2 M (.
Full circuit protection.

Provision for temperature
measurements, —60° to ; 200 C.

PM3225 and PM3226 15 MHz
oscilloscopes

Comprchensive triggering facilities
(Auto, AC,DCand TV)

Large 8 X 10 div. screen

Sensitivity 2mV/div

Ergongmuic styling and lightweight
construction

Single trace: PM3225. Price £210
Dual trace: PM3226. Price £290

The Philips Plus is the quality of design, specification
and appearance - particularly in terms of human
engineering — of every instrument. A total test and
measuring range capability, which includes *scopes,
meters, counters, pulse generators, power supplies,
recorders and generators. The ability to supply all the
user’s needs from a single source.

All prices exclude VAT.

For prompt delivery of any of these instruments, send us
your cheque, If you require further information, there is a
new 16 page illustrated brochure packed with facts which
we would be delighted to send you. Please use the reader
reply service, write or telephone to

‘ l@'@ Pye Unicam Ltd

Philips Electronic Instruments Dept.
4 member of the Pye of Cambrdge Group

PM2513 Low Cost

York Street Cambridge England CB1 2PX
Tel: Cambridge (0223) 58866 Telex: 817331

WW—087 FOR FURTHER DETAILS
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We'rve joined
in the dome

ISOPHON--—are a company who have be-en
manufacturing loudspeakers for over fifty years ar§d
are internationally known and respected for quality
and reliability. They offer a wide range of tweeters,
mid-range and bass units.

Owing to shortage of space we are only able to draw
your attention to just two of the models currently
being manufactured by Isophon . . .

The KK8

A dome tweeter, well known for its performance and
reliability, and chosen by many loudspeaker
manufacturers. Two models are available, one up to
50 watts and the other up to 80 watts RMS Power
Rating. Frequency range from 800 to over 20,000 Hz.

The PSL 245/60

A new 10" circular loudspeaker, offering up to 60
watts RMS Power Rating.

Our 28 page colour catalogue will give you details of
the extremely wide choice of loudspeakers that are
available from Isophon.

For your free copy of rlne e.t cgue, pleasa - ’
post the coupon to . TGRSt ) i
— 4 & : —
ey Hayden Laboratories Limited s e
- Hayden House, Churchfield Roadw- ,’ o Rt o
HAYDENJ Chaifont St. Peter, Bucks. SL9 9E AR e e ol 4
Tel: Gerrards Cross (0281&}_]@%_47 ’f po Rt G
T ﬁ' e ‘—‘. - 2 -, 4 S TR * il e o
- pi EaLL B ’)' Q® 'o@e Q@@ ) ;},;v" s .f.-;d‘tf
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Some factors in Ioudspeaker quallty

by H. D. Harwood
BBC Research Department

Some of the factors in loudspeaker design have been dealt with in the technical press
many times but there are others which have received comparatively little attention, at any.
rate quantitatively. In this article it is proposed to deal with a few of the latter and to add
some subjective data which is new.

In the presentation of this material it is
intended to follow the frequency scale,
that is to start at the bass and work
upwards.

Bass response

(a) Effect of surround stiffness. A
loudspeaker is essentially a band pass
device and it is well known that in a
closed type of cabinet the lower cut-off
frequency is set by the resonance
frequency of the unit in the cabinet.

In an endeavour to obtain as extend-
ed a bass response as possible, various
devices have been tried. One such is to
increase the mass of the cone, but this
_carries with it the penalty of reduced
output. Another device has been to
make the combined stiffness of the
spider and surround as low as possible
thus allowing the cabinet volume to be
the deciding factor in the effective
resonance frequency'. The argument.
has been that the air stiffness is more
linear than that of the spider/surround’
combination and that by making it the
dominant factor, distortion at high
sound levels is reduced '*3. This can be
true at high sound levels but it will be
shown here that this form of design can
actually lead to increased distortion at
low and medium sound levels.

Among the many functions the sur-
round is called upon to fulfil is that of
sealing the cone to the cabinet. When
the cone moves backwards into the
cabinet it creates a back pressure in it
and this in turn attempts to drive the
surround outwards, i.e. in the opposite
direction to the movement of the cone.
If the mechanical impedance of the
surround has been made low this
inverse surround excursion may be
quite appreciable. Furthermore, the
stiffness of most surrounds is not very
linear for finite amplitudes, so that in
practice under these conditions they
may execute essentially a square wave
and so generate a number of the higher
harmonics together 'with the corre-
sponding objectionable intermodula-
tion products. It will immediately be
seen that this effect is greatest at low

and medium levels; at high levels the '

cone will drag the surrourtd with it and

the effect will be less in proportion. The
worst surrounds will be those whose
linearity ends abruptly, for example any
type containing cloth as a reinforcing
material, whereas if the surround is
perfectly linear the only effect will be an
appreciable loss in effective radiating
area.

It will be realised that this effect also
takes place in a vented cabinet where, at
the vent resonance frequency, the
sound pressures acting on the cone and
surround will be correspondingly
greater than in a closed cabinet. The
only way of reducing the effect is to
make the mechanical impedance of the
surround high and the area low. It
would be convenient to have data to
show how serious the effect can be in
practice but it would be difficult in a
closed cabinet to prove that it was not
due to the other usual forms of non-lin-
earity, and because of awareness of this
defect, this type of unit has always been

avoided in the BBC. What can be done is’

the other extreme, to show that in a unit
with a surround of high mechanical
impedance the effect can be held within
reasonable bounds. To make the illus-

Fig. 1. Non-linearity distortion
produced by loudspeaker unit surround

.at low sound levels in a vented cabinet:

(a) fundamental, (b) 3rd harmonic.
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tration clearer a vented cabinet has
been chosen so that the effect is local
and easily distinguishable. Fig. 1 shows
the acoustic output from an 8in unit
having a free air resonance frequency of
no less than 65Hz, with the microphone
near the surround*. Curve (a) shows the
fundamental together with the expect-
ed dip at the vent resonance frequency,
whereas curve (b) shows the third
harmonic distortion rising to a peak of
10dB at the same frequency i.e. where
the excursion of the cone is least but the
back pressure is greatest. Because these
curves were taken at a fairly low level

'the distortion at other frequencies is

low, and if the total output from the unit
plus vent is assumed to be uniform at

‘the 200 Hz level, the distortion due to

the surround is not greater than about
2%. It should be stressed that this
distortion®is from a “good” surround -
those of lower mechanical impedance
would be much worse. Also for a vented
cabinet design at high sound levels, the
curve of the third harmonic will reverse
and show an increase at the adjacent
frequencies leading to a dip at the vent
resonance frequency.

(b) Effect of total magnetic flux. The
effect of total flux on the sound output
will now be considered. It is well known
that if the design parameters are
adjusted correctly a bass response

‘curve like that shown schematically in

Fig. 2 curve (a) is obtained. Now if it
becomes necessary to increase the flux
by a factor of two, curve (b) is produced.
In the mass controlled and stiffness
controlled areas, where the motional
impedance is low, a rise in output of 6dB
is produced for the same input voltage.
On the other hand in the region of
resonance where the motional impe-
dance predominates, this impedance
increases by four times with a corre-
sponding decrease in driving current,
and a quartér the current in a field of
twice the flux gives a loss of 6dB. There
is therefore a relative loss of 12dB and
this has to be corrected by equalization.

Now there is another way of arriving
at the desired equalization. This is to

attach an accelerometer to the voice
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coil tormer and connect the output of
the accelerometer to a feedback
network, and for a closed cabinet this
can be made to give the same result. But
there is no magic about feedback and it
does not change the efficiency of the
unit; in essence the same operation as
before is being performed, that is,
equalization is being applied.

Incidentally although motional
feedback is now becoming popular it is
salutory to remember that in fact the
idea is quite old.> The earliest reference
known to the author is to a patent taken
out by P. Voigt in January 1924. It may
surprise many people who thought that
negative feedback came in with Black
and Nyquist ten years later, to realise
that the principles and advantages of
feedback were appreciated so long ago,
and that they were applied to so
intractable a subject as loudspeakers.
There have been at least two other
patents on motional feedback, one by A.
Sykes in 1926 and one by M. Trouton in
1928, before the Black and Nyquist
papers. .

Now to return to our subject. Another
method available to help the bass
response is to use a vented cabinet
design. This is well-known and the
provision of a high acoustic load at the
rear of the cone reduces the motional
impedance considerably and allows a
greater driving current to flow, thus
improving the matching. The
mechanical circuit diagram is shown in
Fig. 3; the series circuit represents the
loudspeaker unit and the parallel circuit
the vented cabinet. Now a very simple
relationship holds provided only that
the impedance of the parallel circuit is
high enough at resonance to swamp the
remainder. Taking the series circuit
first, well above resonance the circuit is
mass controlled and all of the open
circuit force will be applied to the cone
mass which will move with a corre-
sponding velocity. On the other hand
when the impedance of the parallel
circuit is dominant all the open circuit
force will appear across it and in
particular across the vent mass which
again will move with a corresponding
velocity. If then the two masses are
equal we get the same output at the
vent resonance frequency as in the mass
controlled region of the cone. If in order
to use a smaller cabinet the mass of the
vent is made to be twice that of the
cone, then the output at the vent
resonance will be down by 6dB, and for
three times the mass by 10dB. Note that
nothing has been said about the two
resonance frequencies.

Novak pointed out that for the
particular condition where the reson-
ance frequencies of the two circuits are
equal, the relative outputs depended on
the ratios of the two capacitances. Of
course this follows immediately as a
special case; the masses are obviously
the pertinent factors. The question of
ripple in the frequency response must
not be overlooked of course, but the
relationship is very useful when first
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Fig. 2. Schematic curves of effect of
flux on axial frequency response of a
loudspeaker unit in a closed cabinet:
(a) normal flux, (b) twice the flux.

estimating values.

Now the question arises again as to
what to do if the output at the vent
resonance frequency is below that in
mid-band; once again equalisation is
necessary. )

Well what is wrong with this
equalization? The answer is nothing,
provided the implication is appreciated.
This is that if it is desired to provide
uniform sound pressure down to the cut
off frequency, where 12dB of equaliza-
tion was used, then 12dB more power
input must be provided with all ijt
implies, or else some distortion will be
produced. If therefore it is intended to
use a 50-watt amplifier for mid-band
purposes then no less than 800W must
be available at the bass; in addition the
unit has to be capable of accepting this
input without damage.

Fortunately if the input is restricted
to programme the position is not quite
as bad. When a high-quality monitoring
loudspeaker was being designed® the
relationship between peak programme
level overall and the peak programme
level in various octave bands in the
middle and bass was examined, having
the latter particularly in mind. Pro-

Fig. 3. Mechanical circuit diagram of a
loudspeaker unit in a vented cabinet.

loudspeaker cone
R amp.f—%

O—AA—TOT

cabinet —»

>vent
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grammes known to have a heavy bass
section were selected from classical
music, pop and organ and it was found
that the latter was the most demanding
from this aspect. Fig. 4 shows the results
of the tests. The one point at 70Hz was a
solitary note from a pop group, which
on the basis of statistics was ignored. It
can be seen that at, say 50Hz the peak
output is some way below the rest.
Corresponding equalization can there-
fore be applied without demanding any
extra power rating for the amplifier, but
for any values of equalization above this
figure the laws of nature demand a
corresponding increase in available
power. This aspect appears to have
often been overlooked in the past.

Mid-band frequencies

Now let us go slightly higher up the
frequency scale and consider the mid-
band region.

It is well known that units become
more directional as frequency increases
and that to avoid excessive directional
problems at least a two-unit system is
normally used. If the axial frequency
response curve is equalized to be flat
then it is well known that the off axis
curves, say, at 60° in the horizontal
plane will look like the curve in Fig. 5.
The off axis response is by no means
uniform and on the basis of subjective
tests this is undesirable, and the ques-
tion arises as to what can be done about
it. One simple answer is to use a three
unit system, but of course, this is
expensive. A cheaper solution was
suggested by Chapman and Trier’ in
1947, that is, of placing a slot over the
offending unit. The idea was that sound
should radiate from the slot and if the
slot axis were vertical then a much
better spread of sound would be
obtained in the horizontal plane. It
looks so simple but in practice there are
a number of difficulties.

Firstly the mass of air in the slot is in
series with that of the cone and will
reduce the efficiency accordingly. Se-
condly this air mass will resonate with
the stiffness of the air behind the slot
and in front of the cone, and a local
increase in sound output will be pro-
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duced. Thirdly above this frequency the
acoustic circuit will act as a single-sec-
tion low-pass filter and the output will
be severely reduced. The magnitude and
frequency of these various effects will
depend, among others, on the width of
the slot, and successful design depends
on achieving an optimum result for any
one unit. One rather unexpected result
is that in addition to an improvement in
the horizontal directivity there is also a
small improvement in the vertical plane.

The directivity in the horizontal plane
would appear to be a simple function of
the slot width but in the process of
carrying out various designs the author
has found that this is not so. Finally in
the design® of the BBC LS5/5
loudspeaker it was decided to investi-
gate the problem a little more closely. A
12in bass unit was being used with two
possible alternative designs, one with
the bass unit crossing over at 400Hz,
the other with a crossover at 1500Hz.
For the latter it appeared that a slit of
100 mm would give adequate directivi-
ty. Now it is a little difficult to estimate
just what the radiation pattern from the
slit will be. For example is the slit to be
regarded as a line source, or as a piston
in an infinite plane, or alternatively as a
piston in the end of a cylinder, all
possibilities for which the radiation
pattern is known and for which the
radiation, at say 60° relative to that on
the axis, can be calculated from for-
mulae of varying degrees of complexity.
If all these assumptions are valid it
would be expected that the answers
would be similar, at least for small ratios
of slit width to wavelength, and indeed
this is so as shown in Fig. 6. It can be
seen that for small values of d/\ the
curves (a), (b) and (c) agree quite well,
and for the value of d/\ of 0.3 chosen,
the 60° response should be within about
one to two dB of that on axis. In practice
this was by no means obtained; curve(d)

shows the measured results and the.

discrepancy is gross. The question arose
as to whether the slit was uniformly
“illuminated”, and going to an extreme,
if all the sound were concentrated at the
two edges the radiation pattern would
obviously be different, and calculation
gives curve (e) which is in better
agreement with curve (d). However a
quick test with a probe microphone
showed that this energy distribution
was not followed, in fact the sound

pressure at the centre was slightly
higher than that at the edges. In
desperation the problem was then
worked backwards and the apparent
width of the source calculated; it turned
out to be exactly the width of the
cabinet for values of d/\ up to 0.7; the
points are plotted as (f). It-is now clear
what is happening; the slit is indeed
working as expected but because of
this, sound energy flows along the front
of the cabinet until it meets the
discontinuity at the edges and is then
re-radiated. The obvious moral is, to
make the front of the cabinet as narrow
as possible. As pointed out elsewhere?
by the author this solution has other
advantages from the aspect of structur-
al resonances in the cabinet walls.

Above the frequency quoted, the slit
tends to radiate on its own as shown by
curve (d) approaching the calculated
curves, but only for a short while, it then
becomes more directional again.
Neither is this the end. In the loud-
speaker design mentioned the same slit
width is used over the bass and middle
frequency units in, of course, the same
width cabinet. It might therefore rea-
sonably be expected that the direc-
tivities of the two sources would be the
same, but they are not. The radiation
from the 8in middle frequency unit has a
wider beam than that from the 12in bass
unit. Time has not permitted the
problem to be investigated further but it
is clear that in practice the performance
of slits is not as simple as would appear
at first sight.

High frequencies

Let us continue this question of directi-
vity but now include the high fre-
quences. It has often been suggested in
the literature that the variation of the
spherical response with frequency is the
most important feature of a loud-
speaker. Methods of measuring this
include the use of a reverberation
chamber, measuring the polar response
at various angles and frequencies in a

~ Fig. 4. Peak spectrum (octave bands) of

middle and bass for various types of
programme.
Fig. 5. Schematic frequency response

-of two unit loudspeaker; on axis and at

60~ in horizontal plane.
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free field room and calculating the
result, and finally a method developed
at the BBC by Gee’ which uses an
integrating meter to give a direct

.answer at any frequency or band of

frequencies. The first method is limited
in that it requires a room much larger
than one to ISO standards to ensure
adequate diffusion at the bass. The
second method is rigorous if sufficient
measurements are taken and if the free
field room is adequately large'®, by no
means always the case. It is however
extremely laborious and time consum-
ing, and is rarely used. The third method
also relies on an adequate size free field
room but is quite rapid. It has moreover
the advantage over the first method
that it is possible to weight sound
coming from differing directions, e.g.
sound from the front hemisphere rela-
tive to that from the rear.

This raises the whole question of
what we are trying to measure and why.
In the BBC the spherical response of a
number of loudspeakers has been
measured and efforts made to correlate
it with sound quality in a live room. but
with very little result.

When for example we listen in a room
of normal reverberation time to a rather
directional loudspeaker on its axis, it is
common experience that the sound
quality does not change drastically
when in the near or reverberant sound
field. On the other hand if we were
really listening simply to the sound
pressure at these two points then the
direct response and the spherical
response would indeed be the deter-
mining factors. Furthermore a‘similar
factor must be involved in the fact that
with such a loudspeaker in a live room
the directional properties are clearly
audible even when listening well into
the reverberant field.

These experiences indicate clearly
that the spherical response is not the
predominating factor in determining
sound quality under live listening
conditions and to check this a formal
experiment was carried out at BBC
Research Department. A monitoring
loudspeaker was taken having three
units and representing as omnidirec-
tional a device as was possessed at the
time, and for comparison an 8in wide.
range unit representing as directional a
device as was likely to be met. Listening
on axis in a free field room and using

axial curve
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speech and a team of experienced

observers, the two were equalized by

ear to sound as closely similar as
possible. They were then transferred to
a listening room well away from the
walls; the room had a reverberation
time of about 0.4s, and the loudspeakers
were again compared, listening on the
axis. The results in the two conditions
were almost identical within the exper-
imental error, although a small change
towards the known spherical perfor-
mance could be discerned but not
guaranteed. The conclusion therefore
was that it is essentially the direct
sound which determines the sound
quality and not the spherical response.
The measurement of frequency
response at various angles in a free-field
room is therefore a much better indica-
tion of performance than the spherical
response even when listening in the
reverberant field, and this has been
confirmed by careful listening tests
many times since.

The question still arises however as to
what is the optimum delivery and here a
look at history is useful.

At one end of the scale, a loudspeaker
developed by Harz and Kosters of
NWDR'" in 1957 used a bass unit facing
upwards, and a middle and high re-
quency cluster of no less than 32 units
mounted on the surface of a sphere.
This resulted in a very close approxi-
mation to an omnidirectional loud-
speaker and gave a pleasant spacious
image on orchestra. However, when an
announcer spoke it sounded as if his
mouth were six feet wide.

This design has been followed by
another German design much more
modest in outlook in which units are
only mounted in the sides and front,
none in the rear; in this design even the
side facing units can be switched off
leaving only the front ones, so it looks
as though our experience was that of
others too.

In the BBC we have gradually pro-
gressed from the opposite direction. The
first loudspeakers were single cone
wide-range devices which were very
directionalin the treble, and subsequent
multi-unit designs have all tended to
increase the angle of radiation at high
frequencies and this has been approved
by users. Of course over the years stereo
has been introduced and this has
involved other factors. For the last high
quality loudspeaker designed in Re-
search Dept. there were some vague
suggestions that the angle of radiation
might be too wide for stereo. Fig. 7
shows the axial and off-axis curves for
the loudspeaker concerned. (For this
discussion the bass cut should be
ignored, and is due to the fact that the
free ‘interior volume of the cabinet is
only 1/6 cu. ft.) It may well be therefore
that any loudspeakers more omnidirec-
tional than this will fail to provide
first-quality stereo. In this discussion it
has been a$sumed, of course, that a
sharp stefeo image is regarded as

essential; these comments are not
applicable where the stereo image is
made rather diffuse over the whole
seating area.

The next point to be discussed is the
question of optimum axial frequency
response. This question is not con-
cerned with how wide a frequency
range should be covered, but what
shape the response curve should be.
First of all the underlying assumption
must be clearly stated. This is that
both the microphone and all associated
amplifiers have a uniform, frequency
response. The usual conclusion is that
the loudspeaker should also have a
uniform axial frequency response but
this is precisely what is being chal-
lenged. Not even in stereo reproduction
are the sound wave-fronts produced in a
listening room similar to those heard in
the studio or concert hall and it
therefore seems clear that if by “bend-
ing” the axial response curve of the
loudspeaker a more realistic psycholo-
gical impression is obtained, then this is
entirely justified. Thus, for example, if a
uniform output is maintained at all
frequencies an orchestra sounds
extremely close.

This condition is quite unnatural and
a much better sense of perspective is
obtained if a slight dip in the 1 to 3kHz
region is applied. About 2dB is sufficient
‘to provide the more distant perspective
without destroying the sound quality. It
may well be that as techniques progress
other such tricks will follow. All that is
intended at this stage is to get away
from the rigid idea that a uniform axial
response is necessarily the best.

So far general trends have been
discussed and it has been assumed that
perfect units were available. As all
designers know this is far from the truth
and the question arises as to how far
departures from the ideal can be made
without perceptibly degrading the

sound quality. This is also important’

from the aspect of listening in rooms
which after all is where most listening is
done. It has been shown that it is the
direct sound from a loudspeaker that is
predominant, but of course if a loud-
speaker is close to a wall, then the near
images may form part of the ‘‘direct”
sound and will produce irregularities in
‘response.

The loudspeaker can be regarded for
this purpose as a two channel device
with the two channels in parallel. To
start with let us examine the case where

_the main channel has a uniform
‘response and the other has a resonant
circuit of variable Q (narrower than a
critical band) whose output at reson-
ance adds to that of the main channel
and whose amplitude relative to it can
be varied. The varying degrees of
audibility at different frequencies and
for differing Q has been established for
pink noise in the form of the relative
levels for the peak of the resonance and
in the main channel. Now for loudness
the energy in the critical band is
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summed and it appears as though this
relation roughly holds too for degrees of
colouration. Only roughly, for the
actual law varies with the degree of
colouration itself as shown in Fig. 8. It
will be seen from this figure that there is
a regular variation in the law with the
degree of perception. The law for the
“just perceptible” condition is close to

‘the power law and the curve marked

“definitely perceptible” is at about the
limit of perceptibility for programme
and is therefore the one we are most
interested in. Note that the horizontal
axis is not Q but reverberation time and
that the vertical axis is dilution. This
variation in law with perceptibility is in
accordance with the findings of Kryter
and Pearsons'? in relation to the noisi-
ness of a tone in noise and they also
show that as the ratio of tone increases
the noisiness increases faster than the
total r.m.s. value of the critical band
concerned. The general slope shown in
the figure is confirmed in subsequent
work by Moulana. The height of the
corresponding irregularity in frequency
response is shown in Fig. 9 for the
“definitely perceptible” condition.

When narrow peaks are subtracted
from the main channel, conditions are
very different. Whereas for additive
peaks the just perceptible condition was
approached, as the amplitude was
reduced, slowly and rather indefinitely,
for the subtractive condition the

.colouration suddenly disappeared and it

was immediately evident that a cancel-
lation was taking place. This effect was,
as would be expected, shown up in the
standard deviation of the results; in one
case the test team even returned the
ultimate of zero spread. The implication
of this effect is extremely important as it
shows clearly that the subjects were in
fact listening to the steady state
condition; for it is evident that the time

function could not be cancelled in this

way. This is a very important distinc-
tion, as much earlier unpublished work
by the author and supported by other
unpublished work also at the BBC by

_ Gilford" has shown an anomaly, name-

ly that under certain conditions, which
are not at all clear, the law of dilution
with Q for a given perceptibility can go
in precisely the opposite direction, that
is the higher the Q the more obvious is
the colouration. It seems highly likely
that in these latter conditions it is the
time function which is being observed.

Fig. 10 shows the height of an
irregularity for a subtractive peak for
the “definitely perceptible” condition
which again closely corresponds with
the “just perceptible” condition for
programme. The curve is very different
from the additive condition and the
results are more nearly like the
audibility of tone in wide band noise. In
both cases given here dilution appears
to be the fundamental factor rather

Continued on page 51



www.americanradiohistory.com

Wireless World, May 1976

i _._'eryone s lips

Symbol of Quality

Monitor AudioLtd .

347F Cherry Hinton Road
Cambridge CB1 4DJ
Telephone (0223) 4289¢&

A

.33'- Selected for the Design Centre London
WW — 091 FOR FURTHER D=TAILS



www.americanradiohistory.com

Britain’s first
linear phase
loudspeaker system

B&W DM6

e

" Y .

The first dynamic loudspeaker in the world
to out-perform full range electrostatic designs
on measured transient performance

Response to sin? pulse' Wave form of bass
of 0.33 ms half-amplitude drum and cymbal
duration

How do we ‘ A \ {Vk\ II
A vigtl ¥ i
g ]
DM6

justify
this claim?

Output from
Let these amplifier

oscillograms
speak for A\ ‘WVN %
themselves: A y
Full range Output from
electrostatic measurement

microphone
.3m from DM6

B&W Loudspeakers

B&W Loudspeakers Ltd (Room 11 ) Meadow Road Worthing West Sussex BN11 2RX

B&W DM is the registered trade mark of B&W Loudspeakers Ltd,

WW—166 FOR FURTHER DETAILS

Wireless World, May 1976

Tel. (0903) 205611



www.americanradiohistory.com

Wireless World, May 1976

than height of irregularity and the
unfortunate conclusion is arrived at
that even for the steady state condition
the audibility of a narrow peak cannot
be assessed unless the relative polarity
is also known,

Now the question arises as to what
happens outside the critical bandwidth.
The loudness function is known to be
different and this might also apply to
colouration. The audibility of a
resonant circuit with a Q of about 3, i.e.
roughly % octave wide was examined
for various frequencies of resonance
using programme designed to be critical
over the frequency band being tested.
The results are given in Fig. 11 which
shows the height of the peak for the just
perceptible condition. During these
tests, after first identifying the fre-
quency of colouration, the subject was
permitted to switch the resonance in
and out of the circuit and to reduce the
height of the peak until it was only just
audible. Under these conditions the
height of the peak is roughly indepen-
dent of frequency except at the bass.
Here we are, of course, inside the critical
bandwidth, but this does not seem to be
the essential factor, as experiments with
octave bandwidth circuits show a
similar shape curve. The standard error
for the points in this curve is roughly
Y2dB.

If two contiguous circuits are used to
form a plateau of twice the bandwidth,
centred around a mid-band frequency, a
“just perceptible height of 2.6dB is
obtained and if the bandwidth is
doubled again using four contiguous
peaks a just perceptible height of 1.8dB
is obtained. It is clear that some form of
summation is taking piace and extrapo-
lation suggests a minimum audible level
for wide band signal of about 1dB.
However it is equally clear that, from
the point of view of sound quality, this
summation does not proceed indefini-
tely as it does with loudness. To take an
extreme example if the entire range is
raised by 10dB there is a large change in
loudness but, by definition, none in
sound quality. Furthermore if the entire
spectrum except for the lowest Y3 octave
were raised the effect would not be
described as an excess in most of the
range but as a deficiency in the bass.
One point to be noted was that even
with the wide pleateau used, i.e. 1%
octaves wide, only one frequency of
colouration was heard.

It has been seen that some form of
summation is taking place over quite a
wide frequency band and it is therefore
pertinent to enquire how far apart two
peaks must be before they are audible
as separate entities.

" For this test the same resonant peaks
with a Q of 3 were used as before. The
observer was instructed to increase the
height of the peak at the reference
frequency until the colouration was
clearly audible. Successive peaks were
then raised and lowered at one third
octave intervals, to a height deemed by

51

Table 1

Ref frequency (Hz)

125 | 250 | 500| 1k .| 2k 4k

Minimum distance apart of peaks, in octaves

1.5 1.3 1.3 1.1 1.1 1.0

Standard error of mean. in octaves

008 011 J0.11 |0.13} 0.08 | zero0

the observer to give maximum discri-
mination, until the frequencies of
colouration of the two peaks were
separately discernible; once again pro-
gramme was used appropriate to the
frequency range being covered. The
results were quite astonishing; the
mean values for the team of observers
are given in Table 1.

The variation with trequency is inter-
esting and may be due to the nature of
programme spectrum. it will be appre-
ciated that as the frequency increases
the detailed structure of the spectrum
becomes more and more random until
at high frequencies it is not far removed
from modulated random noise. The
figure of one octave obtained in this
part of the spectrum approaches the
corresponding value which is obtained
using pink noise as a source, instead of
programme.

The remarkable result in Table 1 may
possibly be the key to a number of
previously unexplained phenomena.
For example does it indicate why the
irregularities in the sound field of a live
room are not separately audible?

However, one conclusion is clear; if
the loudspeaker contains a number of
low Q resonances spaced closer
together than one octave and covering
the whole frequency range they should
be inaudible. When a test was actually
made of a series of peaks at intervals of
%rd octave at a level of 6dB above the
base line, using a critical material such
as speech it was found that they were in
fact inaudible even on an A/B test. The
conclusion is therefore correct, and the
frequency response of such a charac-
teristic is shown in Fig. 12.

If however the peaks are increased to

a level of say 15dB, the sound becomes
extremely coloured and it is evident
from the character of the sound that a
regular series is being heard. (The
comment about irregularities in a room
must include, therefore, the proviso that
the frequency spacing is also irregular.)

It should be noted however that the

series being used is a logarithmic one
not an arithmetic one and that the
bandwidth of each peak is also a
logarithmic function; however the ear
still detects it as a regular series. The
question therefore arises as to what
constitutes a regular series, regular on
what scale? Examples of series in.
loudspeakers include mis-terminated
homns, a loudspeaker spaced away from
one wall, a folded corner horn and a
labyrinth.

If a frequency characteristic is lis-
tened to which is uniform up to 1kHz
followed by the logarithmic series
mentioned above, somewhat imitating a

waann amaricanradinhictiorn, com

horn, the ‘“fundamental’” heard is
clearly the lowest peak, in spite of the %
octave spacing. It will be noticed
however that the upper terms of the
series are relatively inaudibie and this
prompts the question as to how many
terms of a series are necessary to give
this peculiar sound quality; experiment
gives the answer of only three or four
terms. If however the low end of the
frequency scale has this series starting
at 40Hz finishing at 500Hz and of
uniform response thereafter, the posi-
tion is now reversed. The most promin-
ent colouration is at 500Hz and the
lower, so to speak “fundamental,” fre-
quencies are relatively inaudible. What
then constitutes the “fundamental” of
the series? Now let us go further, if a
complete series starting at 40Hz and
finishing at 20kHz is listened to, using
pink noise for convenience, it is found
that on a high quality loudspeaker the
main colouration is in the 600 to 800Hz
region, no less than 15 times the
“fundamental”!

Now how is a series detected? One
obvious answer is by means of a
scanning technique, and it would
appear from the examples quoted above
as if the scanning may work in both
directions, from the bass upwards in
frequency and from the treble down e.g.
atriangular wave form. It follows that if
there is a scanning mechanism, there
also exists a corresponding time series,
and it might be expected that this also
would give rise to peculiar effects, and
this is found to be correct. To take a well
known example; if a person claps his
hands under a bridge with the arches,
say, 100ft apart, a series of pulses with a
repetition frequency of about 10Hz is
produced, nearly an octave below the
lowest frequency we can hear. But what
in fact is heard is a noise like a “twang,”
with a spectrum centred around, say,
1500Hz; no less than 150 times the
fundamental'! Nor is this an isolated
example. In one studio in the BBC,
under certain conditions the sound
quality could, before remedial action
was taken, become very hard. Reverb-
eration time measurements give no
clue to this effect at all. On one occasion
however the audience balcony, which
was rarely used, was entered, and on
clapping, a flutter of less than 10Hz
frequency was heard, and the connec-
tion was appreciated. That studio was
being modelled' at the time and
measures were taken to remove the
flutter in the model. When correspond-
ing modifications were carried out in
the real studio the hard quality disap-
peared.

As a final example, in a sound control
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room attached to one of the television
studios a loudspeaker was suspended

near a corner, and complaints were '

made of the sound quality. It was clear
from a visit that the quality was indeed
very peculiar and “tunnelly”; moreover,
it varied considerably throughout the
room. To check that it was not caused
by the loudspeaker itself, this was
lowered to the floor and it was shown
that there the sound quality was quite
satisfactory. A frequency response
curve was taken with the loudspeaker
back in place, taking precautions to
eliminate as much of the reverberant
field as possible. This curve showed
definite evidence of a series. The
loudspeaker was then lowered 35cm to
try and break the series and a further
measured curve showed that this had
been successful. Under these conditions
the sound quality was completely
satisfactory and also now reasonably
uniform through the room.'s

To sum up, it is not at all clear how to
define a series; it appears that it can be
regular in hertz or octaves, but what
about mels, and how regular is regular?
Clearly however series should be
avoided at all costs as there are no
means of knowing in what part of the
spectrum the subjective effect will
occur.

Dips

It is now necessary to consider the
effects of dips in the response curve on
their own. It would be expected from
perturbation theory that unless the
hearing system is highly non-linear the
magnitudes of dips would be similar to
that of peaks, for the just perceptible
conditions. Experiments were carried

Fig. 6. Directivity of a slit; response at
60~ relative to that on axis.

Fig. 7. Frequency response of u
miniature loudspeaker at various
angles to axis.

Fig. 8. Variation of law of addition with '

subjective degree of colouration.

Fig. 9. Height of irregularities due to
additive peaks for a definitely
perceptible condition, using pink noise.
Fig. 10. Height of irregularities due to
substractive peaks for definitely
perceptible condition, using pink noise.
Fig. 11. Height of irregularities due to
.additive peaks having a Q of 3 when
listened to one at a time; for just
audible condition, using critical
programme.

Fig. 12. Response curve showing nature
of inaudible irregularities when
listened to together.

Fig. 13. Height of irregularities due to
dips in response for a Q of 3 when
listened to one at u time. for just
audible condition, using critical
programme; curve of Fig. 11 added for
comparison.

Fig. 14. Frequency response of
transmission chain used by Prof. Hill.

‘out to determine the just perceptible
values for Qs of 3 as for peaks, except
that the in/out switch was not used; the
reason for this will be discussed later.
The results are given in Fig. 13 together
with the corresponding values for
peaks. It will be seen that the two sets of
values are closely similar, such differ-
ences as there are being in the direction
that general experience would indicate.
The depth for two contiguous dips
forming a trough in the midband was
3.8dB, and for four contiguous dips was
2.5dB, again both slightly greater values
than for the corresponding plateaux.

However, when the experiments with
the four continguous dips were being
carried out a further effect was noticed
which had not been observed before.
Particularly when the trough was
clearly audible, in addition to the effect
of the dip, the high frequency recovery
to normal level was also clearly audible.
Experiments to determine the nar-
rowest trough for which this effect was
noticeable gave a result of 1¥4 octaves
exactly the same value as obtained for
the minimum distance apart of two
peaks for this part of the spectrum. The
question arises as to whether this
mythical scanning mechanism is again
responsible, having the slow decay time
we have postulated, a certain band-
width for the trough being necessary
before the fall is great enough to be
audible. Furthermore a fast rise time
was also suggested and under these
conditions it is not surprising that two
peaks should give the same separation
as a trough.

Now this matter can be taken a little
further; if the upper recovery in fre-
quency response of the trough is
removed completely so that instead of
having a trough there is merely a step, it
might be expected that the decay of the
scanning mechanism should still regis-
ter, and it does. Under these conditions
the audibility of the spectrum near the
step is definitely reduced whiist that
somewhat higher in frequency appears
to stand out in excess. This latter effect
is not a new discovery, it has been
known for at least 30 years and was a
common feature in early single unit
loudspeakers where it was known by
the delightfully descriptive name of
“disembodied top” as the upper end of
the spectrum appeared to be separated
from the main body by a gap.

Now narrow crevasses must be exa-
mined. It has often been stated that
narrow crevasses are inaudible but it
depends on the exact frequency of the
dip. For example if it falls on the
fundamental of a musical instrument
the result can be disastrous. However,
Professor Hill, formerly of the BBC
Research Department, has shown'® that
if the frequency of the crevasse is offset
by about a quarter tone from a funda-
niental, a narrow crevasse can indeed
be almost inaudible. Figure 14 shows
one extreme example he tested. The
high frequency cut off of 6kHz was
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imposed for other reasons, and the
frequencies of the crevasses are not
simple multiples of one another. This
appalling looking response was tested
on subjects using as test material, male
speech, piano music and dance music.
The subjective mean grading in each
case, Wwhere one unit represented
“slightly worse than the standard”
which also had a 6kHz cut off, was 0.6
for speech, 0.8 for music and an
improvement of 0.3 for dance music;
obviously the overall effect was quite
small.

‘A/B testing

Now the alarming fact is that A/B
testing may under certain circum-
stances give rise to completely wrong
results when comparing the sound
quality of two loudspeakers. If pink
noise is used as a convenient source,
and a deep narrow crevasse produced in
it, it has been shown that the effect will
be almost inaudible. If this is listened to
for, say, half a minute as if programme
were being used to judge a loudspeaker,

and then the crevasse is switched out so

that a uniform spectrum is produced,
the ear will hear a strong colouration at
the frequency of the crevasse. It seems
that there are two mechanisms at work;
the conscious one ignores the crevasse
but the subconscious one detects it
clearly. When the uniform condition is
suddenly heard the subconscious
mechanism comes forward and points
out that there is now a considerable
amount more sound energy at the
frequency of the crevasse, and as that
condition had been accepted as satis-
factory the only conclusion to be
reached isthat there is now an excess in
this region and that the sound must now
be highly coloured. Transferring this
to loudspeakers it is implied that if one
with a crevasse is first listened to then it
will probably appear that one with a
uniform response is coloured.

Conclusions

There is a real danger of making
loudspeaker unit surrounds too com-
pliant as this can give rise to non-lin-
earity distortion of high orders at quite
low levels.

Equalization at the bass under what-
ever name it is called must be applied
with full regard for associated power
requirements or distortion may occur.

To obtain uniform response at var-
jous angles in the mid-band region a
narrow-fronted cabinet is called for.
Slits can be very useful but their action
is obviously considerably more complex
than appears at first sight.

The sound quality of a loudspeaker is
determined much more by the direct
response at any given angle than by the
spherical integrated response, and at
any rate for stereophonic purposes
there may well be a degree of omni-

" directionality beyond which it is

inadvisable to go.
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A plea is made for non-uniform axial

frequency response insofar as it assists
greatest realism overall.

Additive narrow peaks in response.

appear to add up on a roughly r.m.s.
basis but subtractive ones appear to
obey a different law. Dilution of the
peaks relative to the main channel
appears to be the fundamental factor
rather than height of irregularity. Wider
peaks of the same relative polarity add
upon a rather different basis and the
frequency discrimination for coloura-
tions is astonishingly poor.

Series are not yet fully understood,
but the indications are that they should
be avoided at all costs.

Dips in response appear to have little
or no effect on contiguous peaks either
inside the critical band or outside it.

Isolated dips obey similar laws to
peaks, and narrow crevasses can be
Jnaudible if they avoid fundamentals.

A/B tests of sound quality are found
to have pitfalls and appropriate meéa-
sures should be taken where necessary
as have been indicated.

In a number of these phenomena
there is a suggestion that a scanning
mechanism may be at work and that it
may operate in both directions, i.e. from
the bass up and from the treble zone.
This could also account for the fact that
if a step in the response curve is
produced the corner of the step is
always audible whether the step is up or
down. This suggestion immediately
raises the questions of what is the
scanning repetition rate, is the scanning
linear and if so on what scale, hertz,
octaves or mels, and what are the rise
and decay times?

Finally it should be appreciated that
only a few of the effects which go to
make up sound quality have been

‘mentioned but all these effects appear'

to be used simultaneously. »
The views expressed here are based
on experience within the BBC. Some of
the conclusions are drawn from limited
hevidence and not all engineers within
the BBC would necessarily agree with
all of them. It spite of all that has been
said, in the final decision, a good
loudspeaker remains a matter of per-
'sonal choice. However, experiment and’
analysis help us to make this choice.
. Thanks to my colleagues for
:bearing so patiently in the experiments
‘and to the Director of Engineering of
the BBC for permission to publish.
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The following list of manufacturers and
their addresses is not a definitive guide
to producers of high quality loud-
speakers but is provided by Wireless
World as a help to readers.

Manufacturers

Acoustical Manufacturing Co. Ltd, St.
Peter’s Road, Huntingdon, PE18 7DB.

Acoustic Research International, High
St., Houghton Regis, Beds. LL15 5QJ. .

Altec Sound products Ltd, 17 Park
Place, Stevenage, Herts.

Bang & Olufsen (UK) Ltd, Eastbrook
Road, Gloucester GL4 7DE.

Bose (UK) Ltd, Milton Regis, Sitting-
bourne, Kent.

B & W Electronics, Meadow Road,
Worthing, Sussex, BN13 1QA.

Cambridge Audio Ltd, Lamb House,
Church Street, London W4 2PB.

Cerwin Vega (UK), 281 Balmoral Drive,
Hayes, Middx.
Celestion, Ditton Works, Foxhall Road,
Ipswich, Suffolk IP3 8JP. )
Chartwell Electro Acoustics Ltd, Alric
Avenue, London N.W.10.

Eagle International, Heather Park
Drive, Wembley, Middlesex HAQ 1SU.

Gale Electronics & Design Ltd, 39 Upper
Brook Street, London W1Y 1PE.

Goodmans Loudspeakers Ltd, Downley
Road, Havant, Hampshire PO9 2NL.

Griffin, H. K. & Co. (Electronics),
Siddons Factory Estate, Howard
Street, West Bromwich, Staffs.

Gulton Europe Ltd, The Hyde, Brighton,
Sussex BN2 4JU.

Hayden Laboratories Ltd, Hayden
House, 17 Chesham Road, Amer-
sham, Bucks HP6 5AG.
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Hitachi Sales (UK) Ltd, Hitachi House,
Station Road, Hayes, Middx. UB3 4DR.

IMF Electronics Ltd, Westbourne

Street, High Wycombe, Bucks.

Jordan-Watts Ltd, Benlow Works, Sil-
verdale Road, Hayes, Middlesex UB3
3BW.

KEF Electronics Ltd, Tovil, Maidstone,
Kent ME15 6QP.

Lansing, James B., C. E. Hammond &
Co. Ltd, Lamb House, Church Street,
London W4 2PB.

Leak, Rank Radio International Ltd,
P.O. Box 596, Power Road, Chiswick,
London W4 5PW.

Lecson Audio Ltd, Burrel Road, St. Ives,
Hunts PE17 4LE.

Lowther Acoustics Ltd, St. Mark’s
Road, Bromley, Kent BR2 9HQ.

Macinnes Laboratories Ltd, Stonnam,
Stowmarket, Suffolk, 1P14 5LB.

Marantz, Pyser Ltd, Fircroft Way,
Edenbridge, Kent TN8 6HA.

Millbank Electronics Group, Bellbrook
Estate, Uckfield, Sussex, TN22 1PS.
Monitor Audio, 347 Cherry Hinton

Road, Cambridge CB1 4DJ.

Mordaunt-Short Ltd, Durford Mill,
Petersfield, Hampshire, GU31 5BB.

Nordmende, H. Vesshof & Co. Ltd, Unit
4, Blackwater Way, Ash Road, Alder-
shot, Hants GU12 4DL.

Omal Group Ltd, Omal House, North
Circular Road, London NW10 7UF.

Philips Electrical Ltd, Century House,
Shaftesbury Av., London WC2H 8AS.

Photax (London) Ltd, Hampden Park,
Eastbourne, Sussex.

Pioneer, Shriro (UK) Ltd, Shriro House,
The Ridgeway, Iver, Bucks SLO 9JL.
Quad, Acoustical Manufacturing Co.
Ltd, St. Peter's Road, Huntingdon,

PE18 7DB.

Quasar, Quasar Division, Precision
Centre, Heather Park Drive, Wemb-
ley, HA0 1SU.

Radford Audio Ltd, Ashton Vale Road,
Bristol, BS3 2HZ.

Rank Audio Products Ltd, P.O. Box 70,
Brentford, Middx.

Regent Acoustics, Carrington House,
130 Regent Street, London WIR
6BR.

Sansui, Vernitron Ltd, Thornhill,
Southampton SO9 5QF. '

SMC, Monitor Distribution Co. Ltd, 76
Bedford Road, Kempston, Beds,
MK42 8BB.

Sonab Ltd, P.O. Box 4, Oldfield Road,
Hampton, Middlesex, TW12 2HN.

Spendor Audio Systems Ltd, Unit 12,
Station Road Industrial Estate, Hail-
sham, Sussex.

Stereostage, Nucleus, 22 Hyde Green, .
Marlow, Bucks.

Studio Craft, Acoustico Enterprises Ltd,
Unit 7, Space Waye, North Feltham
Trading Estate, Feltham, Middlesex,
TWI140TZ.

Tannoy Products Ltd, Norwood Road,
West Norwood, London SE27 9AB.
Telefunken, AEG Telefunken (UK) Ltd,

Bath Road, Slough, Bucks.

Yamaha, Natural Sound Systems Ltd,
Strathcona Road, North Wembley,
HA9 8QL.
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It’s all in your hands now.

These essential music-making tools let you get in, around, and tehind your
music. One part, one track at a time.Then when all the elemants are the best
they can be, you blend them togetrer and generate the finished product
A process tkat involves your innermost sensitivities and parceotions. A
personal statement. e

The 3340 has undoubtedly helped more people make more demos and
masters than any other tape reccrzer. Our new model. A-334CS, nas
extended high end frequency response in the sync mode, pius manual
cueing.The Model 2 is ebout the best value going in small mixers - 6-in,
4-out with full panning and multinie patch points. Piug in a few h.gh quality
TEAC ME-Series eleciret condenser mics, and you could be quite literally
in business. : '
When you have
the right tools,
the work
iS more
productive.

\

E s “‘L
Theleader. Always has been.

Forfurther detalls writeto. -

M TELEDYNE
ACOUSTIC RESEARCH

HIGH STREET, HOUGHYON REGIS

DUNSTABLE, BED*ORDSHIRE, LLUS 5Q4,

ENGLAND

TELEPHONE DUNSTABLE (0582) 6¢3151

TELEX ARUKINT DBLE 825467

CABLES: ARUKINT DBLE

WW — 009 FOR FURTHER DETAILS

wwaALamericanradiohistorn. com
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YOUVE NEVER HEARD ANYTHING
LIKE THIS BEFORE.

Our sensational new Stereo
Cassette Deck combines the designing
expertise of both Japan and Ialy.
Mario Bellini designed the outside so
the deck can sitat 16°You can pluce 1
high or low on your shelving and stali
easily see the meters and controls.
Yamaha designed the inside for
superb sound. And vou'll find it
trresistil

Uniq ,
46dBmeters with peak level L.E.D.'s
that flash green at-3 peak level and
flash red at +3 level.
And listen 10 all the
other

things it has: a Memory. A Limiter so
you don't over-record. Dolby" noise
reduction. Switchable bias and
equalisation tor chrome, terric and
ferrichrome tape.Pitch Control and
full mike-line mixing facilities.

It also has a headphone outlet.
Inputs for two microphones. And it's
portable with a built-in mains

Y ean gven record
¢ youre out by putiing the deek
mio the record mode,
and 2

O] e

connecting it to a simple time switch.
When Martin Colloms measured
the TC 800GL, he got figures of 0-06%
din wow and flutter and 64dB weighted
signal to noise ratio.From this he
concluded: "performance equals,and in
some respects exceeds, the highest
standards currently available” (Hi Fi
News.July 1975)
For more details write or
telepbone Natural Sound
Systems Litd, Strathcona Road,
Wembley, Middx.
01-904 0141.

QYAMAHA

MAKERS OF FINE
MUSICAL INSTRUMENTS
SINCE 1887

YOU'VE NEVER SEEN ANYTHING
"LIKE THIS BEFORE.

TCBOOGL Stereo Cassette Deck, £222 including VAT.
WW — 092 FOR FURTHER DETAILS
www americanradiohistorv com

® Dolby is a registered Trade Mark of Dolby Laboratories Ine.
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The ‘‘walltenna’’

Foil antenna array hidden by wallpaper

by Ray Schemel and Dennis Brown

For fm. stereo, long-distance TV, or
improving reception in marginal areas,
one's first temptation is to install the
largest and most elaborate fishbones,
wire mesh reflectors, and other pieces of
aluminium-mongery at the highest and
most eye-offending part of a house. It is
odd, but more time, effort, and money is
expended on extracting the last decibel
of gain from an antenna than almost
any other part of the receiver chain.
After six months’ exposure to the
weather, those precious decibels may
well have been lost and the extra signal

level might better have been obtained,.

for example, by paying attention to the
antenna matching. In fact an excellent
location for an antenna could well be in
the same room as the receiver — it goes
without saying that the room should
have walls of paper and be in the attic!
The antenna structure is not exposed to
the elements, watér cannot enter the
feeder, féeder losses are minimized, and
the appearance of our towns and
villages would be much improved.

The “walltenna” was conceived as a
method of receiving the Wrotham and
Norwich f.m. transmitters at a location
near the coast of Holland at distances of
180 and .135 miles respectively. At this
range the transmitters are well below
the normal horizon, but a weak signal is
almost always present. Signals from the
“walltenna” ftluctuate over a wide
range, and in good weather conditions,
presumably when sufficient refraction
or ducting takes place, stereo reception
is perfectly possible. Estimates of quali-
ty tend to be very subjective, but the
signal is well above a significant degree
of quieting for a high proportion of the
time, although not necessarily of enter-
tainment value because of the rapid
fading. The estimates are quoted, not
because this article is about f.m. recep-
tion, but to give some idea about the
pick-up properties of the finished
antenna.

The basic principle behind the an-
tenna is simple. Why not make a large
array essentially two dimensional, and
then hide this behind wallpaper or some
other decorative medium? The large
size of the array would compensate for

the losses of the walls, and the bother of

mounting antennas on the roof would
be avoided. Various alternative
schemes were considered, including
multi-element Yagi and rhombic arrays
on the ceilings and floors, but the
arrangement described here was found
to be the most suitable because it was
not overly directional in the horizontal
plane.

It consists of a vertical array of
dipoles mounted broadside to the
direction of propagation; the greater the
number of dipoles, the greater the signal
pick up. It is often overlooked that the
signal power extracted from a given
field strength is broadly independent of
the wavelength, being only a function of
the area of the antenna. An elaborate
20-element beam used for u.h.f, TV
probably picks up less power than a
piece of wire connected to a medium-
wave radio. To increase the power
available one has no real alternative but

Fig. 1. Series impedance of 1.5 metre

dipole mounted on a wall (measured
values).
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to use the largest capture area practi-
cable.

A dipole in free space is resonant
when it is almost one half wavelength
long. It then has a gain of about 2.2dB
relative to isotropic. As the length is
increased, the familiar figure-of-8 polar
diagram narrows, and when the dipole
is a full wavelength long and is centre
fed, the gain increases by a further
1.8dB. Of more importance is that the
antenna is inherently a good radiator
(or receiver) as the length increases
beyond a half wavelength.

Four such dipoles, suitably phased,
could give a gain of up to 10dB, and if
one were fortunate enough to be able to
place a plane wire mesh reflector behind
the dipoles, the gain could go as high as
16dB, not allowing for mutual coupling
losses. A reflector is scarcely possible in
a living room, but even so, a gain of up
to 10dB is quite promising. Four dipoles
fit nicely into an average height of
living room, and so this particular
design was adopted. In practice the gain
will depend on the wall characteristics.

The situation when dipoles are placed
adjacent to a lossy wall is complicated
in that the impedance and the resonant
frequencies are markedly altered. The
resonant frequency is always decreased,
and the radiation resistance is also
altered for a given electrical length. In
addition, radio waves must penetrate
what amounts to a lossy dielectric.
Reflection and refraction occur at each
wall-air interface and attenuation
occurs in passing through the brick-
work. Complicated conduction and
displacement currents are set up in the
wall. In spite of this, the signal pick up
properties =of the antenna are not
necessarily degraded provided that full
account is taken of the changed impe-
dance of the dipole. Fig. 1 shows the
impedance of a 1%-metre dipole mount-
ed on an 18-in thick breeze block and
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brick wall. The antenna was made of
11%-in wide aluminium foil taken from a
capacitor, and would normally be
resonant at about 97MHz in free space.
Notice that the half-wave resonance
has shifted to 62MHz and the full-wave
_resonance occurs at 115MHz. An alter-
native measurement is shown in Fig. 2,
where the frequency is held constant at
92MHz and the length of ‘the dipole is
varied. In this case the dipole was
placed along an 18-in thick reinforced
concrete beam; notice again the length
at which the half and full-wave reson-
ances occur.

Most Wireless World readers will not
have the facilities for measuring anten-
na impedances, which in any case vary
in a complex manner with frequency
and with the type of wall. Fortunately,
it is not necessary. An antenna does not
have to be resonant, and neither does it
have to be any particular length.
Provided that it is long electrically, i.e.,
greater than, say, one half wavelength,
and that some suitable impedance
matching to the receiver is performed, it
will exhibit reasonable pick up pro-
perties. A good rule of thumb is to make
an antenna a full wave-length long. It

Fig. 2. Series impedance of a dipole
mounted on a wall at 92MHz
(measured values).

then yields useful gain and is not too

directional or large in size. For average
brick walls this corresponds to it being
about one half wavelength long in free
space.

Constructional details

The configuration of four vertically-
stacked dipoles referred to earlier will
be found the most convenient for an
average eight-foot living room. Details
of this are shown in Fig. 3(a), and its
construction is largely self-explanatory
except for the feeders. Figs. 3(b) & (c¢)
show other arrangements which may be
found more suitable, and in these cases
the general rules for combining any
.number of elements are as follows:

Fig. 3. Four vertically-stacked dipoles
(a) most convenient for average living
rooms; alternatives are (b) and (c).
Electrical lengths of feeders shown.

1-5m

Wireless World, May 1976

— When n/2 wavelengths of feeder

are terminated in an impedance Z,,
the input impedance of the feeder is
also Z,. The signal is shifted in phase
by 180n degrees. Usually n=1.

— Balanced feeders can always be

reversed to give a fixed phase shift of
180 degrees.

— When (n/2 + 1/4) wavelengths of

feeder are terminated in an impe-
dance Z,, the input impedance of the
feeder is Z%,/Z,, where Z, is the
characteristic impedance. Usually
n=0.

— When dipole elements are not

mounted above one another, there is
a relative phase shift caused by the
difference in time of arrival of the
received signal. The phase difference
is 360Dsinf, where D is the antenna
spacing in wavelengths and 0 is the
angle of arrival relative to the line
joining the elements.

— The phase difference of two groups
of dipole elements may be compen-
sated for by using unequal feeder
lengths, provided that the sum
length of both feeders is n/2 wave-
lengths.

— The electrical length of feeders is
longer than their physical length.
Because of this, the phase shift is
360/v degrees per wavelength of
feeder, where- v is the velocity
factor.

— Dipoles should be spaced no closer
than a quarter of a free-space
wavelength apart, otherwise mutual
coupling effects reduce the potential
signal pick up.

An excellent material for the antenna
is the foil from large paper or electroly-
tic condensers. Aluminium baking foil
or one of the proprietary aluminium-
backed wallpapers can also be used. The
width is not critical, but to make the
antenna reasonably wide band, it
should be 2in or more. After cutting the
foil it may be pasted directly onto the
wall, leaving a small amount free at the
centre for making connection to the
feeders. '

Feeders present a small problem if
they are to be invisible. A surprisingly
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‘low-loss feeder suitable tor the purpose
of v.hf. can be made from aluminium
foil and ordinary newspaper. Lay a long
strip of aluminium foil on a flat surface
and tape down the ends. Then paste a
similar width of newspaper onto the foil.
When it is dry, lay two lengths of thin
wire, say 36 to 40 s.w.g., along the
middle of the newspaper about 0.25in
apart, and tape down the ends. Finally,
paste a second strip of newspaper on top
to hold the wires in position.
Alternatively, those who are a little
more adventurous could try dispensing
with the top layer of newspaper and
instead building up the feeder directly
‘on the wall.

A feeder made in this way had a
velocity factor of 0.5 and an impedance
of 170 ohms, but these figures will be
dependent on the dielectric constant of
the paper used. For short runs of feeder,
say up to one wavelength, the approxi-
mations involved are not likely to give
significant effects, but to remove the
uncertainty connected with the velocity
factor it is hoped that a manufacturer
will be found to produce a standard type
of strip line. There are other alterna-
tives: ordinary screened balanced
75-ohm feeder can be channelled into
the wall, or unscreened twin feeder can
be placed in plastic conduit.

Connect feeders to the antennas by
bending over the aluminium. foil, press-
ing down firmly over the join and then
folding a second time at 45° to the first,
and finally placing adhesive tape over
the join to hold the foil in position.

The special feeder described above is
only required down to the skirting
board,-and for convenience it should be
made an integral number of quarter
wavelengths long if possible. At the
skirting board it should be matched into
ordinary coaxial cable or a balanced
feeder.

The impedance matching makes use
of a pi network and a balun as shown in
Fig. 4 (the balun is not required if the
receiver has a balanced input). To
obtain the maximum range of adjust-
ment, inductance L, should be wound
on a former that accepts brass and
ferrite slugs. Also, some obstinate
antennas may still need additional
encouragement to match, in which case
an extra quarter wavelength of feeder
can be inserted on the receiver side to
give a further impedance transforma-
tion. The pi network could, with
advantage, be placed on the unbalanced
side of the balun as it makes the two
adjustable capacitors earthy on one
side. However, 3-30pF trimmers are
easy to obtain whereas ones four times
this value are not, and the balun always
works at the correct impedance level.

Baluns are available but you may
wish to make your own. A satisfactory
balun can be made by winding 10 turns
of bifilar wire onto a coil former, about
Lin diameter with a ferrite slug. The
two windings are then placed in series
as shown in Fig. 4.
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'Fig. 4. Impedance matching unit (a)
requires a balun (b) for receivers with
unbalanced input circuits. L, is 5 to 10
turns on a 0.25in dia. former about
0.3in long. L, is 10 turns of close-wound
bifilar wire on 0.25in dia. former wire
gauge can be around 28-30 s.w.g.

Measuremeits and setting up

Before constructing the “walltenna”,
make a folded dipole as shown in Fig. 5,
remembering to include a balun. This is
most important, as unscreened twin
feeders can pick up appreciable
amounts of signal which may upset
measurements. If the receiver nor-
mally operates with a balanced input it
is well worth using a twin screened
feeder to overcome the pick up problem,
or even considering the use of two
baluns and ordinary coaxial cable. The
temporary antenna should be moved to’
different points on the wall to find the
best positions, and these should be used
for the finished dipole elements.

After the antenna is finished, the pi
network will require adjusting for
maximum signal transfer. To do this a
meter is really required, perhaps placed

* on the a.g.c. line of the receiver, but an

acceptable alternative is to use a
weaker station and to tune for mini-

mum noise on stereo. First adjust C,,

Fig. 5. Temporary antenna is used to
find best position on wall.

~1.5in

‘then L,, and finally C,. Remember that
C, and C, are live as far as the signal is
concerned and must not be touched, as
opposed to adjusting, when measuring.
If the antenna of Fig. 3(c) is being
used, the tapping point along the feeder
must first be optimized. This can be
done by calculation; the displacement
from the centre point away from the
dipole nearest the transmitter is
%Dvsind as per the points made
earlier. Alternatively, a temporary
sliding connection can be made along
the feeder and then this is adjusted
together with the pi network. .
Follow the above procedure before
wallpapering, because, in spite of its
simplicity, difficulties which cannot be
rectified afterwards may occur. In
principle, every element added to those
existing should increase the total signal,
after an impedance adjustment has
been carried out. In practice it may be
found that adding further elements
gives no increase or even a decrease in
signal, and better results are obtained
by reversing the feeder connections.
Such effects need not be unexpected.
They result from differences in the pick
up capabilities of each array element
and the variable impedance of the wall.
In these cases it is simply a question of
cut and try methods, and if all eise fails,
of experimenting with fresh positions.
The “walltenna” principle is applica-
ble to a wide variety of antennas and it

.is hoped to be able to give construc-

tional details for u.h.f. TV at a later date.
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Letters to |
the Editor

CITIZENS' BAND
IN THE UK?

e ——

Recent discussion in your correspondence
columns over the merits of a Citizens’ Band
in the UK are, I fear, of mere academic.
interest. I am prepared to bet anyone that the
chance of the introduction of Citizens’ Band
facilities in this country have about as much.
hope as a snowflake in hell.

Why, it may be asked, do I take such a
gloomy view of its chances? Well, the cards
are well stacked against it because there are
too many vested interests that oppose it —
and will oppose it vigorously, using all the
spurious technical arguments that can be
dreamed up. Let me take just two. Contrary
to any opinions otherwise, in the UK the
airspace is owned by the Government and its
agencies — and for a start, I cannot see the PO
agreeing to anything that would take away
its monopoly of communications. The radio
amateurs will oppose it violently, since they
will see it as a threat to them, taking away
“their” precious rights to a share of the
airspace. For my part — and there must be
many others, the usefulness of a Citizens’
Band is beyond question; and it could be a
valuable fillip to the radio industry in this
country, who could gear themselves to meet
the inevitable heavy demand for equipment
to a tightly controlled specification — which
indeed, it would have to be.

But alas, it will never be. The only area for
vox populi to have any effect is through one’s
parliamentary representative. I failed in my
particular search for a champion for the
cause. He never ever understood the argu-
ments 1 gave him and took as gospel the’
bland technical arguments fed back to him
by the Home Office. Still, some technically
minded M.P. may read this and do something
about it — but don’t put your money down
yet.

Reg Williamson,
Norwich.

— —

I have noted with interest the recent
correspondence regarding the possibilities of
a Citizens’ Band in the UK. I wholeheartedly
agree with Mr Webber’s comments, and wish
to add that if, as the gentlemen from the
Home Office frequently say “any form of CB
in the UK would soon get out of hand and
lead to chaos, regarding the infringing of the
conditions of ones licence, including the
allowed power, the gain of the antenna, etc.,”

it would be relatively easy and not too costly:
to detect infringements, summon, and finally’
revoke an operator’s licence, so clearing the
band of any bootleg operators.

Finally, to answer the Home Office’s

probable remark regarding the above opin-

ion, it most definitely is not costly to track an
illegal operator down, as costs are awarded in
court in the majority of cases; this is drawn
from rather unfortunate past experiences.

I would very much like to contact anyone
interested in forming a CB Association
whose responsibility it would be to look into
all the possibilities of the setting up of
licenced CB in the UK. Please write,
enclosing an s.a.e.

P. Jenkins,

30 Gainsborough Road,
North Finchley,
London NI12 8AG.

News of the Month in the March issue makes
mention of the Home Office’s reluctance to
license Citizens' Band radio in the UK. It
should not take the Home Secretary more
than five minutes to make up his mind.

If a schoolboy can pay £1 and then blaze
away for five years on 27MHz at his toy
aeroplane, on the edge of an airfield or a city
playground, with a black-box transmitter
made in Hong Kong and bought by his auntie
in a toyshop, why cannot remotely sited
citizens be given facilities to call assistance
when in dire need?

The farmhouse in which I live is connected
to civilisation by a mile-long farm road at
1400ft altitude and two thin telephone wires,
on poles, over the fields and hills for miles.
Most winters we are snowed in for days and
weeks, then come the floods. Even if the
doctor, ambulanceman or vet could not get
through, at least we could, with radio, get
advice, or neighbour’s help. (Try feeding 200
beasts and digging sheep ouf, with one's
helpmate ill in bed.) This story could be
repeated right through the South-West,
Wales, Yorkshire and the North.

The Home Secretary need not worry about
television interference with neighbours
over the horizon and, as for his frequency
allocation worry, I could set my communi-
,cation receiver on any one of a hundred
channels and not hear more than static from
one year to the next.

All we would need is a frequency modified
trawler-band transmitter-receiver. The
depressed radio industry would like that.
R.J. Leeves,

Simonsbath,
Somerset.

I have followed, with increasing anxiety, the
correspondence in your columns concerning
the possible opening of 27MHz as a Citizens’
Band.

Whilst I am not against a Citizens’ Band in
principle, it would be the height of folly to put
it on 27MHz. This band is already occupied,
and very busily too, by radio-control model
enthusiasts. Even though CB equipment is
illegal in this country, there is enough of it in
use to cause considerable aggravation to the
modelling fraternity. I have lost at least one
model, representing several months’ hard
work, not to mention a fair bit of hard cash
because of this kind of interference. Even
aside from the financial side of it, the dangers
must be apparent to all. A model aeroplane
sent out of control in this manner would be
bad enough, but of recent years radio control
helicopters have become practical proposi-
tions.
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The thought of a model 'copter weighing
some 11 Ib, powered by a 1% h.p. motor, rotor
diameter 5ft, tip speed of rotors 250 m.p.h.
chasing me round my local flying site in
response to ‘“‘smokey bear” messages is
almost enough to make me give it up!
Normally this sort of model can be operated
in complete safety because (a) modern digital
R-C gear is virtually 100% reliable, and (’B)
27MHz is a very clear frequency. CB on
27MHz would end all that!

Countries that operate CB on 27MHz
appear to appreciate this difficulty, and move
model control elsewhere, usually around
72MHz, but tentative enquiries have shown
that this is not possible in England. However
if the CB was put on some frequency other
than 27MHz this could have considerable
benefits for our domestic manufacturers. The
Japanese would be unable to swamp the
market with their enormous stocks of 27MHz
gear. Who knows, they might even decide
that such a small market is not worth
retooling for, and leave the field open for our
own manufacturers. How about using one of
the Band 1 or Band 3 television channels for
CB when 405 line television finally dies?

P. Chnisty,
South Harrow,
Middlesex.

In New Zealand, CB radio is restricted to
seven channels and an output power of one
watt maximum. When 1 left New Zealand
there were somewhere near forty thousand
people on the bands, and the only time it does
get a bit confusing is when the “skip” season
is on during the summer months. We have a
calling channel which we call 4, and when the
contact is made we shift to another channel.
If there is any trouble the local radio
inspector locates and jumps on whoever is
causing it. Every operator pays a licence fee
and is issued with a callsign which he or she
retains until cancelled. -

I use my CB sets car-mobile, hand-held,
and back-pack mobile, and there are also a
few people who use CB as a marine mobile.
We have sports clubs and small businesses
also on the band. The reason that I take a set
back-pack mobile is because it is a fully
mobile unit, especially in a part of the world
which is prone to earthquakes, etc. I can be
on the road with the civil defence organisa-
tion.

CBisreally an ideal system for the average
man in the street who cannot afford to go
into the world of amateur radio.

P. H. Inwood,
Hungerford,
Berks.

1 have noted the comments in your journal
and the current wave of speculation about
Citizens’ Band in the UK. As one of the many
thousands of licensed users of 27MHz
equipment whose interests would most
certainly be threatened by CB operation, |
would appreciate the opportunity to register
a protest and to comment on the situation.

First, it is estimated that there are between
70 and 80,000 users of 27 MHz equipment in
the UK; admittedly they are not all licensed
but at least the equipment itself is legitimate.,
In round figures this total accounts for about,
£9,000,000 worth of gear in regular use. The
bulk of the equipment is not compatible with
the operation of CB systems; in fact there
would be a direct conflict on the 27MHz
band.

Any proposal to establish CB on, or
adjacent to, this band shows a total and
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blatant disregard for existing, legitimate
users and their investment in equipment.
Even in these days of selfish commercialism
the proposals show an appalling lack of
sensibility.

It is the same thoughtlessness, coupled
with a disregard for discipline, that has made
CB operators the menace they are in other
countries. They have brought upon them-
selves the present round of threats, restric-
‘tions and, in one case, a clamp-down on
operation. This situation, along with the.now
reported saturation of the Japanese home
market, gives an additional incentive to the
establishment of a CB in this country. The
‘current market “stimulation” exercise (for
that’s what in truth it is) together with the
pressure on the Home Office for a Citizens’
Band looks very like an attempt to open up
the UK as a dump for more foreign-made
equipment; or a remarkable coincidence of
events.

So far the Home Office had tended to resist
‘the current exhortions. May its officials
continue to show their wisdom. They have
noted for themselves the reasons for the
clamp-down on CB operations.in Holland.

They will not have been as impressed as Mr
J. R. Brinkley (March issue, p61/62) with its
progress in the States either. Let me quote
from the report: “F.C.C. says that the
violation of CB rules is rampant and the band
is chaotic. In 1975 it received 31,000 com-
plaints, 55% about radio interference from CB
operators.”

The Home Office is obviously hard pressed
now to execute its statutory duties. To think
it had a cat-in-hell’s chance of containing a
CB on any frequency in the UK is just being
totally naive.

Sir, it has already been sufficiently
demonstrated in several countries that
Citizens’ Band brings little but conflict and
trouble. At the best it is an abused public toy
— my advice is that we keep this cancer out of
the radio frequency spectrum in the UK.

D. L. Martin,
Newthorpe,
Nottingham.

PHASE AND SOUND
QUALITY :

James Moir tossed off a few words at the end
of his most informative article about phase
and sound quality (March issue) by saying
that phase was of considerable importance in
a two-channel system, and | would venture
to suggest any multi-channel system.

To have shown, as he did, gross differences
in a waveform as between points a few inches
apart, is also to show that two sounds from
two speakers, while deriving from electrical-
ly identical inputs, will as like as not have two
grossly different sound waveforms at the
listening point. This poses the very interest-
ing question as yet unanswered — how do
the ears’ work and what is the real value of
stereo? ° ‘

But one ought to look back further and
consider whether the two channels .of a
stereo system can even provide electrically
identical signals. Does not practical equip-
ment contain large numbers of components
with 20% tolerances and many sources of
phase shift including deliberately introduced
tone controls? Thus by Mr Moir’s comment
one may wonder if there are many equip-
ments capable of producing theoretically

correct audio outputs at the speaker cone, i.e.
before the room adds its distortion of the
waveform. '

Since more reproduction stems from
records one may even consider — it seems to
be rarely if ever tested — whether records and
pickups do reproduce each channel in correct
phase relationships. In fact I suspect there is
evidence to show that they do not. As Mr
Moir points out, varying phase shifts can
produce peak amplitude changes, and in fact
‘there is nothing surprising about this or the
thought that the process applies to the
interaction of the two channels of a stereo
record when the outputs of a stereo pickup
are electricaly combined and applied to a
single channel amplifier. My comment is that
some stereo records suffer, when so repro-
duced, from intermittent low frequency
effects which are not rumble and are not in
my experience to be found on mono records.

It would be interesting if somebody could
unravel the further significance of phase in
multi-channel reproduction before we are
again taken for a ride on the bandwaggon of
alleged technical obsolescence. In view of the
enormous quantity of recorded material at
present available it would surely be of
enormous public benefit to show how this
can be reproduced to yield the most pleasing
results. Even the makers of mono records
and stereo equipment combine in saying two
loudspeakers sound better than one — rather
odd in view of the modern doubts about the
effect of phase!

C. Streatfield,
Poole,
Dorset.

In the never-ceasing game called Higher
Fidelity, we are now about to be deluged with
facts and not-so-audible figures about linear
phase equipment.

John Bowers, in his letter (February issue)
declares that his company has spent two and
a half years and some £75,000 developing a
linear-phase loudspeaker. We may safely
presume that part of this sum was for
sophisticated measuring equipment. And
may we also presume that these lengthy tests
were made in the usual anechoic chamber?
The point seems to be that unless you have a
very good pair of ears (worth at least £75,000)
plus digitally encoded material, a
linear-phase amplifier and linear-phase
speakers you can't be expected to hear the
difference. Michael Gerzon (letters, March
issue) goes even further — phase distortions
can't be appreciated until you get yourself
sophisticated electronics—including micro-
phones. Just imagine the horrors that the
BBC have been perpetrating with their mixer
desks, their seedy Post Office lines and even
their transmitters! They’ve been pulling the
wool over our ears for years — and nobody
suspected it!

It was fortunate that the March edition of
your journal contained some realism. We
have, rightly, been increasingly aware of
greater fidelity to the original sound source,
and this includes ‘“surround sound” and
ambisonics in addition to the four channel
gang — because we do not hear direct sounds
only, but reflected sounds as well. The
concert hall is a mass of direct sounds and
indirect sounds; nobody has yet complained
of sitting in an out of phase seat to my
knowledge. As J. Moir stated in his paper
“Phase and sound quality”: “Sounds arrive at
every point in an auditorium by direct
transmission . .. and also by a magnitude of
indirect paths that include multiple reflec-
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tions (and so) arrive delayed in time, and in
consequence, with their phases radically
changed.”

Again, in that same issue, P. L. Taylor
states, with some conviction in his letter:
“the consensus of opinion among my
colleagues is that the tonal quality of sound
depends solely on the amplitudes of the
harmonic. components and not on the
phases.” 1 hope my name may be added to
that list, because, although I do not listen to
my stereo in concert hall acoustics, neither
do I listen in an anechoic chamber. I have
listened to ‘“conventional” speakers and
linear phase (including B & W DM#6s) and 1
believe I'm still happy with what 1 have
already. 1 may be out of phase with the
boffins — but I'm still solvent!

J. C. Nuttall,
Worthing,
Sussex.

During the second world war a popular
wireless magazine (not Wireless World)
published a reader’s letter describing a circuit
claimed to slow down the reception of
broadcast news bulletins, enabling the text to
be taken down at dictation speed. Having
regarded the original letter as a leg-pull, 1
recall observing with increasing incredulity
the ensuing correspondence from readers
reporting success with the circuit, and in
some cases claiming improved performance
resulting from their own modifications to it.
The series ended with a sheepish editorial
note closing the correspondence and I was
left to reflect on the ability of the human ear
to detect what it is predisposed to hear.

I find myself with similar feelings after
reading some recent contributions on the
audibility of phase non-linearity in loud-
speaker systems — not least that of Mr,
Michael Gerzon, whose letter claims a
detectable difference on reversing the phase
of a mqpaural signal in a high-quality system.
Mr H. D. Harwood’s temperate reply to this
letter is a model of the polite patience
demanded from an employee of a state
organisation addressing a member of the
public! The audible effect of a phase response
having various forms of non-linearity with
frequency is certainly a debatable topic, but
the audibility of a total phase reversal is
surely ludicrous. To be charitable to Mr
Gerzon, if he is not attempting to pull the
editorial leg, one might assume that his phase
reversal experiment introduced an associat-
ed effect resulting in a detectable change of
quality; otherwise I am back to reflecting on
the ability of the ear to detect what it is
predisposed to hear.

More seriously, the published experimen-
tal evidence suggests the postulate that the
human auditory system responds to the
energy content of each frequency compon-
ent of a complex recurrent waveform.
Amplitude changes of any component
(which affect the waveshape) are thus
readily detectable, while phase-angle
changes of any component (which also affect
the waveshape) have no effect. It would be
interesting to have the comment of a
specialist in the physiology of human hearing
on this suggestion.

If that were so it would resolve the issue for
recurrent waveforms, but still leave open the
question of audible effects of phase non-
linearity on the true transient, that is a single
impulse or the leading edge or trailing edge of
a wave-train, as distinct from the recurrent
edges of a 1kHz square-wave as used for
demonstration by Mr James Moir. It is
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-isignificant that Mr Moir quotes reports
rindicating phase non-linearity to be audibly
more perceptible with speech material than|
with music. Speech contains far more
discontinuities and explosive consonant.
sounds than does a typical music programme!
and would thus be more susceptible to
leading-edge and trailing-edge degradation..
With music the audible effects would be
-confined to the attack and decay of indivi-!
dually-sounded notes or percussion — effects
which might well combine to degrade the’
reproduction of certain classes of programme:
/material more than others.
J. H. Haslett,
Haywards Heath,
Sussex.

HIGH-QUALITY F.M.
TUNER .

Having relied upon Dr K. R. Sturley’s
excellent design of an f.m. receiver, which
was published as an Electronic Engineering
‘monograph as far back as 1942, I am
somewhat disillusioned with the perfor-
mance of the high-quality f.m. tuner
described by Mr J. B. Dance in the March
issue of Wireless World. I wonder how many
readers have encountered difficulties.

In the first place, I would question the
design of the power supply, in particular the
value of the reservoir capacity. The ripple on
the output of the TBA625B regulator is about
1.5 mV r.m.s. and this gives rise to an audible
hum at 100Hz. I found that the performance
of the regulator followed expectations based
on the information in the SGS data sheet. The’
device’s supply voltage regulation, that is the
ratio of the input/output ripple, is typically
46dB. I increased the value of C ;; from 250 uF
to 1250pF and reduced the output ripple to
125 pV r.m.s., whereupon the hum disap-
peared.

Turning to the Signetics NE563 phase-
‘locked demodulator, I have to admit that I
had instability with the first lay-out that I
attempted, but soon overcame this difficulty
by constructing the circuit to the p.c.b.
lay-out which the manufacturer very kindly
supplied. I decided not to use the printed
wiring, but arranged the physical disposition
of the components on a piece of Vero board
so that they were in identical positions to
those on the p.c.b. The signal from the i.c. is
taken from the mono output and fed directly
into the pre-amplifier of a mono reproducer.

I have two observations to make regarding
the performance of the NE563. Firstly,
judged subjectively the distortion is slightly
more perceptible than with Dr Sturley’s
receiver and secondly, the hiss, or white
noise, is noticeably worse. For example, with
the volume set at concert level the quiet
passages of “Nimrod” in Elgar's Enigma
Variations are comparable with the hiss
power. With the valve receiver the hiss is
imperceptible. Signetics make no claim for
the signal-plus-noise to noise ratio on their
otherwise very comprehensive specification
for the NE563. They did advise me, however,
of possible cross-over distortion in the
phase-detector and suggested a remedial
procedure, but 1 have had no cause to
implement this advice.

To sum up, I believe that the performance
of Mr Dance’s receiver would probably
satisfy a large number of readers. For other

"than orchestral music, which has a large
dynamic range, the residual noise would
remain un-noticed, but for the ultimate in s/n
ratio, paradoxically, my twenty-year old
valve receiver still remains supreme. It only
goes toshow that a good job Dr Sturley made
of his design.

J. M. Reid,

Shepperton.

Mr Dance replies:

I understand that there is a mis-print in the
TBA625B data sheet; it seems that the typical
ripple rejection should be quoted as 54dB. |
measured the ripple on my receiver positive
line as 630V r.m.s. with a digital meter when
using a capacitor for C , with a marked value
of 250pF. If, as Mr Reid states, an increase in
the value of this capacitor by a factor of five
results in a decrease in the 100Hz ripple by a
factor of twelve, this suggests his 250uF
capacitor is low in value or his 1250uF high.
Variations in the regulator ripple rejection
and actual capacitor values can give varia-
tions in the ripple level of up to about 20dB.
This is no real problem, since if audible hum
occurs due to ripple on the Varicap line, one
merely increases the value of C ;.

I have heard from two readers who have
experienced instability in the receiver owing
to the use of circuit boards with copper strips.
Clearly the use of parallel strips of copper is
inappropriate with a high gain device at the
frequencies concerned even if the strips are
quite short. I employed a “Lektrokit” board
of the type into which one inserts metal pins;
aminiature co-axial lead was used to pass the
signal from the front-end to the 563 and no
instability was found. Although this type of
construction is not the neatest, it has the
advantages that stray capacitance is mini-
mised and one can easily add. extra compon-
ents.

Mr Reid is not correct in his implication
that Signetics have not published (s+n)/n
data for the 563. In the preliminary data sheet
a nominal value of 70dB was quoted. The
subsequent data sheet presents the (s + n)/n
data graphically, the value being 65dB for
input levels above about 800uV r.m.s. if a
low-pass filter is used at the output (such as
the de-emphasis filter in the monaural
output). As stated in the “Letters” column of
the July 1975 issue, the bandwidth and noise
can be reduced somewhat by reducing the
value of Rq of Fig. 1, but the 65dB figure
reported by Signetics was obtained with the
wide-band, 22k value.

Unfortunately it is not possible to deter-
mine the origin of the noise from the
information given by Mr Reid. If Dr Sturley’s
receiver was designed in 1942 before stereo
was available, it may have had a relatively
narrow i.f. bandwidth and this would reduce
the effect of any noise coming from the aerial
or from the front-end. If the signal provided
by the aerial is inadequate, a wide-band i.f.
unit for stereo reception may produce more
noise at its output than an earlier type of
valve receiver. It would be interesting to take
an if. signal from Mr Reid’s valve receiver
and feed it to the 563 before blaming the noise
level on the 563 circuit. The noise at the
output of the 563 varies somewhat from one
device to another, whilst one might expect
that noise and distortion could be greatly
increased by any significant amount of
spurious coupling.

The 563 device has been temporarily
withdrawn fromthe Signetics/Philips pro-
duct list as from December 1975, but it is
understood that some retailers still have the
device in stock. The manufacturers intend to
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re-introduce it again when they have made .
some changes in their production processes.
In my view, it is no mean achievement to
produce a complex chip which provides f.m.
detection of broadcast quality without the
use of any inductors.

Brian Dance,

Alcester,

Warwickshire.

THERMISTOR AND
THERMOCOUPLE
ACTION

Mr Budd, in his article on thermistors and
thermocouples, seems to have solved a
problem whichhas faced engineers for many
years — that of having to run thermocouple
leads in expensive compensating cable.
Closer examination of his circuit, Figure 10,
reveals, however, that he has all three
junctions at the same temperature, which he
shows quite correctly in Figure 8, will give an
output of zero.

Perhaps Mr Budd is a little out of touch
with the industrial use of thermocouples as I
cannot agree that they have been neglected
in favour of thermistors. I believe that the
thermocouple is still by far the most widely
used temperature measuring element and it
certainly lends itself much more readily to
fail-safe type circuits than do any of the
resistive devices.

M. McAlevey,
King's Lynn,

Mr Budd replies:

The point that Mr McAlevey makes is quite
correct and 1 apologise for the error. Of
course, as he says, the situation of Fig. 10
reduces to that of Fig. 8 if the “additional”
junctions are at the same temperature as the,
main sensing junction and the output will
then be zero.

Regarding the question of whether or not
the thermocouple has been neglected in
favour of the thermistor; judging from his
letter Mr McAlevey has had far more
industrial experience than myself and so I
would not presume to argue with what he
says. Nonetheless, I feel that, from the
constructor’s point of view, the thermocou-
ple could be used much more widely and with
.advantage.

C. Budd,

21 Rushes road,
Petersfield,
‘Hants, GU32 3BW.

e—— T ————
e ——

OUR DAILY BREAD

Your citing, in your March leader, of a
contemporary’'s designation of degrees in
technology as “passports to poverty” raises,
the even wider issue of the cost of being a
professional of any kind. As a teacher and
research unit leader in a polytechnic, I have
in recent years seen this trend for the better
technician/technologist to acquire some of
that magic (?) aura of the teacher that has
put the latter in his present situation as a man
who is blandly toid by his paymasters: “But
you enjoy your work, so you shouldn't expect
to be paid highly”. .
Twice, recently, we have had to advertise, ’
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in your columns and elsewhere, . for an
electronics engineer to work in my own unit;
the second advert was necessitated by the
first appointee’s emigrating after a
two/three-year stint with us, which he
greatly regretted terminating, and for purely
financial reasons.

In both cases, our advertisements con-
tained offers of design opportunities, not
because we were seeking to get better men
than we were paying for, but because I and
my colleagues believe that a job without
such opportunities has no real appeal. Both
appointees welcomed this aspect, both were
aware of being in a sense exploited thereby,
but both accepted that to work.as a colleague
in a team and not as a serviceman for a team
is worth some financial sacrifice, as long as it
can be afforded.

[ am not sure where our world goes from
here. Research is, of course, an expensive
mistress for all those involved in her upkeep,
and when it is in an academic institution
where funds are
relationship may be hard to demonstrate, one
has to be thankful for whatever crumbs of
finance can be garnered to gain her favours

with. Maybe the cachet of “white-collared,

intellectual” by which you designate us, has
to be paid for in this way. Mayhe we should
be glad of the chance to go on serving man
instead of Mammon, as so many sections of
society now do!

W. B. Broughton,

The Athenaeum,

London, S.W.1

ELECTRODYNAMICALLY
INDUCED e.m.f.

low and cost-benefit

and should be used in all “difficult”” problems,
and will generally yield the correct answer.

A small point about the effectiveness of
screening is worth stating. The screening
provided by braided copper, solid copper and
aluminium tube, or solid high permeability
tube, does not differ in principle, only in
relative effectiveness. The screening is a
function of conductivity, permeability and
thickness of the material; hence for most
purposes (particularly r.f.) the high conduc-
tivity of Cu and Al makes for effective
screening, although p for both metals is only
1.

total magnetic flux

e

threading (or “linking )
toop = ¢ webers

=\

Basic unscreened loop.

@ =total tlux = B x area of loop
i B=+Tux density

The question posed by Messrs Taylor and
Todd in the July letters column asked “Can
an induced e.mf. be measured in a loop
moving through a constant flux density if
parts of the loop (e.g. the meter leads) are
screened with a high permeability material?”

The basic circuit for an unscreened loop is
as Fig. 1. If, by any mechanism, the quantity
of flux threading the loop is changing, then a
high impedence voltmeter would measure an
e.mf. E volts numerically equal to dd/dt (¢ is
in webers). If the loop moves through a
constant flux density B, then E = 0 since
dd/dt =0. (The movement assumed is trans-
lational not rotational.)

If we now screen the leads of the meter
(Fig 2) but otherwise keep the loop dimen-
sions the same, the same total flux ® links the
wire/meter leads loop ABCD, and if this flux
changes, E=d®dt as for Fig. 1. The metal
screen (whether high permeability or not)
does not affect the flux linking the loop and
hence has no effect on the circuit voltages.
Therefore a system such as Fig. 2 moving en
bloc through a constant flux density will give
no measured e.m.f. (and no circuit currents
either), irrespective of the presence of
screening since d®/dt for the loop is zero.

This example illustrates the use of the
“flux linking" concept, which is more basic
and more valuable than the concept of “flux
cutting”. If “flux cutting” were invoked one
might argue that in Fig. 2 A-B sees an em.f.
generated by movement through a region of
flux density B, but C-D is screened. The
fallacy in this argument is not difficult to
unravel if it 1s appreciated that flux cutting is
a special case of flux linking and implies
assumptions about the remainder of the
circuit. Flux linking is the more fundamental

tlux tnrough loop=g

|

V will only be zero when ® attempts to
change if S, is closed, thus allowing the
screen to carry a circulating current which
opposes the change in ® and so reduces the
do/dt.

g
¢

S
\
metal screening
tube

l flux density = B

V will be small for fast B changes for an
unbonded screening tube since skin effect
prevents currents and flux penetrating the
tube, hence within the tube d®/dt—0.
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Interesting practical demonstrations ot
many of the problems of flux linking and
induced voltages have been obtained in the
course of a research programme being
undertaken at the UKAEA Culham Labora-
tory. The research programme is concerned
with the effects of lightning on aircraft, one
aspect of which is the problem of lightning
currents causing voltage transients on
internal wiring in the aircraft. The
mechanisms of induced voltage generation
are being investigated theoretically, compu-
tationally and experimentally and good
agreement between theoretical prediction
and experimental measured results has been
achieved. Among other experimental inves-
tigations, the usefulness of screening has
been investigated and some simple genera-
lisations may be stated: For screening to be at
all effective in preventing voltages due to
magnetic flux changes either (a) the screen
must be able to carry net current
longitudinally, or (b) both wires of the loop
must be inside the screen.  These points are
illustrated in Figs. 3 and 4.

The importance of effective screening
stems from aircraft design trends. These
trends are: (a) the use of solid-state avionics,
systems which could be more susceptible to
transients, and (b) the increased transpar-
ency to magnetic flux of the aircraft wings
and fuselage owing to the use or non-con-
ducting materials (glass fibre etc.).

The loop e.m.f. effects described above do
not say however that electric fields are not
produced by motion at a speed V through a
magnetic field B (V and B are vectors). In fact
an electric field E is produced equal to the
vectorial cross product of V and B. Magnetic
deflection of electron beams (as in a c.r.t.)
relies on this effect; the motion of the
electron in the magnetic field produces a
transverse electric field (VxB) and the
electric field acts on the electron to deflect it.
B. J. C. Burrows,

Culham Laboratory,
Oxfordshire.

Objections in principle are invited on a
proposed airborne ground-speed indicator
based on E'= v X B. If B is the field of
magnetised rocks on a flat earth surface,
then v is the unambiguous speed of the
aircraft relative to those rocks. This would be
a useful adjunct to the air-speed indicator,
which needs correction for wind.

However, if the magnetised rocks are in
layers under the curved surface of a spinning
earth, each layer has a different linear
component of velocity relative to the aircraft.

Some trials of the suggested rotating
dipole have been made. (G. S. Watt “A
Phase-locked Loop Amplifier System,”
Diploma Thesis, Electronic Engineering
Department, University of Hull.) The dipole
has an active conductor with amplifier input
connected to the centre through slip rings;
the tips of the dipole are loaded by capacitor
plates, which project along the axis of
rotation at the side opposite to the slip rings.

Responses are detected to movement of
the apparatus in the non-uniform magnetic
field of a laboratory. But an abjection to this
version is that the active conductor and the
asymmetrical capacitor form a loop, which
confers sensitivity to ¢ /at.

A new attack on the problem might have a
non-rotating active conductor, which
transfers charge into the rotating capacitor
plates by making brief central contact.

D. Midgley,
University of Hull.
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7 — Construction and interfacing with the television receiver

by J. F. Daniels

Construction techniques

Many different methods of construction
are possible because the circuit is fairly
non-critical in terms of i.c. layout.
High-frequency decoupling should be
used on the power supply rails, and
about one 0.047uF capacitor for every
ten ics should be adequate. Extra
decoupling should be employed close to
the two clock oscillators and also on the
plus and minus five volt rails close to
ICq,, the dual difference amplifier.

For those constructors who intend

to use the p.c. boards available from
Catronics Ltd, the following hints on
construction may be useful. The first
thing to do is to make up the through
connection holes using tinned copper
wire. As there are a great many of these
to do, the following method will prob-
ably be found to be the quickest. Support
the board,component side down, about’
lain above a flat surface. Take a long:
length of suitable tinned-copper wire
and push it through a hole that requires
connecting through until it rests on the
surface under the board. Solder it on
‘the upper surface of the board and cut
off with side cutters. Continue by
soldering all the wires on the same side
of the board, and then turn it over and
solder the other side. The underside of
the board is done first because it is
easier to differentiate between con-
necting holes and i.c. holes on this side.
Holes for capacitors and resistors are
distinguished by the fact that they have
larger “roundels”. )

After the connecting process has
been carried out on the two digital
‘boards, the i.c.s. may be mounted, and
care should be taken here to ensure that
no pins are left unsoldered. Only some
pins require soldering on the upper
surface of the boards and these are
indicated by roundels. Where space
permits these roundels have extra tabs
to increase the soldering area. Great
care should be taken when soldering the
m.o.s. random-access memories on
board one, and similarly the read-only

memory on board two. Although all the'

inputs are protected to a certain extent
against static charges, care should be
taken to ensure that the soldering iron
tip is adequately earthed. The printed-
circuit boards have been designed in
such a way that i.c. holders may be used
for the m.o.s. devices to avoid soldering
.on the top surface of the board and this

is probably the safest, if slightly more
expensive solution.

Capacitors, resistors and preset
potentiometers can then be added.
Some of these components may require
soldering on both sides of the board and
the best rule to follow is: wherever there
is a roundel, solder it!

When both of the digital boards have
been completed they should be joined
together by wire links along the rear
edge of the boards. These links are best
made from lengths of insulated strand-
ed wire, each one being about two
inches long. This enables the boards to
be “opened out” if access is required to
the i.cs on the lower board. At this
stage the four power supply leads may

- be connected to the lower board. (Note

that the two leads for the —5 and —12
volt supplies only go to the lower board,
and no links are used to the upper
digital board at this point.)

The analogue board may now be
constructed. This is only a single sided
board and a number of wire links are
required as shown on the layout
diagram. The analogue board is intend-
ed to be mounted above the upper
digital board at the right hand end.
Three wire links are needea at the upper
(short) edge to the lower digital board,
for the plus 5, minus 5 and 0 volt rails,
and five more links at the top end of the
right hand edge are connected to
adjacent pads on the uppermost digital
board. These links to the analogue

|board should be long enough to allow

removal of this board, to allow “unfold-
ing” of the two digital boards.

Connections to all the decoder func-
tion switches are made to the right-
hand edge of the lower digital board and
this board projects further than the
other boards at this end to facilitate
connection of the leads. The suggested
method of connecting the function
switches as shown in Fig. 5 (April).

If lower-case characters are being
included in the decoder the extra board
should be made up in a similar way to
the two larger boards. The extra board
is intended to be mounted above the
upper digital board at the left-hand end,
opposite the analogue board. Wires
should then be connected from this
board to the underside of the lower
digital board. It is advisable, however,
to get the decoder working and lined up
before adding the lower case board, as
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any faults will be located more easily if
the lower case board is not present.

Video switching and interface

This board is mounted in the TV
receiver and must be capable of switch-
ing the red, green and blue outputs of
the Teletext decoder into the receiver in
place of the TV picture. Before describ-
ing some typical receiver and video
switching circuits, it would be as well to
examine the problems which will arise,
and describe ways of overcoming them.

Let us assume that we have an “ideal”
receiver which we wish to modify. This
receiver will have three identical video
amplifiers for the red, green and blue
signals and the amplifiers will have
capacitor-coupled inputs, i.e., the
amplifier will be internally biased and
clamping of the three signals will take
place at the c.r.t. cathode. The ampli-
fiers will require an input of about 4V
pk-pk and have a flat amplitude
frequency response up to at least
5.5MHz.

If areceiver with this type of amplifier
were being modified, a simple method
would be to use a three-pole changeover
relay to disconnect the amplifier inputs
from the red, green and blue picture
information and connect the outputs of
the Teletext decoder. Although this
method would produce a perfectly
acceptable Teletext display, it would
have the disadvantage that newsflashes
and subtitles could not be shown in
boxes, as intended.

In order to display boxed information,
the video switches must operate very
rapidly, preferably with a switching
time of less than about 300ns. This,
however, is not the complete answer,
because if switching is attempted
between the decoder output and capa-
citor-coupled or “floating” picture
information, the background brightness
and colour of the display box will
change, depending upon the average
level of each of the three picture
waveforms. This can be overcome fairly
easily by clamping the three TV wave-
forms and the three Teletext output
waveforms to the same potential prior
to switching. The output of the video
switches can then be capacitor-coupled
into the output amplifiers as before.

Figure 1 shows a basic video switch-
ing circuit, and this will be described
initially. Alterations to the basic circuit
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‘will then be considered in conjunction
with different TV receiver designs. The
actual switching elements are con-
tained in IC,,;, and these are c.m.o.s.
CD4016 analogue switches, each with
its own control input. When the control
input is at the 0 level, the input and
eutput terminals are effectively openi
circuited, and when at a 1 level, the
input and output terminals represent a
resistance of approximately 300 chms.
The device will pass frequencies up to
about 10MHz, which is ideal for our
purpose, and as long as a fairly high
supply voltage is used, it is quite linear
in operation. The slight disadvantage is
that, being an m.o.s. device, the switch
time is not particularly fast, and this can
cause slightly coloured edges on the
inserted box. However the advantages
of simplicity and cheapness outweigh
this slight disadvantage.

The typical switch .arrangement
shown in Fig. 1 uses two CD4016 i.cs.
The control inputs are fed from the
outputs of two high-voitage open-col-

lector t.t.l. gates, because \correcti
operation of the switches requires that
the control-input voltage must
approach the supply voltage. The input
from the decoder function switches is
normally held at 0 by a 470Q resistor,
ensuring that the switches are left in the
TV position if the decoder is not
connected to the switch board. Resis-
tors Ryseg are chosen to reduce the
amplitude of the Teletext signals to the
same as that of the TV signals, and’
capacitors C4,56 may be added to boost
the h.f. response if this is found to be
necessary. (Because of the high fre-
quency components contained in the
verticals of the alphanumeric char-
acters, some commercial receivers may
not have a sufficiently good h.f.
response to display them adequately.
Later in this article a simple modifica-
tion to the Teletext circuit will be
described which reduces the h.f.
requirement of the video amplifiers by

Fig. I The basic video switching circuit.

Y from tv.
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effectively increasing the width of
character verticals.)

The three capacitor- coupled v1deo“
signals are clamped to the potential
which is set by R;, VR, and R;. Similar,
the Teletext signals are clamped to a
voltage set by R;, Rz and VR,. In this
particular arrangement the actual
clamp voltage is arbitrary but would
probably be best set to about 3V. Two
separate potentiometers are used so
that the black level of the Teletext
signals can be varied independently of
the picture brightness, and thus the
background brightness of the inserted
box may be adjusted. The reason for not
clamping to 0 volts is that the c.m.o.s.
‘switches are not particularly linear
when the input signal approaches the
extremities of the supply voltage, and
raising the potential of the signals
ensures linear operation of the switches.
After the video switches, capacitors C,,
5 3 remove the d.c. component of the
waveforms before they are fed into the
receiver video output amplifiers. (It
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should be noted that the polarity of
these and the input electrolytics will
depend on the individual receiver
design and may. not be as shown.)
Figure 1 shows a fourth pair of switches
which are not required when modifying
a receiver of the type described. They
are useful, however, when modifying a
set which has colour-difference ampli-
fiers (R-Y, G-Y and B-Y), as they can be
used to switch off the Juminance signal,
which would otherwise be present while
watching the Teletext display.

Figure 2 shows the circuit of one of
three identical output amplifiers used in
Bush models CTV182S, 184S, 1875, 192,
194, 196, 197C, 199 and 1026. For sets
which have output amplifiers of this
type, i.e., capacitor-coupled, positive-
going R, G and B video inputs of less
than about 5 volts peak to peak, the
circuit just described will be adequate.
Other receivers using similar amplifiers
are: Murphy CV1916S, 1917, 22118, 2212,
2213, 2610, 2611 and CT2516CS; Alba
CS1919; Decca CS1910, 2211, 2213, 2611;
ITT/KB CK600, CK500, CK701, CK 822,
CVC5, Colourscope 20 and Studio 100,
and probably quite a few others.

Next will look at some receivers.

which differ from those just described
by virtue of the fact that the output
amplifiers are directly-coupled. The
amplifiers still carry the R, G and B
signals, but instead of being clamped at
the tube cathodes, the signals are
clamped earlier in the circuit and
directly-coupled from this point
through to the tube cathodes. Two
circuits are shown in Figure 3; the first
is a type used in the BRC8000 chassis,
which is used by a number of different
manufacturers, and the second is a
circuit using Mullard i.cs used in the
Philips G8 chassis, which is also quite
widely used.

Because these sets have directly-
coupled amplifiers, the easiest course of
action is to remove the capacitor
coupling in the original video switch
circuit (remove C,, ,, 1) and this means
that in the TV mode the only change in
operating conditions will be the addi-
tion of the effective resistance of the
c.m.o.s. switch, about 300§, which will
almost certainly be negligible. Since the
TV signal is effectively clamped at this
point in the circuit, we no longer require
Tr,, Trz; and Tr;. The Teletext input
circuitry can remain unchanged and
VR, should be adjusted to make the
Teletext signal black level about the
same as that of the TV signal at this

point. VR, effectively forms a Teletext

brightness control.

It should be noticed that three 10k
resistors are required on the output pins
of the matrix i.c. in the BRC8000 circuit.
These resistors form the emitter load for
the output transistors in the i.c. when
Teletext is selected, to prevent the
signal voltage at this point rising
towards the positive supply rail and
upsetting the operation of the c.m.o.s.
switches. (The input signals to the

c.m.o.s. switches must not.be allowed to,
go outside the limits of the supply
voltage tothei.c, asincorrect operation
will result, with possible breakthrough
on switches which are supposed to be in
the off condition.)

Other receivers using the BRC8000
chassis are the Ferguson 3712, Alba 8000
and Marconiphone 4712 to name a few.
Similar output stages are also used in
Decca models CS2030, 2230, 2630 and
2631.

The three types of output stage just
described cover the majority of the
more modern British-made sets. How-
ever, there are still many older types of
receiver giving good service and it was
the tendency until fairly recently to
drive the grids of the TV tube with
colour-difference, valve video output
stages. (All the circuits so far described
feed the cathodes of the tube with the
red, green and blue signals.)

This older type of circuit had three
identical valve output stages, each one
usually consisting of a triode-pentode
valve of the PCL84 type. The pentode
section was used to drive the tube grids
with either the R-Y, G-Y or B-Y
signals, and the triode section was used
to clamp this signal at the tube base.
The cathodes of the tube were effecti-
vely joined (sometimes potentiometers
were used to vary the amount of drive
to each cathode), and fed with the
luminance output signal from a separ-
ate pentode valve.

A typical circuit used in the Pye CT70
series chassis is in Fig. 4. All three
output stages are identical, and they are
fed from three transistors, two of which
are used as R-Y and B-Y amplifiers, the
third being used to derive a a G-Y signal
from the other two. Although it might
be possible to drive the basis of these
transistors, the three circuits are not
identical at this point and trouble might
be experienced with the green channel.
The best place to feed the signal in is
almost certainly at the grid of the
pentode valve as shown in the diagram.
The only disadvantage of feeding in
here is that the Teletext signal must be
negative-going at this point to produce
the correct display.

There is no reason whysthe Teletext
signals should not simply be inverted,
using three ordinary t.t.l. inverters,
prior to the attenuating resistors R,, R;
and Rg. The six capacitor-coupled
signals can then be clamped using Tr, ¢
as before, but the clamp potentials
should be greater than before, at about
6V, as the signals are now negative-
going at this point. Capacitors C,;, C,
and C; should be used to couple the
switch outputs as before, and these
capacitors can be considerably smaller
than before as they are feeding valve
grids. The Teletext tisplay will now
appear on the screen, but it will be
superimposed on a black and white TV
picture becauseé the luminance signal is
still connected to the tube cathodes.
Some means must be found of switching
off the luminance signal and for this
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purpose we can use the two remaining’
c.m.o.s. switches. By connecting them
as shown in Figure 1 it is possible to
insert the switch in series with the
luminance chain at some suitable
low-voltage point. VR; may be used to
adjust the d.c. conditions during
switching to keep the black-level cor-
rect.

Other sets using this type of output
stage are as follows: Bush CTV25 and
CTV167; Murphy CV2510 and CV2511;
Baird 700 series and 710 series; Decca
CTV25; Pye CT79, CT152 and CTI153;
Dynatron CTV1, CTVICH and CTVZ.;
Ekco CTI102 and CTI104; Ferranti
CT1166 and 1167; Invicta CT7050; GEC
2040, 2041, 2073, 2100, 2103 and 2107.

Before leaving the subject of modify-
ing TV receivers, the BRC2000-3000
series of receivers, which do not really
fall into any of the previous categories,
should be examined. Figure 5 shows a
video amplifier used in the earlier
2000-series chassis, but the later 3000-
and 3500-series used a configuration
very similar to this and for our purposes
can be considered the same. The three
video amplifiers are basically identical,
with one important difference. The R-Y
and B-Y circuits are both as shown in
the diagram, but the input capacitor of
the G-Y amplifier is connected to the
+30V rail, effectively earthing this
point to a.c. and turning the first
transistor into a common-base stage.
The emitter of this transistor is fed with
different amounts of R-Y and B-Y
signals to form the G-Y signal.

The best approach to modifying this
type of receiver is to treat the three
amplifiers as identical capacitor-
coupled amplifiers and put the three’
video switches in the base circuit of the
input transistors. Extra capacitors
should be used in series with the inputs
to the video switches, since the colour-
difference signals are close to the 30V
rail at this point and outside the range of
the 15V supply rail permissible for the
c.m.o.s. switches. The luminance chain
must also be broken before it feeds the
bases of the output transistors and this
can most easily be done at the input to
the luminance emitter follower (not
shown in the diagram). As it stands, this
circuit will then produce reasonably
acceptable results although, because a
certain proportion of the red and blue
signal is still being fed into the G-Y
amplifier, the green Teletext display’
appears rather too bright in relation to
the red and blue signals. The solution to
this problem is to use two extra c.m.o.s.
switches, one in the R-Y feed to the
G-Y amplifier and the other in the B-Y
feed to this amplifier. These switches
should be wired so that they are in the
open-circuit condition during the Tele-
text mode of operation. Resistors Ry, 5, ¢
on the switching board will need to be
about 10k§2 for this type of receiver, and
C, 5 ¢ about 10—-15pF.

The 12-15 volts required for the
¢.m.o.s. switches can easily be obtained
from the video amplifier power rail in
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Fig. 4 Video output stage of the Pye
CT70/71. :
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the TV set, using a simple zener diode
stabiliser if the rail is higher than 15V.
Most sets have a supply of between 12V
and 30V and the current drawn by the
switching circuit is minimal.

‘This concludes the description  of
colour-receiver output stage modifica-
tions, but there remains the problem of
obtaining a suitable video signal from
the set to feed into the Teletext decoder.

There should be no serious problems
here, but since the signal that is fed into
the decoder will determine whether or
not it operates correctly, it is rather
important to get this bit right. The

. signal into the decoder should be a
positive-going video signal of between
about 1V and 5V peak to peak, not
limited in frequency by chrominance, or

I
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other filters. The signal should
preferably be taken from a low-impe-
dance point in the circuit, to reduce any
losses in the coaxial cable feeding the
signal to the decoder. A large number of
modern receivers employ i.c. synchron-
ous demodulators of the MC1330 type;
these are ideal, providing around 2V of
positive-going video output signal.
Some older sets such as the BRC 3000
series employ separate luminance and
chrominance detectors and in this type
of receiver the luminance detector
output should be used. This is not
normally restricted in bandwith suffi-
ciently to upset the operation of the
decoder. If a suitable positive-going
video signal does not exist, then a small
transistor invertor may be needed.

To round off the series of articles, the
final part will include a description of
setting-up the decoder and a suggestion
for reducing the effects of restricted
bandwidth in the television receiver. We
also hope, at a later date, to publish a
modification to allow a new, combined
upper- and lower-case character gener-
ator to be used. In addition, we will try
to include information on modification
to the circuit to enable it to be used with

" the Post Office Viewdata service.

Lack of space will prevent the publi-
cation of printed-circuit board layout
and component disposition, but we have
them at this office and will send copies
to anyone who cares to write and ask
for them. Please send a large, stamped
and addressed envelope.
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E.h.t. staircase generator for
colour receivers

New line-output transformer needs no h.v. capacitors

by A. W. Lee, M.I.E.E.

General Instrument (UK), Ltd.

In the 19305 Blumlein pioneered the
flyback transformer with its energy-re-
covery circuit, since which time the
continuous pressure on television set
designers to reduce costs and improve
performance have resulted in only a few
major changes. Ferrite cores have been
“introduced, as have winding techniques
to make harmonic tuning possible, and
transistors capable of withstanding
reverse collector-emitter pulses of more
than 1000 volts are obtainable.
"With the coming of mass colour-tele-
vision reception, came the need to
increase the display-tube anode voltage

and beamn current. In Europe, voltage

multipliers, fed with a comparatively
low pulse voltage obtained from the line
output transformer, became accepted
as the normal way to obtain a d.c.
output of 25kV from the 6-7kV pulse
voltage.

In the second half of 1975 a new
component from both European and
Japanese component suppliers started
to reach set-makers. This is a line
output transformer which not only
lgenerates the horizontal deflection
current, but also the direct voltages
required by the display tube focus and
anode electrodes without using any
additional high-voltage capacitors.

There is very little new in the
techniques used in the assembly of this
component. It is a combined line output
transformer and a voltage multiplier. It
uses, as already stated, no additional
high-voltage capacitors, but it does
have diodes which are connected
between its secondary windings, as
shown in Fig. 1. These secondaries
start at the same side, are wound in the
same direction around the same core on
top of each other and have the same

Fig. 2. The formation of a d.c. staircase.
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Fig. 1. Connexions of secondary coils and
diodes.

number of turns. The flyback pulse
voltage generated per turn depends on
the magnetic flux changes which occur
in the core and is, therefore, the same
for all turns. Thus, the pulse voltage
generated in a turn of an upper
secondary is the same as that in a turn
of the lower secondary upon which it
sits. The pulse voltages generated
between such turns, and therefore
along the whole width of the paired
secondaries, are virtually zero.

The use of wide, single-layer, wind-
ings keeps the self capacitance between
each pair of secondaries high. By
connecting the finish of a lower secon-
dary to the start of the secondary
immediately above it, via a diode, the
lower coil charges the self capacitance
C,, which exists between the two
windings, to the peak flyback voitage of
the lower secondary. The upper secon-
dary, therefore, sits on a direct voltage
level set by the peak voltage generated

in the lower secondary. Figure 2 shows
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that a voltage staircase is built up, the
number of steps being set by the
number of secondaries and diodes. This.
technique means that a direct output
voltage can be obtained, which is a
multiple of any one secondary winding
peak pulse voltage. If there are only four
secondaries and diodes, each with a
peak flyback voltage of between 6 and
7kV, an output voltage of 25kV can be
obtained.

The reliability of the new components
is yet to be determined. Set makers are
currently evaluating samples, with
particular reference to faults -which
could be caused by encapsulation and
the handling of fine wire. The diodes are
internal and cannot be changed.

Books Received)

TV Sound Operations by Glyn Alkin. This
book is concerned with the art and practice
of television sound operation, and is intended
for the guidance of people involved in all
types of audi-visual systems. The text is
divided into sections covering a general
introduction to the sound medium, types of
microphone, methods of applying micro-
phones in various circumstances, hardware
following the microphone, methods of
tackling speech and musie, and, finally,
peripheral equipment. Price £2.25. Pp.176.
Focal Press Ltd, 31 Fitzroy Square, London
wi1.

The Story of Radio by W. M. Dalton. This
story is divided into three books, called How
radio began, Everyone an amateur, and The
world starts to listen. The first volume deals
with the history of radio up to the first War.
The second volume is devoted to the pioneers

of radio. These amateurs, many of them:

ex-servicemen, compelled governments to:
provide public broadcasting services and
developed the long distance, low-power short
wave communication as we know it today.
The final volume continues with the deve-
lopment of radio in an era when people
started to listen to BBC transmissions, and
the quality of sound broadcasts was being
improved. Price £4.50 per volume. Pp.160, 168
and 168. Adam Hilger Ltd, Rank Precision
Industries, 29 King Street, London WC2E
8JH.
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Automation

IEA exhibition at
the new National
Exhibition Centre

Aerial view of the National Exhibition Centre
and its environs. On the left is the adjacent
specially built railway station.

For the first time the IEA Exhibition is to
be held at the new National Exhibition
Centre, Birmingham, and as it is the first
time, this preview contains details of
how to get there and what to expect.
The show will take place from May 3 to
7, 1976, opening times being 10.00 to
18.00. On display will be a vast range of
electronic equipment, systems and
- basic components. The length of the
exhibitors’ list on page 72 gives an
indication of company participation in
the show, many firms coming from
overseas. Entrance price to the 11th IEA
exhibition (which also includes admit-
tance to Electrex '76, the 18th Interna-
tional Electrical Exhibition, combined
this year with the I[EA show) is £1.00.

The accompanying road map and list of
train times should provide visitors with
a guide to the travel services available
for reaching the exhibition centre,

Viewdata and Teletext

'A special demonstration at the show
will be on the Wireless World stand
which is shared with Electronics Week-
ly. This is a demonstration of Teletext,
and, possibly. the Post Office’s Viewdata
system of transmitting pages of written
information for reception on a domestic
TV set. Teletext information is
broadcast along with the normal tele-
vision programme signal whereas
Viewdata is transmitted over the exist-
ing domestic telephone line (see “View-
data on trial soon”, November 1975,
p.532). A full public service of Viewdata
could start in 1978-9, say the Post Office,
if present trials show that it is a
commercially viable system.

Instruments, Electronics and
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Map of access by road, rail and air to the exhibition centre.
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= Your train services

London Euston to Birmingham International

Sundayst

07.40 then 10 and 40 minutes past each hour until 11.40 then 40 minutes past each hour

until 21.40.
Weekdays

07.40 08.10(a)08.40 then 10 and 40 minutes past each hour until 14.10 then at 15.10
16.10 17.20(a) 18.10 19.10(a) 19.40 20.40 21.40 23.10 00.10.

Birmingham International to London Euston”®

Sundayst

08.28 then 28 minutes past each hour until 13.28 then 58 and 28 minutes past each hour

until 19.28 then at 19.59 20.59.
Weekdays

07.28 08.28 09.28 10.04 10.28 then 28 minutes past each hour until 14.28 then 58 and
28 minutes past each hour until 15.58 then at 10.13 20.59 22.01.

Journey time approximately 1 hour 20 minutes

Notes

* There may be some slight variations in the final timings
1 Sunday morning and early afternoon journey time approximately 1 hour 45 mins.

(a) Saturdays excepted.

New Products at the show

Gould Advance instruments on show
include new products in the oscillos-
cope, digital multimeter, signal genera-
tor, timer-counter and chart recorder
ranges produced by the company.
Oscilloscopes include the recently
launched 0S4000 digital storage ’scope
which combines a conventional 10MHz
performance with a digital memory
system capable of storing signals up to
450kHz, together with the new 4001
“hard-copy” output module.

First showing will be made of Avel-
Lindberg’s system 520 static no-break
power supply system which can provide
up to 45k VA of emergency power if the
mains supply fails. The equipment
automatically senses an a.c. mains
failure and by means of a solid-state
static switch changes over the supply
source instantaneously and draws
power from a d.c. battery bank.

The Computer and Instrumentation
Division of Westinghouse will be dis-
playing the following new items: the
Veritrak 75 range of process control
instrumentation; the model 215 Oxygen
Sentinel; model 2570 process control
computer packages; and the New World
computer numerical control systems,
together with the series 100 solid-state
numerical control units which are for
sequencing and motion control of a
range of machine tools.

Hinchley Engineering double bobbin
transformers now include ratings from
1VA to 150VA — which has enabled
them to provide class II designs meeting
the requirements of the Consumer
Protection Act. Portable transformers
of “all-insulated” construction (up to
1500VA) are being shown for the first
time. These will be available with a
range of socket outlets to BS196, BS4343
and also BS1363.

|
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Four-channel recording oscilloscope, the.

FOR-4 produced by Medelec, can be used asa

"strip chart recorder, an X-Y plotter or as an

alternative to a conventional oscilloscope. A
modified version to be shown for the first
time includes an automatic repriming circuit
which operates in the single shot mode to
allow the recording of random transients.

Included in the range of Watanabe recorders
are: the new Microservo single pen recorder;
the improved Mk III Linearcorder and
Miniwriter, 1 to 12-pen, fast response recorders;
the A3 size X-Y recorder, supplementing the
A4 size high speed recorders which have a
writing speed up to 100cm/s: the model

" WX625 digital drum plotter and WX511

digital flat bed plotter, both designed for use
with computers to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>