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CREATIVE SUCCESS.... 

Console designed for 
Soundpush -CMS Studios, 
Blaricum, Holland. 

Whatever the recording 

t a d a 

This console was supplied 32 into 8, 

wired for up- dating to 32 into 16 

considering future studio expansion. 

Automatic function selection by push- button control 
of the audio systems, including complete sync facilities 
eliminating the need for multi- switching in order to change 
over from normal recording into overdubb or re -mix. 

Cadac (London) Limited 
STANSTED ESSEX ENGLAND TeI: Stansted 3437 & 3132 

MANUFACTURERS OF AUDIO CONTROL EQUIPMENT FOR THE SOUND RECORDING INDUSTRY 
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CORRESPONDENCE AND ARTICLES 
A STUDIO SOUND correspondence should be sent to the address 
printed on this page. Technical queries should be concise and must 
include a stamped addressed envelope. Matters relating to more than one 
department should occupy separate sheets of paper or delay will occur 
in replying. 
Articles or suggestions for features on all aspects of communications 
engineering and music will be received sympathetically. 
Manuscripts should be typed or clearly handwritten and submitted with rough 
drawings when appropriate. We are happy to advise potential authors 
on matters of style. 

BINDERS 
Loose-leaf binders for annual volumes of STUDIO SOUND are 
available from Modern Bookbinders, Chadwick Street, Blackburn, Lancashire. 
Price is 85p. Please quote the volume number or date when ordering. 

MARCH 1973 VOLUME 15 NUMBER 3 

GOOD TASTE HAS STRUCK AGAIN. This time in the shape 
of a North London resident, Mr R. McWhirter, 47. The action 
of this one individual resulted in the Court of Appeal postponing 
a television documentary on the American Pop -art painter Andy 
Warhol when neither the judges nor the complainant had troubled 
to see the production. McWhirter had read newspaper previews 
of the film and was evidently surprised at Warhol's behaviour. 
Perhaps he was unfamiliar with Warhol's unconventional paint - 
ings-of which some examples are, in our opinion, a valuable 
progression in the field of static art. 

We had assumed Warhol's motivation to be primarily that of 
collecting money and were unaware that the program had even 
been scheduled. Thanks to Mr McWhirter's effort, our gentle 
minds were corrupted by subsequent newspaper accounts of 
dialogue filmed in a bed with producer David Bailey apparently 
naked. 

Frankly, we find amateur censors a greater threat to the long- 
term public well -being than is the randomly identified 'porno- 
graphy' they strive to conceal. The very word `porn' (the 'ography' 
is more recent) is intangible in definition, relating to 'obscene'- 
`repulsive, filthy, loathsome, grossly indecent' -all dependent on 
the life style and mental programming of the beholder. Many of 
us would apply all four adjectives to the tobacco smoking 
addiction. Homosexuals might apply them to the activities of 
heterosexuals ... and vice versa. It reflects poorly on the education 
of amateur censors that they fail to appreciate the broad range of 
human activity. 

If the BBC and IBA, as the nation's prime information media, 
concentrate excessive attention on any one aspect of past or 
modern life, this alone deserves condemnation. Their prime 
purpose is to reflect humanity. Where they choose to guide it 
towards this religion rather than another, this politic, that 
technology, this or that life style, they wield a potentially danger- 
ous influence over public thought. This influence is safer in the 
hands of a body such as the Governors of the BBC than in those 
of any strongly biased group of individuals. 

In passing, let it be mentioned that the Victorian era -privately 
one of the most `obscene' in recent times -hid its sexual, financial 
and alcoholic corruption beneath a superficial culture of 
unparalleled 'purity'. 

SUBSCRIPTIONS 
STUDIO SOUND, published monthly, enables engineers and studio 
management to keep abreast of new technical and commercial developments 
in electronic communication. The journal is available without 
charge to all persons actively engaged in the sound recording, 
broadcasting and cinematographic industries. It is also circulated by paid 
subscription to manufacturing companies and individuals interested 
in these industries. Annual subscription rates are £3 (UK) 
or £3.30 ($8 or equivalent) overseas. 
STUDIO SOUND is published on the 14th of the preceding month unless 
that date falls on a Sunday, when it appears on the Saturday. 

PAST ISSUES 
A small number of certain past issues may still be purchased from Link 
House, price 31p each including postage. 
Photostat copies of any STUDIO SOUND article are available at 25p 
including postage. 
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C -60 COPIES IN 
ONE MINUTE! 
The Telex Cassette Copier is a desk top 
unit designed for use by non -technical 
personnel. 
Simple two button controls, track selector 
and automatic rewind make the cassette 
copier ideal for educational, industrial 
and library use. 

The Telex Cassette Copier I provides 
master control, and copies out cassettes. 
The Cassette Copier II draws all power 
and control from unit I and provides up to 
two copies simultaneously. 

Duplicating speed: 30 ips 

Rewind speed: 60 ips 

Frequency response: 30 -10 kHz 

S/N Ratio: 45 dB below record level (r T.H.D.) 

Head configuration: I track 2 channel, erase, 
record, play 

Weight: less than 35 lb 

Dimensions: 15 +" wide x 17 -" deep x 7 +" high 

Avcom Systems Limited Newton Works, Stan lake Mews, London WI2 7 H A 01749 2201 

Cassettes 
4 to 20 cassettes 
every 4-5 minutes 

Reel /Reel 
3 toll duplicates 
every 9 minutes 

fpa 
Fraser - Peacock Associates Limited 
94 High Street Wimbledon Village London SW19 

01.947 2233 solo UK distributors of Infoniccs 

4 

BIAS ELECTRONICS 

BE 300 

LOW COST MODULAR MIXING SYSTEM 

Each module has 

Mic /line switching. Pre -set gain control. Bass and treble eq. 

Echo send. Routing switch. Cue /p(I key. 

Single or double line out modules with ppm or vu. T/b and 

monitor amps, etc. Stabilized power supply. 

BIAS ELECTRONICS LTD. 
UNIT 8, COOMBE TRADING ESTATE, 
112/120 COOMBE LANE, 
LONDON SW20 OBA 01 -947 3121 
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at 
Covent Garden 
Neve is wherever you find the world's 
finest sound - in recording studios, 
in radio and TV, in theatres, concert 
halls and film studios. 

It's the performance of the consoles 
that makes the sound of Neve. 

Look at the figures achieved on this 
console now in the Royal Opera 
House, Covent Garden. 

Distortion At +20dBm 
Highest recorded figure 

Median figure 
Neve specification claim 

Noise 20Hz to 20kHz 
Output stage - maximum -99.0 dBm 
Neve specification claim -80.0 dBm 

One channel selected - 

maximum -81.5 dBm 
Neve specification claim -77.0 dBm 

Equivalent input noise - 

maximum -125.5 dBm 
Neve specification claim -125.0 dBm 

For the best performance 
figures in the world 
choose Neve. 
Write now for further 
information. 

Ilut 'l¡llÍÏil 

0.058% 
0.035% 
0.075% 

Rupert Neve fr Company Ltd., 
Cambridge House, 
Melbourn, Royston, 
Hertfordshire SG8 6AU, 
England. 
Tel: Royston (0763) 60776 
telex 81 381 
cables Neve Cambridge 

Rupert Neve of Canada Ltd., 
7528 Bath Road, 
Melton, 
Toronto, 
Ontario, 
Canada. 
Tel:416 677 6611 
telex 0621 7652 

Rupert Neve Incorporated, 
Berkshire Industrial Park, 
Bethel, 
Connecticut 06801. 
U.S.A. 
Tel: (203) 744 6230 telex 969638. 
Hollywood Office, 
Tel: (213) 465 4822 
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EMI 15w Matched loudspeaker set 350 
Frequency range: 20 to 20,000Hz 

Our price £7'00 plus S0p P. & P. 

EMI lOw Matched loudspeaker 
set 450. 

Our price £375 Plus 25p 

13 }' x 8 1." elliptical loudspeaker 
and independent high frequency 
units with associated crossover 
network. Frequency range: 55 to 
13,000Hz. The cone of the bass 
unit has a surround designed for 
high travel giving freedom from 
distortion when operated at low 
frequencies. 
NOW IN STOCK EMI 14A/770N Bass Speaker 
L12.50 plus 50p p. & p. Technical brochure available 
215 Kit and 315 Kit. Full range of EMI Speaker 
Cabinets. Send for leaflet s.a.e. 

PLUGS 

Pack 107 5 -pin Din 
Pack 108 3 -pin Din ... ... 
Pack 135 r Jack... ... 
Pack 130 r Jack Stereo ... 
Pack 103 Loudspeaker Plug 
Pack 100 Phono Plug ... ... 
Pack 230 3 -pin Socket ... ... 
Pack 236 5 -pin Socket .. .. 
Pack 234 Loudspeaker Socket... 
Ready -made leads 
3 -pin to 3 -pin Din ... ... 

3 -pin to open end ... ... 

5 -pin to 5 -pin Din ... ... 
5 -pin to open end ... 
5 -pin to 4 Phono Plugs... 

... 20p 

... 18p 

... 25p 
48p 

... 15p 

... 23p 
.. 30p 

... 30p 

... 63p 

... 53p 
BOp 

... 65p 

... 93p 
Speaker lead Din to spade 12ft. .. ... 38p 
Extension lead Din plug to socket 12ft. ... 65p 
All leads approx. 6ft. in length. Post free by return. 

GARRARD SP25 Mk III 
£1 0.50 plus sop. Guaranteed new and boxed. 
L carriage. Normal Price LI5.57 
Plinth and Cover for above L4 plus 50p p. & p. 

SUITABLE CABINETS FOR 

EMI SPEAKERS 

Ready cut for EMI 13" x 8" 350 SPEAKER. 
Superbly made cabinets in teak finish. 
Designed for EMI 350 KIT. 

OUR PRICE LI 1.00 each 

Other cabinets available for EMI 450 KIT from 
L10 PER PAIR -all on demonstration, available 
to personal callers only. 

KEEP YOUR CASSETTES TIDY 
Now! A compact cassette case designed to store and file up to 
twelve cassettes, and a safeguard against damage. Strongly made in 

Black P.V.C. reinforced for added strength with safety catch. Ideal in 

the home, office or for in -car use for cars with cassette players. Only 
95p plus 25p post and packing. 

DIAMOND STYLI 
Replacement styli all at:75 
plus 13p p. & p. P 

Double Diamond Add 50p 
8TA, 9TA, 9TAHC, GP91, ST4, 
ST9, EV26, GC8. OTHERS ON 
REQUEST. 
Replacement Diamond Styli 

L2.13 plus 13p p. & p. 
Suitable for 
Orbit MN22 Styli L2.13 
Goldring G800 Styli L2.25 

CARTRIDGES 
Sonotone 9TAHC (Dia.) 
Sonotone 8TA4A (Dia.) 
Ronnette 105 (Dia.) 
Orbit NM22 Magnetic 

(Dia.) ... ... 

Goldring G800 ... 
Shure 75,6 
p. & p. on above items 13p. 

L2.50 
L1 50 

E1 25 

L4 40 

E6.50 

We have a comprehensive range of new and used professional 
microphones, sound, photographic and audio visual equipment. 
EQUIPMENT TAKEN IN PART EXCHANGE. ORDER by 
POST. Order with confidence. Orders despatched the same day as 

received. Open Mon. to Sot. 9 a.m. to 6 p.m. Thurs. 9 a.m. to I p.m. 

J. J. FRANCIS 
(WOOD GREEN) LTD 

123 ALEXANDRA ROAD, HORNSEY, 
LONDON, N.8. Tel: 01- 8881662 

CALREC 

CALREC HAVE MOVED! 

Calrec Audio Ltd., are pleased to 

announce their move to larger and 

better premises. Full details of our 

complete range of microphones and 

mixers are now available from the new 

address : 

Calrec Audio Ltd., 
Hangingroyd Lane, 
Hebden Bridge, HX7 7DD 

Tel. Hebden Bridge 2159 

6 

SENNHEISER HD4I4 

STEREO DYNAMIC OUR £8.25 
HEADPHONES PRICE 

phis 23p p. & p. 

Electro- Acoustic design to "give you the total 
audio spectrum. Supplied with a range of plugs 
interchangeable, without soldering, for direct 
connection to most modern HI -FI equipment. 

MICROPHONES 
AKG D109 ... ... 
AKG D202E1... ... 
AKG D190C 
SENNHEISER MD 211 
SENNHEISER MD 413 
P & P 50 p per item 

... L11-00 
... L32.00 
... £15.00 
... L32.00 
... £25-00 

FINAL CLEARANCE OF 
ZONAL -ILFORD TAPE 
Manufacturer's entire stock purchased, 40,000 reels 
must be sold. First class tape at lowest ever prices. 

DON'T MISS THIS FANTASTIC OPPORTUNITY 

Usual Our 
price price 

5" Standard play plain boxed 600' LI .00 25p 
sr Standard play P.V.C. 900' LI .40 50p 
7 " in plain boxes 1200' L1.75 50p 
T' LP. Westminster boxes 1800' L2.50 LI 25 

All tapes are fully guaranteed. Please add IOp per 
reel for post and packing. Orders over £6 post free. 

AUDIO CONNECTORS 
BROADCAST PATTERN JACKFIELDS, JACKCORDS 
PLUGS & JACKS. QUICK- DISCONNECT MICROPHONE 
CONNECTORS. AMPHENOL (TUCHEL) MINIATURE 
CONNECTORS WITH COUPLING NUT. HIRSCHMANN 
BANANA PLUGS & TEST PROBES. XLR COMPATIBLE 
IN -LINE ATTENUATORS. LOW COST SLIDER FADERS 
BY RUF. 

FUTURE FILM DEVELOPMENTS LTD. 
90 Wardour Street WIV 3LE 

01 -437 1892'3 

THE PROFESSIONALS 

Prime mover for jingles, 
and Q8 cartridges, machines 

instant start solenoid 
operated. 

5 models at E75, E95, 

E145, f230, E270. 

NAB 

OVND 1 Oldershaw Mews, Maidenhead 
.. STD 0628 -3301I 24 hours Answerphone 
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mcron 

Power amplifiers (100 watts output) 
at the Royal Opera House 
Covent Garden 

Vital link in the newly installed audio system at 
Covent Garden is the choice of Amcron (formerly 
Crown International) amplifiers. Two D.60's are used 
in mono with each having an output capability of 
100 watts RMS into 8 ohms. This superb power 
amplifier is widely used in recording studios, theatres, 
concert halls and many other applications where 
reliability as well as flawless quality are required. 
Specifications include a stereo power output of 64 
watts RMS per channel into 4 ohm loads, or 42 into 
8, a power bandwidth from 5 to 30,000 Hz within 
1 dB, total harmonic distortion less than 0.05 " at 
30 watts RMS per channel, a damping factor better 
than 200 and hum and noise 106 dB below at 30 watts. 
Accepts loads of 4 ohms impedance or more. 
Size 17" x 8;" x 134-" weight 10 lb. Built -in safeguards 
against misuse. 

May we send you fully detailed literature? 

£97 

,5 

e 

ó 15 

O 

05 

I III 

[ lì1i-1-I-I-1 1.-111-h i:ii 
1 10 100 

POWER OUTPUT IN WATTS 

Other amplifiers in 
the Amcron range 
D.150 
Two channel power amplifier: 100 watts RMS into 8 ohms per 
channel; 140 RMS into 4; or 330 watts RMS into 8 ohms used 
mono. £199 
DC 300 
Twin channel power amplifier: 190 watts RMS into 8 ohms per 
channel; 340 RMS into 4 or 500 watts RMS into 8 ohms used 
mono. £360 
M.600 
Single channel power amplifier: 600 watts RMS into 8 ohms, 
1000 RMS into 4. Built -in fan cooling, etc. £730 

Leaflets giving full information on above range on request. 
Amcron amplifiers are guaranteed 3 years. 

MACINNES LABORATORIES LTD. STONNAM, STOWMARKET. IP14 5LB. 
Telephone Stonham (044 971) 486. 
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Now 
available 
inthe U.K. - 
the world 
renowned 
ALTEC 

LANSING 
range. 

built a little better 

Altec speakers systems and stereo components are designed 
to offer you finer specifications for better listening and the 
latest features for better control of what you hear and the 
newest innovations for professional recording studios. 
And that's why we say they're built a little better. 

For further details 
write to sole 
U.K. Distributors: 
ACOUSTICO 
ENTERPRISES LTD., 
6 -8 Union Street, 
Kingston-upon-Thames, 
Surrey. Tel. 01 -549 3471/3 
(3 lines). 

/ S M c 

s 

SIX -CHANNEL STEREO DISCOTHEQUE MIXER 
Aux Mtc 1 M,c 2 Disc 1 Oísc 2 Disc 3 Balance Level Treble 

ICE 

BUILD YOUR TOP QUALITY DISCO USING THE SMP 101 MIXER AND THE PAU 
RANGE OF STEREO POWER AMPLIFIERS. 

PAU 60 +60 60 Watts RMS Per Channel 
PAU 30 +30 30 Watts RMS Per Channel 
(NOTE : The SMP 101 will drive 4 Power Amps. 

Total 480 Watts.) 
Console Kits also available (2 or 3 decks) 
Hear a demonstration at our showroom or send 
for details. 

ICElectrics Ltd., 
15 Albert Road, 
ALDERSHOT (0252 -28513) 
Hants. 

TRADE INQUIRIES WELCOME 

8 
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TH IS 
is the F; MD -16Q. It's one man's 
idea of what he wants in a 

microphone channel's switching 
module. 

In a manageable and compact 
area, with a minimum number 
of "finger- troublesome" con- 
trols, he wanted 16 track 
positions with Pan and Quad 
selectable and an "at a glance" 
read -out of what is selected. 
Panning on each channel was 
vital, so was a variable number 
of Echo and Foldback sends. 

So he finished up with this 
format. In a 4 cm width and 
28.5 cm height he has Auxil- 
iary channels each with Pre and 
Post Fader positions and associa- 
ted volume controls, colour 
coded to their respective output 
amplifiers, allowing 4 separate 
mixes independent of main 
console mix. 

All this was his idea. Your own 
ideas will undoubtedly be dif- 
ferent. We are here to make 
them possible. We give you 
what you want -not what we 
think you should want. 

So if you have ideas, give us 

a ring. We can realise them in 

the environment of a console 
assembled from our proven 
range of modular equipment 
with Performance and Reliability 
the standard. Your own ideas 

add the versatility. 

RING 

0792 - 53461 

ROSSER ELECTRONICS LTD. 
BBC BUILDING 
SWANSEA, GLAM. 
U.K. 

Audio Limited 
radio microphones 
at the 
Royal Opera House 
Covent Garden 
Where it is advantageous to use radio microphones, Covent 
Garden rely on Audio Ltd systems. These are available 
basically in two forms -one where a microphone is worn 
and fed to a tiny transmitter secreted about the person of 
the user and one where the transmitter is contained within 
the handle of a conventionally styled hand -held microphone. 
Audio Ltd radio microphones are also extensively used 
in theatres, TV, film studios and wherever it is required to 
use microphones free from the encumbrance of connectirg 
cables and without loss of quality. 

RMS7 

Developed out of our original Audio Ltd Radio Microphone System, we now offer for 
prompt delivery an improved RMS 7 system in which the newest electret capacitor 
microphone is used. By slightly enlarging the receiver, we have incorporated a block 
aerial filter to greatly reduce cross modulation interference and facilitate multi -channe 
operation. The receiver has battery, signal level and tuning meters, also plug -in whip 
aerial and output plug and lead. The transmitter is easily concealed in the pocket or 
about the user, and the microphone supplied is smaller than the plug used to connect it. 
We shall be pleased to forward full technical information on request. 

Complete systems as above from L184. Others available from E115. 
Literature and other information on request. 

UHF OR HIGH POWER VERSIONS FOR OVERSEAS USE 
Audio Ltd Radio Microphone Systems as supplied to users in the U.K. conform precisely to 
Post Office regulations. More powerful systems and UHF systems can be supplied for 
overseas in compliance with locally stipulated operating conditions. Transmitters 
operating up to 500 MHz and with outputs up to 500 mW at 175 MHz can be supplied. 

AUDIO LIMITED 
26 WENDELL ROAD 
LONDON W12 9RT 
Telephone 01 -743 1518 

AUDIO 
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CONSOLE YOURSELF -WITH CHADACRE 

Prices from £99 
FOR INSTANT ACTION - WR:ITE OR CALL 

1:4 

CHADACRE ELECTRONICS LTD., 63 STRATFORD BROADWAY, LONDON E15 4BQ 
01 -534 1207 

JIIIIIIIIIIIIIIIIIIIIIIIiiIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIiiiiiiiIiiiIill liIIII 

HIGH SPEED COMPACT CASSETTE 
COPYING SERVICES 

* Central London 
* Cassette copies in minutes =_ 

* i o to i o,000 =_ 

* Write today for rate card 

MAGNEGRAPH- EUROTEL 
i Hanway Place, London Wi (Jnct Oxford St/ 
Tott Ct Rd) Tel of -637 1225 or of -58o 2 1 _ç6 

;ThIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIa 

STUDIO INSTALLATIONS 
T. B. Technical, Audio Systems 
provide engineers for planning, 
maintenance of all professional audio 

Also 

Audio Test Equipment Hire 

Consultants, can 
installation, and 
equipment. 

T. B. TECHNICAL LTD. 
90 Wardour Street, WIV 3LE 

01 -437 1892/3 

CHILTON 10 2 MARK 2 

BASIC FACILITIES: 

Prefade listen and auxiliary send on all 10 input channels. Break jacks on all 
inputs and output groups. HF and LF equalisers, talkback and switchable 
(line or monitor) ppms. Line -up oscillator: 40 Hz, 100 Hz. 1 kHz, 10 kHz 

and 15 kHz ±0.5 dB. Illuminated red /green cue pushbuttons. 
External stabilised 24V supply with auto overload cutout. 
Low noise: -122 dBm ref 600 ohm source over 20 kHz bandwidth. 
Low distortion: 0.05°ó at +10 dBm out, 1 kHz. Low crosstalk: -55 dB, 
1 kHz. Bandwidth: 30 Hz to 18 kHz ä 1 dB. 
Dimensions: 570 x 466 x 233 mm. Weight: 9 kg. 

PRICE: From £275. 

MANUFACTURER: 

MAGNETIC TAPES LTD., CHILTON WORKS, 
GARDEN ROAD, RICHMOND, SURREY, ENGLAND. (Tel: 01 -876 7957) 

10 
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audix 
SOUND SYSTEMS AND ELECTRONICS 

00011=111% 

The MXT -200 is the latest addition to the range of modular 
audio mixing units available from Audix for public 
address, theatre, broadcast and recording studio 
applications. Designed for either mono or stereo working 
the MXT -200 incorporates high and low frequency filtering 
per channel as well as overall treble and bass tone 
controls. A pre -fade listen miniature toggle switch is fitted 
to all plug -in channels; the maximum number of inputs 
being 16. The wide choice of modules including 
output routing, monitoring facilities, P.P.M. or V.U. 

metering units can be fitted within rack mounting or free 
standing cabinets. 

MANUFACTURERS OF AUDIX BB 

In a ix SOUND SYSTEMS AND 
TLECTRON CS TELEPHONE: 3132/3437 (STD 027-971) 
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[Çjrwnpian) 
POWER MODULES 

OF ULTIMATE RELIABILITY 

AND COOLEST RUNNING 

Equipment engineered to the highest technical specification 
and setting a new standard for the reliability requirement of 
Professional and Rental use. 

Write for the complete specification of the Series 7 Power 
amplifiers used, to I.E.C. 268.3. 

The Solid State Power amplifiers used in the installations 
illustrated are distinguished by the following features: 

50 and 100 watts continuous sinusoidal output into reactive 
loads having phase shift up to 35' make these Power Amplifiers 
suitable for many industrial applications in addition to use in 
Audio Systems. 

A new technique of assembly using 
flexible printed wiring, interchange- 
able modules and providing access 
from the front. 
The most complete protection sys- 
tems available. 
Die -cast machined front panel heat - 
sink. No separation of forced cool- 
ing needed for stacking on racks. In 
an ambient temperature of 20'C the 
front panel does not exceed normal 
human body temperature under con- 
tinuous speech and music drive to 
full rated output. 

The input and control circuits used are 
distinguished by the following features: 

Extensive use of monolithic integra- 
ted circuits. 
Use of Tantalum capacitors in signal 
coupling circuits throughout. 
Solid state control of signal priority 
and channel selection. 
Modular construction permits great 
flexibility in the design of specific 
systems. 

Grampian manufacture alltypes of ampli- 
fying equipment, whether solid state or 
valve and for operation from AC supplies 
and battery. Everything for the complete 
installation is manufactured, thereby 
assuring you of long term service. Micro- 
phone and loudspeakers of all types 
together with necessary accessories, 
Reverberation and Ambiophonic Units, 
all made by a British company of forty 
years' experience. 

(Sjrampian 
SOUND EQUIPMENT 

GRAMPIAN REPRODUCERS 110 

HANWORTH TRADING ESTATE, 

FELTHAM, MIDDLESEX. 

Telephone: 01- 894 9141. 

PM2 

12 

JACW 

For professional 
recording facilities 
in the Midlands 

Hollick & Taylor 
Recording Co Ltd 

8 -track 4 -track 2 -track 

Stereo -Mono Recording 

Leevers -Rich - Studer - Stereo Nagra 

Neumann and AKG Microphones 

Comprehensive Mobile Unit 

Independent Production 

Demos and Pressings 

Producers of Grosvenor Records 

HOLLICK & TAYLOR 
16 Grosvenor Road, Handsworth, 
BIRMINGHAM B20 3NP 
021 -356 4246 

LEVEL CONTROL EQUIPMENT 
Superb Performance- moderate cost 

E800 

Line Channel 

Equaliser 

A versatile equaliser divided into three independently 
operating ranges. Each range has nine frequencies, 
any one of which may be selected to PEAK or DIP 
up to 20 dB. The range covering the mid- frequencies 
overlaps the ranges either side providing optional 
broad or sharp peaking. 12 dB /octave LF filter and 
6 dB octave HF boost is also included. Noise -85 dBm. 
Normal operating level -0 to + 10 dBm. 
also available 
F600 & F700 Compressor Limiters. 

ge,Audio & Design (Recording) Ltd. 
St. Michaels, Shinfield Road, Shinfield 
Green, Reading, Berks Tel : 0734 84487 
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An example of the Midas 
modular system mixers. 
Medium scale chassis, with space for sixteen inputs. The input modules 
shown include, sensitivity control and fader, pan and 
output group switch, fold back with pre- fade /post -fade 
switch, bass, treble, presence equalisation and reverb/ 
echo mix. 

The top level has four output modules with PPM 

calibrated Vu Meters and compressors. 

The middle level accommodates the fold back output, 
talk back and headphone facilities, acoustic compensation 
filters and triple range crossover network. The lower level 
also includes a send and return panel. 

Specifications 
Inputs 0.2 mV into 200 ohms, 10 mV into 50K ohms. 
Outputs normally OdbM into 600 ohms. 
Overload range 60 db, low and high Z, channel outputs 16 db above Odb, 
Vu indication. 
Line outputs Max level + 16 dbM 
Signal to noise Ratio At maximum channel gain 66db, Typically 80db at normal 
gain settings 
Distortion Less than 0.1% THD 

Midas Professional Amplication. 87, North Grove, London, N.15. Telephone 01 -800 6341 

NEW equipment for the 

professional soundrecording 
studio from b,iiII 

DESIGNED AND MADE IN THE U.K. 

MULTI -CHANNEL EQUIPMENT 
We have set a new price 'performance standard with our 4, 8 and 16 channel studio 
recorders offering full facilities for the production of master recordings. PPM or VU 
meters on each channel. Equalisation to CCIR, NAB and IEC characteristics. Remote 
control for tape transport and record functions. The equipment is in full production and 
studio use in both U.K. and overseas. 

STUDIO RECORDERS 
for 2- channel reducing, field recording and full -track mastering. 

TAPE TRANSPORTS 
We offer a widened range of 2 speed and 4 speed models from 15/16 
to 60 IPS, g" to 1" tape width, with heavy duty solenoid operation and 
remote control facilities. 

brer"II 
BRENELL ENGINEERING CO LTD 
231 -5 Liverpool Road, London N1 1LY Tel. 01-607 8271 (5 lines) 
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Fraser-Peacock Associates Limited 
94 High Street Wimbledon Village London SW19 

01-9472233 sole UK distributors of Infonics 

ASSOCIATION OF PROFESSIONAL 

RECORDING STUDIOS 
Het bestuur deelde op de laatste vergadering van de 
vereniging mede, dat aanvragen tot lidmaatschap van 

vrienden op het Continent welkom zijn 

Schrijf voor verdere informatie: 

E. L. Masek, Secretary, 
23 Chestnut Avenue, 

Chorleywood, 
Herts, England WD3 4HA 

fraserPeaeoek 
Associates ltd 
are the tape and 

cassette 
copying people 
We specialize in small and large 
runs,write today for a rate card 

fpa 

BeReadyfor 
Holidays & Europe! 
On EMI cassettes & reels direct from manufacturer learn 

FRENCH SPANISH GERMAN ITALIAN 
...its so simple, just slip cassette into machine, or reel 
onto recorder. Each pre- recorded language course 
comes complete with manual. Ideal for beginners or 
as a brush up course! 

ONE COMPLETE COURSE OF GALL FOUR 

Why PaY 24 -26 LESSONS LANGUAGES 

£5 per 
£1 course! £5.50 p&p 20p 

per order 

6010!:, e 

ÑÁ ÉQß 
\CE 

MANUFACTURED 
UNDER CONTRACT 
BY EMI 
LOW NOISE 

5 SCREW TYPE 
CASSETTES 

with index cards at less than half list branded prices all in plastic 
presentation cases. 
C60 32p, 10 for £3; C90 45p 10 for 

£4.20 
HEAD CLEANERS 30p; C12058p, 
10 for £5.50; EMPTY PLASTIC 

CASES 10p. P'P 20p 
s10s'ON 

CHEAPER GRADES OF CASSETTES 

BY AUDIO CERTRON & OTHERS 
5 SCREW TYPE INDEX CARDS AND CASES. 
C60 25p, 10 for £2.35; C90 35p, 10 for £3.25; C120 45p, 10 for 

£4.25. P`P 20p 

INDEX CARDS 3p PER DOZEN 

RECORDING TAPES 
SUPERB QUALITY WITH 
LEADERS & BOXED POLY- 
ESTER PVC & MYLAR BASED. 
MANUFACTURED BY LEADING 
ELECTRONICS FIRMS 

Why not try one and cut your recording costs? 
Standard Play Long Play Double Play 

5" 600' 35p 900' 42p 1200' 60p 
51 900' 40p 1200' 55p 1800' 80p 
7" 1200' 48p 1800' 70p 2400' 98p 

EMPTY SPOOLS 5 10p, 51" 11p, 7" 12p. PP 20p. 

WALKERS (S ) 16 Woodthorpe Road, Ashford, Mdx. 52136 
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* Dolby A36I and Revox High Speed A77 for hire. 

* Revox Industrial High Speed Recorders from E2I0. 

* All leading makes supplied including Ferrograph, 
Teac, Quad, Tannoy, Spendor, Uher 4000/4200/4400, 
Report IC Recorders. 

BAILEYS 
131 The Parade, High Street, Watford WDI INA 

Tel. Watford 34644 

www.americanradiohistory.com

www.americanradiohistory.com


THE 
MICROPHONES 

* An important addition to the immensely popular AKG CMS 
FET Modular system -the C451 EB a new pre-amplifier with 
bass roll - off facilities . The 3 - position recessed switch 
permits selection of : 

1. Flat response 
2. Tailored roll - off from 75 Hz 

3. Tailored roll - off from 150 Hz 

The essential pre -amplifier for use with the CK9 `gun' 
attachment. Also especially designed as a boom microphone 
and for use in the hand with pop shield. 

* For further information on the C451 EB or the newC414 
large- capsule FET condenser microphone with pattern 
selector contact. 

AKG EQUIPMENT LTD 
(The microphone people) 
'182/4 , Campden Hill Road, 

Kensington , London ,W8 7A S 

Telephone 01 - 229 3695 
Name.......................... Tel. No..... .. 

Company... ............................... . 

Address .. .... ............ ....... 

I would like: (tick as appropriate) 
a) to have full details of all AKG products 
b) to have full details about .. .. .. .. .. 

c) to arrange a visit demonstration 

C 451 EB 
with metal 
windshield W17 
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BEYER DYNAMIC 
Dynamic Headphones 

DT 900 
Dynamic Stereo 
Headset 

© 
Lightweight, gaily coloured and very comfcrtable to wear. And -of 
course -high fidelity. 

Specifications: 

DT 100 V 

A high fidelity headset with a built -in induction :receiver. No trailing 
cables, ideal for both home use and professional applications. Powered 
by 9 V battery, equipped with ON -OFF switch ,and :volume control. 
Can also be used cable bound for stereo listening. 

Frequency Response: 30 -18000 Hz. Output level at 400 Hz and 1 mW: 114 dB over Specifications: 
2.10 -'1J -bar. Rated impedance: 600 p, per cartridge. Required vcltage: approx. 400 mV/ Frequency Response: 30 -20000 Hz. Output Level at 400 Hz and I[mW: 110 dB over cartridge. Maximum Load: 200 mW or II V ¡cartridge. Connection cables: 900.4 = 2.10- iLbar. Rated Input: approx. 600 mV per cartridge. Peak Power Load: 1 W or 20V connector LS, 7 900.7 =jack plug, 900.10 - 5 pm DIN connector. per cartridge. Impedance : 2 x 400 a. 

BEYER DYNAMIC (GB) LTD. 
I Clair Road, Haywards Heath, Sussex Telephone Haywards Heath 51003 

for all Professional, 
Custom, L3 Trade Pressings 

C. H. Rumble ltd., Benedict Wharf, Benedict Road, 

Mitcham, Surrey. Telephone: 01 -648 5106 
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Switchcraft 
Audio Connectors 

Complete range of 
Sw iIJtn aili audio connectors 
,w as:iilahle for all studio and 

ancillary equipments. 
\ crsatile 3. 4. 5 or k Contacts: us ide saricty of plugs and receptacles: 

rcad interchangeability with other leading makes. 
Streamlined si nple positisc snap -in connection: cable clamping and 

latch lock. 
Safe ,ell- polarisation: eapti\e in >ert screw provides rigid 

assembly and electrical continuity: pin and contact 
insulation eliminates hunt and noise problems. 

{i'riir // owf for fire Jest. rip( ive !iterallow. 

Sole l'_K. Arent for Switchcraft QC; Connectors 

F.W.O. BAUCH LIMITED 
49 Theobald Street Boreham Wood Herts WD6 4RZ 
Tel. 01- 953 0091 Telex: 27502 
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Everything for the professional under one root 

, , _..r.e....1...a.. li '"4'Í4 , 4 ii4`4 'E4 

' 4 '4 ''' 4 I 4;Q '44 
A414,Q Qi4 .0. 
4 4 4 4'44 Q Q 

141 C? ' Q Q 14 IQ! Q Q 
0 41 4 42 -4 0 

ALICE AD62 
Mk II MIXER 
Improved version of the very popular Alice Mixer. Features 6 

input channels into 2 output channels with input sensitivity, 
mic line switching, treble, mid range, bass, pan pot and echo 
send on each input channel. The AD62 includes 2 high quality 
limiters. This mixer is equally suitable for studio use or P.A. 
applications. 
R.E.W. price £289 

TEAC A3340 
R.E.W. are main suppliers to professional users of this new 
4 channel tape recorder. Main features include full sel -sync on 
all 4 channels, 15 and 7; i.p.s., solenoid mechanics and 10;' 
reels. Other recorders available with similar facilities would 
cost over £1000. 

R.E.W. price £465 

RE VOX 
The full range of Mk Ill models in stock. 
Tax -free professional models available to 
authorised professional users. Sel -Sync 

and Vari -Speed versions available. 

SHURE, AKG, 
BEYER Micro- 

phones 
Over 200 
mics in stock 
at special 
trade prices 
to 
professional 
users. Full 
range of 
Shure Unidyne, 
Shure Unisphere, 
AKG D202 and AKG 
Capacitors in stock 

Sole London distributors 
for 

RESLO 
RADIO 

MICROPHONES 

AMCRON 
(Formerly Crown International) 

R.E.W. are proud to announce their appointment 
as Central London Agents for the full range of 

AMCRON Amplifiers 

KEITH MONK 
MIC STANDS 
Probably the most comprehensive 
range of microphone stands available. 
We always keep large stocks at 
competitive prices. 

PROFESSIONAL 
HIRE SERVICES 
R.E.W. are able to offer a large range of Audio and Video 
Equipment for hire to professional users, including Revox 
Tape recorders and all types of microphones. Phone Ray 
Churchhouse for details. 

RLEoWo AUDIO 
VISUAL 

INCORPORATING THE WEST END 
MICROPHONE CENTRE 

PROFESSIONAL SHOWROOMS: 
146 Charing Cross Road, Lyndon WC2 
Telephone: 01 -836 3365 

SOUTH LONDON SHOWROOMS: 
266 -8 Upper Tooting Road, London SW I7 
Telephone: 01 -672 4471/2 and 9175 

Please send me full details of your services 

NAME 

ADDRESS 

SS 
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Dotty ?,,, maybe,but there's no secret 

EMS make the best synthesizers in the world 
TO: EMS (LONDON) Ltd. 
49 DEODAR ROAD 
LONDON SW15 

Dear EMS, 

Considering ho 
at GOOM ELECTRcI 
Maybe it has noth 
case we would be 

RE EMS ADVERTISING CAMPAIGN 

+ 20. 1 . 73 

rt d`" ` 
1`4' 

your advertisements are, it is a wonder to us 
CSow you manage to sell so many synthesizers. ing to do with your advertising interested to know the secret of 

yourigu: in which 
your success. 

E.M.S. LONDON LTD 

49 DEODAR ROAD, 

LONDON S . W . 15 

The New TRD 700 
All the facilities that you expect from a profes- 
sional tape recorder are standard features on this 
machine including: 

* Sel -sync * Four -speed capstan * P.P.M.'s * Balanced inputs and outputs * Switchable equalisation * Fibreglass printed circuit boards * and many other features 

These remarkable recorders are available on three 
to four weeks delivery and cost £425.00 until V.A.T. 

Phone Roger Tromans for further information 

T.R.D. LTD. 

Hall Lane, Walsall Wood, Staffs. 
Tel: Brownhills 5351 
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WE SPECIALISE IN BRAND NEW 

TOP QUALITY BRITISH P.V.C. MYLAR & POLYESTER 

RECORDING TAPES WITH FITTED LEADERS, Etc., EX 3" 
Thanks to bulk purchase we can offer tensilised HI -FI tapes, manufactured by a British firm of world repute. All boxed individually (sealed if required) in polythene. Our tapes are not to be confused with imported sub -standard or used 
tapes. Full money refund if not delighted. 

This month; -'DRY SPLICE" (19p) given FREE with every order. 
Std. L.P. D.P. Boxed 

Length ea. 3 for Length ea. 3 for Length ea. 3 for empty spis 3" 150' 10p 29p 3" 220' 12 }p 35p 3" 400' 22 +p 65p 3" 3p 4" 300' 20p 50p 4" 450' 25p 70p 4" 600' 34p 971p 4" Bp 5" 600' 30p 87 }p 5" 900' 40p El I7+ 5" 1200'621p E1.85 S" 9p 51" 900' 35p El 02+ 51" 1200'52fp E1.52} 5;" 1800'85p E2 50 5I" 9p 7" I200'45p E1 274 7" 1800'65p El-921 7" 2400'0.05 E3 05 7" 10p 
All orders despatched by return. Postage and Packing 9p per order 

STARMAN TAPES, 421 Staines Road, Bedfont, Middlesex 

soirm 
"LSH TO _iPOLOGI.SF, to all their 

customers fin- any 1ICOI reilence caused 
during their expansion programme. Ani. 
complaints should be Carelid ly t sped out 

and deposited in vow- nearest waste - 
paper basket. 
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The ubiquitourin153. 

The Shure SM53 professional unidirectional microphone is seen with increas- 
ing frequency in the best of company because it affords eight distinct perform- 
ance advantages: (1) a wider front working angle with uniform tonal quality; 
(2) effective noise rejection through a true cardioid pickup characteristic; (3) 
a built -in shock mount fo: effective mechanical noise isolation; (4) extraor- dinary ruggedness for performance consistency after severe shocks; (5) a superior hum rejection system; (6) an integral breath "pop" filter; (7) a min- imized proximity effect for constant tonal quality; and (8) full field serviceability. Interested? 

Shure Electronics Limited 
84 Blackfriars Road 
London SE1 8HA, England s 5I --IVRE 
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richardson 
we present two standard mixers from our range of professional products. 

these units make use of our previously advertised plug -in modules together with our universal mother board. 

8 x 2 transportable mixer 
8 microphone /line inputs each with sensitivity of -90dB to 15dB, 

pre -set gain control, slide faders, foldback on /off, A or B group 
selection, pre -fade. 2 floating main outputs, or combined output 
with separate master faders. Single p.p.m. monitcring. Power 
supply, external 50 volt d.c. 

Q t i t _ 

I =- 

5 x 2 discotheque mixer 
Stereo inputs: 2 gram, 2 tape, I mono microphone. 
All inputs have pre -fade facility, and slide faders. There is overall bass and treble control, 
and stereo master fade. Other outputs are stereo slave, mono sound to light, and 

phones. Monitoring is by two Vu meters. 

in addition we can supply equipment built to customers' specifications using our standard range of modules. 

J. RICHARDSON ELECTRONICS LIMITED 
57 JAMESTOWN ROAD, LONDON N.W.I 

01 -267 0723;'4874 

SOUND 73 INTERNATIONAL 
THE ONLY EXHIBITION IN EUROPE EXCLUSIVELY FEATURING 

PUBLIC ADDRESS 
AND 

ALLIED EQUIPMENT 
Bloomsbury Centre Hotel, Coram Street, Russell Square, London, W.C.I 

13 -15th MARCH, 1973 

1000 -1800 hrs. DAILY (FINAL DAY 1000 -1700 hrs.) 

Sponsored by: 

THE ASSOCIATION OF PUBLIC ADDRESS ENGINEERS LTD. 

6 Conduit Street, London, W I R 9TG 

Telephone: 01 -493 5256 
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How do you 
clean your 
tapes? 
LeeRaser 
Bulk erasure is the only way to get rid of background 
noise and build -up of incompletely erased signals. 
Ask for details of the new LeeRaser LR70 and LR71 tape 
demagnetisers 

Contact Nick Nichols at our London office, 
telephone 01 -874 9054 
He will be glad to help. 

LEEVERS-RICH 
r EQUIPMENT LIMITED 
A Member of the MCP Group 

LEEVERS -RICH EQUIPMENT LIMITED 
319 TRINITY ROAD, WANDSWORTH, 
LONDON SW18 ENGLAND 

AND VU MEIERS 
TO THE BELL 
SPECIFICATION 

OVERSEAS AGENCIES 
R. Schmidt Copenhagen Denmark 
OyChester Helsinki Finland 
Theal N.V. Amsterdam Holland Vianello Milan Italy 
Rieck Bergen Norway 
Eltec Lisbon Portugal 
Nordstrand Stockholm Sweden 

ELECTRICAL INSTRUMENTS LTD 

CHILTERN WORKS 
HIGH M'YCOJHBE 

SUCKM 
ENGLAND 
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Receiver in Command 
A RECEIVER MANAGER was appointed for Com- 
mand Studios on December 27, 1972. No 
statement was available from Command, their 
creditors or their receivers - Thomson 
McLintock & Co. At the time of going to 
press, a number of prospective buyers had 
already expressed an interest in the studios. 
One source commented that Command's 
business improved remarkably at the beginning 
of the year. The receiver will probably try to 
make the studios pay under their present 
owners but, if that proves impossible, will sell 
Command to repay creditors. If Command 
cannot be sold whole, the premises and equip- 
ment could be sold piecemeal. 

APRS form Engineer's Guild 
AN INAUGURAL MEETING Of the Engineers' 
Guild was held by the Association of Pro- 
fessional Recording Studios on January 31. 
Held at the Holland Park premises of Lans- 
downe Studios, the meeting saw the discussion 
of draft rules and an outline plan for future 
Guild activities. Membership is open to all 
sound recording engineers who have been thus 
employed for one year or more; it will not be 
restricted to the staff of APRS members. The 
draft rules provide for discussion on any 
technical subject of interest to members but 
excludes all matters under the general headings: 
conditions of employment, wage rates, trade 
unions and politics. Further information is 
available from the APRS secretary: E. L. 
Masek, 23 Chestnut Avenue, Chorleywood, 
Herts WDS 4HA. 

Film '73 
ARRANGEMENTS ARE being finalised by the 
British Kinematograph, Sound & Television 
Society for Film '73 -an international film and 
tape technology conference and exhibition. 
This will take place at the Royal Lancaster 
Hotel from June 25 through 29. Delegates 
attending the conference can avoid paying 
VAT on their registration fees if these arrive 
before April, honorary treasurer Mr Harry 
Manley pointed out following an organising 
committee meeting. Further information is 

available from Paul McGurk, BKSTS, 110 -112 
Victoria House, Vernon Place, London WCIB 
4DJ. 

Hong Kong to gain two more tv stations 
A BILL AMENDING the Television Ordinance was 
introduced before the Hong Kong Legislative 
Council in January. As soon as the Bill 
becomes law, tenders will be invited for two 
new television stations. This will give the 
Colony a total of three stations, two broad- 
casting in both Chinese and English and the 
other in Chinese only. Announcing this, Mr 
Nigal Watt (Commissioner for Television and 
Films) said he expected the tender period for 
the second licence to be open for three months 

22 

while the third (Chinese only) would be open 
for up to an additional nine months. It was, 
however, the Government's policy to bring 
both services into operation with the least 
possible delay. Regarding broadcast advertis- 
ing time, the present ten per cent of total 
transmission time would be retained but the 
number of advertising minutes in any one hour 
raised from seven to ten. The Bill further 
proposed that the rate of royalty be assessed 
on the net profits of a station rather than, as 
at present, on its gross takings. Meanwhile, a 
temporary extension to their wired service 
(RTV) is being offered to Rediffusion Tele- 
vision until the first of the two new stations 
commence broadcasting. 

People 
MR J. STEVENSON has been appointed to the 
board of EMI Sound & Vision Equipment 
Ltd, Hayes. He becomes director of operations 
for EMI Industrial Components, one of five 
divisions comprising this £9,000,000 subsidiary 
of the EMI Group. For the past five years, Mr 
Stevenson was director and general manager 
of Bowthorpe Power Equipment at Bridgend, 
Glamorgan. 

Mr Ken Gledhill joins the board of Farnell 
Electronic Components Ltd, Leeds, as sales 
and marketing director. This follows ten years 
in the capacity of sales manager. Mr Ian 
Johnstone, who has served the company for a 
similar period as sales office manager, has been 
appointed executive director and will be 
responsible for internal administration. 

At Sound Techniques, Mildenhall, Mr 
Ronald Pender has been promoted to the 
position of senior sales and service engineer. 

Portable loudspeaker 
TWO 380 mm JBL bass drivers with 100 mm 
edgewound voice coils rated at 180W rms are 
incorporated in a new series of portable loud- 
speakers available from Audio. The 
design is based on the 4326 udio Monitor 
developed by Feldon in ion with EMI 
Research and offers increased power handling, 
greater efficiency and extended bass response 
permitting auditorium sound levels. Crossover 
points are 800 Hz and 7 kHz sloping at a 
variable 12 dB /octave. The system may alterna- 
tively be bi- amplified. 
Further information: Feldon Audio Ltd, 126 
Great Portland Street, London WIN 5PH. 

Led incremental ppm 
DETAILS of A newly developed incremental peak 
program meter using light emitting diodes have 
been received from Digital Design, Norway. 
Three versions of the meter are available, the 
J21 incorporating 52 leds and covering 50 dB 
in one scale with 1 dB resolution. This can be 
supplied with 20 or 40 dB additional gain if 
desired. Model 521 is housed in an Al 
European standard module (190 x 40 x 117 mm) 
while the simpler 162 version comes in BI 
format (95 x 40 x 117 mm). The latter unit 
features a 16 led display covering 28 dB in one 
range with 2 dB resolution. Model 163, again 
to the BI standard, employs 16 leds to cover 
43 dB with 3 dB scale resultion. 
Manufacturers: Digital Design, Box 1220, 7001 
Trondheim, Norway. 

25 mm tape winder 
A HIGH SPEED winder for 25 mm video, instru- 
mentation or industrial audio magnetic tape 
is now available from Leevers -Rich. Model 
LR500 accepts spools of up to 356 mm diameter 
and winds in either direction at speeds variable 
up to 12.7 m /s. A choice of three tensions is 
incorporated to suit tapes of different thickness 
and dry tissue wipers are fitted to remove 
superficial dirt and oxide. Dimensions are 
635 x 483 x 609 mm (hdw), the weight 34 kg, 
and the price £335. 
Manufacturer: Leevers -Rich Equipment Ltd, 
319 Trinity Road, Wandsworth, London SW18. 

Portable control desk 
A MARK TWO version of the Chilton 10/2 port- 
able control desk is now being produced by 
Magnetic Tapes Ltd. Basic facilities now 
include pff and auxiliary send on all input 
channels, break jacks on all inputs and output 
groups, talkback, mono / stereo selection 
(channels One and Two), illuminated cue lights 
and a line /monitor switchable ppm. Basic 
price is £275. 
Manufacturer: Magnetic Tapes Ltd, Chilton 
Works, Garden Road, Richmond, Surrey. 
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TRIAD MIXERS 
ALSO COME IN TWO SIZES 

For large studios 
there is our 'A'series of 
consoles offering facilities 
suited to todays multi -track 
techniques and featuring 
four frequency equalization, 
high & low pass filters, four 
fold back and six echo sends 
&completely free routing that 
allows a channel to be switched to any 
number or combination of groups. 
Comprehensive monitoring facilities 
&our unique dual V.U. and P. P. M. meters make the Triad A'series 
the number one choice where versatility and performance of the 
highest degree are required. 

We also manufacture a Triad `B'series especially designed for 

smaller studios working within a limited budget. This range of 
consoles is based on the Electrics of the `A' series, but with less 
comprehensive facilities and utilising a simpler construction to 

maintain the best cost to performance ratio available. 

Contact us for further details. 

TR IAD 
CREATED POR ENGINEERS 6Y ENGINEERJ 
Trident Audio Developments Limited 
4 -10 North Road, London N7 9HG 
Telephone 01 -609 0087 
Telex, 27782 
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DIARY By John Dwyer 

THE QUESTION going the rounds at the 
moment is `Who the hell are Bonochord ?', a 
question which I hope to answer next month. 
But there is one other takeover in the air which 
I find even more interesting than Bonochord's 
Neve purchase. At the last annual general 
meeting of EMI it emerged that at least one 
shareholder had been approached by 'a third 
party' with a view to selling his shares. Sir 
Joseph Lockwood, the chairman of EMI, 
remarked that he was aware someone had been 
`sniffing around'. 

At the beginning of this year a certain well - 
publicised non -event caused sharp rises in the 
value of EMI shares because of speculation 
about a possible takeover. The non -event was 
the appearance of Mr H. Hughes, an aircraft 
and electronics king and little -known recluse. 
EMI later denied that there was any truth in 
the rumours that Mr Hughes intended to bid 
for them. 

What I find fascinating about all this is 
whether Mr Hughes, if indeed it is he who is 
`sniffing around', will take over all of EMI, 
part of it, or indeed none of it. As I mentioned, 
Hughes already has a considerable electronics 
company of his own and the electronics 
division of EMI would be a sensible addition. 
The division would also, I think, be fairly 
cheap; now that EMI's Capitol subsidiary are 
out of trouble, EMI's main problem is that the 
electronics division made a profit of only 
£1,353,000 last year compared with £3,090,000 
in the previous year, even though sales had 
increased from £13,593,000 to £17,165,000. 
Our electronics operation,' Sir Joseph told 
shareholders, `failed to contribute a reasonable 
return on investment'. The reasons for the 
electronics division's poor performance are 
that not enough money is being invested in 
industry generally; if there is little investment 
that means that firms cannot buy new equip- 
ment, which means that they will not buy the 
electronics to control that equipment. 

If the putative buyer of EMI were anyone 
other than Howard Hughes, the evidence, 
though circumstantial, would be therefore 
pretty conclusive. My guess is that, if Hughes 
does move in on EMI, he will in fact go for the 
electronics and leave the rest alone. But 
Hughes is a complicated character who has 
always had an interest in entertainment; he it 
was who directed Hells Angels and started 
RKO. He also designed a bra for Jane Russell 
-now there's a man to be reckoned with. 

AIR studios will be among the first to go 24 
track when they get their 3M 24 track machine 
in the coming summer. As mentioned in last 
month's `News', they will also be getting a new 
32/24 Neve desk, to replace the two and a half 
year old Neve they already have. The control 
room of studio Two, where the new desk will 
go, has already been fitted with four speakers 
for quadraphonic work. The speaker cabinets 
were designed by AIR'S Dave Harries. 
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AIR tell me that they will use the CBS 
system when they start cutting quadraphonic 
discs, partly because of AIR's links with EMI, 
who have already adopted the CBS matrix for 
all their releases, and partly because AIR say 
they have more confidence in a system which 
has been devised by a record company, a view 
which I have heard expressed more than once. 

When I went into the control room of studio 
One, Roger Cook was in there mixing; he's in 
there so often in fact that I'm surprised AIR 
don't give the poor bloke a bed -he was sitting 
on the floor when I saw him. Studio One has 
an identical desk to that now in control room 
Two. There are full projection facilities for 
film work and studio One itself, designed by the 
ubiquitous Ken Shearer, will hold a maximum 
of 80 musicians, though a more comfortable 
number is between 50 and 60. There is com- 
plete isolation from the noise of Oxford Street 
outside because of the now familiar box - 
within -a -box construction of the studio. Bill 
Barringer took me on a tour of the projection 
room, the dubbing theatre and the reduction 
room. All of these can be linked either to one 
another or to any of the three main studios via 
a jumbo patch bay in a room off one of the 
corridors. AIR are doing quite a bit of film 
recording work now; the Third Ear band 
recorded the Macbeth soundtrack here, though 
I hasten to add, lest I incur the wrath of 
Shepperton's head of sound Nolan Roberts, 
that Macbeth was dubbed at Shepperton. 

The projection room, now finished, has 
Philips projectors and Albrecht film record/ 
replay machines. The machines are synced 
with the Syntronic system, which uses a photo - 
generator. Bill told me that the advantages of 
this system were that the sync pulses came from 
a much smaller generator which needs less 
run -up time than other methods. The Albrecht 
machines have been modified to take either 16 
or 35 mm stock and the projection room has 
Cinemascope facilities. AIR employ a full 
time projectionist. 

AIR dubbing 
The AIR dubbing theatre is used for tape 

copying and previews, as well as dubbing. Film 
recordings can be made on either 16 track or 
mono 35 mm stock. Usually the musicians 
perform in one of the main studios and the 
sound is patched through to the dubbing theatre 
but it is possible to put a small group in the 
theatre itself. 

The reduction room, where the mixing and 
overdubbing is done, has a 16/8 desk, again by 
Neve. On the day I was there, there were also 
a trolley of spare Dolby 301 units and a Moog 
synthesiser in the reduction room. I also got a 
closer look at Dave Harries's speakers; Bill told 
me that, when Richard Perry came in to do a 
Carly Simon album, he said he thought the 
speakers were the best in London. It was in 
the AIR reduction room that John Woods of 

Sound Techniques mixed the Clockwork 
Orange album. 

Altogether AIR have one 16 track Studer, 
two 16 track 3M machines, nine or ten A62 
Studers, two A80 eight track machines, and 
two new A80 6.25 mm machines, as well as a 
Studer C37 and a J37. They also have two 
Kepex units, which they say they were pleas- 
antly surprised with, a Countryman phasing 
box, a Universal filter unit, which most people 
agree is superb, five stereo EMT plates, and a 
concrete echo chamber. 

AIR are usually pretty busy and recent 
recording work has included Medicine Head 
sessions produced by Tony Ashton; the Kings 
Singers, produced by Miki Anthony, and 
Hamlet recordings for the Argo label. John 
Williams, that great classical /jazz all rounder, 
brought his guitar in for some sessions and 
other recordings were made by Wings, Procol 
Harum, Matt Monro, Jon Hiseman, Elton 
John, Butterscotch, Brenda Arnau, Ralph 
McTell, T. Rex, Gary Moore Band, and Roger 
Cook and Herbie Flowers, who recorded as 
Roger and Herbie. Film work has included 
Wembley Rock for World Film Services; Ringo 
Starr's first Apple Films feature: Count Downe; 
Cat Stevens at the Albert Hall and Quality 
Street. 

This month I accepted an invitation from 
managing director George Clouston to look 
round IBC studios. Mr Clouston had plenty 
to tell me. The company has just finished 
refurbishing and re- equipping its stereo cutting 
room, which will be equipped entirely with 
Neumann equipment apart from Ortofon 
cutting amplifiers and heads. The cutting room 
has been decorated, very well in my opinion, 
by W. Rossell Orme and Partners. 

IBC have also finished building a new 
mixing console for themselves. Their previous 
desk was also a self -made product and has 
lasted six years now. It will still be in use but 
I will come to that in a moment. The new desk 
is a 32 input, 32 output desk with free grouping, 
seven built -in limiters -six mono, one stereo - 
three foldbacks and five echo systems. 

The routing indication is of a type I haven't 
seen before. Behind a 'pot blue' glass screen 
the width of the desk are a row of digital display 
tubes which show the number of the track you 
are recording on or mixing from. The number 
shown above each channel, and hence the track 
being used, can be altered by a rotary switch 
on the channel. There is a 16 channel monitor- 

' ing bank which provides the same facilities as 
any other channel apart from the equalisation. 
As well as the usual solo facilities, which they 
have called priority, they have put in a kill 
facility which will remove the channel on which 
the kill button is pressed. There is also a 
master kill control which will remove a number 
of channels in the same way. 

Technical director Dennis King told me that 
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one good name 
deserves 

another 
Hampstead High Fidelity/SIC 

We are main distributors for all STC high quality professional 
microphones. The complete range is available from stock and can be seen in our 

Hampstead Showrooms. Professional terms available. 

4038 
BIDIRECTIONAL 
Ribbon 
30 Hz - 15 kHz 
Impedance: 300 or 3000 
Output: -80 dB ref IV at 
300 

hHI 

4037 A & C 
OMNIDIRECTIONAL 
Moving coil 
Frequency response: 
30 Hz - 12 kHz 
Sensitivity: -84 dB ref IV 
Suitable for interviewing 

4104 
BROADCAST QUALITY 
COMMENTATOR'S NOISE 
CANCELLING LIP 
MICROPHONE 
Sensitivity -84 dB ref IV 
Impedance 30 or 3000 

4105 
CARDIOID 
MICROPHONE 
Small, lightweight and 
robust, suitable for 
high quality sound 
reinforcement 
Impedance 300 

4021 
OMNIDIRECTIONAL 
Moving coil 
40 Hz - 12 kHz 
Impedance: 300 
Output: -80 dB ref 
IV/dyne 'cm' 

4115 
LIGHTWEIGHT 
BROADCAST QUALITY 
NOICE CANCELLING 
RIBBON MICROPHONE 
Impedance 300 
Sensitivity 85 dB ref IV 

4001G 
HIGH FREQUENCY 
PRESSURE UNIT 
as used by leading 
loudspeaker 
manufacturers 

HAMPSTEAD HIGH FIDELITY 
91 Heath Street, Hampstead, London NW3 6SS 
Telephones: 01 -435 0999 and 01 -435 6377 

Also at DESIGN AUDIO 
36 Marylebone High Street, 
London, W.1 
Telephone: 01 -935 4058 
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DIARY 

continued 

he and his three colleagues in the workshop 
had designed and built most of the desk them- 
selves, apart from painting and so on. 'Micro- 
phone amplifiers are much the same these 
days,' he said, 'so there's nothing new there, 
but the equalisers are our own system.' There 
are three ranges: 35 to 640 Hz, 640 Hz to 14 
kHz, and 700 Hz to 20 kHz. All these are 
provided with cut and lift and are infinitely 
variable. The eq button to bring these into 
circuit has been put at the front of the machine 
with the kill and priority buttons. 

There are, as I remarked to Dennis and to 
Mike Claydon, the studio director at IBC, very 
few pushbuttons on the desk compared with 
some desks I have seen. Dennis King explained: 
'We aren't manufacturers and so we can please 
ourselves about what we put on the desk. On 
other desks you will see impedance switches. 
We don't need them; we know what all our 
impedances are. You will also see phase 
switches on desks. We don't need them; we 
know that everything is in phase. If by some 
chance something is out of phase for some 
reason, we can use a phase transformer that we 
have. But I can only remember one occasion 
in the last five years when something of that 
kind has happened.' Dennis and Mike had a 
quick conference and decided that indeed it 
had happened only once in the last five years. 

IBC say they have no intention of making 

desks for anyone else, as seems to be fashion- 
able. They have other plans. Their basement, 
now largely unused, is planned as a third 
studio, and it is possible that the original desk 
studio A will go in there after IBC have 
reconditioned it. 

The main studio A can take 45 musicians, 
though it has accommodated more. All the 
tape machines -one 16, one eight, one four, 
one stereo and one mono machine -are Ampex 
and both studios A and B have a full comple- 
ment of Dolby units for all recording configura- 
tions. There are two mono and two stereo 
EMT plates and a large separation booth in 
studio A. IBC's rates are £25 an hour for 
studio A and £18 an hour for studio B, no 
matter how many tracks you use. Both studios 
are 16 track. 

IBC have decided to expand to cope with 
the future demands of commercial broadcast- 
ing. IBC started as a commercial radio com- 
pany back in 1925; as George Clouston said, 
they have come full circle. The founder of the 
company was Captain Leonard F. Plugge, MP, 
and a better name for the founder of a com- 
mercial radio company I cannot imagine. IBC 
moved into their present home at 35 Portland 
Place in 1937, when the company owned and 
operated Radio Normandy. That station 
closed when the Germans occupied France but 
IBC carried on producing wartime broadcasts. 

After the last war, IBC carried on making 
radio programs as well as doing commercial 
recording. George Clouston and his partner, 
Eric Robinson, first came to the studio to 
record some shows for CBS. At that time 

INSTANT REPLAY 
Did you ever wish that you 
had a photographic memory 
and a hundred pair of hands 
to help with your mixdowns? 
That's what you get with our 
Automated Mixdown System 
...instant replay of what you 
did and how you did it. YOU 
make the decisions and IT 
does the work! 

A vital part of this system 
is the Model 940 Automated 
Fader, an infinite resolution, 
self- contained level control 
module capable of either 
manually or automatically 
setting audio levels. It con- 
tains all the electronics, 
front panel controls and 
metering necessary to record, play 
back, and update channel fader set- 
tings. In addition, it may be used as an 
automated master fader, or may be 
externally controlled for gate or mute 
functions. An Auto Manual switch is 
provided, which allows the module to 
operate as a normal audio fader by- 
passing the automation electronics 
entirely. The module incorporates the 
Automated Processes Model 2550 
VGA, and a conductive plastic slide 
attenuator of the same quality and 
reliability that has made our Model 
440 and 475 faders so popular. 

The WRITE (record), 
READ (playback), and UP- 
DATE modes may be set by 
switches on each individual 
fader, or by one master PRE- 
SET switch which sets each 
fader to a previously se- 
lected and stored operation 
mode. Master override 
switches set all faders to 
the record or playback 
mode. 

When used in conjunction 
with the Model 256 Pro- 
grammer, electrical perform- 
ance characteristics are 
compatible with "state of 
the art" professional studio 
consoles and components. 

The Model 940 Automated Fader 
fits in the space normally occupied by 
a conventional fader so that no addi- 
tional console panel area is re- 
quired in retro -fit applications. 
Mounting dimensions are: 7" high 
x 11/2" wide x 41/4" deep over mating 
connector. 

You can automate your studio 
NOW with the Model 256 Programmer, 
the Model 940 Fader Modules, and 
our other automation controls, or with 
a pre- wired, ready -to -use 16 or 24 
channel automation consolette...and 
there's more to come! 

AUTOMATED PROCESSES, INC. 
80 MARCUS OM MELVILLE, NEWYORK 11746.516- 694 -9212 
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George and Eric were in partnership to provide 
orchestras and musicians. The shows were for 
television series like `Perry Mason', 'Wagon 
Train' and 'Have Gun Will Travel'. George 
and Eric used IBC for five years and eventually 
bought the company. It is ten years since they 
took over. IBC have now joined a consortium 
who have applied to the IBA for a licence to 
run London's news -only commercial radio 
station. I suggested to George Clouston that 
it was rather strange for a music studio to 
apply for the news station rather than the 
general entertainment station. He agreed that 
their decision had surprised many people. He 
said there would be a shortage of artists of a 
particular kind for the general station since it 
would be competing with Radio One, Radio 
Two and Radio London. 'The news -only 
station is an entirely new concept in this 
country. We've never had 24 hours a day news 
here before. I've spent some time in New 
York so I know quite a bit about these kind 
of programs : what we hope to provide is 
in -depth news.' He said that they would rely 
heavily on the normal news sources but that a 
member of the consortium was the head of 
Universal News Services and this would give 
them a considerable advantage. 

Recent work at IBC includes recordings by 
Status Quo for 'Top of the Pops'. The record- 
ings were produced by Gaff Management. 
Status Quo recently finished an album at IBC, 
as did Andy Bown, who also recorded for Gaff 
Management. Orbit Music brought in a new 
group called Shepstone Dibbins and Leon 
Henry Productions came in with the New 
Seekers. Robert Stigwood's organisation was 
responsible for a Bee Gees recording and Vicky 
Leandros came in for Phonogram. 

The most memorable visit of the month, for 
me, was that to Central Sound in Denmark 
Street. Central have a 16 track studio which 
will hold 22 musicians. The control room is 

above the studio and linked to it by cctv. 
I met Matt Geddes, director and manager of 

Central, a very friendly Scot who gave me some 
much needed coffee and a fag. When we 
had chatted for a while I got the impression 
that he was thinking: 'I know this is a good 
studio and so do my clients; as soon as you 
hear what we're doing you'll think so too'. 

When a few minutes of his hospitality had 
soothed my pre- Christmas West -End nerves, he 
showed me round. The studio measured about 
6 by 9m and has a drum booth in one comer. 
Matt showed me their Acherberg -Perzina 
piano, reconditioned by Roger Pick, and 
explained that it was one of the studio's main 
attractions. 'People can tell one of our record- 
ings just by the piano sound we get,' Matt said. 
He tells me all the microphones in the studio 
are capacitor types. Central also have two 
U47 fet i Neumanns which Matt is very pleased 
with. 

The studio, owned by Freddie Packham, 
went 16 track in July last year. The 20 channel 
desk was built for them by Sound Techniques 
and is linked to an Ampex MM/000 16 track 
tape machine. The desk has built -in Dolby 
units. Monitoring is by matched Tannoy 
Golds. There are two Ampex stereo machines 
in the studio and one Ampex mono machine. 
They also have an EMT stereo plate. 

We went up to the control room where 
they were mixing just about the best sound I've 
heard in a long time. The two guys responsible 
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for this wonder were Ron Roker and Gerry 
Shurey, who were pretty excited about the 
sound themselves. Matt just stood on one side 
and smiled. 

Ron and Gerry were producing on behalf of 
ATV music who, Matt tells me, use the studio 
a lot, as do Carlin, WEA and United Artists. 
The group they were recording was called 
Smile and was augmented by six violins, some 
vibes and tymps, and three brass players play- 
ing six part. The guitar part for the number, 
Using Me, was brilliantly played, I thought, by 
Chris Rae. 'Ron and Gerry write, produce and 
arrange all their own stuff,' Matt said, and Ron 
told me that he thought Gerry was one of the 
governor arrangers in the UK, which I can 
believe. Ron wrote Storm in a Teacup with 
Lynsey de Paul, and Gerry has done a lot of 
arranging work for Tony Macaulay with the 
Fantastics. The single I heard was cut at Apple 
early in January and released at the beginning 
of February. I think it deserves all the success 
it gets. The engineer was Simaen Skolfield. 

As well as the Smile sessions, Central have 
been holding a three -day session by a group 
called Ro -Ro, which comprises Alan Ross and 
Graham Deacon, two well known session men, 
bass player Andy Sneddon, who used to be 
with East of Eden, and Rick Brown on organ. 
The session was held by CMC records and 
produced by Tony McPhee. Other visitors to 
the studio have been Ed Welsh, Tom Paxton, 
America, the Bee Gees, Easybeats, Lynsey de 
Paul, Barry Green of ATV music and Sylvie 
McNeil. 

Marquee. I was hoping to be able to say 
more about the phasing device which Marquee 
have installed but they aren't quite ready to say 
anything about it yet, being in the middle of 
putting in a new desk. The desk is an MCI job 
and was flown, so Marquee tell me, from 
Florida to New York to Frankfurt to Washing- 
ton to Frankfurt to Manchester to Frankfurt 
to Heathrow. I didn't think Frankfurt was so 
attractive but maybe mixing desks like to visit 
porn shops too. 

I'm also told that the studio is now the 
busiest it has ever been, which is good to hear. 
Rory Gallagher's new album, which came out 
at the beginning of February, was recorded at 
Marquee as was the soundtrack for a film of 
Status Quo, Byzantium and Jade Warrior 
performing in the Marquee Club. I understand 
that the recordings were made 16 track and 
pulse synchronised to the cameras. A new 
group, Stapley Markstein, came in to do a 
debut album for Kaplan Kaye. 

Gerry Morris made a solo album produced 
by Tony Atkins and engineered by Geoff 
Calver. Paul Brett came in to do a new single 
with engineer Geoff Calver and a Bobby Moon 
album was produced by Mike Redway and 
Alan Field. 

Advision. One of those embarrassing 
occasions when we have to let slip how long it 
takes to produce a magazine -one F. Christ- 
mas came into Advision to do three 'Christmas 
on ITV' commercials for Halas and Batchelor. 
And that, friends, will be the last mention of 
Christmas 1972 in STUDIO SOUND and I mean 
that most sincerely, friends, I really do. Dennis 
Drinkwater of Telstar Productions dubbed 23 
films at Advision for Thames's Holiday '73. 
Engineers for these were Andy Whetstone and 
Graham Middleton. The films were between 
seven seconds and two minutes long. Roger 

Cameron engineered for the Reg Varney film 
Go For a Take, produced by Century Films, 
as well as working on the Jimmy Tarbuck 
Show for the BBC. 

Tv commercial Work: Roger Cameron 
mixed Golden Wonder Crisps and Babycham 
for Massius Wynne Williams -next month 
Alka Seltzer? -Gary Martin did a Schlitz beer 
track for Air Edel and Martin engineered some 
Bill Withers tracks for A & M. 

Roger also engineered a new album for Jack 
Jones under Jack's own production as well as 
Howard Blake's four channel Quadraphonic 
Fanfare which will be heard before perform- 
ances at the National Film Theatre. 

CTS De Lane Lea. Humphries Holdings, 
owners of De Lane Lea, have appointed a new 
chairman, Mr W. M. Travers. Mr Louis 
Elman has won a contract to produce English 
versions of 13 more tv programs from Poland. 
The series of programs will be introduced by 
Christopher Lee for NBC. 

Lion International. John Bentley fans will 
be sorry to hear that he seems to be in retreat. 
As I reported last month he has a large stake 
in Lion International which, it seems, he plans 
to sell any minute. He has already sold his toy 
firms: Triang, Chad Valley, Pedigree and Sebel. 
He also intends to get rid of his share of 
Barclay Securities. His latest brainstorm was 
to try and buy off the Federation of Film 
Unions by setting up yet another new company, 
Shepperton Studios 1973, and offering 50 per 
cent of the equity to the workers. He made the 
proposal in a letter to Alan Sapper, the 
secretary of the Federation, and used such 

phrases as 'worker participation' to guarantee 
two years work to the film workers -now where 
have you heard that before? Sad to say, 
Bentley will not now stand as a Conservative 
candidate. 

Meanwhile Lord Goodman, Sir Max Rayne 
and Roy and John Boulting, who have now 
left the board of Lion International, have 
formed a new film production company, 
Charter Film Productions. They are putting 
in 'around £1,000,000'. Guess where from. 
The first film will go into production in the 
spring and will be called Soft Beds Hard 
Battles. The budget will be around £400,000 
plus. As yet, they do not know where the film 
will be made but John Boulting said that 'it 
may even be made at Shepperton'. 

Kolinor, Tel Aviv, Israel. Two film songs 
recorded by Chaim Topol in English. The film 
is The Going Up of David Lev and the two songs 
are The Girl With the Red Ribbon and Chiribum. 
(I know, I know, but that's what they said: 
Chiribum!) 

Sound 80, Minneapolis. Nicely produced 
newsletter from Joyce Bosak tells me that the 
studio opened at the beginning of the year. 
Sound 80 are on the fortieth floor of the IDS 
skyscraper in Minneapolis. Bob Schultz, 
former president of Micside Inc and a music 
theory graduate from Valparaiso University, is 
in charge. 'The IDS studio will be primarily 
geared to the needs of advertising agencies and 
industrial users,' the newsletter says. 'Complete 
mono and stereo production facilities will be 
offered. In addition, a complete music and 
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RECALL 
If you are thinking about mixdown 
automation ...and you probably 
should be ... here's something to 
consider. The programmer is the 
heart of any mixdown memory 
system, and we have one that 
works! It's called the Allison Re- 
search Automated Processes Pro- 
grammer, Model 256 E D, with 
provision for up to 256 variable 
dynamic functions. This assures 
capacity to provide total automa- 
tion of the entire console...not just 
level control, but automatic mem- 
ory of the control functions of 
panning, equalization, echo sends. 
submasters, masters, switching. 
echo returns...the works! THAT'S 
TOTAL RECALL. 
What Else? 

Capacity for literally thousands 
of switching functions. 

Infinitely variable stepless con- 
trol of mixing parameters, accurate 
to within `0.2 dB over the first 
40 dB of working range; ±2 dB over 
the first 60 dB. 

Fast scan rate of 800 micro- 
seconds per variable function 
(scans 128 variable functions 10 
times per second). 

Long term accuracy and system 
to system compatibility with =1 dB. 

Operates on any audio recording 
medium with 5 KHz bandwidth and. 
a 35 dB signal to noise ratio. Data 
recording level non critical. 

Thoroughly protected against 
long or short term dropouts. 
The programmer is only the begin- 
ning. Contact us for details on the 
Model 256 E D and other automa- 
tion components and systems. 

AUTOMATED PROCESSES, INC_ 
80 MARCUS DRIVE, MELVILLE, NEW YORK 11745.516- 694 -9111 
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AROUND THE STUDIOS 

STUDIO VAN DE WATER 

STUDIO VAN DE WATER are situated in 
the pleasant semi -rural region of Baarn, some 
30 km south -west of Amsterdam and 10 km 
west of Hilversum, the centre of Dutch record- 
ing and broadcasting. The premises is one of 
several light- industrial plants in a group 
surrounded by private houses. This group 
contributes little noise to its neighbours and in 
turn enjoys a quiet and clean environment. A 
minor road carries light traffic past one side of 
the estate; the nearest heavy traffic is a good 
1.5 km distant on the road from Amersfoort 
to Amsterdam. Aircraft noise is virtually non- 
existent since air traffic is banned from the 
neighbourhood of the Dutch royal palace (2 km 
distant). 

To trace the history of the studio, we must 
look to the career of its owner -André Van de 
Water. He worked in Dutch radio and tele- 
vision broadcasting from 1947 and, in 1955, 
left Dutch Television as chief of the sound 
department. He then joined Philips, specialising 
in location recording. When Latin American 
music of the Los Paraguayos style became 
popular in Europe, he travelled to South 
America and there, with transportable equip- 
ment and a producer- cum -talent -scout, he went 
in search of promising material. Later work 
for Philips included many recordings of 
Robert Stolz and his Opera Orchestra taped 
on location in Vienna. In 1964 he decided to 
form his own studio. 

The first recorder André owned was a mono- 

phonic Revox. On this he produced commer- 
cial programs for Radio Veronica and Radio 
REM. This met the cost of a stereo Philips 
PRO 36 which, after modification to the input 
amplifiers and transport, he used for classical 
music recording. A Neumann U67 stereo pair 
was employed for all location classical work. 
A church in the village of Soest, 5 km from 
Baarn, was his preferred location and there he 
recorded many sessions with leading symphony 
orchestras. His last recording there was with 
the opera soprano Christine Deutekom, result- 
ing in her first (and successful) disc. By now, 
non -classical work demanded multimicrophone 
facilities and these were provided on a Van de 
Water -built 6/2 mixing desk. 

In 1967, Studio Van de Water took over part 
of the former stables of a castle at Nederhorst 
den Berg. The rooms proved ideal, both in 
shape and structure. A modified 8/2 Philips 
MD desk was incorporated in the control room. 

By 1970, the castle facilities were outgrown 
and Studio Van de Water entered their present 
premises. The tinted area of fig. I shows the 
layout adopted during that year. Since then, 
an adjacent paper store and garage have been 
demolished to permit the addition of a second 
control room and studio. Owing to the high 
weight of bulk paper, the former lessor had a 
500 mm thick concrete floor constructed in 
segments over a 1.5m bed of white sand. All 
the studios and control rooms were built on 
this surface which offered ideal insulation 
against groundborne noise. Building of the 
extension (studios Two and Three and control 
room One) started in February 1972 and was 
completed in August. Virtually all the plan- 
ning, including sound isolation, air condition- 
ing and cabling, was carried out by André and 
Dick Swaneveld. 
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Dick joined the studio in 1971, four months 
before the Baarn extension was commenced. 
In 1961 he went from technical school into 
Dutch Television where he worked on the 
audio side for some eight years. 'I left for the 
same reasons that André did. Conflicts arise if 
you want to do something another way when 
your colleagues have used a particular method 
for 40 years.' Dick joined an Amsterdam 
production group specialising in puppet films. 
As the group's sound engineer, he gained 
experience in film dubbing, studio recording 
and location recording. 

With a former Dutch Television colleague, 
he produced several records in his spare time 
of which the most successful, Bloody Mary, 
held for three weeks at the top of the Dutch 
hit parade. Their plan was ingenious. They 
played through 1928 vintage records and based 
a vocal text on the discs they most liked. Dick 
and colleague sang the text, filtering the record- 
ing to shape the acoustic equivalent of a sepia 
photograph. Much of this work was done at 
Studio Van de Water since Dick and André 
were themselves former Dutch television 
colleagues. In October 1971, Dick joined the 
studio full time. 

The Baarn studio extension commenced in 
February 1972. A major problem was the 
choice of mixing desk. Dick's experience of 
Cadac systems led to contacts with that 
company: 'We were looking for a desk designed 
from practical experience, not built by theoreti- 
cians in white overalls. If you live in Holland, 
you are inclined to look first to German desks 
as they have a very good reputation. We 
compared several German designs but found 
generally poor equalisation facilities. They only 
lift at 60 Hz at 10 kHz and usually only offer 
presence, rarely absence. We wrote to several 
companies and found that Cadac offered just 
the things we were looking for. The design 
was logical and the construction has proved 
good.' 

For control room monitoring, Cadac loud- 
speakers and Audix amplifiers were chosen. 
Tailoring the frequency response of the system 
to suit the room proved an elaborate exercise, 
but the system was eventually adjusted to the 
overall characteristics of the installation at 
Lansdowne Studios where they had first heard 
the Cadac monitors and had decided to buy 
them. 

Fig. 2 shows the layout of desk, recorder and 
monitors in control room One. The recorder, 
an eight track Ampex MM1000, sits to the left 
of the sound mixer. The Cadac loudspeakers 
are located well back from the control desk 
and are concealed by semi -opaque green 
curtains. The result is acoustically effective and 
visually attractive, the ceilings being dark 
brown cork tiles with suspended light rails to 
suit the working atmosphere. The floor too is 
lined with a cork tile and is raised 10 cm above 
the concrete base to permit cable ducting. No 
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CREATIVE SUCCESS.... 

Console designed for Studio 
Van De Water, Baarn, Holland 

This Console was supplied 24 into 8 
but wired for 32 into 16 considering 
future studio expansion 

From the very 'eavyto the very 'umble sound, a fine performance 
every time. 
Flexibility of control where you want it, when you want it 
without the hassle of multi -patching in order to record, overdub 
or re -mix. 
Music recording consoles with a practical DC Logic design of 
advanced type not yet available on other systems, giving the 
recording team complete freedom of involvement in the 
recording art. 

a d a I: STANSTED ESSEX ENGLAND Tel: Stansted 3437 & 3132 

Cadac (London) Limited 
MANUFACTURERS OF AUDIO CONTROL EQUIPMENT FOR THE SOUND RECORDING INDUSTRY 
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AROUND THE STUDIOS 

continued 

cable is visible in control room One. Studio 
One may be viewed through a window to the 
right while studio Two is visible between the 
two speakers. 

Studio One may be seen in fig. 3, the control 
room window being visible on the right -hand 
wall. Fig. 4 shows the smaller studio Two. 
Near the control room window is a lowered 
ceiling, a 1m thick trapezoid completely filled 
with rockwool to absorb the sound of a drum 
section. Sound absorbent screens, visible in 
the right -hand corner, are placed round the 
drums during a session. Two 10 cm thick 
layers of plastic foam line the lower surface of 
the trapezoid. The side plates are grey heraklith, 
also used for the ceilings in studio Two, studio 
Three and the surrounding corridor. 

Fig. 5 illustrates a section of the wall between 
studio One and control room One. Proceeding 
from studio One, an active worm would 
encounter a first layer of softboard followed 
by 10 cm thick polystyrene tiles (for heat 
insulation), a second layer of softboard, then 
10 cm of rockwool, 10 cm of brick (the original 
studio wall) and 10 cm of heraklith. A 15 cm 
airspace separates the heraklith surface from 
the control room wall: 10 cm of brick with a 
final 5 cm layer of heracoustic. This formation 
is used throughout the premises except on the 
outer walls where a smaller (10 cm) air cavity 
was chosen. The alternative would have been 
too narrow a surrounding corridor (fig. 6). 

The walls are mechanically isolated from the 
floor by rubber blocks. Similarly, the studio 
ceiling is suspended from the overall ceiling 
by flexible chains. Rockwool lines the upper 
face of the false ceiling. 

The studio design philosophy on reverbera- 
tion was quite specific. Reflected sound was 
to be reduced to an absolute minimum since it 
is easier to add reverberation to an existing 
recording than to remove it. EMT stereo 
reverberation plates are housed in a small room 
behind control room One; a Studer B30 pro- 
vides delay. A Philips spring is used for special 
effects and a portable AKG BX20 spring for 
mobile work. 

Mobile recording 
Mobile recording also forms a part of the 

Van de Water activity. An outside broadcast 
van purchased from Dutch Television provided 
the basis of a mobile control room. Dutch TV 
were asked to leave at least one video channel 
in the vehicle, giving the sound balancer visual 
contact with the performers. Nederlandse 
Televisie refused, apparently suspecting that an 
Ampex vtr would be installed for mobile 
telerecording. The van came complete with a 
12 input two output mono sound desk which 
André modified for stereo. Two Philips stereo 
recorders are carried in the vehicle, 80 per cent 
of mobile work being orchestral. A single 
umbilical connects with microphones up to 
100m distant and the power supply cable is of 
comparable length. A mere 30 minutes are 
needed to set up a mobile session. And if 
things become too warm, air cooling facilities 
are available ... originally intended to stabilise 
the video equipment. Would videotape equip- 
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ment eventually be added? André was doubtful. 
People would expect editing and assembling 
facilities which would take a large amount of 
space and very high capital investment. 
Besides, one Dutch company had already 
equipped a van with such facilities using IVC 
equipment. 

The Van de Water attitude to microphone 
placement cuts across the multimic and stereo - 
pair camps. A week before my visit, the Dutch 
Chamber Choir had been recorded in an 
Amsterdam church using only two micro- 
phones. `This was a completely balanced 

chamber choir,' Dick commented, 'so why 
plague your own balancing engineer by using 
several mics ?'. The alternative, André empha- 
sised, was to install the balance engineer as a 
conductor behind a conductor: `For classical 
recording we choose microphone positions 
according to our experience of the church or 
location. We then make a test tape and listen 
to that with the conductor if he is willing to 
balance. The only time I had to change the 
microphone positions was with a Dvorak cello 
concerto. I raised the cellist 1m higher which 
made him a little closer to the microphones; he 
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FIG. 5 

STUDIO ONE 

-- SOFTBOARD POLYSTYRENE (10cm) 

' _ 

AIR SPACE 115cm) 

- - HERACOUSTIC (Sun) 

ROCKWOOL 
BRICK (10cm; 
HERAKLITH II' 

-]BRICK (10cm) 

CONTROL ROOM ONE 

FIG. 2 (top left): Control room One. 

FIG. 3 (lower left): Studio One with 
control room One window visible on right. 

FIG. 4 (top right): Studio Two showing 
control room One window in end wall and 
studio Three window on right. 

FIG. 5: (lower right): Sound -treated corridor. 

was about 3 or 4m away. The whole recording 
was done with normal orchestral placements.' 
Traffic noise, he added, could be eliminated by 
careful choice of location. 'We once recorded 
the same choir here in the studio. It was not 
satisfactory because the extreme left could not 
hear the extreme right and they missed their 
cues. It is no problem adding the necessary 
reverberation or echo but a dead studio just 
wasn't right for the performers.' 

Like most studios, Van de Water employ 
close- microphone techniques for light orches- 
tral, pop and jazz music. Even in these cases, 
however, they do not always choose to work 
on the eight tracks available. 'Some musicians 
insist on working with eight track,' André said, 
'but we prefer co- operation between the 
performers and the balance engineer as you 
can't create an atmosphere by mixing alone. 
Recording jazz direct on two tracks often 
produces marvellous results, in addition to 
being cheaper and easier.' 

A close look at studio One (fig. 3) reveals no 
lesst han ten 1167 Neumanns, this being the 
studio's most frequently used microphone. For 
drum sections, the Electrovoice RE20 dynamic 
is considered amply robust. An RE11 is placed 
inside the bass drum, a location which frag- 
mented the bass transducer of another seemingly 
robust dynamic. The AKG D1000 cardioid 
has been found to combine robustness with a 
good bass response and this is preferred for 
amplified bass guitars. An excellent piano tone 

for jazz and pop is obtained by miking very 
close to the strings with an AKG D110 
(lavalier), taking advantage of the latter's 
inherent presence peak. This gives results 
superior to adjusting from the desk the 
response of, for example, a flat U67. 

For the future, Studio Van de Water plan to 
convert their original control room (now 
control room Two) into a reduction suite. The 
existing Philips desk will be replaced by a 
second Cadac. Bowers and Wilkins loudspeak- 
ers are likely to be chosen as reduction moni- 

tors. Quadraphonic media are considered to 
be in too fluid a state to warrant specific 
investment in further monitoring and quad - 
effects equipment, an attitude shared by many 
London studios. 

Session rates? Very reasonable considering 
the equipment, the clean and modern environ- 
ment, and the combined musical and technical 
experience of the two engineers. Two track 
mastering is Ft.100 (£l2), four track is FL125 
(£15) and eight track FL160 (£20). 

David Kirk 
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VIDEO By Roderick Snell 

PHILIPS N1500 
VIDEOCASSETTE RECORDER 

1972 (OR WAS IT 1971 ?) was going to be 
the year of the videocassette. Well, Philips just 
made it with their N1500 recorder which started 
to appear last autumn, small quantities being 
delivered to educational users. 

Although not yet on sale to the domestic 
user, the whole design philosophy, with its ease 
of loading, small cassette size and simple 
connection to the aerial socket of a normal 
television set, is clearly aimed at the home 
market. In their 1971 lecture on the vcr to the 
Royal Television Society, Philips drew atten- 
tion to a predicted European market of colour 
television owners: 34,000,000 by 1976 and 
80,000,000 by 1980. What percentage of these, 
they asked, might buy an easy to use colour 
record /play system that cost no more than a 
colour television set? However one looks at 
it, there is a formidable market. 

The Philips N1500 is not being reviewed here 
as a potential luxury for the home, but rather 
because a modified version with the addition 
of video inputs is being offered by Pye Business 
Communications (a member of the Philips 
Group), and can be assessed as a new tool for 
the industrial and professional cctv user. 

Although costing less than many other 
12.5 mm vtrs, this machine has a surprising 
number of extra features. Assuming the 
normal type of Japanese 12.5 mm open reel 
recorder, the major differences of the N1.500 
are: 
(1) Compact Videocassette Format, only 155 

x 138 x 470 mm in its library box. 
(2) Colour recording included as standard. 
(3) Built -in six channel uhf vhf tuner for off -air 

recording independent of tv set. 
(4) An accurate 24 -hour time switch built -in to 

the tuner to enable round the clock off -air 
recording. 

(5) Uhf sound and vision modulator built in. 
This permits colour replays into a domestic 
tv set through its aerial socket. 

(6) The likelihood of several other European 
and Japanese firms building compatible 
machines under licence. Previous experi- 
ence with claims for such licences dictates 
caution here but Thorn AEI in the UK are 
definitely developing a vcr. More details 
of this and similar plans will be given when 
they are nearer fruition. 

Electronic features 
The rf, or front -end, electronics consist of 

three sections. 
(1) An off -air receiver with six pre -tuned uhf 

or vhf channels selected by the pushbuttons on 
the right -hand side of the machine. This feeds 
separate demodulated sound, luminance and 
chrominance signals to the recorder section of 
the vtr (the fact that luminance and chromin- 
ance information are separated is the reason 
for the standard version not accepting PAL 
coded colour signals). 

(2) A modulator converts the sound and 
vision signals on playback to a uhf signal suit- 
able for direct connection to the aerial input 
of a domestic tv set. The modulator frequency 
can be set to suit a spare channel on the 
receiver. 

(3) An aerial amplifier feeds rf signal from 
the aerial to both the tv set and the recorder. 
This unit has its own power supply permanently 
on, so the aerial leads do not have to be 
reconnected when the television is used on its 
own. 

Two problems in recording colour signals on 
a 12.5 mm vtr are, firstly, the broadcast PAL 
coded colour information centred at 4.3 MHz 
is outside the bandwidth of all low cost 
systems. Secondly, the short -term timing 
errors which are visible as jitter on a mono- 
chrome picture cause serious colour errors 

FIG.1 
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unless some form of line -by -line timing correc- 
tion is used. Some earlier low bandwidth colour 
systems solved the first problem by reducing 
the PAL subcarrier from 4.3 MHz to 2 or 2.5 
MHz, as for example the Sony CV5600. This 
made the colour sidebands most noticeable, 
particularly on a tape replayed on a mono- 
chrome receiver. Also, the recorder's noise 
level at these frequencies degraded the 
chrominance information by no small amount. 
In the Philips system, the PAL subcarrier is 
reduced to 560 kHz by heterodyning with a 
4.99 MHz oscillator and is then used to 
amplitude modulate the normal fm signal to 
the record heads (see fig. 1). On playback, the 
colour component is separated from the 
luminence carrier and remixed with the 4.99 
MHz oscillator so the original 4.3 MHz sub - 
carrier is regenerated. Thus, under most 
circumstances, the colour signals do not 
degrade black and white pictures. 

Dropout compensation 
Another unusual feature for a low cost 

machine is the dropout compensator. This 
valuable asset is an expensive extra on some 
studio and broadcast recorders but is in fact 
more useful on a system such as this. Dust 
particles and oxide faults, causing monetary 
loss of contact between head and tape, 
normally result in objectionable line flashes. 
The compensator uses the well established 
method of replacing this missing information 
with that of the previous line. If the fm carrier 
from the tape falls below a preset level, 
an electronic switch connects the video output 
circuit to an alternative amplifier -demodulator 
chain which includes a delay of exactly one 
line (64 .zS). If, for example, line 310 is lost 
through dropout, line 308 is put in its place. 
Colour information is not restored and the 
system cannot cope with dropouts lasting more 
than 64 S. But at least 95 per cent are 
eliminated and those that are longer seem to 
cause a less annoying flash on the N1500 than 
on many other machines. Fig. 2 shows a still 
frame testcard with three lost lines at the centre 
of the picture. Tapes are normally considered 
worn out when the dropout rate exceeds a 
certain amount; this compensator will probably 
double the useful lifetime. 

As far as I know, the Shibaden SV700ED is 
the only other 12.5 mm vtr with a capstan 
servo, which is needed as part of the electronic 
editing system unique to that machine. Here, 
the capstan servo is used to lock the recorder 
to the vertical sync pulses on record and the 
50 Hz mains on playback. As with the 
Shibaden, this feature can be used to work 
synchronously with cctv systems by locking the 
studio pulse generator to the mains. 

Another feature which will be welcomed by 
studio users is the sync processor, which is 
active on playback. The as- recorded syncs are 
stripped from the video signal on playback and 
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SOME ACTION VIDEO 
OFFERS YOU CAN'T 

REFUS !VC 302 
Nivico Kvie finder camera Ikegami 

17 O 
Video Recorder 

microphone T 
7 Monitor 4:1 zoom lens tripod 

plus five 2370 video tapes Cash Price 
Weekly Re £858.50 

on3y ear period ntal £7.34 

Electrohome EV M 9 

monochrome monitor 
086.10 

Cash Pnce 

Weekly R 
ental £0.74 

0113 year 
P nod 

Shibaden HV4OS Vidicon Camera 
m°lete with 16mm f1.8 lens 

co 
sh Price £140.00 

Weekly Rental £1.20 
3 year period 

sx,ea,sa 

Sanyo 1100SL Video Recorder 

with slow motion playback 

1956 Jaguar XK 140 Drophead Coupe Extremely tatty £100 no offers. 

Cash Price £400 

Weekly Rental £3.42 
on 3 year period 

1VC8711 colour VTR with full 

electronic insert and assembly 

edit 
Cash Price £4,050.00 

Weekly Rental £33.92 
on 3 year period 

Nivico 
P /4 

500 Portable 

kit 
pl 

shf ie video 
T 

0200e0 
ereryofor Poce 

on 3 year per al period 

ee 
1 

£7,98 
934.78 

EIAJVTRSV610 monochrome 

Cash Price 
Weekly Ren £375.00 I on 3 year tai £3. 2 period 

/VC 771 
7 

Cash Price 
VTR 

kI V Rental 
Cl 

f9 o 

All VTR'S conform 
to 3 

fBASFandiMemores dard. 

Sony V01600 Colour cassette player 
Cash Price £625.00 Weekly Rental £5.61 on 3 year period 

Shibaden SV530 
Recorder dcolour 

Video Cartridge 

Price to be announced shortly 

We are suppliers of equipment from the following manufacturers 
: Aston Canon Cosmicar Denard Electrohome Fujinon Hercules Husky 

Ikegami IVC National Nivico Philips Rank Taylor Hobson Rediffusion Sampson Sanyo Shibaden Slick Sony Tamron Tektronix Thomson Viscount 

Nivico KV350 ;. monochrome 

EIAJ VTR 

Cash Price £340.00 

Weekly Rental £2.91 
on 3 year period 

For further details of all CCTV equipment, contact Action Video 

ACTION VIDEO LTD 

45 Great Marlborough St.,London W 1. 

Telephone: 01 734 7465/6/7 
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VIDEO 

continued 

replaced by clean rectangular pulses which are 
well suited for synchronising a studio pulse 
generator or a camera. A Link 101 camera 
used this way synchronised perfectly, allowing 
the camera and vtr outputs to be mixed and 
cross -faded. 

This extra point, in addition to the normal 
drum servo and sound and vision record /play 
circuitry, makes the N1500 a very complex 
system. An idea of the extensive area of 
discrete components on printed circuit boards 
is given by fig. 3. 

Mechanical features 
The top deck reveals, when the cover is 

removed, from left to right: the power supply 
unit and head drum motor, cassette and head 
drum, mechanical pushbutton assembly and 
capstan motor with fan, and finally the rf unit 
and timer. 

The cassette is a small rectangular plastic 
box measuring 125 x 144 mm, containing two 
single -sided spools mounted one above the 
other on a common axis, enabling them to be 
driven by concentric hubs in the player. When 
playing, the tape leaves the lower spool via a 
single nylon roller, passes out and diagonally 
around the drum, as shown in fig. 5(a). On 
re- entering the cassette, there is another 
rotating nylon guide level with the top spool, a 
gap of about 55 mm and a fixed guide before 
the take -up spool. A circular hole in the under- 
side of the case and a rectangular cut in the 
side between the last two guides allow access 
of capstan and pinch roller respectively, in 
exactly the same way as the Philips COO sound 
cassette. Both the rotating nylon guides are 
loosely mounted in the cassette case and are 
engaged by vertical spindles fixed to the 
recorder. These important elements in the tape 
path thus have a precise position relative to the 
head drum assembly. 

Auto -threading 
The automatic tape lacing is simple and 

ingenious considering the difficulty some 
operators have with this task on open -reel 
equipment. The head drum and guide assembly 
is eccentrically mounted on a circular base 
which can itself be rotated back and forth 
through about 180° by a small dc motor. The 
`business end' of the cassette between the 
nylon rollers is open and another cut -out on 
the underside allows access of a moving tape 
guide which extracts the tape. The exposed 
section of tape is covered by a spring flap 
when out of the machine, and is opened auto- 
matically on loading. Pressing the `eject' key 
raises an open metal cage on top of the deck, 
into which the cassette can be slid. This 
assembly is then lowered into the machine, 
when the two spindles engage the guide rollers, 
the capstan spindle goes through the circular 
hole in the underside of the cassette, and a tape 
guide on the drum assembly engages the tape 
from within the loop (fig. 5a). Turning the 
power on itself starts the lacing cycle: the drum 
assembly, driven by its separate dc motor, is 
rotated through nearly 180', pulling the tape 
out of the cassette, past the erase head, around 
the guides and the drum, which has now 

34 

moved close to the cassette (fig. 5b). Turning 
the power off reverses this cycle. 

Head drum and capstan are driven by separ- 
ate ac motors through small diameter neo- 
prene belts, and the speed control is obtained 
in each case by eddy current brakes on the 
aluminium discs easily visible in the deck 
underside photograph of fig. 4. 

The video drum differs from other vtrs 
(except the Philips LDL 1000) in that the top 
half rotates and also carries the video heads. 
So, instead of the usual gap between top and 
bottom half of the drum through which the 
heads protrude, a much narrower gap is 
possible. Fig. 6 gives a close -up of the drum 
with one head visible and also shows the 
unusual spiral grooves milled into the surface 
of the top section, which rotates in the direction 
of the tape movement (and gives, so the makers 
claim, improved stability). 

Tests were less thorough than planned due 
to a number of technical problems which halved 
the time available for the review. In fairness to 
the manufacturers, the machine tested was a 
demonstration model and had had very heavy 
use for a few months. This suited me as 
possible weaknesses were thus more likely to 
show up and one could see how the machine 
performed when the initial gloss had worn off. 

The rf modulator system made quick checks 
very easy. I merely plugged the rf output into 
my monochrome receiver /monitor and tuned 
it in. I was able to tune in the player's output 
but not any off -air signals, as if the E to E 
mode were out of action. Here one noticed a 
first peculiarity of the machine: if left on but 
not actually playing for more than 60s (45s in 
the specification), it went into the unlace routine 
and then turned off. This is fine after the tape 
has run out at the end of a time -switched off -air 
recording but is a nuisance if one has set up 
for recording and is poised over the start key. 

Real disaster struck when I tried the second 
cassette. There was an expensive grinding 
noise and, removing the top cover, I found the 
cassette flap had no spring, had failed to open, 
and was jammed against the drum. Examina- 
tion with a magnifier showed one of the ferrite 
video heads to have become uncemented from 

FIG. 3 Printed circuit boards in the N1500 

its mounting. The recorder was reluctantly 
returned to the Croydon service department 
and the review postponed for several weeks 
until another slot could be found in its heavy 
demonstration schedule. 

On return, two new faults were apparent but 
it was then decided to complete the tests as far 
as possible as the review was already overdue. 
Firstly the drum servo was slow to synchronise 
and took ten minutes or so to become steady 
even though the tests were done at 20 C. This 
did not appear to be a new fault as the test tape 
had, apart from the first two minutes, been 
recorded throughout with a faulty tracking. It 
was easy to make allowances for the slow 
warm -up, but I then found the tuner section 
was still wrong, making colour tests difficult as 
I had been relying on a straightforward colour 
receiver for these. However, the video input 
and output mode allowed the recording of 
PAL coded signals from my receiver /monitor. 
Aside from the aforementioned servo prob- 
lem, the recorded pictures were stable with 
very low `jitter' and a better than average 
signal -to -noise ratio. Noise on the BBC test 
card shown was only -38 dB at mid grey levels 
but this was due to the incoming signal. On 
our own camera the Marconi resolution card 
(fig. 8) gave an excellent -42 dB. Resolution 
was 220 lines for -26 dB modulation, which is 
as specified, and limiting resolution was just 
above this at about 230 lines. This corresponds 
to the 2.7 MHz in the specification. Subjectively 
the Philips system works very well, with very 
little increase in noise and apparently full colour 
bandwidth. The usual PAL subcarrier was 
visible on replay into a monochrome set, but 
the colour -killer button eliminated this. 

The sound performance was very good by 
vtr standards, the -3 dB points being at 70 Hz 
and 10 kHz when measured at -12 VU. Limit- 
ing occurred at only +4 VU, but this is normal 
for video tapes. Noise was low at 44 dB below 
0 VU, excluding hum. The sound agc was 
fortunately optional and had a very wide signal 
handling capacity and a very long recovery 
time constant of exactly I dB's over a range of 
40 dB. Thus, although it would take lOs to 
restore a 10 dB cut in programme level, this 
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choice works a lot better with music than do 
most of the Japanese agc systems which seem 
to behave more like soggy limiters. 

Wow and flutter hovered around 0.1 per cent 
peak DIN weighted, with occasional peaks to 
0.15 per cent. 

The pushbuttons were mechanical but none- 
theless difficult to catch out and one could not 
snarl the tape in the machine although I did 
notice that, if the tape was the slightest bit 
loose in the cassette before loading, it would 
foul the drum when pressed down and add a 
few crinkles to the tape. 

The time switch was easy to set and it was 
not difficult to achieve an accuracy of +2 
minutes. 

The absence of any still frame facility was 
regretted as the machine was clearly able to 
give quite good still pictures. 

Considering the facilities included, the 
machine is quite small and very low priced. 
The colour coding system works very well but 

-,e ..MMON. +=WM 

the resolution is definitely inferior to the best 
open -reel recorders. Users of the Sony CV2100 
or the Shibaden SV700 for example might find 
the pictures of the Philips rather 'soft'. As 
explained in earlier vtr reviews, the resolution 
is a function of the small drum size (105 mm) 
and the low carrier- frequency range of 3 to 4.4 
MHz. 

The choice of vertically stacked reels in the 
cassette reduces its length, but might well 
produce problems which will not become 
evident until the one -hour cassettes are released. 
The very short path length between the second 
roller and the head drum means that small 
errors in location could give tracking problems 
between machines. Also, this small cassette 
size necessitates the use of very thin (17 µm) 
tape to achieve the one -hour playing time that 
must surely be the minimum for home use, 
although the currently available 45- minute 
cassettes do satisfy most educational users. 
While still on tape, the cost per hour is high, 

being £19.40 (based on £14.50 for the 45 
minutes). The new generation of Japanese 
12.5 mm open reel recorders cost educational 
users about one -third of this and even the 
studio quality IVC 25 mm machine only costs 
about £17.50 per hour. 

It should be clear from this review that the 
Philips vcr system, having arrived about a year 
ahead of its rivals, is set fair to capture some 
of the enormous home market that is the dream 
of the media men. If the technical problems 
described are really of a teething rather than 
fundamental nature, wide acceptance, at least 
in Europe, is likely. Both the Sony and EIAJ /1 
systems, which have plenty to recommend 
them, are getting very near to being released. 
When they are, there will be strong competition 
for the Philips vcr. In the meantime, with 
several program companies offering VCR 
transfer facilities, and the extremely good value 
of the machine, it is worth consideration as an 
industrial and educational tool. 

FIG. 2 (left): Still frame testcard (see text). 

FIG. 4 (bottom left): Deck underside. 

Fig. 6 (bottom centre): Drum close -up showing 
a video head. 
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3M present a professional 
a lot less foi 

The 3M M79 professional recorder is 27" 
wide, 24" max. deep and around 4' tall. 
It's the most compact professional 
recorder you can buy. But the M79 gives 
you a lot more -or less (depending on 
how you look at it) -than just mere space 
saving. Look at this. 

Less hum - because of DC power 
throughout. Less noise - Normal SNR 
64 db, Sync SNR 64 db. Less weight - 
the M79 weighs under 300 lbs. for 24 
track. Less reeling time -it spools at 
500 i.p.s. Fewer boards - because of 
unified channel electronics. No goofs - 
interlocked record logic and bias /erase 
integrity. No loops - mode -to -mode 
transport logic and dynamic breaking. 
No clutter -the Isoloop deck and 
modular design see to that. 
No service problems- London -based 
service department. 

Ole IOW 11111111 Olt VOW Oil r.MIN 
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and a professional tape 
3M have been at the forefront of 
recording tape development for many 
years. Now they offer a new dimension 
in recording perfection with their new 
Scotch 206 professional tape. 
1. A new oxide recording surface 
After several years of laboratory re- 
search 3M have developed a proprietary 
oxide which makes possible a 3 db 
increase in signal -to -noise ratio. This 
means you have the latitude to capture 
the extremes of frequency and output 
without sacrificing any pure sound 
quality. 

Scotch 206 tape also considerably 
reduces accumulated noise on multi -track 
recordings -a major problem up to now. 
It is also very tough, resists scratching 
and prevents drop -outs caused by tape 
debris. 

36 

2. A new matt back coating 
The new back coating improves the 
tape's handling characteristics, prevents 
slipping and ensures more uniform 
winding. 

It also helps to guide the tape more 
accurately across the recording heads, 
reducing expensive head wear. 
The backing is tougher, more scratch - 
resistant than its rivals. And since it is 
electrically conductive, dust and dirt are 
not attracted and held to it. 

Scotch 206 tape is compatible with any 
professional recording system and is 
available in 4 ", 2 ", 1" and 2" widths. 
For further details of Scotch 206 tape 
and the M79 recorder range, contact: 
E. R. Haworth, Magnetic Products, 
3M United Kingdom Limited, 3M House, 
Wigmore Street, London, W1A lET. 
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recorderthat gives you 
your money- 

The M79 also gives you the best servo 
around, 3 set speeds, built -in variable 
speed, CCIR /NABIAES equalisation. 

4-27"-1 

4ft 

There are also several useful accessories. 
Like the 3M synchroniser /reader for 
synchronising audio recorded material 
to video recorded material. And the 
compact `Selectake' unit which 

automatically locates a pre -selected 
tape position. 

There are three M79 models (24, 16 
and 8 track). All the basic units are the 
same size and have been designed so 
that the 8 and 16 track models can be 
expanded when required. 

' aasouuuouussuuasuoao®e,,x.' ello 
asutxrruuuuurus:suws,iuWU.,- -I 
umili,! i'1''i1117'. 
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M 9 a S'M ': 

That gives you a lot more 
L A new oxide coating that gives 
a 3 db increase in signal -to -noise 
ratio. 

ne,.c nìa(I hack coating 
which ensures better handling 
and reduces head wear. 

3M, Scotch, Isotoop and 
Selectake are trademarks. 

3M 2082 
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Inside 
Sound 

Techniques 
BY JOHN DWYER 

Until comparatively recently, many 
manufacturers and studios 

considered London premises 
essential to their commercial 

survival. The noise, 
overcrowding and grime of the 

metropolis are now driving 
increasing numbers of companies 

out into more natural surroundings. 
John Dwyer looks at one of the 

fortunate escapees. 
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SOUND TECHNIQUES began as a recording 
studio in 1965. Geoff Frost and John Woods 
met at Levy's sound studios and, just beforeCBS 
took it over, they decided to open a studio of 
their own. They looked around for a suitable 
desk but found nothing they wanted, so they 
decided to build one themselves. 

After that they began to make consoles for 
other studios and, in their first three years as 
manufacturers, had supplied two Hollywood 
Studios -Sunset Studios and Elektra Records 
-as well as making desks for De Lane Lea's 
Kingsway studio and Trident studios, both in 
London. 

Three years ago they moved the production 
side of the firm to Mildenhall in Suffolk. The 
business had grown so much that they needed 
more space but without London overheads and 
with an opportunity to buy still more space 
nearby if the business grew bigger. Since they 
moved to the Suffolk industrial estate they have 
spread from the one building they originally 
had into another not far away. The second 
building is where all the equipment is made and 
the first is now almost all office space. 

Ian Levene, Sound Techniques' general 
manager, joined the firm in August 1972. He 
had started his career with the Rank Organisa- 
tion and, after seven years, went to IBC to 
become chief engineer. Seven years at IBC 
were followed by ten years as sales manager at 
Ampex, where he was responsible for selling 
sound and television studio equipment. 1 

asked him why he had come to Sound Tech- 
niques. 'I think it's an exciting opportunity,' 
he said. He added that the customer who is 
buying a desk usually has to adapt to what the 
manufacturer has but, by paying attention to 
all the permutations and combinations that are 
available, Sound Techniques aim to give the 
customer what he wants. 'We have to give the 
customer good value for money at a price he 
can afford.' 

So far Sound Techniques' biggest project has 
been the De Lane Lea building at Wembley, a 
contract worth £200,000 to them. Work started 
on August 6, 1969, and the project was finished 
in the autumn of 1971. There are three studios, 
accommodating 130, 35 and 20 musicians 
respectively, as well as extensive wide screen 
film sound track facilities. The whole complex 
cost £770,000. 

From Sound Techniques De Lane Lea 
wanted three 16 output consoles, two four 
output remix consoles, 110 sets of tape record/ 
replay electronics, 54 monitor amplifiers, 15 
sets of film record /replay electronics, two mono 
stereo disc cutting consoles, 13 digital footage 
counters and stop clocks, 13 patch -in universal 
equalisers, and eight high /low pass filters. 

The Wembley studio was one of the first 
where digital techniques were used on a large 
scale to simplify recording work. Over 4,000 
dual in line transistor logic integrated circuits 
and 10,000 diodes were used to control the 
operation of all the record and replay lines to 
and from the tape and film machines and Dolby 
units; 20 Dolby units were put in each control 
room and of these any number had to be 
switched across the input or output lines of any 
recorder at the push of a button. 

This experience in logic design has now led 
them into other areas of electronics. As Ian 
Levine explained: 'An electronics firm can do 
other things than sound recording. You can 

expand any way you like, in fact, though 
obviously you will start off with the things 
you know best.' 

An example of this expansion is the Sound 
Techniques digital stopclock. This gives a five 
digit readout of elapsed time using three 
controls: start, stop and reset. Sound Tech- 
niques sell between 20 and 30 of these each 
month, works manager Cyril Jones told me, 
mostly to customers who want to use them for 
photography. 

But their main commodity is still the System 
12 desk they developed, which was introduced 
at the APRS exhibition in 1971. Geoff Frost 
explained that there seemed to him to be a gap 
in the market in the range around £5,000. You 
could buy tatty equipment for less and very 
elaborate mixers for a great deal more, but the 
expensive mixers, which were what any studio 
had to have if they wanted to record to profes- 
sional standards, provided more facilities than 
most of the smaller studios could possibly want. 
His idea was to cut out all the unnecessary 
frills that previous desk salesmen had persuaded 
customers they would need and to provide a 
desk that would do everything essential at a 
reasonable price. 

At the moment, about half the value of 
Sound Techniques' sales of consoles is contribu- 
ted by the System 12, the rest being contributed 
by the custom built desks. In terms of numbers. 
about four System 12 desks are produced for 
every custom desk. 

Sound Techniques attach great importance 
to the fact that all the desks, whatever their 
type, are designed in the light of experience 
gained in the Sound Techniques studio in 
Chelsea. I'm told that no test sessions are 
held; the equipment is tested in the studio 
under normal working conditions. Any com- 
ments that the three engineers -Vic Gamm, 
Roger Meyer and Jerry Boys -make are taken 
into account in modifying the product before 
it is finished. For example, to eliminate 
unnecessary functions from the System /2 there 
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would be long discussions about whether this 
or that feature was essential. 

John Woods, studio manager at Chelsea, 
still does some engineering but his main tasks 
are to evaluate new equipment, develop proto- 
types for the studio and liaise between the user 
and the maker of equipment. 

The System 12 is capable of recording 16 
tracks simultaneously and carries a price of 
£5,377. The basis of the system is that the 
customer is sold a frame fitted with a power 
supply, an ancillary unit and a self -supporting 
floor stand. 

The customer can then choose which units 
he wants and how many of each. As Geoff 
Frost explained to me, the desk can be built 
up into 12 different systems, hence its name. 

The frame is wired for 18 input units, eight 
output units, 16 track monitors, two monitor 
echo returns and an 'auxiliary four' unit; the 
latter provides a fourth auxiliary output for 
foldback and so on. 

The input unit has a line /mic switch, a row 
of five routing buttons, and a mic switch. The 
equaliser section in the middle of the unit 
consists of three sets of rotary attenuator 
switches with a two position switch beside 
each. The high and low equaliser sections will 
boost or cut by 14 dB and the middle sections 
will boost by 14 dB. The six frequencies on the 
whole section are 8 and 10 kHz on the hf knob, 
3 and 5 kHz on the middle section and 80 and 
150 Hz on the If section. Below this section 
are two auxiliary pots for echo or foldback and 
either of these can be switched in pre or post 
fade. Equaliser cut, normal and channel cut 
are provided on the same three position switch 
below the auxiliary section. The fader at the 
bottom of the unit is Penny & Giles' conductive 
plastic type. 

The output unit has two master echo return 
pots, two meter line, line out switches and two 
faders. 

The dual monitor unit has two sets of the 
following, one set above another, plus the 

jackfield for the whole deck: monitor gain 
control; `auxiliary three' send control, driven 
from the monitor; monitor pan pot; solo 
button; monitor on /off switch; line in /out 
switch; four loudspeaker routing buttons; and 
a pan button. 

The ancillary unit, supplied as part of the 
main frame, comprises a section of jack bay, a 
talkback mic, an oscillator level and an 
oscillator frequency control -there are six 
frequencies, three auxiliary feed masters, 
auxiliary solo selection and on /off switches, 
remix switch, monitor line in /line out master 
switch which changes all the monitors, master 
monitor gain which controls all the monitor 
gains, cue switch and an oscillator /talkback 
selector switch. 

Sound Techniques seem to have given a lot 
of thought to mixer access, both in terms of 
plugging into it and getting at the wiring; 
inputs and outputs are on Cannon XLR which 
are beneath a hinged plate at the back. All the 
looms are also along the back and all the 
standard frames are wired the same so that 
extras can be added without too much trouble. 
The meter panel is wired for eight illuminated 
Sifam type VUs; ppms are not normally fitted 
although Sound Techniques are looking at the 
possibility of providing ppms in the future. 

Testing seems to be thorough; not only is 
each unit tested but each pc board is tested 
on the bench and each wire is buzzed for 
continuity as it is wired in on a test frame. 
Every switch is tested individually. There are 
about 20,000 joints and 22,500 nuts and bolts 
on each mixer so the whole assembly is given 
a good rattling to see if any faults develop. 

About two- thirds of Sound Techniques' 
230 m2 floor space is devoted to production, 
the rest being stores and offices. The production 
team of five men are all qualified prototype 
wiremen, Cyril Jones told me, and their work 
often involves testing and ordering as well as 
production work. 

Only a tenth of the work carrying the Sound 

Far left: Geoff Frost with a System 12 input unit 

Below left: Sound Techniques mixer undergoing 
assembly 

Far right: Assembling and (below right) testing 
Sound Techniques electronics around a 

Scully 16 channel tape transport 

Techniques label is made outside the Mildenhall 
factory. 

Even the metalwork is cut and drilled at 
Sound Techniques, using long reach tools and 
extensive jigging. Aluminium front panels are 
grained and anodised at Mildenhall but a 
London company do the lettering. Sound 
Techniques design all the printed circuit boards 
they use although the boards are made by a 
sub -contractor. 

Recently Sound Techniques added two new 
consoles to the System 12 standard range. The 
two new desks are called the Super 12 and the 
Broadcast 12. The Super 12 is a 30 input, 16 
or 24 output console built in the System 12 
format. The input units have equalisation at 
six bass, six middle, and six top frequencies 
with switchable high /low filters and pfl. Like 
the System 12 the Super 12 has direct outputs 
to the tape machines and 16 or 24 main signal 
busses, but there are four echo send busses 
on the later model compared to two on the 
System 12 and two foldback busses. The new 
unit also has a fitted digital stopclock. 

The Broadcast 12 desk offers a choice of 
input units from standard units with pfl to dual 
'flat' line level inputs. Each desk is fitted with 
full transmission rehearse busses and change- 
over power supply units. The desk also has 
ppms and gram and tape replay units. Geoff 
Frost said that the unique feature of the three 
ranges is that all the units and modules are 
interchangeable between one system and 
another. All the ranges should be available from 
stock. The price of Super 12 will be about 
£15,000 and that of a medium size Broadcast 
12 will be about £3,500. 

Now that four channel recording has lost 
much of its appeal as a talking point in studios 
there is considerable interest in automatic 
mixing. You can't go to many studios these 
days without hearing either 'It won't catch on', 
the usual gloomy forecast for anything unusual, 
or 'Of course, when we get automatic mixing 
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INSIDE SOUND TECHNIQUES 'A basic scheme for such an automated knob and hold facility, but it has the severe disadvan- 
h S 

continued 

we'll be able to ... ' As far as designing such 
equipment goes, Geoff Frost thought it was 
time the same techniques long available in the 
machine tool industry should be available to 
make life easier for the mixing engineer. 'There 
is still some mystique surrounding automatic 
faders, logic switching systems and computer 
controlled mixing desks,' he said, 'due in part 
to some studios being somewhat isolated from 
the rest of industry where these techniques 
gained a foothold many years ago and are now 
regarded as commonplace. 

'The reasons for requiring these systems in 
industry are now a reality in many studio 
control rooms. That is a repeatable -in part 
at least -and complicated task to be performed 
and where time is money.' Geoff considered 
that the use of these techniques can free the 
operator of the desk to be more creative. His 
description of how such a system would be 
constructed is as follows: 
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is s own Ill g. 1. 
`The analogue to digital converter must be 

fast enough to produce its settled output 
before the next clock output arrives but it must 
allow enough time for the input multiplexer to 
settle. 

'The period for the above is determined in 
the main by three considerations, namely: (a) 
the number of channels or facilities to be 
serviced; (b) the maximum allowable time 
between samples to ensure that no relevant 
information is lost or ignored; (c) the definition 
required. 

`The latter also, of course, defines the number 
of data bits required; a basic octal notation will 
be more satisfactory as, although binary-coded 
decimal is easier to understand initially, it is 
very inefficient in the number of bits it requires 
for each decimal decade. 

'As the number of channels is increased, and 
the period between samples is decreased, the 
demands put upon the analogue to digital 
converter are increased. The counter type 
converter is a simple and low cost device, and 
does not require the use of a preceding sample 
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tage of a low operating speed. Fin largc 
system, the successive approximation type of 
converter will have to be used. This needs an 
analogue gate but, for applications like the one 
under discussion, the approximation converter 
can be up to 30 times faster than a counter 
converter. 

'Gating will follow the converter to provide 
an `up -date' choice. Obviously, the first time 
round, data will be taken in turn from each 
device; but a choice will be available on replay 
between using the recorded data or an `up-date' 
facility, which means "ignore the recorded data 
for that device, and use new direct data 
instead ". 

`The device's address can now be added in 
with the data itself, and with the inclusion of 
a parity (error- checking) bit or bits would make 
up one complete "word ". 

'Before this assembled "word" can be 
recorded on tape or any other such medium it 
has to be converted to serial form. A clock 
generator and shift register perform this 
function but, as the word flow is slowed down 
by this process, care has to be exercised that a 
build -up of parallel words does not form a 
queue in front of this parallel - to - serial 
converter. 

'The replay function will follow a similar 
process, but in reverse; out of interest, this is 
described in the alternative form of the flow 
chart in fig. 2. 

'It is regrettable that, if there are x mixer 
manufacturers, the record industry is going to 
he presented with x different methods and 
formats of the serialising data, address, etc. It 
would be nice if this could be standardised in 
the same way that 16 tracks on 50 mm tape is 
a `standard' so that any process control 
technique used in one studio could be continued 
in another. We have only to look at the recent 
chaos caused by the unilateral setting of 
'standards' in quadraphonic recording to realise 
how important some form of standardisation 
is going to be. 

'In addition, once we are automating more 
than one or two functions per desk, we shall 
he using mini -computers to control these and 
other decisions. Therefore the format should 
preferably consist of a 16 bit binary word. 
Each manufacturer could, if agreement is not 
reached, then provide a simple (we hope!) 
interface adaptor for use with any 16 bit 
system. 

'With the advent of 24 tracks on tape 
machines, 24 individual switches on each unit 
(input and output) would take up an incon- 
venient amount of room on any medium to 
large mixing desk. 

'We can probably take another page here 
out of "process control ". Instead of the 
conventional switches on each unit, we can 
have a central push button unit from which 
we can select our routing assignment in one 
small area, the switched functions showing up 
on the "switched units" in a fairly conventional 
way. 

'Fig. 3 shows the way in which inputs and 
outputs would be arranged: though looking at 
only one unit tends to oversimplify the situa- 
tion. The switch unit can be functioned in two 
main ways: (1) a calculator -like nest of buttons; 
(2) three rows of individual buttons for inputs 
(replay); input units themselves; and desk 
outputs. 42 
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Celestion Loudspeaker Engineering 
advances the state of the art to a 

new plateau 

1.) Celestion's new super 
tweeter. 2.) New design 
'pressure' mid -range unit. 
3.) Ultra Linear 12" Bass 
driie unit. 4.) A.B.R. 
ensures controlled bass 
down to 16Hz. 
5..) Precision crossover for 
perfect system intergration. 

A new Loudspeaker of advanced design suitable for studio 
use and for home installations of the highest quality. 
UNITS: HF 2000 (dome 'pressure' type) MF S00 {Mid -range 
Dome 'pressure' type) Ultra linear 12" bass driver and 12" 
ABR. The crossover has resulted from considerable re- 
search and crossover points are at 500 Hz and 5000 Hz 80 
Watts Maximum, 4 -8 ohm. This monitor loudspeaker system 
has an exceptionally wide and flat frequency response. 
Very low order harmonic and inter-modulation distortion. 
Precise response to transients. Beautifully maintained polar 
response ensures absence of unwanted directional effects 
and provides a highly satisfactory stereo image throughout 
the listening area. Matched pairs. 
SIZE 40 x 15 x t l ; Natural Teak or Walnut Cabinet 

Celestion 
Loudspeakers for the Perfectionist 

BOLA CELESTION LTD. 
DITTON WORKS, FOXHALL ROAD, IPSWICH, SUFFOLK iP3 8JP 

Little Dipper 
. - four separate, continuously 

tunable cascaded filters. 

* twin notch filters remove 
undesired extraneous 
sounds. 

* can be used for special phasing 
and enhancing effects 

UNIVERSAL 
AUDIO 

F.W.O. Bauch Limited 
49 Theobald Street 
Boreham Wood,Herts. 
Tel: 01 -953 0091 
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INSIDE SOUND TECHNIQUES 

continued 

'Both the above requiring the addition of 
such switches as "set ", "reset," and so on. 

The detail of precisely what button does 
what can be left to the customer's choice, the 
actual work being performed by sealed long 
life reed relays controlled by reliable TTL 
packaged out of harm's way. 

`Apart from saving space, we can also save 
a considerable amount of labour, and the cable - 
form can now be reduced by more than half. 
This results in a real benefit to the customer as, 
though the complete desk price remains the 
same, greater flexibility and greater reliability 
have effectively been produced with no increase 
in cost. These relays can also be pre- program- 
med as and when required by the customer: 

The Sound Techniques team are very proud 
of their newly installed computer facilities. As 
Ian Levene said: 'Computerisation will take a 
lot of the dog work out of the system. We'll 
be able to do anything we like with it. Right 
now it enables us to make a rapid assessment 
of cost and to assess the profitability of projects 
quickly.' 

Geoff Frost explained what the system could 
do: 'We can make it reorder for the stores. If 
for example I punch in "Make ten System 12 
desks" it will make out a list, look at the stores, 
order what we're out of and issue works orders. 
It will also tell me how the job is going by 
printing a bar chart. 

`Testing equipment is a boring job but it 
needs skill. You have to do it twice and you 
reach the point where the sheer complexity of 
the equipment transfixes you. We should be 
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able to plug a desk into the computer and the 
computer will list all the faults. It will design 
desks for you if you have the hardware.' 

The computer is brought up to date every 
day. Manufacturers' data received, new product 
designs and even, though the thought terrifies 
me, magazine articles can be regurgitated if the 
right program is fed in. Geoff says that the 
present system can handle and reference up to 
100 four- drawer filing cabinets of information. 

At the moment, programs are being written 
for stock control, mixer design and testing of 
a new range of mixers to be called the Major, 
about which Geoff said: 'Everything in this 
desk is new but well tested. We believe that a 
potential customer who is prepared to pay up 
to £40,000 for a large desk deserves to have all 
the latest techniques and systems that are 
available.' 

1 asked Geoff Frost to explain some of the 

problems of giving the customer 'good value 
for money at a price he can afford' -it sounded 
easy enough to say but wasn't it a little more 
difficult to carry out. He agreed: 'Very often 
people don't know what they want. It's 
probably lack of technical ability, technical 

knowledge. We also have to assemble forward - 

looking ideas, whether they are in hardware 
or operating procedures, so that when he gets 
it it isn't out of date. Also, it mustn't go wrong, 

and we've learned that complexity means it's 

more likely to fail and that means you have to 
service the equipment.' The servicing side of 
things seems to be well covered even though 
they try to avoid the necessity for it. 'If the 
customer has a component failure before 4 pm,' 
Geoff told me, 'by nine o'clock that evening he 
will have a new unit'. 

Finally I asked Geoff if moving from London 
presented any problems. He said that the move 
itself was easy enough; under the GLC scheme 
all the moving expenses were paid for. 'It's just 
as hard to find the right staff in London as it 

is here; we tend to take people only if they're 
very good.' He also emphasised that the factory 
was only 90 minutes from London by car. 

Another important point he made was that 
living and working in rural surroundings 
brought many additional benefits; travelling to 
work was much easier and that seemed to 
improve the efficiency of the operation because 
of the better state of everybody's nerves. 

Certainly Mildenhall looked a pleasant place 
to work in, even though the occasional air 
force plane landing or taking off made enough 
noise to be a bit trying. But when you think 
that no one at Sound Techniques has to put 
up with the London rush hour, the odd noise 
from a jet plane seems a small price to pay. 

DIARY 

continued 

sound effects library will be available. Plans 
also call for the installation of an electronic 
music synthesiser for creating special music 
cues and effects.' 

Sound 80 has three divisions: systems, run 
by Gary Erickson; recording studios and 
production, run by chief engineer Tom Jung; 
and what they call creative services, directed 
by the president of Sound 80, Herb Pilhofer. 
Creative services provide composing, arranging 
and recording talent. 

Recently Herb composed, orchestrated, pro- 
duced and conducted the musical score for a 
`mini -musical' promoting the four ABC radio 
networks. This four channel musical sound- 
track was used behind a group of actors who 
toured the states playing to 'media people and 
clients in major markets'. The show attracted 
the following comments from Variety critic 
Jack Hellman: 'Whoever called radio 'old hat' 
had better revise his thinking. If it wasn't so 
trady it may have well served as a summer 
replacement on ABC's tv network and take 
some of the curse off reruns, now a political 
football to be kicked around.' The show was 
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produced by Communico of St Louis, Missouri. 
Peter Yarrow and Phil Ramone of 247 pro- 

ductions produced an Ip by a New York group 
called Lazarus. The album, which will be 
released on Warner Bros, was recorded at 
Willmar Junior College with a Sound 80 
portable 16 track facility. That facility sounds 
very interesting and, as soon as Joyce sends me 
any more information about it, I'll be glad to 
pass it on. 

Johnson and Drake, two songwriters, have 
just finished a demo 1p of their 'original piano - 
oriented pop /folk /rock material'. At the time 
of writing they had not yet found a label for it. 
Tim Kerr, a Columbia producer, has done a 
session with the Reasons which will eventually 
go out on the Uncle Sam Label; Dixieland Ip 
cut by Dick Ramberg; albums by Larry Rose, 
Brustad Sisters, Jay Meyers, Jimmy Jenson, 
Art Perri with Soul's Harbor sidemen, Los 
Valentinos and Tom Paske, who recorded his 
at Dulano's. Art Bradley produced three Jerry 
Hegarty singles and Bob McMullin, a Canad- 
ian, collaborated with Herb Pilhofer to produce 
a religious album with the Gamble Folk trio 
and local backing musicians. Herb also worked 
on commercials for Farmers Union Central 
Exchange, Blue Shield of California, Lincoln 
Del, La Belle Stores, First National Bank of 

St Paul, Hormel Brown and Serve, and 
Northwestern Bell. All involved some corn- 
posing or arranging by Mr Pilhofer and he 
also wrote a song for the State of Montana, 
commissioned by Wilson Griak. 

Finally, I think Anthony Thomcroft should 
be ashamed of himself for making only one 
passing mention of pop music in his recent 
survey of the recording industry for the 
Financial Times. His attitude is so common, 
though, that I sometimes wonder if it's worth 
kicking against; some of the recording indus- 
try's greatest enemies operate from within, 
even though each of them knows that without 
pop there would be no recording industry. 
They vary from the magazine or newspaper 
that has columns headed Music, Jazz and Pop 
to that coterie of knob twiddlers and watt - 
watchers who persist, at their monthly gather- 
ings in the West End, in saying that pop music 
is 'deliberately distorted' and that it therefore 
has no place in any serious discussion of 
music or the recording of music. Let some of 
them walk into Apple or AIR or Advision or 
Zella and say that the engineers have delibera- 
tely distorted most of their pop recordings and 
I shall personally adjudicate as to which of 
them holds the record for the longest stay in 
hospital. 
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The Purity of an exquisite gym. 

The purity of an exquisite gem goes well 
with the purity of Sansui sound. Sansui sound 
is indeed beauty in sound. Constant research 
in all audio -fields. Daring innovations in 
electronics. Meticulous care in production. 
That's Sansui policy. That's Sansui quality. 

One of the results is the most complete and 
advanced range of versatile solid state 
integrated amplifiers and AM /FM multiplex 

stereo tuners in the business. For 
detailed free information please 
contact the adresses below. Sans-ui 

AU-505 
Middle -price -class units but high -class performance. From 

less than 0.8% distortion on the AU -101 to less than 0.5% 
distortion on the AU -555A. 90 watt music power for the AU -505, 
85 watt for the AU -555A and 50 watt for the AU -101. Outstanding 
performance for a modest price with Sansui's sensational AU and 
TU series. 

AU -101 AU-555A TU-666 

England: VERNITRON LTD . Thornhill Southampton SO9 QF - Tel Southampton 44811 Imlandi INTERN. iAL THALT1.G GROUP LTD., 5 Cope Street. 
Da r - France: HENRI COTTE 8 CIE. 77 rue J R Thorelle. 77 -92- Bourg- 
la 6 - i.. ,, ., r ._ .. r ̂ , Burçrgasse 114- 1070 Wien 7, Belgium MATELECTRIC S,P.R.L., 
Bor li ,a,d Léo; -i l 1y, 1,5J Big,-c- iarids. I Erv1PUFU0N f< -V -, hupr _in Hul a,truul 8, Posthus 540 Tilburg Greece: ELINA LTD., 598 59A Tnhs Septem- 
vriou Street Athens 103 Italy: GILBERTOVGAUDI s a. s., Corso Di Porta Nuova 48 - Milano Norway: FRIGO NORSK A.S.. Eder! Sundlsgatan 40 Oslo 3 Sweden: 
MAGNETON. Sveavaoen c1 113 -59 Stockholm Denmark OUALI -FI INGENIORFIRMA, Christiansholms Parkvel 26 2930 Klampenborg Finland AUDIOVOX OY - 

Kornetmhe 2 Helsinki 38 15 Cyprus: ELECTROACOUSTIC SUPPLY C° LTD.. P.O. Box 625 Limassol Portugal CENTELEC LDA, Avenida Fontes Pereira de Melo 47. 
4.odto - Lisboa t Malta: R. BRIZZI, 293 Kingsway Valletta Switzerland: SONOVOX AG. Watlstrasse 11 4051 Basel Canary Islands- R. HASSARAM. Calle la Naval 87 
- Las Palmas l South Africa: GLENS (PTY) LTD.. P.O. Box 6406 Johannesburg SANSUI AUDIO EUROPE S.A., Diacern Bldg, Vestingstraat 53155 2000 Antwerp, Bel 
glum -i SANSUI AUDIO EUROPE S.A. FRANKFURT OFFICE, Reuterweg 93 6 Frankfurt am Main West Germany SANSUI ELECTRIC C° LTD., 14.1, 2- chome, Izumi, 
Suginamiku Tokyo 168 Japan 

STUDIO SOUND, MARCH 1973 43 

www.americanradiohistory.com

www.americanradiohistory.com


Distortion 
Cause 

Effect n 

44 

TONY EDEN 

In this, the first of two articles, 
the author outlines the nature 

of audio distortion and the 
methods by which it is measured. 

A typical distortion factor meter 
is analysed. 

DISTORTION may be defined as a change 
occurring in a waveform during the 

course of its transmission. Since a waveform 
varies in two respects- frequency and ampli- 
tude- distortion can likewise arise in both of 
these. The former is known as linear distortion, 
because the transfer characteristic is linear, and 
the latter known as non -linear distortion 
because it arises from there being a non -linear 
amplitude transfer characteristic. The nature 
of these two forms of distortion will now be 
discussed. 

Linear distortion is caused by a variation of 
output with frequency and is often encoun- 
tered in amplifiers under three main conditions: 

(a) Because a limited frequency response 
cannot be avoided in the design. 

(b) Where the response is deliberately 
curtailed outside the frequencies of interest. 

(c) Where the response of the frequencies of 
interest is deliberately altered. 

With modem amplifiers it is almost always 
necessary to curtail frequencies outside the 
audio band since the response would otherwise 
extend well into the radio band which could 
introduce a number of interference problems. 
The measurement of frequency response calls 
for little comment, an oscillator and voltmeter 
being all that is required. 

In curtailing or altering the frequency 
response of an amplifier, the phase response of 
the amplifier can also change with frequency. 
Phase distortion, which is one form of linear 
distortion, can also produce problems in the 
design stage of amplifiers and, under certain 
conditions, may lead to oscillations in the 
amplifier. Although it is difficult for the ear to 
detect a change in phase with frequency, 
identical phasing is extremely important in 
setting up stereo equipment because in these 
conditions the ear becomes very sensitive to 
differences in phase between channels. A very 
useful instrument for qualitatively evaluating 
both the frequency and the phase response of 
an amplifier is the oscilloscope. By applying 
a square wave to the input of an amplifier and 
observing the resultant output on an oscillo- 
scope, the performance of the amplifier can be 
assessed (see figs. 1 and 2). 

Squarewave examination is a stringent test 
for an amplifier and can quickly reveal defects 
which require more detailed study. Such 
defects would not normally be uncovered by 
sinewave testing. 

Non -linear distortion poses most of the 
problems, both from a design and from an 
analytical point of view. It can occur under a 
variety of conditions and hence some tests may 
reveal one form of distortion but not another. 
For this reason analysts have given names to 
various forms of distortion, such as harmonic 
distortion, intermodulation distortion, tran- 
sient distortion and so on. They all come under 
the general category of non -linear distortion. 

The most common form of non -linear 
distortion, harmonic distortion, will be des- 
cribed first as it is most widely quoted in 
amplifier specifications. It is also the easiest 
measurement to make and the one for which a 
comparison between amplifiers is most nearly 
valid. Harmonic distortion is the appearance 
of additional components at the output of an 
amplifier when a sinusoidal waveform is 
applied to the input. The input waveform is 
known as the fundamental frequency and the 
additional components at the output are known 

as the harmonics, the most important of these 
being the second, third, fourth and fifth 
harmonics. Higher order harmonics are 
usually so small that they can be ignored. 

When making distortion measurements, it is 
always worth connecting an oscilloscope to the 
output of the device to be measured. By so 
doing, one can actually see that the amplifier is 
not being unintentionally overloaded or that 
oscillation, excessive hum or noise are present 
with the output. This simple procedure can 
save many hours of searching for high levels 
of spurious distortion. Unfortunately, the 
lowest level of distortion that can be detected 
by observation on an oscilloscope is between 
three and five per cent and the instrument is 
therefore of little direct use in the measurement 
of low distortion levels. 

The simplest method of measuring harmonic 
distortion is to apply a 1 kHz sine wave to the 
input of an amplifier and measure the output by 
means of a distortion factor meter. This 
instrument receives the amplifier output, 
suppresses the fundamental by means of a 
tunable rejection filter, and measures the 
residual amplifier output on an ac voltmeter. 
The residual output may consist of: 

(a) Harmonics generated by the amplifier 
under test. 

(b) Harmonics generated by the oscillator. 
(c) Noise from the amplifier under test. 
(d) Noise and distortion introduced by the 

distortion factor meter. 
(e) Any element of the fundamental that was 

not suppressed. 
The elements (b), (c), (d) and (e) limit the 

level to which useful distortion measurements 
can be made. By good design (b), (d) and (e) 
can be reduced to very low proportions and one 
can usefully measure down to about 0.05 per 
cent distortion. However the noise generated 
by the amplifier can pose a serious problem 
and make reliable readings below this level 
extremely difficult. 

An example will show why. Consider the 
case of a measurement on an 80 dB (10,000 
times) gain 200 ohm microphone amplifier. If 
a distortion measurement is required at a 
typical microphone output level, this would 
demand a signal level of about 200 V. The 
output signal would therefore be 2V. Now if 
this amplifier had a noise figure of 2 dB with 
a 200 ohm source, measured on a 20 kHz 
bandwidth, this would produce about 3.2 mV 
of noise at the output. Therefore the lowest 
distortion level that could possibly be measured 
before the harmonics become lost in noise is 

x 100 per cent, which comes to 0.16 
2 

per cent. The fact that the noise component is 
present with this type of measurement thus 
constitutes one of the major limitations of the 
use of the method. The problem is not so 
apparent at high output voltage levels or, in 
the case of power amplifiers, at high power 
levels, and this is why the measurement should 
be made at as high an output level as practi- 
cable. The advantages of the method are that 
it gives a total harmonic distortion content 
measurement in one reading and that the neces- 
sary equipment is cheap and simple to use. 

J. E. Sugden produce a distortion factor 
meter which is a very reasonable buy but 
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Eigil TM 50 MK2 SERIES AUDIO MIXERS 
Single or multi- output mixers with up to 100 input channels 

made to professional standards and incorporating the 
following features: 

`XLR' input connectors 
Prefade listening 
180° self- evident dials 
Back contacts 
`Channel on' lamps 
Peak programme meter 

+12 dBm floating output 
0 -30 -60 dB input 
attenuators 
0 -30 dB preset channel 
gai n 

30Hz -20kHz ±2 dB 

OPTIONAL FEATURES INCLUDE: 
Tone controls 
Extra PPMs 

VU meters 
Disc and tape inputs 

Limiter /compressors 
Battery operation 
Portable field units 
Rack mounting units 

TM53/ I0 
-also available in 
rack mounting and desk versions 

CTH also manufacture a range of modular mixing units, 
consoles, distribution amplifiers, studio disc player units, 
speaker amplifiers, cable drums and many other items of 
studio equipment. 

CITIFI ELECTRONICS 

Industrial Estate, Somersham Road, St. Ives, Huntingdonshire, PEI7 4LE. Telephone: St. Ives 64388 (0480 64388) 

AREAC 

SIX 100 STEREO 

* All modular construction I9in rack, 3 unit high 

* Interchangeable plug -in inputs (gold plated contacts) 

* All important pre -set gain (40 dBs variation) accessible from front 
* Pan (stereo width) control on each input 

* High signal level `op amp' mixer, with separate Bass and Treble controls for music inputs * 80 watt R.M.S. modular stereo power amplifier with transistorised short circuit protection 
* Circuits designed and produced to professional standards 

AREAC + 

o 

ße9 

AREAC Ltd, Summit Gardens, Halesowen, Worcs 
021 -550 2868 
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DISTORTION 

continued 

rather time -consuming to use. Radford also 
produce a distortion factor meter which has 
rather more facilities than the Sugden instru- 
ment and which incorporates its own meter. 
On the other hand equipment that will satisfy 
most requirements is very simple to construct. 

Distortion in an amplifier does not change 
suddenly with a change in frequency but 
increases slowly from a minimum level which 
usually occurs at about 1 kHz. Hence it is 
usually sufficient to measure distortion at a 
few spot frequencies, say 100 Hz, 1 kHz and 
10 kHz. This simplifies the construction of the 
rejection filter and all that is required is a 
control to tune precisely the filter to the 
oscillator frequency. While the filter can give 
up to about 80 dB rejection of the fundamental 
frequency, it also reduces the second and third 
harmonics by about 5 dB and 2 dB respectively 
thereby making it very difficult to obtain a 
meaningful value for the total distortion 
content. To make the tuning band of the 
filter narrower, negative feedback is applied 
over the whole circuit and this has the effect 
of attenuating the second harmonic by less than 
1 dB and the third by less than 0.2 dB. There- 
fore reasonably accurate measurements of 
total distortion are possible. 

There are a number of filter circuits that can 
be used to suppress the fundamental frequency 
such as the Wien bridge, the bridged -T, and the 
twin -T networks. The advantage of the twin -T 
network is that the attenuation of the circuit is 
0 outside the rejection range, as against the 
other mentioned circuits which have about 
10 dB attenuation. Hence the twin -T network 
is most widely used in the design of commercial 
distortion factor meters today. 

A very simple switched frequency circuit 
for a distortion factor meter is shown in fig. 3 
which is capable of measuring distortion down 
to about .05 per cent if permitted by the noise 
of the amplifier and the distortion content of 
the oscillator. The output should be fed into 
a sensitive millivoltmeter (e.g. the Levell 
TM3B) and the `through' voltage noted first 
and checked on an oscilloscope to ensure that 
the test amplifier output is not being over- 
loaded. Then the frequency switch is switched 
to the appropriate frequency and the coarse 
control adjusted to minimise the deflection on 
the meter. The sensitivity of the millivoltmeter 
will have to be increased as the coarse and then 
the fine control nulls the fundamental 
frequency completely. When this occurs, the 
reading is that of the total distortion content 
plus the other components such as noise. The 
distortion content can then be calculated as 
follows: if the through voltage was 5V and the 
residual reading 15 mV then the distortion 

015 
content would be (- x 100 per cent or 

5 

0.3 per cent. It is worth taking a quick measure- 
ment of the noise by switching off the oscillator 
and measuring the residual noise component. 
For meaningful results the noise level should 
not be greater than about 5 mV and preferably 
lower; that is, at least 10 dB below the signal to 
be measured. 
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FIG. 1 TYPICAL AMPLIFIER FAULTS USING SQUARE WAVE INPUT AND OBSERVING OUTPUT 
ON OSCILLOSCOPE 
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FIG. 3 OUTLINE FOR SIMPLE DISTORTION FACTOR METER 
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Choose -your signal 
source! 

Give me a really good oscillator 
at a budget price... 

I want the best low- distortion 
wide -band performance going... 

It must be the Brookdeal 471 ! Radical new think ng in oscillator 
design gives extremely low harmonic distortion (typically 
0.05% up to 10kHz) and total freedom from amplitude bounce. 
Six frequency ranges cover 0001 Hz to 1 1 MHz, controlled 
manually or by an external voltage. Four decade continuous 
programming in log mode, two decade in linear. Output is sine 
or square wave from 3 16Vrms to 1 µVrms, calibrated to an 
accuracy of 1%. A second output gives 3Vp p for triggering 
etc. Square wave risetime is typically 3Ons. Output may be 
switched on or off by a front panel push button. Get the full 
data - you'll be even more convinced ! 

The new Brookdeal 472 is your best buy. A sensibly priced 
oscillator that still offers outstanding performance in a soundly 
engineered instrument. Frequency control is linear, having a two 
decade sweep on each range, covering 01 Hz to 1 1 M Hz with 
manual or external programming. The output has complete 
freedom from amplitude bounce and low harmonic distortion 
(typically 0.1%). Waveform may be either sine or square. 
Amplitude is continuously variable from 5Vrms to -500 fiVrms, 
calibrated to an accuracy of =1 %. The second output gives a 

square wave of 3 5Vp -p for triggering etc. 

Brookdeal 
Brookdeal Electronics Ltd., Market Street, Bracknell, Berks. 
Telephone Bracknell, (STD 0344) 23931 Telex 847164, 

COMMUNICATION ACCESSORIES & 
EQUIPMENT LIMITED 

77 AKEMAN STREET, TRING, HERTS, U.K. 
G.P.O. Type components on short delivery 

JACK PLUGS - 201, 310, 316, 309, 404 

JACK STRIPS - 310, 320, 510, 520, 810 

JACK SOCKETS - 300, 500, 800, B3 and B6 mountings 
PATCH PANELS - made to specifications 
LAMPS & LAMP STRIPS - SWITCHBOARD No. 2 LAMP CAPS 10 way PO 17 20 way PO 19 BALLAST PO No. I I 

HOLDER No. 12 

CORDS, PATCHING & SWITCHBOARD - made to specifications 
TERMINAL BLOCKS DISTRIBUTION - 20 way up to 250 way 
LOW PASS FILTERS - type 4B and PANELS, TELEGRAPH 71 (15 x 4B) 
UNISELECTORS - various types and manufactures both PO and miniature 
LINE TRANSFORMERS /RETARDATION COILS - type 48A, 48H, I49H, 3/16, 3/216, 3/48A, 3/43A, 48J, etc 
FUSE & PROTECTOR MOUNTINGS - 8064 A/B 4028, H I5B, H40 and individual 1/1 

COILS - 39A, 40A and 40E, etc 

PO TYPE KEYS - 1000 and PLUNGER TYPES 228,279, etc 
19" RACKS - VARIOUS SIZES 

Telephone: Tring 3476/8 STD: 0442 -82 Telex: 82362 Answerback: Batelcom UK Tring 
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DISTORTION 

continued 

The ability to make accurate measurements 
of distortion is not only dependent on the 
factors mentioned above but also upon two 
factors within the oscillator and one in the ac 
voltmeter. Firstly, the purity of the sinewave 
can dictate the level to which measurements 
can be made and the distortion of the oscillator 
should be checked first. As a rough guide, the 
distortion of the oscillator should be less than 
one fifth the minimum distortion to be meas- 
ured in the amplifier. A good oscillator today 
can have a distortion at 1 kHz of about .02 
per cent. See fig. 4 for example (the Sugden 
Sí453, Levell T6200 range or, for really low 
distortion, the Radford and measurements on 
amplifiers are thus reasonably accurate down 
to about 0.1 per cent. 

The second factor is that of oscillator fre- 
quency stability. If the frequency is changing all 
the time, even by as little as 10 Hz, the null filter 
will have to be returned and this can make 
measurements extremely tedious. Two proce- 
dures which greatly minimise frequency drift 
are, on battery operated oscillators, to use 
new batteries or a good stabilised mains 
supply; secondly, to allow the oscillator time 
to settle down after switch -on. With battery - 
powered oscillators, allow at least half an 
hour and with mains operated equipment 
several hours if possible. 

The accuracy of measurement is also partially 
determined by the type of ac voltmeter. Many 
commercial ac voltmeters come under the 
category of average -reading types which are 
calculated to read rms volts when a sinusoidal 

input is applied. A complex wave such as the 
residual components of distortion can there- 
fore give misleading results (see fig. 5) and 
make accurate measurements difficult. A peak 
reading ac voltmeter would be a better propo- 
sition when using a distortion factor meter, 
since the ear is more sensitive to peaks than to 
the average value when detecting distortion. 

The most serious limitation of the use of a 
distortion factor meter is that it measures 
noise in with the harmonics. Since noise 
stretches right across the frequency spectrum 
the only way to remove it from the measure- 
ment is to measure selectively only those 
frequencies of interest i.e. the harmonics. 
This necessitates measuring each harmonic 
separately and the total distortion has to be 
calculated as follows: 

D Total = (V2)2 + (V3)2 + (V,)2 + 

(V1)2 

where D Total =Total distortion 
VI= Fundamental distortion 
V2 =2nd harmonic voltage 
V3 =3rd harmonic voltage 
V4 =4th harmonic voltage 

The name given to this type of analysis is 
wave analysis and it can be extremely useful in 
helping to evaluate the performance of an 
amplifier under three main conditions: firstly, 
where it is required to measure selectively 
individual components of a waveform, particu- 
larly where there are large differences in level 
between the components, and where the smaller 
signals are partially obscured by broadband 
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noise; secondly, to determine the noise charac- 
teristics of an amplifier, since the bandwidth of 
the selective amplifier is well defined. Some 
commercial instruments have variable band- 
widths and this facilitates the measurement of 
noise over discrete frequencies; thirdly, for 
frequency response testing, particularly at low 
voltages or power levels where the signal may 
be affected by the noise. It allows each fre- 
quency to be measured without the presence 
of noise or distortion. 

The simplest method of wave analysis is to 
use a variable tuned amplifier which feeds into 
a sensitive valve voltmeter. A number of 
older types of commercial equipment used 
this principle and it is capable of producing 
good results. The main disadvantage with the 
method is that the response characteristic of 
the tuned amplifier is usually a constant 
percentage of frequency throughout the 
tuning range. Hence its bandwidth measured 
in Hertz increases as the frequency increases. 
The selectivity of the tuned circuit is one of the 
main factors which limits the level to which 
distortion measurements can be made. For 
example, if it is required to measure distortion 
components down to 0.1 per cent then the 
tuned circuit must be capable of having a 
selectivity greater than one part in a 1000 
(0.1 per cent) per octave. In other words the 
selectivity of the circuit should be such that 
the fundamental, one octave away from the 
resonant frequency, is attenuated by at least 
60 dB. 

Another type of `wave analyser' (or 
`frequency analyser') that is widely used is the 
heterodyne type; for example, the Marconi 
TF2330. This employs the same principle as a 
`superhet' radio in that the frequency to be 
investigated is mixed with a signal from a local 
oscillator. The resultant signal is passed 
through an intermediate frequency amplifier 
which is a fixed frequency, narrow bandwidth 
amplifier fig. 6. Hence, in this type of equip- 
ment, the bandwidth is constant over the 
frequency range. 

There are variations on the basic wave 
analyser such as the spectrum analyser. This 
instrument not only incorporates wave analys- 
ing facilities but also has a low distortion 
oscillator which is tuned synchronously with 
the analyser. Hence all the frequencies of 
interest can be scanned and the results displayed 
on an oscilloscope or pen recorder. 

Wave analysis suffers from some of the 
same defects as distortion factor measurements. 
The distortion measurement is limited by the 
distortion of the oscillator and the frequency 
stability of the oscillator is very important. 

The major advantages of wave analysis are, 
firstly, that distortion components can be 
measured in the presence of wideband noise - 
hence lower levels of distortion determined 
with reasonable accuracy -and, secondly, that 
the individual components of distortion can be 
identified, which is very useful at the design 
stage of equipment and for the diagnosis of 
faults in the maintenance of equipment. 

The two methods so far described are used to 
analyse the distortion of a single sinusoidal 
waveform at frequencies in the audio spectrum 
(often known as harmonic distortion analysis). 
Next month the various forms of distortion 
which involve more than one frequency will be 
discussed, as well as the means of analysing 
them. 
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Successor 
to one of our successes 

the new 
Ferrograph RTS2 

audio test set 

The Ferrograph RTS1 has been sold to audio 
professionals in 48 countries since its 
introduction 18 months ago. It has sold 
because it is such an obviously good idea, 
and there is nothing else like it in the field. 

Even so Ferrograph have not just rested on 
their laurels. Success has bred a successor - 
the RTS2. 

RTS2 and the non -alternative. 
The RTS2 is a small and very clever box of 
tricks. It provides facilities required by the 
audio workshop or recording studio to 
measure the performance of a wide range of 
equipment including reel to reel and 
cassette tape recorders, amplifiers, and disc 
reproducers. 

The alternative is an awkward, virtually 
immovable selection of separate items of 
test gear which will actually cost far more 
than the neat and efficient RTS2. Alternative? 

New specification 
In one essential the RTS2 is unaltered. It 
costs exactly the same as the RTS1. 

But it now has an improved stabilised 
power -supply, simplified distortion -meter 
controls, a millivoltmeter that is calibrated in 

d Bm as well as volts. And there is now a 

third wow- and -flutter range, in addition to 
the 1% and 0.3% range the RTS2 includes a 

0.1 % range. 
For the full specification please write or 
telephone for literature. 

The RTS2 combines a millivoltmeter, distortion meter, peak to peak 
wow & flutter meter, and audio generator. 

r 
' 
' 
' 

FERROGRAPH 
A member of the Wilmot Breeden Group 

Please send nie details of the Furrograph RTS2 er 
telephone Burnham 62511 Telex 847297 

NAME 

ADDRESS 

THE FERROGRAPH COMPANY LIMITED 
Auriema House, 442 Bath Road, 
Cippenham, Slough, Bucks, SL1 6BB. SS/MARCH 

Ì 
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Survey 
audio 
signal 

generators 

ADRET 
Adret Electronique, Av. Vladimir Koma- 
rov, 78- Trappes, France. 
Tel : 462 83 50. 

Agents: Racal Instruments Ltd, Duke Street, 
Windsor, Berkshire. 
Tel : 95 69811. 

201 

0.1 Hz to 2 MHz signal generator. Output frequency 
is controlled by eight digital dials with 0.1 Hz resolu- 
tion. In addition, a calibrated search or interpolation 
oscillator provides smooth frequency control 
between all digital steps up to 100 kHz. Meaningful 
setting to 0.001 Hz. A separate calibrated variable 
oscillator covers the full 0.1 Hz to 2 MHz band without 
range change. 
Fm and am modulation built in. Three internal 
modulation frequencies take care of most require- 
ments while an external mode permits modulation 
from dc to 20 kHz. The output level is adjustable 
with a built -in pushbutton 0 to 99 dB attenuator and 
a i1 dB vernier. 
Accuracy: Coherent output frequencies are 
derived from a stable crystal controlled oscillator. 
Stability of lx 0 -7 /day is standard while 2x10 -9 /day 
is also available. Digital frequency selection and 
high spectral purity. 
Programming capability: High speed remote 
programmability in addition to calibrated front 
panel frequency control. The digital oscillator is 
programmed by BCD signals while the search 
oscillator and variable oscillator are programmed 
by dc voltages. 
Sweep generator: Narrow band and wide band 

sweeps are provided by the search oscillator and 
variable oscillator respectively. Internal sweep 
voltages (including an output to drive an oscillo- 
scope horizontal amplifier) are provided by the 
internal fm modulator while external voltages of 
almost any waveform may also be used to sweep 
these oscillators. 
PRICE: £2,035 

301 

0.1 Hz to 100 kHz generator. Output frequency is 
controlled by four digital dials and three range push 
buttons with resolution to 0.1 Hz. A separate 
calibrated variable oscillator covers the full 0.1 Hz 
to 100 kHz band without range change. This variable 
oscillator may also be fm modulated from an external 
waveform. The output level is exceptionally stable 
and is adjustable with a built -in calibrated level 
control. Outputs with 50 ohms and 600 ohms 
impedances are provided simultaneously. 
Accuracy : Coherent output frequencies derived 
from a crystal controlled oscillator. Room tempera- 
ture crystals are used for instant warmup and 
3 x 10-5 /week stability. Digital frequency selection 
and high spectral purity. 
Programming capability: High speed remote 
programmability in addition to calibrated front panel 
frequency control. The digital oscillator is pro- 
grammed by BCD signals while the variable oscil- 
lator is programmed by dc voltages. 
Sweep generator: narrow band and wide band 
sweeps are provided by the variable oscillator. 
Externel sweep voltages of almost any waveform 
may be used to sweep the oscillator. 
PRICE: £690 

ADVANCE 
Advance Electronics Ltd, Raynham Road, 
Bishops Stortford, Hertfordshire. 
Tel : 0279 55155. 

J3 
Balanced, floating, 600 ohms output. The main out- 
put, which is metered, gives 15V into 600 ohms 
(30V EMF). The frequency range of 10 Hz to 100 kHz 
is provided in four decade ranges, and the 6:1 
reduction drive with capacitor tuning gives high 
resolution of frequency with minimum bounce. 
Three additional outputs are available, a 1W low 
impedance output, a square wave output and a low 
distortion output. 
Switched step attenuators give 60 dB of attenuation 
and the variable level control can be used to provide 
a further 20 dB of attenuation with negligible hum 
and noise on the output. 
PRICE: £95 

SG68A 
Frequency range: 1.5 Hz to 150 kHz. 
Distortion: 0.01 (20 Hz to 20 kHz). 
Two modes of operation are provided, low distortion 
and fast settle. In the fast settle mode distortion is 
still less than 1"0 and amplitude bounce with change 
of frequency is greatly reduced. 
In addition, a square wave output with rise and fall 
times of less than 100 ns is provided, and a maximum 
output of 4V is available on both sine and square 
waves. Output level control is achieved by means of 
a four range push button attenuator and a calibrated 
fine control. To minimise supply frequency induced 
hum, and for maximum portability, the instrument is 
powered by internal batteries, and these can be 
checked by means of a push button on the front 
panel. However, an ac power supply type BE2 is 
available as an optional extra, if required. 
PRICE: £115 

SG67A 

Sine or square output over 1 Hz to 1 MHz. Battery 
operation for continuous laboratory operation not 

requiring power line isolation, an ac power supply 
BE1 may be specified as an optional extra. Sine and 
square outputs thermistor stabilised within 1 dB 
at constant temperature for frequencies up to 200 
kHz. Output level is fully variable from 250 µV to 
2.5V rms into 600 ohms by means of a fine level 
control and a four position 60 dB attenuator. Square 
wave rise time is typically 50 ns at all frequencies. 
PRICE: £55 

SG65A 
10 Hz to 100 kHz frequency indicated on horizontal 
scale. Two outputs are provided. One is a high 
impedance source with optional sine or square 
wave, continuously variable up to 6V rms on sine 
wave, and up to 9V peak to peak on square wave. 
Additionally a switched attenuator provides a 
0 -20 -40 dB attenuated output. The other output is a 
low impedance source, available simultaneously and 
providing a sine wave with a maximum power of 
1W into 4 ohms, within the range 50 Hz to 20 kHz. 
PRICE: £29 

HIE 
Sinusoidal signal variable from 200 xV to 20V rms 
over the frequency range 15 Hz to 50 kHz. Square 
wave output variable from 1.4 mV to 140V pp. The 
HIE consists of a bridge type rc oscillator with 
thermistor stabilisation having three switched 
ranges followed by two stages of amplification 
employing negative feedback. Output level is 
selected by means of a five position decade attenea- 
tor and continuously variable control. 
PRICE: £65 

J2E 

15 Hz to 50 kHz in three ranges. Contains an rc 
bridge oscillator connected to the output stage via a 
buffer amplifier. Overall distortion at full output 
power above 100 Hz is less than 2 ° (34 dB down on 
fundamental). The output level is monitored on a 
high grade meter and is adjusted by means of a 

20 dB attenuator and continuously variable fine 
control. 
PRICE: £75 
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Above: AWA G231 and Bradley 235 

AWA 
Amalgamated Wireless (Australasia) Ltd, 
422 Lane Cove Road, Ryde, NSW, 
Australia. 
Tel: 888 8111. 

Agent: Marconi Instruments Ltd, St Albans, 
Hertfordshire. 
Tel : 56 59292. 

G231 

Frequency range: 10 Hz to 30 kHz in 4 overlapping 
ranges and 3 bandspread ranges as follows: 10 Hz 
to 110 Hz, 100 Hz to 1,100 Hz, 1,000 Hz to 11,000 Hz. 
When any of these frequency ranges is selected in 
conjunction with the spread button, only the upper 
50% of the selected range is obtained in the dial 
sweep. The fourth range is 10 kHz to 30 kHz. 
Maximum departure of frequency from scale 
indication: 10 Hz to 100 Hz +4%, 100 Hz to 30 kHz 

A two -speed drive is incorporated, with direct and 
6 -1 ratios for ease of adjustment. 
OUTPUT: 
Output level: maximum +22 dBm into 600 ohms. 
A meter scaled +2 to -20 dB monitors the basic 
output level which may be set by a fine level control 
having a 30 dB range. The basic output level may be 
further attenuated by a step attenuator which has a 
range of 0 dB to 80 dB in 10 dB steps. Each step is 
within -0.25 dB of stated value when referred to the 
0 dB step at 1 kHz. 
Uniformity of level: ± 0.3 dB from 10 Hz to 30 kHz 
when referred to 1 kHz. 
Meter: ±0.1 dB from 10 Hz to 30 kHz. The actual 
output into a 600 ohm load resistor is within f 0.1 dB 
of 0 dBm at 1 kHz for a temperature of 25' C. 
Source impedances: Nominally 40 ohms (equiva- 
lent circuit approximately 40 ohms in series with 
180 pH) and 600 ohms, balanced or unbalanced. 
Either is designed to feed 600 ohm lines. 
Return loss of 600 ohm output: at least 30 dB 
from 30 Hz to 15 kHz. At least 25 dB from 10 Hz to 
30 Hz and from 15 kHz to 30 kHz. 
Hum and noise: below -60 dB relative to output 
signal, or below -105 dBm, whichever is the greater 
level. 
Frequency range: 10 Hz to 30 Hz, 30 Hz to 20 kHz, 
20 kHz to 30 kHz, 30 Hz to 30 kHz. 
Distortion maximum: 0.3 °0 ( -50 dB), 0.1% (-60 
dB), 0.2% (-54 dB), 0.2 %( -54 dB). 
Output level: step attenuator calibrated in terms of 
output level. A fine control is also provided. 
Source impedance (2- position switch): 40 ohms or 
600 ohms. 
Power (4- position switch): Ac mains or external 
battery (internal battery, when fitted, is trickle 
charged). Internal rechargeable battery (optional). 
Meter: The output level in dBm which would be 
impressed on a 600 ohm load is read from the 
attenuator setting in conjunction with the clear -face 
mirror- scaled meter. 
Wdh dimensions: 149 x 470 x 355 mm. 
Weight: 7.26 kg. 
PRICE: £315. 

BRADLEY 
G. E. Bradley Ltd., Neasden Lane, London 
NW10 1RR. 
Tel: 01 -450 7811 

235 DIGITAL 
Frequency ranges: 1 Hz to 10 Hz, 10 Hz to 100 Hz, 
100 Hz to 1 kHz, 1 kHz to 10 kHz, 10 kHz to 100 kHz, 
100 kHz to 1 MHz, 1 kHz to 10 MHz. 
Standard (Internal): 10 MHz crystal unit in oven. 
Accuracy: Set to 1 in 10'. Provision for adjustment 
of frequency against local standard. 
Stability: 3 parts in 10° per day (after 72 hour warm 
up). 1 part in 10° per year. Temperature coefficient 
6 parts in 10 ° per' C. 
External standard: Input frequency 10 kHz square - 
wave. Input level TTL, low less than 0.3V high more 
than 2.7V. 
Outputs frequency stability : 5 parts in 10° (Typi- 
cally 1 part in 10 °) measured over 1s period. 
Frequency lock on time: less than 3s. 
Maximum sine output level: 8V rms. 
Attenuated output: 20 dB switched steps giving 
output ranges of 8V, 800 and 80 mV rms untermi- 
nated, with a further 7 position divider in 3 dB steps. 
(0 to -21 dB). 
Attenuator accuracy : 3 of setting up to 1 MHz. 
Less than 10°4; down at 10 MHz. 
Amplitude settlirg time: Typically 3s after 
changing frequency 10s maximum. 
Output impedance: 50 ohms +3;ó or 600 ohms 
+3% (600 ohms output usable up to 100 kHz only). 
SQUAREWAVE OUTPUT: 
Output level: Nominally 5V peak to peak untermi- 
nated, TTL compatible. 
Output impedance: Less than 200 ohms. 
Rise and fall times: Less than 30 ns (terminated). 
Operating temperature range: 0 to 50 °C. Specifi- 
cation maintained over 10 to +35'C. 
Storage: -30 to 60'C. 
Power supplies : 100 to 125V at 60 Hz or 200 to 250V 
at 50 Hz, 50W. 
Dimensions: 420 x 140 x 250 mm. 
Weight: 6 kg. 
PRICE: £395 

BROOKDEAL 
Brookdeal Electronics Ltd, Market Street, 
Bracknell, Berkshire, RG12 1JU. 
Tel : 0344 23931 5. 

471 

Frequency may be controlled manually or by an 
external voltage or by a combination of both. 
Frequency range: 0.001 Hz to 1.1 MHz. 
Total harmonic distortion: typ 0.05 (man /lin 
mode). 
Frequency control range :10':1(linear). 104:1 (log). 
Calibrated output: 3.16V rms to 1 Ia.V rms. (µV 
levels are from a 1 ohm low -noise source.) Signal - 
off button. 
PRICE: £265 

472 

Frequency may be controlled manually or by an 
external voltage. The control law is linear and the 
frequency span is two decades on any range setting. 
Frequency range: 0.1 Hz to 1.1 MHz. 
Total harmonic distortion: typically 0.1%. 
Squarewave risetime: less than 30 ns. 
Frequency control: 10':1 linear. 
Output: sine or squarewave 5V rms to less than 
500 p.V rms from 600 ohms. 
PRICE: £167 

B &K 
Bruel & Kjaer, Naerum, Denmark. 
Agents: B & K Laboratories Ltd, Cross 
Lances Road, Hounslow, TW3 2AE. 
Tel : 01 -570 7774 

1022 BFO 
Logarithmic frequency range: 20 Hz to 20 kHz; 
incremental scale: -50 to +50 Hz. 
Frequency accuracy : Incremental scale: L0.5 Hz, 
main scale: 1 " - 1 Hz. 
Distortion : (2 dB below full indicating meter 
deflection, unloaded) 0.1°0 at 1 kHz. 
Hum level: -70 dB. 
Output attenuator: -j 0.2 dB. Variable in steps of 
10 dB from 125 IW to 12.5V. 
Frequency scanning : A worm gear in the BFO 
permits the variable capacitor to be driven from the 
motor of the 2305 level recorder. Set and release of 
the drive operated with the aid of a magnetic clutch 
on the BFO. Provision is made for remote control of 
the clutch. 
Frequency modulation: +250 Hz maximum. 
Power supply: 100 to 240V ac, 50 Hz to 400 Hz. 
Power consumption : 26W. 
Hwd dimensions: 480 x 380 x 200 mm. 
Weight: 15 kg. 
PRICE: £464 

DY MAR 
Dymar Electronics Ltd, Colonial Way, 
Radlett Road, Watford, Herts WD2 4LA. 
Tel : 92 21297. 

1525 AM /FM 
Frequency range: A: 100 kHz to 44 MHz, B: 44 MHz 
to 92 MHz, C: 88 MHz to 184 MHz. (Range A is 
obtained by mixing Range B with a 90 MHz crystal 
oscillator). 
Calibration accuracy : 0.01% at crystal check 
points which are every 1 MHz on ranges A á B and 
every 2 MHz on range C. 
Main tuning: Through anti -backlash reduction 
gear (52: 1) giving 24 revolutions for scaletransversal. 
Frequency readout: drum scale with an effective 
length in excess of 50 cm. Counter output available 
for precise frequency setting. 

52 0. 
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Fine tuning : electronic tuning with approximately 
±1 kHz range. 
Frequency stability: at constant temperature after 
1 hour's warm -up 0.001% over a period of 10 minutes. 
Incremental frequency : calibrated frequency 
shift of ±25 kHz. 
Calibration accuracy: 10% 
External shift: +6V DC relative to a potential of 
-6V DC will shift frequency approximately ±25 kHz. 
Amplitude modulation : continuously variable 0 to 
50% (up to 90% depth uncalibrated). 
Modulation setting accuracy: 5% of fsd. 
Frequency range: 30 Hz to 10 kHz. 
Frequency setting accuracy: 3% counter output 
available for precise setting of modulation frequency. 
Envelope distortion: better than 3% at 1 kHz and 
30% depth of modulation. 
Frequency modulation: continuously variable. 3 

ranges giving full scale deviations of 1.5 kHz, 5 kHz 
and 15 kHz. 
External modulation Am /Fm: approximately 3V 
input into 10k ohms will modulate the carrier exter- 
nally. 
Accuracy: +1 dB at 1 p.V and above. 
Leakage: less than 1 [IV in a 50 mm loop search 
coil anywhere outside the instrument. 
Counter output: approximately 50 mV into 50 ohms 
irrespective of attenuator setting. 
AUXILIARY OUTPUTS: 
Af oscillator: 30 Hz to 30 kHz in 3 ranges. 
Frequency calibration: 3 %. 
Output voltage: continuously variable to 1.5V into 
600 ohms. 
Setting accuracy: 5 %fsd. 
If oscillator: 10.7 MHz crystal controlled. 
Frequency accuracy: 0.001 % 10° to 30 °C. 
Output voltage: approximately 0.5V into 50 ohm. 
Internal battery: 24V (nominal) nickel cadmium 
rechargeable battery of 400 mAh capacity giving a 
typical operating time of 41- hours between recharg- 
ing. Batteries are recharged in situ by means of an 
internal charging circuit in 14 hours from a fully 
discharged condition (22V). 
Meter: 64 mm movement calibrated 0 to 5 and 0 to 15 

plus a scale of -1 and +1 dB for carrier setting. 
A'check battery' push button connects meter across 
battery to read voltage directly. 
Whd dimensions: 420 x 175 x 250 mm. 
Weight: 10 kg. 
PRICE: £535 

Below: Farnell ESG 1 

52 

FARN ELL 
Farnell Instruments Ltd, Sandbeck Way, 
Wetherby, Yorkshire LS22 4DH. 
Tel: 0937 3541. (London office: 01 -802 5359) 

ESG 1 

Frequency range: 10 Hz to 1 MHz in five decade 
ranges. 
Scale accuracy: ±3% of scale reading. 
Harmonic distortion: 0.5% 10 Hz to 100 kHz; 2% 
100 kHz to 1 MHz. 
Square wave rise time: less than 200 ns. 
Stability: variation less than 0.2% in 8 hours. 
Output voltage: 12 MV to 12V peak to peak. 
Output impedance: 60 ohms approximately. 
Amplitude stability: ±2% 10 Hz to 100 kHz; ±5% 
100 kHz to 1 MHz. 
Sync output: greater than 5V pp. 
Power requirements: ac mains 190 to 260V or 95 

to 130V by internal connection change. Frequency: 
50 to 400 Hz. 
Hwd dimensions: 187 x 109 x 230 mm. 
Weight: 2.4 kg. 
PRICE: £39 

LFM 2 

Frequency range: 1 Hz to 1 MHz in six decade 
ranges. 
Scale accuracy: to within ±3% of scale reading 
or ±0.25 Hz. 
Harmonic distortion: less than 0.5% 10 Hz to 100 

kHz; less than 2% 1 Hz to 1 MHz. 
Square rise time: less than 150 ns. 
Frequence stability: Typical stability over ±7.5% 
variation of nominal mains (after 30 minutes warm 
up) less than 0.004 %, typical stability with tempera- 
ture (after 30 minutes warm up) less than 0.03% per 
°C. 
Amplitude stability: over ±7.5° %, variation of 
nominal mains, less than 0.2 %; less than 0.3% per 
°C. 
Output voltage: 1 mV to 12V pp. 
Output impedance: 60 ohms calibrated into 
600 ohms. 
Sync output: greater than 5V p -p. 
Ambient temperature range: 0 to 40 °C. 
Power requirements: 190 to 260V or 95 to 130V ac 
by internal link change, 47 to 400 Hz. 
Batteries: 27V dc from three integral PP9 batteries. 
Life typically 70 hours for 3 hours use per day. 
Hwd dimensions: 162 x 244 x 254 mm. 
Weight: 5.33 kg. 
PRICE: £69 

FG 1 

Frequency range: 0.02 Hz to 2 MHz in seven 
switched ranges. 
Frequency dial accuracy: ±3% of range maximum 
0.02 Hz to 200 kHz; ±10% of range maximum 200 

kHz -2 MHz. 
Output waveforms: sine, square and triangular. 
Outputs available: the three waveform types 
available simultaneously from three low level output 
sockets. One of the three waveform types, selected 
by a switch, is available at the main output socket. 
Low level triple output: 2V p -p from 600 ohms 
each. 
Main output amplitude: 20V p -p maximum, 
adjustable with calibrated fine control down to 1V 
peak to peak into open circuit from a 50 ohm source 
resistance. 
Output attenuator: 60 dB attenuation in 20 dB 
steps, Minimum output 1 mV p -p. 
Output amplitude constancy: Less than 0.1 dB 
change with frequency from 0.02 Hz to 200 kHz. 

Output offset: dc offset up to ±4V into open 

circuit on unattenuated output. 
Sine distortion: less than 1% on ranges 0.2 Hz to 
200 kHz. 
Hwd dimensions: 152 x 337 x 234 mm. 

Weight: 5 kg. 
PRICE: £195 

FEEDBACK 
Feedback Instruments Ltd, Park Road, 
Crowborough, Sussex. 
Tel : 089 26 3322. 

TWG 500 VARIABLE PHASE 
Frequency range: 0.01 Hz to 100 kHz continuously 
variable in seven decade ranges with calibrated fine 
control. A 20% range overlap at each end of the 
decade scale ensures continuity between ranges 
and effectively extends the frequency coverage 
from 0.008 Hz to 120 kHz approximately. 
Accuracy: ±3% of reading from 1 Hz to 100 kHz 
±5 % of reading from 0.01 Hz to 1 Hz. 
Stability: Drift less than ±0.1 % (1 hour) after one 
hour warm -up period, constant temperature and 
supply voltage. 
Jitter: Less than 0.02 %, measured at 10 kHz. 
Response: ±0.5 dB from 0.01 Hz to 100 kHz. 
Waveforms: Sine, square and triangle- reference 
(0 °) and Quadrature- together with variable phase 
sine wave are simultaneously available from two 
main output amplifiers and seven constant amplitude 
monitor outputs. Sine at 180° and 270° also available 
from monitor outputs. 
Sine: five outputs at 0 °. 90 °, 180 °, 270° and con- 
tinuously variable from -180° to +180° calibrated. 
Distortion: less than 1 %, 0.01 Hz to 10 kHz. Less 
than 4% at 100 kHz, typically 2.5%. 
Square: two outputs at 0° and 90 °. Rise time less 
than 3 (a.s via amplifiers, less than 0.3 [Is via monitor 
scckets. 
Triangle: two outputs at 0° and 90 °. Linearity 
better than 1 %. A wide variety of waveforms for 
simulation work may be produced by the use of a 

summing facility which enables separate outputs 
to be combined. 
Phase accuracy: 90 °, 180° and 270° less than ±1° 
relative to 0 °. Variable phase setting accuracy. 
0.01 Hz to 10 kHz less than ±2 °. 10 kHz to 100 kHz 
less than ±4° typically 3 °. 

Main outputs: two main output amplifiers are 
connected by push button switches to any one of 
seven waveforms. Alternatively, the amplifiers may 
be isolated and used to amplify externally generated 
signals. 
The two amplifiers are balanced for phase shift to 
within ±2° of each other at all frequencies up to 
100 kHz. 
Whd dimensions: 430 x 266 x 292 mm. 
Weight: 8.7 kg. 
PRICE: £428 

TWG 501 

Unless otherwise stated, this specification is given 
for operation at +25 °C ±5 °C. 
Frequency: 
Range: 0.01 Hz to 1 MHz continuously variable in 
eight decade ranges with calibrated fine control. 
A 10% range overlap at each end of the decade 
scale ensures continuity between ranges and 
effectively extends the frequency coverage from 
0.009 Hz to 1.1 MHz, approximately. 
Scale Accuracy: A maximum error of ±2% of 
nominal full scale on all decades. Also, for all 
ranges except the highest and lowest the frequency 
is within ±5% of setting. 
Stability: Under constant line voltage, output load 
and temperature conditions, after half -hour initial 
warm up at 10 kHz. 
Short term: ±0.05% over 10 minutes. 
Long term: ±0.1 % over 6 hours (typically). 
Variation with line voltage ( ±10% line voltage 
variation): less than ±0.1 %. 

Jitter: typically less than 0.01 % at 10 kHz. 
Waveforms: Sine, square, or triangle are available 
by selection through the output amplifier and 
simultaneously at three monitor outputs: 
Sine: total harmonic distortion less than 2 %, 

0.01 Hz to20 kHz. 
Square: rise time less than 60 ns via output ampli- 
fier. Less than 30 ns via monitor socket Into a 

resistive load. 
Triangle: linearity better than 1 %. Time symmetry 
of all the above waveforms within 1% except on 0.01 
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to 0.1 Hz range where better than 5%. 
Fast square wave: 0 to +5V 0.4V peak unloaded 
from 50 ohms source impedance. Rise time 10% to 
90% less than 15 ns. Total aberrations less than 3°0. 
BNC socket output. 
Trigger output: Alternate +ve and -ve going 
pulses 2V peak nominal into 50 ohms. Time con- 
stant of exponential decay 200 ns. Rise time 10% to 
90 %, less than 20 ns. 
Output facilities: 
Main output: the main output amplifier is con- 
nected by rotary switch to any one of three wave- 
forms -sine, square or triangle. 
Level: continuously variable up to 20V peak -to- 
peak from sr urce impedance of about 25 ohms. 
Maximum output: 20 mA. 
Low level output: nominally 20 dB below main 
output when unloaded. Source resistance 500 ohms. 
Monitor outputs: all three generated waveforms 
are available simultaneously on 4 mm sockets at 
2 +5% volts peak -to -peak into 1k ohms.) 
Variation with frequency: n, 0.1 dB up to 100 kHz 
-+0.5 dB from 100 kHz to 1 MHz. 
Variation with time: typically less than ±0.5 dB 
over 2 hours at 10 kHz. 
Variation with line voltage: +0.1 dB for -L10°ó 
change at 10 kHz. 
Variation with temperature: typically less than 
+0.1 dB from -15`C to -+ -50'C at 10 kHz, triangle or 
square; less than i 0.25 dB from 20 °C to 30 °C, sine. 
Voltage control: The generated frequency can be 
controlled by an external voltage in the range -1.5V 
to +15V applied to the 'sweep in' jack, the dial 
control being rendered inactive. Input impedance 
greater than 100k ohms falling to 10k ohms outside 
the normal operating voltage range. Inputs from 0 

to -1.5V reduce the frequency over approximately 
four decades from the lower frequency of each 
range or to 0.01 Hz, whichever is the greater fre- 
quency. Although not guaranteed, typical instru- 
ments will sweep to 0.001 Hz or below on the lower 
ranges. 
VCF slew rate: a fast step function applied to the 
'sweep in' socket results in an effective frequency 
control voltage whose slew rate is approximately 
1V per 6 ns. Thus a decade sweep can be completed 
in 90 ns, less than 10% of one period at 1 MHz. 
Power supply: 100 -120V or 200 -250V, 50 or 60 Hz; 
+18 to -I 24V and -18V to -24V each at 100 mA 
applied to rear socket. 
Wdh dimension: 254 x 121 x 157 mm. 
Weight: 2.2 kg. 
PRICE: £99 

VPO 230 VARIABLE PHASE 
Frequency coverage: 1 Hz to 100 kHz in five 10:1 

switched ranges with continuous adjustment in 
each range. 
Phases: The reference and quadrature phases are 
related 0' and +90° +0.25'. The variable phase 
control is scaled linearly in 2 divisions over 360° and 

marked 'Lead' and 'lag' up to 180° starting from 0 °. 

Phase may be set to within 1° of any selected angle. 
External driving: The instrument may be driven 
from any external voltage function with components 
in the 1 Hz to 100 kHz range. 
The input impedance is 20k ohms and the minimum 
input is 1V peak for satisfactory operation. The 
shape of the waveform is not important. 
Under these conditions, the equipment behaves as a 

tuned selective amplifier and may, under favourable 
circumstances, be used to extract the fundamental 
or harmonic components from a complex driving 
waveform. 
Outputs: Reference, quadrature and variable 
phase -all available simultaneously. Identical power 
levels and controls on each channel. Instrument will 
deliver 10V peak into a high impedance load. 
Output controls: calibrated 0 to 10 and marked at 
the 1 mW level for a load of 600 ohms. 
Harmonic content of the output is generated mainly 
in the output stages and is due to the loading 
imposed by the 600 ohms attenuators. This can be 
as high as 2% but is typically 0.5% with the attenua- 
tors set for maximum output. 
Output sockets and terminals: 4 mm. 
Power supplies: single phase ac 100/120V or 
200/250V 50 /60 Hz 50 VA. 
Wdh dimensions: 206 x 370 x 300 mm. 
Weight: 11 kg. 
PRICE: £232 

GENERAL RADIO (USA) 
General Radio Co (UK) Ltd, Bourne End, 
Buckinghamshire, SL8 5AT. 
Tel : 062 85 22567. 

1308 

Frequency: 
Range: 20 Hz to 20 kHz in 3 ranges. 
Accuracy: _3% of setting or +1 Hz, whichever is 
greater. 
Stability: warmup drift at full load, 0.3 %. 

After warmup: 0.003°ó short term (10 min), 0.03% 
long term (12 h), 0.04% from no load to full load. 
Controls: continuously adjustable main dial covers 
decade range in 157.5 °, vernier in 2 turns. 
Output: 
Voltage ranges: maximum of 4, 12.5, 40, 125 and 
400V open circuit, continuously adjustable from 0 to 
max. 
Power: 200 VA maximum, 50 Hz to 1 kHz. 
Distortion (linear load): less than 1 % (100 Hz to 
10 kHz). 
Hum : 0.3% of maximum output. 
Amplifier: 
Sensitivity: 2V for full output. 
Input impedance: 10k ohms. 
Power required: 105 to 125 or 210 to 250V, 50 to 60 

Hz, 70 to 500W depending on load. 
Whd dimensions: 485 x 180 x 414 mm. 
Weight: 67 kg. 
PRICE: £973 plus import duty 

1309 

Frequency: 
Range: 10 Hz to 100 kHz in 4 decade ranges. Over- 
lap between ranges 5 %. 
Accuracy: ±2% of setting. 
Stability: 0.01% long term. 
Controls: continuously adjustable main dial covers 
decade range in 305 °, vernier in 4 turns. 
Synchronisation: frequency can be locked to 
external signal. Lock range ±3% per volt rms input 
up to 10V. Frequency dial functions as phase 
adjustment. 
Output: Sine. 
Power: more than 10 mW into 600 ohms. 
Distortion: less than 0.05% (200 Hz to 10 kHz). 
Hum: less than 60 u.V independent of attenuator 
setting (less than 0.001 % of full output). 
Square wave: 
Voltage: -+ 5V p -p open circuit. Dc coupled output. 
Impedance: 600 ohms, one terminal grounded. 
Power required: 100 to 125 or 200 to 250V, 50 to 
400 Hz 6W. 
Whd dimensions: 205 x 155 x 210 mm. 
Weight: 3.1 kg. 
PRICE: £211 plus import duty 

1310 -B 
Frequency: 
Range: 2 Hz to 2 MHz in 6 decade ranges. Overlap 
between ranges, 5 %. 

Accuracy: 3% of setting. 
Stability : 0.03% long term. 
Controls: continuously adjustable main dial covers 
decade range in 305 °, vernier in 4 turns. 0. 54 

Below: Farnell LFM2 

JES AUDIO INSTRUMENTATION 
Illustrated the Si453 Audio Oscillator 
SPECIAL FEATURES: * very low distortion content -less than .03% * an output conforming to RIAA recording characteristic * battery operation for no ripple or hum loop * square wave output of fast rise time 

also available £40.00 
Sí451 Millivoltmeter Sí452 Distortion Measuring Unit * 20 ranges also with variable control permitting easy reading * low cost distortion measurement down to .01% with compre- 

of relative frequency response £35.00 hensive facilities including L.F. cut switch etc. £30.00 

J. E. SUGDEN "& CO. LTD., CARR STREET, CLECKHEATON, YORKS. BD19 5LA. Tel:09762 -2501 
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Synchronisation: frequency can be locked to 
external signal. Lock range 3 ",, per volt rms input 
up to 10V. Frequency dial functions as phase 
adjustment. 
Output: power: more than 160 mW into 600 ohms. 
Attenuation: 46 dB range. 
Distortion: 0.25% (50 Hz to 50 kHz). 
Hum: 0.02 %. 
Power required: 105 to 125, 195 to 235, or 210 to 
250V 50 to 400 Hz to 12W. 
Whd dimensions: 205 x 155 x 210 mm. 
Weight: 3.6 kg. 
PRICE: £164 plus import duty 

HEATH- SCHLUMBERGER 
Heath (Gloucester) Ltd, Gloucester GL2 
6EE. 
Tel: 0452 29451 

AG -9U 

Frequency: 10 Hz to 100 kHz, switch selected. 
Output: 6 ranges 0 to 3 mV, 10 mV, 30 mV and 1V 
rms into external 600 ohm load or with internal load 
into Hi -Z, 2 ranges 0 to 3, 10V rms into a minimum of 
10k ohms, -60 dB to +22 dB in 8 steps (0 dB= 

1 mW into 600 ohms). 
Distortion: Less than 0.1%, 20 to 20 kHz. 
Valves: One 6AU6, one -EZ81. 
Power requirements: 200 -250V AC, 50 Hz, 40W. 
PRICE: £42 (kit: £31) 

A0-1U 
Sinewave: 
Frequency range: 20 Hz to 150 kHz. 
Output volts: 0 to 10V, 0 to 1 V, 0 to 0.1V rms, into a 
high impedance load. 
Distortion: Less than 1 " 100 Hz to 20 kHz. 
Frequency response: 1 dB, 20 Hz to 50 kHz. 
Squarewave: 
Frequency range: 20 Hz to 25 kHz. 
Output volts: 0 to 80V, 0 to 8V, 0 to 800 mV peak to 
peak. 
Rise time: Less than 3 ms. 
Power requirements: 115, 200 -250V AC, 50 Hz, 
30W. 
PRICE: £27.50 (kit £16.50) 

HEWLETT PACKARD (USA) 
Hewlett -Packard Ltd, 224 Bath Road, 
Slough, Bucks. SL1 4DS. 
Tel : 75 33341. 

3310A 

Output waveforms: sine, square, triangle, positive 
pulse, negative pulse, positive ramp and negative 
ramp. Pulses and ramps have a 15 " or 857 duty 
cycle. 
Frequency range: 0.0005 Hz to 5 MHz in 10 decade 
ranges. 
Sine frequency response: 0.0005 Hz to 50 kHz 
+1%. 50 kHz to 5 MHz: 4" ,,. 
Reference: 1 kHz at full amplitude into 50 ohms. 
Dial accuracy: 0.0005 Hz to 500 kHz all functions: 
(+1% of setting + 1% of full scale). 500 kHz to 
5 MHz sine, square and triangle: : (3% of setting 
+3% of full scale.) 500 kHz to 5 MHz pulse ramp: 
+(10% of setting i- 1 " of full scale). 
Maximum output on High : more than 30V pp open 
circuit. More than 15v pp into 53 ohms (except for 
iDulses at frequency more than 2 MHz). 
Pulse (frequency more than 2 MHz): more than 
24V pp open circuit. More than 12V pp into 50 ohms. 
Minimum output on Low: less than 30 mV pp 

54 

open circuit. Less than 15 mV pp into 50 ohms. 
Output level control: range more than 30 dB. 
High and low outputs overlap for a total range of 
more than 60 dB; low output is 30 dB down from 
high output. 
Sine distortion (below fundamental): 0.0005 Hz to 
10 Hz: more than 40 dB (1 ó). 10 Hz to 50 kHz (on 
1 k range): more than 46 dB (0.570. 50 kHz to 500 
kHz: more than 40 dB (1 %). 500 kHz to 5 MHz: more 
than 30 dB (3%). 
Square wave and pulse response : less than 30 ns 
rise and fall times at full output. Less than 35 ns rise 
and fall times at less than full output. Less than 5% 
total aberrations. 
Triangle and ramp linearity: 0.0005 Hz to 50 kHz 
less than 1 %. Triangle symmetry: 0.0005 Hz to 
20 Hz: less than 1 %. 20 Hz to 50 kHz: less than 0.5%. 
Output impedance: 50 ohms. 
Sync output: 
Amplitude: more than 4V pp open circuit, more 
than 2V pp i.ito 50 ohms. 
Rise and fall times: less than 20 ns. 
Waveform: square foi symmetrical functions, 
rectangular for pulse and ramp. 
Output impedance: 50 ohms. 
DC offset level: 
Amplitude: +10V open circuit, ±5V into 50 ohms 
continuously adjustable. 
External frequency control: 
Range: 50:1 on any range. 
Input requirement: with dial set to low end mark, 
0 to +10V +1V will linearly increase frequency 50:1. 
With dial set at 50, 0 to -10v : 1V will linearly 
decrease frequency 50:1. An ac voltage will fm 
about a dial setting within the limits (1 less than f 
less than 50) x range setting. 
Sensitivity: approximately 100 mV /minor division. 
Input impedance: 10k ohms. 
Operating temperature: 0 C to 55 °C. 
Power: 115V or 230V 10 48 Hz to 440 Hz, less 
than 20W. 
Weight: 2.7 kg 
PRICE: £286 

4204A DIGITAL 
Frequency range: 10 Hz to 1 MHz, 4 ranges. 
Frequency accuracy: 0.2 or - 0.1 Hz (25'C.) 
Frequency stability: +10% line voltage variation: 
less than 0.01%. 
Change of frequency with temperature: less 
than -100 ppm / "C. 
Drift: less than 10 ppm /minute. 
Frequency response: flat within i3°ó. 
Output: 10V (22 dBm) into 600 ohms (160 mW) 20V 
open circuit. 
Output attenuator: 80 dB in 10 dB steps, less than 
+0.5 dB error. 
Output monitor: voltmeter monitors level at input 
of attenuator in volts or dB. 
Accuracy : 2','° of full scale. 
Flatness: +1 at full scale, 10 Hz to 500 kHz. 
±2% at full scale, 500 kHz to 1 MHz. 
Distortion: less than 0.3% 30 Hz to 100 kHz; less 
than 1% 10 Hz to 1 MHz. 
Hum and noise: less than 0.05",ó of output. 
Temperature range: 0'C to +50'C. 
Power: 115V/230V switch, +10 %, 10W, 50 to 60 Hz. 
Weight: 8.5 kg. 
PRICE: £450.60 

204 

Frequency range: 5 Hz to 1.2 MHz in 6 overlapping 
ranges. 
Dial accuracy: : 3% of frequency setting. 
Hum and noise: less than 0.01 of output. 
Output voltage: more than 2.5V rms (10 mW or 
+10 dBm) into 600 ohms more than 5V open circuit. 
Output impedance: 600 ohms. 
Output control: more than 40 dB range, continu- 
ously adjustable. 
Output balance: more than 40 dB below 20 kHz. 
Can be floated up to i 500V peak between output 
and chassis ground. 
Sync output: 10k ohms impedance (sine in phase 

with output); 1.7V rms open circuit; more than 100 
mV rms into less than 100 pF. 
Sync input: oscillator can be synchronised to an 
external signal. 
Operating temperature: O'C to 55 C. 
Power: 115V ac or 230V ac +10" 48 Hz to 440 Hz 
less than 4W. 
Options: mercury batteries, approx 300 hr opera- 
tion; line /rechargeable batteries (115V or 230V 
±10 %, 48 Hz to 440 Hz, less than 4W, 35 hr operation 
per recharge). 
Whd dimensions: 130 x 155 x 203 mm. 
Weight: 2.7 kg. 
PRICE: £142.70 

209A 

Frequency: 4 Hz to 2 MHz in 6 ranges. 
Dial accuracy: +3 ";, of frequency setting. 
Hum and noise: less than 0.01 ° of output. 
Output voltage: 5V rms (40 mW) into 600 ohms 
resistive load, 10V open circuit. 
Output impedance: 600 ohms. 
Output control: more than 26 dB range, con- 
tinuously adjustable. 
Output balance: more than 40 dB, below 20 kHz. 
Output can be floated up to +500V peak between 
output and chassis ground. 
Output voltage: 20V pp open circuit, symmetrical 
about OV. Output can be floated up to ±500V peak. 
Rise and fall time: less than 50 ns into 600 ohms 
resistive load. 
Symmetry : +5 
Output impedance: 600 ohms. 
Output control: continuously adjustable from 0 to 
full output. 
Sync output: sine in phase with output (1.7V rms 
open circuit) impedance 10k ohms. (Frequency 
response at high frequencies is affected by capa- 
citive loads). 
Sync inputs: Oscillator can be synchronised to an 
external signal. 
Operating temperature: 0 -C to 55 °C. 
Storage temperature: -40 °C to +75'C. 
Power: 115V or 230V ±10%, 50 Hz to 400 Hz, less 
than 7W. 
Whd dimensions: 131 x 155 x 204 mm. 
Weight: 3.6 kg. 
PRICE: £195.10 

200 A B 

Frequency range: 20 Hz to 40 kHz in 4 ranges. 
Bands: 20 Hz to 200 Hz, 200 Hz to 2 kHz, 2 kHz to 
20 kHz, 4 kHz to 40 kHz. 
Dial accuracy: within +2% at normal ambient 
temperatures (includes warm -up and changes due 
to aging of tubes and components). 
Frequency dial: 150 mm diameter, calibrated over 
300' of arc. 90 divisions. Total scale length, 1.6 m. 
Vernier control for precise setting. 
Frequency response: +1 dB over entire frequency 
range when working into 600 ohms load. 
Distortion : less than 1 20 Hz to 20 kHz; less than 
2 ",,, 20 Hz to 40 kHz when working into 600 ohm load 
or higher impedance. 
Output: 1W or 24.5V into a 600 ohm load. 
Output impedance: less than 75 ohms from 20 Hz 
to 15 kHz. Output is balanced to ground and floating 
over entire frequency range (may be operated one 
side grounded, if desired). 
Hum and noise: at least 66 dB below maximum 
rated output (less than 0.05 ",. of rated output). 
Operating temperature: O C to 55 "C. 
Power supply: 115 or 230V (must be specified), 
50/400 Hz, 70W nominal, 85W maximum. 
Whd dimensions: 191 x 292 x 305 mm. 
Weight: 5.3 kg. 
PRICE: £148.40 

200CD 

Frequency range: 5 Hz to 600 kHz covered in five 
overlapping ranges. 
Ranges: 5 Hz to 60 Hz, 50 Hz to 600 Hz, 500 Hz to 
6 kHz, 5 kHz to 60 kHz, 50 kHz to 600 kHz. 
Dial accuracy: _ {,2 %. 56 
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Top: 
Hewlett Packard 
3310A 

High centre: 
Marconi 
TF2005R 

Low centre: 
Heathkit 
A0-11.1 

Bottom: 
Marconi 
TF2000 

Budget beater: 
We're sure you'll quickly recognise the superior perform- 
ance to cost ratio of the 

FARNELL ESG 1 OSCILLATOR 

It's unbeatable -it's also versatile - providing sine or 

square waves and an output you can really use. 

Ifs easy to operate - with rapid push button multi- 
plication of frequency and amplitude coupled with 
continuous adjustment too. 

Signal distortion is low and the square waves are really 
square. 

You can synchronize the ESG 1 to an external frequency 
standard for even greater accuracy and stability. 

The very low output impedance minimises output volt- 
age drop due to loading particularly at higher frequencies 
where unavoidable stray capacitance limits the useful- 
ness of higher impedance oscillators. 

FREQUENCY RANGE: 10Hz to 1MHz 

VOLTAGE OUTPUT: 12mV to 12V pk pk 

EXCELLENT SPECIFICATION 

£36 U.K.! 
You can buy two ESG 1 oscillators for one alternative 
make of comparable performance. Think about that. 
Well gladly send you the full technical data. 

Electronic Instruments 
Division 

FARNELL INSTRUMENTS LIMITED SANOBECK WAY WETHERBY LS22 4DH 

YORKSHIRE. TEL: 0937 3541 or 01 -802 5359 (LONDON OFFICE) TELEX: 557294 
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continued 

Dial calibration: 150 mm diameter calibrated over 
300° of arc. 85 divisions. Total effective length 
1.98 m. 
Frequency response: +1 dB over entire frequency 
range (ref 1 kHz). 
Output: 160 mW (10V) into 600 ohm rated load, 
20V open circuit. 
Output impedance: 600 ohms balanced and 
floating. Output is balanced to ground for maximum 
output. (May be operated with one side grounded 
If desired). 
Output balance: better than 0.1 at lower frequen- 
cies and approximately 1% at higher frequencies. 
Distortion: 0.2% from 20 Hz to 200 kHz; 0.5% from 
5 Hz to 20 Hz and 200 kHz to 600 kHz. 
Hum voltage: less than 0.1% of rated output. 
Decreases as output is attenuated. 
Power: 115 or 230V +10 %, 50 to 1000 Hz, 90W. 
Whd dimensions: 188 x 293 x 366 mm. 
Weight: 9.9 kg. 
PRICE: £170.10 

KROHN -HITE (USA) 
Agents: International Instruments Ltd, 
Cross Lances Rd., Hounslow, Middlesex. 
Tel: 01 -570 6454. 

4000 

Frequency range: 0.1 Hz to 100 kHz. 
Frequency accuracy: 0.1%. 
Frequency response: 10.01 dB. 
Harmonic distortion: 0.01 %. 
Amplitude calibration: 2%. 
Amplitude stability: _L0.01% per hour. 

Below: Level) TG200 
and Linstead 92 

4. , L,r,ad . 
Í 

lry 

56 

Quadrature sine wave output and external synchro- 
nisation. 
Weight: 6 kg. 
PRICE: £501 

4024 

Frequency range: 0.001 Hz to 100 kHz. 
Frequency accuracy: 0.1%. 
Frequency response: ±0.01 dB. 
Harmonic distortion : 0.01 %. 
Amplitude calibration: +0.25 %. 
Amplitude stability: +0.01 % per hour. 
Quadrature sine wave output and external synchro- 
nisation. 
Weight: 8 kg. 
PRICE: £672 

4100A 

Frequency range: 0.01 Hz to 1 MHz. 
Power output: 500 mW. 
Harmonic distortion: 0.02 %. 
Frequency accuracy: 0.5 %. 
Amplitude stability: 0.002 %. 
Frequency response: ±0.05 dB. 
Internal impedance: 50 ohms. 
Square wave risetime: 20 ns. 
External synchronisation. 
Weight: 8 kg. 
PRICE: £334 

4200 

Frequency range: 10 Hz to 10 MHz. 
Power output: 500 mW. 
Maximum output: 10V rms. 
Frequency response: 0.025 dB. 
Harmonic distortion : 0.1 

Amplitude stability: 0.02 %. 
Frequency accuracy: 2%. 
Internal impedance: 50 ohms. 
Auxiliary output, external synchronisation. 
Weight:5 kg. 
PRICE: £222 

4300 

Frequency range: 10 Hz to 10 MHz. 
Frequency response: 10.025 dB. 
Maximum output: sine: 10V rms; square: 20V pp. 
Power output: 500 mW. 
Sine harmonic distortion: 0.1%. 
Frequency stability: +0.002 %. 
Amplitude stability: +0.02 %. 
Frequency accuracy: 2%. 
External synchronisation. 
Weight: 5 kg. 
PRICE: £265 

4030R PROGRAMMABLE 
Frequency range: 0.001 Hz to 99.99 kHz. 
Automatic frequency selection. Standard 1 -2 -4 -8 
digit code. Sequential or simultaneous programming 
Frequency response: ±0.01 dB. 
Harmonic distortion : 0.01%. 
Amplitude calibration : +0.25 %. 
Amplitude stability : +0.01% per hour; +0.001% 
for 10% line change. +0.01 cycle -to- cycle; 
+0.005 % °C. 
Quadrature sine wave output. External synchroni- 
sation. Optional square wave and positive or 
negative variable -width pulse. 
PRICE: £836 

4130R PROGRAMMABLE 
Frequency range: 1 Hz to 1 MHz. 
Sine and square wave output. 
Frequency accuracy: 0.5 %. 
Harmonic distortion: 0.02 %. 
Frequency response : 10.05 dB. 
Amplitude stability: 0.002 %. 
Automatic /manual frequency selection. Automatic/ 
manual amplitude selection BCD input code. 
Weight: 9 kg. 
PRICE: £669 

4131R PROGRAMMABLE 
Frequency accuracy : 0.1 

Frequency range: 1 Hz to 1 MHz. 
Sine and square wave output. 
Harmonic distortion : 0.02%. 
Frequency response: L:0.05 dB. 
Amplitude stability: 0.002% 
Automatic /manual frequency selection. Automatic/ 
manual amplitude selection BCD input code. 
Weight: 9 kg. 
PRICE: £836 

5000 

Frequency range: 0.2 Hz to 3 MHz. 
Waveforms: sine, square, triangle. 
Auxiliary square wave: 5V pp, 15 ns risetime. 
Dc offset: -i 5V. 
Amplitude control: infinite resolution. 
Weight: 8 kg. 
PRICE: £173 

5100A 

Frequency range: 0.002 Hz to 3 MHz. 
Waveforms: sine, square, triangle, sawtooth. 
External frequency control (VC): 1000:1. 
Auxiliary square wave: 5V pp, 15 ns risetime. 
Variable pulse width control. Attenuator plus 
vernier. External synchronisation. 
Dc offset: 15V. 
Weight: 8 kg. 
PRICE: £222 

5400A 

Frequency range: 0.002 Hz to 5 MHz. 
Waveforms: sine, square, triangle, sawtooth. 
Independent control of positive and negative pulse 
width. 
External frequency control (VC): 1000:1. 
Output: 30V pp. 
Auxiliary square wave: 5V pp, 15 ns risetime. 
Dc offset: +10V. 
Calibrated pushbutton attenuatcr and vernier. 
Weight: 8 kg. 
PRICE: £322 

LINSTEAD 
Linstead Electronics, Roslyn Works, 
Roslyn Road, London N15 5JB. 
Tel: 01 -802 5144. 

G1 

Frequency: 10 Hz to 100 kHz +2 % ±1 Hz covered in 
four decades controlled by a multiplier switch and 
variable control calibrated on a 140 mm diameter 
scale giving a total scale length of more than 762 mm. 
Sine wave: 0 to 6V rms continuously variable. 
Distortion over the whole frequency range less than 

Level variation with frequency: +0.5 dB. 
Square wave: 0 to 9V p -p. This waveform has na 
droop at low frequencies (output is dc coupled). 
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Rise time faster than 1 :LS at high frequencies. 
Level variation with frequency: i2°ß. 
0 to 1W into 3 ohms over the frequency range 50 Hz 

to 20 kHz. 
Supply: 210 to 250V 40 Hz to 60 Hz 25 VA. 
Dimensions: 210 x 165 x 150 mm. 
Weight: 3.5 kg. 
PRICE: £24 

G2 

Frequency: 10 Hz to 100 kHz _ 2 " 1 Hz covered in 

four decades controlled by a multiplier switch and a 

variable control with 330 rotation on a 100 mm dial, 
giving a total scale length of over 1m. 

Sine wave: 0 to 6V rms. Mid band distortion less 
than 0.5%. Distortion over the whole range less than 
1 " Variation of level with frequency 1 0.5 dB. 
Square wave: 0 to 9V p -p. Rise time 0.51Ás over 
whole frequency range. Dc coupled for no droop at 
low frequencies. 
Variation of level with frequency: ,E2 

0 to 1W into 3 ohms over the frequency range 50 Hz 

to 20 kHz. 
Supply: 210 to 250V, 40 Hz to 60 Hz, 25 VA. 
Dimensions: 210 x 166 x 150 mm. 
Weight: 3.6 kg. 
PRICE: £28 

G5 (Provisional specification only) 

Sine waves: 10 Hz to 1 MHz -! 2 %. 

Output: 0 to 6V rms via 600 ohms attenuator; 0 to 
6V a low impedance. 
Output: 10 Hz to 100 kHz into 5 ohms; 2W at low 
distortion; 3W with 10°; distortion. 
Square waves: 10 Hz to 100 MHz, 0 to 9V p -p via 
600 ohms attenuator. Rise time at high frequency: 
5001Ás. 
PRICE: £32 

LEV ELL 
Levell Electronics Ltd, Moxon Street, 
Barnet, Hertfordshire, EN5 55D. 
Tel : 449 5028, 440 8686. 

TG200 

Frequency coverage: 1 Hz to 1 MHz in 12 over- 
lapping ranges. 
Frequency accuracy: +2 +0.03 Hz. 

Output amplitude: 7V rms (20V pp on sine) 
source voltage that can be reduced to less than 
200 :W. 
Output impedance: 600 ohms "0. 

Sine distortion : Harmonic content is less than 
0.1 ";; up to 5V output and less than 0.2 at 7V output 
from 10 Hz to 100 kHz. 
Square wave rise time: less than 150 ns at all 
frequencies. 
Sync output: sine wave in phase with the output, 
amplitude greater than 1V rms, source resistance 
3.3k ohms. 
Sync input: The frequency can be locked to an 

external signal over a range of -1 1% per volt rms 

input up to 10V maximum. The frequency control 
then varies the phase of the output. 
Power supply : Four Ever Ready PP9 batteries 
provide 33V r,10 °.; centre earthed supply. Current 
consumption is typically 11 mA on sine waves and 

15 mA on square waves giving an average battery 
life of 400 hours on sine waves and 300 hours on 

square waves. 
Power unit available. 
Dimensions: 180 x 260 x 140 mm. 

Weight: 4.5 kg. 
PRICES: 
TG200: Sine wave output only. No output meter: 
£42 
TG2000 : Sine and square wave outputs. No output 
meter: £45. 
TG200M: Sine wave output only. Output meter 
fitted: £52. 
TG200DM: Sine and square wave outputs. Output 
meter fitted: £55. 

201 C 

Frequency range: 20 Hz to 20 kHz in three ranges. 
Ranges: 20 Hz to 200 Hz, 200 Hz to 2 kHz, 2 kHz to 
20 kHz. 
Calibration accuracy: +1 % calibration controls 
provided for standardising bands. 
Dial: 150 mm diameter, calibrated over 300- of arc. 
Total scale length approximately 1.27 m. 

Frequency response: a:1 dB over entire frequency 
range (ief 1 kHz). 
Frequency stability : _' 2" 
Output: 3W maximum of 42.5V into 600 ohm load. 
One terminal at ground potential. 50V maximum 
no -load voltage. 
Distortion : Less than 0.5° 50 Hz to 20 kHz at 1W 

output. Less than 1 i., :.0 Hz to 20 kHz at 3W output. 
Attenuator: 0 to 40 dB in 10 dB steps, concentric 
amplitude control varies output continuously zero 
to maximum at any attenuator setting. 
Output impedance: 600 ohms i 10";;, 20 dB, 30 dB 
and 40 dB settings. Less than 600 ohms, 0 dB and 

10 dB settings. 
Hum voltage! less than 0.03 ", of rated or attenuated 
output. (Amplitude control at maximum). 
Power: 115/230V 10";í 50/400 Hz, 86W nominal 
120W maximum. 
Whd dimensions: 191 x 292 x 318 mm. 
Weight: 7.2 kg 

PRICE: £18.40 

202C 

Frequency range: 1 Hz to 100 kHz in five ranges. 
Dial accuracy : :l 2 " under normal ambient tem- 
perature conditions. 
Dial: 150 mm diameter calibrated over 300° of arc. 
Frequency response +1 dB over entire frequency 
range (reference 1 kHz on X1 K range). 
Output: 10V into 600 ohms (160 mW), 20V open 
circuit. 
Output balance: better than 0.1% at lower frequen- 
cies and approximately 1% at 100 kHz. Output is 

balanced to ground at maximum setting (may be 

operated with one side grounded if desired). 
Output impedance: 600 ohms. 
Distortion : less than 0.5 ï;, above 5 Hz, independent 
of load impedance. 
Hum voltage: less than 0.1% of rated output. 
Decreases as output is attenuated. 
Recovery time: less than 5s at 1 Hz. 

Power supply: 115/230V - _10 "., 48 Hz to 440 Hz, 

approximately 75W. 
Weight: 11.3 kg 

PRICE: £203.20 

203A VARIABLE PHASE 
Frequency range: 0.005 Hz to 60 kHz in seven 
decade ranges. 
Dial accuracy : 1':e of reading. 
Frequency stability: _1 % including warm -up 
drift and line voltage variations of ±10 i;; 
Output waveforms: sine and square waves are 
available simultaneously. All outputs have common 
chassis terminal. 
Maximum output voltage: 30V peak -to -peak open 
circuit for sinusoidal and square waveforms. 
Output power: 5V into 600 ohms (40 mW); at least 
40 dB continuously adjustable attenuation on all 

outputs. 
Output impedance : 600 ohms. 
Output system: direct coupled output is isolated 
from ground and may be operated floating up to 
500V dc. 
Distortion : total harmonic distortion hum and 
noise more than 64 dB below fundamental (less than 

Frequency response: +1% referenced to 1 kHz. 

Square wave response: rise and fall time: less 

than 200 ns. 
Overshoot: less than 5' at full output. 
Phase range: 0 to 360". 

Accuracy:: 5' sine; ±10° square wave. 

Power: 115 or 230V :! 10% 50 to 1000 Hz, approxi- 
mately 25W. 

Wdh dimensions: 133 x 425 x 276 mm. 
Weight: 9.17 kg. 
PRICE: £719.10 

LYONS 
Lyons Instruments Ltd, Hoddesdon, 
Hertfordshire. 
Tel: 61 67161. 

SQ 10 

Frequency range: 10 Hz to 1 MHz in 5 decade 
ranges with calibrated fine control. 
Frequency stability: 0.04,4, `C. 
Calibration accuracy: ±3 %. 

Amplitude: 10V pp into 250 ohms or greater 
(3.5V rms sine). 5V pp into 100 ohms. 2.5V pp in 
50 ohms. 
Amplitude stability: ±1 % variation over full 
frequency range, :i:2% 10'C --30 °C. 
Calibration accuracy: ±3%. 
Sine distortion: 0.1% at 3.5V rms into 600 ohms 
50 Hz -100 kHz (typically 0.05°-í). 0.15% at 10 Hz, 
0.5% at 1 MHz. 
Square wave rise time: 100 ns (typically 50 ns). 
Output impedance: 50 ohms +5 %. 

Attenuator: 0 to 40 dB or greater in 20 dB steps 
with greater than 10:1 fine control. 
Temperature: operating: 0° to 45°C; storage: -20° 
to +70'C. 
Power inputs: 200/220/240V; 50/60 Hz. 
Whd dimensions: 205 x 130 x 150 mm. 
PRICE: £57 

MARCONI 
Marconi Instruments Ltd, St Albans, 
Hertfordshire. 
Tel : 56 59292. 

TF2000 OSCILLATOR/ATTENUATOR 
Frequency range: 20 Hz to 20 kHz in six semi - 
decade bands. 
Accuracy::! 1 +0.2 Hz including warm -up. 
Output: Direct into 600 ohms +15 dBm or 31.6 mW 
or 4.36 V. 
Open circuit: At least 8.5V. 
Control: At least 40 dB by continuously variable 
T- network. 
Attenuator: 0 to 111 dB in 0.1 dB steps. 
Residual loss: 0.01 dB. 
Accuracy of attenuation : _1% of dB setting 

0.2 dB. 
Impedance: Unbalanced 600 ohms. 
Balanced: 75 ohms, 150 ohms and 600 ohms. 
Centre -tap: Connected to front panel terminal. 
Internal load: switched internal termination effec- 
tive for all impedance settings. 
Level: between -117 dBm and +15 dBm. 
Meter : voltage ranges: 1.5, 5, 15 and 25V fsd. 
Accuracy: - 5% of fsd. 
Level range: -6 dBm to +30 dBm. 
Frequency response: ±0.2 dB between 20 Hz and 
20 kHz. 
Distortion : 

Unbalanced output: 0.05% between 63 Hz and 
6.3 Hz; 0.1 between 20 and 63 Hz and between 6.3 

and 20 kHz. 
Balanced output: (with matched load): Less than 
0.1 between 50 Hz and 20 kHz. Less than 0.3% 
between 30 and 50 Hz. 
Hum: below -80 dB relative to the output signal, or 
below -90 dBm, whichever is greater. 
Use of attenuator for external signals: 
Maximum input: 30 dBm or 1W or 25V into 
600 ohms. 
Input voltmeter: 1.5, 5, 15 and 25V fsd. 
Accuracy: ! 5% of fsd between 20 Hz and 550 kHz. 

Level ranges: -6 dBm to +30 dBm. 
Unbalanced output frequency range: dc to 550 

kHz. 
Impedance: 600 ohms. 58 
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Attenuation range: 0 to 111 dB in 0.1 dB steps. 
Residual loss: 0.01 dB. 
Attenuation accuracy: f1;ó of dB setting ±0.01 
dB at dc +2% of dB setting +0.2 dB between 20 Hz 
and 550 kHz. 
Frequency response: +1 dB between 20 Hz and 
550 kHz. 
Balanced output: 
Frequency range: 20 Hz to 20 kHz. 
Impedance: 75 ohms, 150 ohms and 600 ohms. 
Attenuation range: 0 to 111 dB in 0.1 dB steps. 
Residual loss : 0.2 dB. 
Attenuation accuracy: +1% of dB setting +0.2 
dB. 
Frequency response: +0.2 dB between 20 Hz and 
20 kHz. 
Internal load: switched internal termination, 
effective for all impedance settings. 
Power requirements: 
Ac mains: 190 to 260V and 95 to 130V, 45 to 500 Hz. 
210 to 260V and 105 to 130V, 500 to 1000 Hz; 7 VA. 
External dc: 65 to 90V, 60 mA. 
Hwd dimensions: 200 x 290 x 270 mm. 
Weight: 9 kg. 
PRICE: £310 

TF2100 

Frequency range: 20 Hz to 20 kHz in six semi - 
decade bands. 
Accuracy: +1 % +0.2 Hz, including warm -up. 
Output: 
Into 600 ohms: +15 dBm or 31.6 mW or 4.36V. 
Open circuit: at least 8.5V. 
Control: at least 40 dB by continuously variable 
T- network. 
Impedance: 600 ohms unbalanced. 
Frequency response: ±0.4 dB between 20 Hz and 
20 kHz. 
Distortion: 0.05% between 63 Hz and 6.3 kHz. 
Less than 0.1% between 20 and 63 Hz and between 
6.3 and 20 kHz. 
Hum: below -80 dB relative to the output signal, or 
below -100 dBm, whichever is the greater. 
AC mains: 190 to 260V and 95 to 130V, 45 to 500 Hz. 
210 to 260V and 105 to 130V, 500 to 1000 Hz; 7VA. 
External de: 65 to 90V, 60 mA. 
Hwd dimensions: 200 x 150 x 270 cm. 
Weight: 4 kg. 
PRICE: £170 

TF2005R TWO -TONE SOURCE 
ATTENUATOR 
The complete equipment comprises two TF 2100 
of oscillators and one TF 2160/1 of monitored 
attenuator. 
Frequency range: 20 Hz to 20 kHz in six bands 
(each oscillator can be adjusted independently). 

Linstead G1 

58 

Reference amplitude: up to +10 dBm from each 
oscillator. 
Attenuator range: 111 dB in 0.1 dB steps. 
Harmonic distortion : less than 0.0e % between 
63 Hz and 6 kHz when using unbalanced output. 
Generally less than 0.1 % under other conditions. 
Intermodulation: below -80 dB with respect to the 
wanted signal. 
Hum: below -80 dB with respect to the wanted 
signal. 
AC supply: 95 to 130V or 190 to 260V, 45 Hz to 
500 Hz; or 105 to 130V or 210 to 260V, 500 Hz to 1 kHz 
14VA. 
Dc supply, 65 to 90V; load 60 mA. 
Hwd dimensions: 200 x 475 x 270 mm. 
Weight: 6.5 kg. 
PRICE: £490 

NOMBREX 
Nombrex (1969) Ltd, Estuary House, 
Exmouth, Devon. 
Tel : 03 -952 3515. 

40 

Wien- Bridge controlled sine oscillator. Square 
wave produced by means of a Schmitt trigger 
circuit. Instrument powered by 9V battery and a 
rear mounted socket is provided for operation from 
external battery or power supply unit. 
Frequency ranges: 10 to 100 Hz, 100 Hz to 1 kHz, 
1 to 10 kHz, 10 to 100 kHz. 
Frequency accuracy: _ -5 %. 
Output voltage : 1 mV to 1V p -p +3% sine and 
square. 
Impedance: 1k ohm. 
Distortion factor: sine distortion less than 1% on 
all ranges. 
Rise time: Less than 100 1. s for the square wave 
output in the lower frequency range; 300 p.s in the 
upper frequency range. 
Current load: 20 mA. 
Lhd dimensions: 240 x 140 x 100 mm. 
PRICE: £24.75 

PHILIPS 
Philips Nederland N.V, Boschdijk, 
Gebouw VB, Eindhoven, Holland. 
Tel : 43 33 33. 
Agents: Pye Unicam Ltd, Philips Electronic 
Instrument Department, York Street, Cam- 
bridge, CB1 2PX. 
Tel : 0223 58866. 

P M5105 

Frequency range:10 Hz to 100 kHz, sine and square. 
Distortion : typically 0.3% at 1 kHz. 
PRICE: £50 

P M5126 

Frequency range: 10 Hz to 1 MHz, sine /square. 
10V rms output voltage. Second low ohmic output. 
Synchronisation facility for external standards 
Floating output. 
PRICE: £185 

PM5162 

Four -decade sweep: 0.1 Hz to 100 kHz. Sine/ 
square /triangular outputs. 1:10,000 sweep range. 
Variable sweep speed and width. Three sweep 
ratios. Single cycle sweep facility. External fm 
input. Frequency analog output. Two -speed dial 
drive. 
PRICE: £245 

PM5168 

0.0005 Hz to 5 kHz, sine /square triangle /ramp. Hold 
facility. Adjustable dc reference level. Decade 
frequency selection with linear scale. Single shot 
and external triggering facil,t,es. Two -speed dial 
drive. 
PRICE: £210 

PROSSER 
Prosser Scientific Instruments Ltd, Lady 
Lane Industrial Estate, Hadleigh, Ipswich, 
IP7 6DQ. 
Tel : 047 338 3005. 

A104 VARIABLE PHASE 
Frequency range: 0.0008 Hz to 100 kHz in 8 switched 
ranges. 
Accuracy : 1 division on a 240 mm scale length 
scale graduation 0.8 to 10 in divisions of 0.1. 
Stability: +0.01 " C. 
Remote frequency sweep: two linear laws, 
selected by switch at rear. 
Dc output and frequency: 0.2V/Hz range 
multiplier. 
Sweep range: more than 2 decades. 
Impedance: 50 ohms. 
Protection : short circuit protected. 
Amplitude stability : 0.05%-C. 
Distortion and linearity: Sinewave: 1% harmonic 
distortion; Squarewave: time symmetry +1% rise 
and fall 100 ns; Triangle: linearity +0.5 %. 
Perturbation not greater than 5% of peak amplitude, 
nor of greater duration than 200 ns. 
DC offset: Positive or negative offset of ±10V max 
may be set independently on both outputs. 
Phase range: Continuously adjustable over a 
+100 °C range with 240 mm linear scale. Pushbutton 
switch adds a further 180° shift. 
Remote phase sweep: linear law -30° phase shift 
per volt (added to front panel setting). 
Maximum total phase shift: +180 °. 
Additional 180 inversion by push- button. Maximum 
sweep rate 100 mV /p.s (3' /µs). 
Main outputs: 
Function: sine, square or triangle wave may be 
selected by pushbutton switches for each of the two 
main outputs. 
Amplitude: 20V maximum p -p, both outputs. 
Two fixed attenuators giving 0 to 60 dB in 10 dB 
steps with 2% accuracy. Two continuous fine 
controls calibrated 20 to 100% and in dB. 
De output phase: +1V per 30° total phase shift 
(i.e. dial setting + remote phase sweep) +180 °. 
Fixed level outputs (rear panel): 
Impedance: 330 ohm. 
Earth isolation: the signal low terminal can float 
with respect to the case up to ±350V peak. 
Auxiliary power output: 5 pin socket giving 
stabilised ±18V ±12V. Maximum current 250 mA 
each. 
Operating temperature: 0 to 40 °C. 
Dimensions : 430 x 127 x 344 mm. 
Weight: 8 kg. 
PRICE: £486. 

RADFORD 
Radford Laboratory Instruments Ltd, 
Ashton Vale Road, Bristol 3. 
Tel : 0272 662301. 

2A 
Frequency range: 5 Hz to 500 kHz (5 ranges). 
600 ohm 'T' attenuator. Internal or external load, 
switched. 
Output voltage: 10V rms. 
Output attenuation : 5k ohm potentiometer. Basi- 
cally for interpolation with 600 ohm 'T' network. 
Variable attenuation of +2 dBm to 12 dBm read 
from monitoring metei. 600 ohm 'T' networks +20 
dbm in 10 dB steps to -80 dBm when terminated. 
Sine wave distortion: 0.005% max mid -band 
frequencies. 600 ohm terminated. 5k ohm attenuator 
unterminated 0.003% max mid -band frequencies. 
Hum content of output: -100 dB. 
Square wave conversion: Mark space ratio: 1:1. 
Rise time: 200 ns. 
Calibration accuracy: 1 %fsd. 
Mains input: 100 to 140V, 200 to 250V. 
Dimensions : 260 x 450 x 210 mm. 
Weight:11 kg. 
PRICE: £150 60 ' 
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nombrex 

MODEL 40 
WIDE RANGE AUDIO GENERATOR 

PRICE £24.75 

* 4 RANGES, 10 Hz -100 kHz. * SINE AND SQUARE WAVE OUTPUT. * DUAL CALIBRATED ATTENUATOR. * STABILIZED OUTPUT LEVEL 1 V. 

Send for literature on our complete range of instruments 
quoting Dept. 2. 

Postage and packing 35p per unit extra. Trade and Export 
enquiries welcome. 

NOMBREX (1969) LTD., EXMOUTH, DEVON. 
Tel. 03 -952 3515 

NEW ROGERS 

DISTORTION FACTOR METER 
Now available from Pact International Electronics the Rogers 
DM344A Distortion Factor Meter for accurate, rapid measurement 
of total harmonic distortion in audio amplifiers, recording and 
transmission equipment. 

Frequency range 20Hz -20kHz 
Attenuation greater than 80dB, second harmonic less than 0.5dB 
Total harmonic distortion range 100 " F.S.D. to 0.1 °;, F.S.D. in 
seven switched ranges. 
Harmonic bandwidth 100kHz 
Mains power supplies available as optional extra 
Price L140 

Write for full details of the DM344A and other Rogers audio test 
equipment to the sole UK agents. 

PACT INTERNATIONAL ELECTRONICS LIMITED 
PO Box 19, Orchard Road, Royston, Herts 5G8 SHH 

Telephone Royston 41 171 

-I. RADFORD 
AUDIO MEASURING INSTRUMENTS 

Two instruments having a superior performance than any 
others of this type regardless of price. Now accepted as 
standard equipment by Broadcasting Authorities, recording 
studios, magazine equipment test laboratories and audio 
research and development laboratories all over the world. 

LOW DISTORTION OSCILLATOR 

a 

An instrument of high stability providing very pure sine waves 
and square waves, in the range of 5 Hz to 500 kHz. Hybrid 
design using valves and semiconductors. 
Specification 
Frequency Range: 
Output Impedance: 
Output Voltage: 
Output Attenuation: 
Sine Wave Distortion: 

Square Wave Rise Time 
Monitor Output Meter: 
Mains Input: 
Size: 
Weight: 
Price: 

5 Hz -500 kHz (5 ranges). 
600 Ohms. 
10 Volcs r.m.s. max. 
0 -110 dB continuously variable. 
0.005 °, from 200 Hz to 20 kHz increasing to 

0.015"4, at 10 Hz and 100 kHz. 
Less than 0.1 microseconds. 
Scaled 0 -3, 0 -10 and dBm. 
100 V. -250 V. 50/50 Hz. 
I71 x 11 x Bin. 
25 lb. 
C150. 

DISTORTION MEASURING SET 

A sensitive instrument for the measurement of total harmonic 
distortion, designed for speedy and accurate use. Capable of 
measuring distortion products as low as 0.002 %. Direct 
reading from calibrated meter scale. 
Specification: 
Frequency Range: 
Distortion Range: 
Sensitivity: 
Meter: 
Input Resistance: 
High Pass Filter: 

Frequency Response: 

Power Requirements: 
Size: 
Weight: 
Price: 

20 Hz -20 kHz (6 ranges). 
0.01°;,-100%,, f s.d. (9 ranges). 
100 Mv. -100 V, (3 ranges). 
Square law r.m.s. reading. 
100 kOhms. 
3 dB down at 350 Hz. 
30 dB down at 45 Hz. 
± I dB from second harmonic of rejection 

frequency co 250 kHz. 
Included battery. 
17k x II x Bin. 
IS lb. 
£120. 

Descriptive technical leaflets are available on request. 

RADFORD LABORATORY INSTRUMENTS 
LTD. BRISTOL BS3 2HZ 

Telephone: 0272, 662301 
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RADIOMETER 
Radiometer A S, Emdrupvej 72, DK 2400, 
Copenhagen NV, Denmark. 
Agent: International Instruments Ltd, Cross 
Lances Road, Hounslow, Middlesex. 
Tel : 01 -570 6454. 

MS27 AM FM 

Frequency coverage: 0.3 MHz to 240 MHz in 5 

ranges. 
Calibration : 500 kHz crystal calibrator. 
Frequency stability: typical 10 ppm /10 min after 
1 hour warm -up. 
Incremental tuning: =50 kHz (2 kHz divisions). 
Carrier output: 0.1 pV to 0.1V into matched load in 
2 dB steps. 
Output impedance: 50 ohms and 75 ohms BNC 
con nec tc r. 
Stray raoiation: negligible. 
Fm: 0 to _ --75 kHz full -scale deviation, up to +600 
kHz in the higher frequency ranges. 
Distortion: less than 1 at +75 kHz dev. 
Residual fm: typical 0.5 ppm. 
Output: 15V (3k ohms source). 
External mod: approximately 3V into 200k ohms; 
10 Hz to 60 kHz. 
Wdl dimensions: 565 x 275 x 350 mm. 
Weight: 23 kg. 
PRICE: £550 

H032 (BEAT- FREQUENCY) 
Frequency range: 10 Hz to 21 kHz. 
Stability: 2 Hz after one hour. 
Output impedance 3 ohms to 2k ohms switched. 
Distortion: less than 0.1 %, 50 Hz to 10 kHz below 
10V. 
Attenuator output: 300 pV to 100V in 10 ranges. 
Transformer output: maximum 4W, output imp: 
5to300ohms. 
Wdh dimensions: 400 x 180 x 260 mm. 
Weight: 11 kg. 
PRICE: £201 

RI 
Racal Instruments Ltd, Duke Street, 
Windsor, Berkshire, SL4 1SB. 
Tel : 95 69811. 

422 

Solid -state crystal monitored digital display instru- 
ment with a frequency range of 0.005 Hz to 50 kHz. 
10V square and sine outputs via inbuilt matched 
600 ohm 80 dB attenuator. Unattenuated 5V p -p 
triangular output also provided. Unique features 
include 'zig -zag' ranging of a coarse 'spin' tuning 
control which makes for fast, accurate frequency 

Below: Sugden 453 

60 

selection with zero settling time. Six -digit high 
resolution presentation of the output frequency 
eliminates frequency selec.ion and resetting 
ambiguity. 
Frequency accuracy: up to +2 parts in 10'. 
PRICE: £495 

ROGERS 
Rogers Developments (Electronics) Ltd, 
Rodevco Works, 414 Barmeston Road, 
Catford, London SE6. 
Tel: 01 -698 7424,4340. 

Sole UK agents: Pact International Elec- 
tronics Ltd, PO Box 19, Orchard Road, 
Royston, Hertfordshire, SG8 5HH. 
Tel : 0763 41171. 

Frequency range: 6 Hz to 60 kHz in eight third 
decade bands. 
Accuracy: 3`%, 20 Hz to 20 kHz. 
Output amplitude: within 0.5 dB 0 Hz to 20 kHz. 
Output: into 600 ohms: 1V ( : -2 dBm) open circuit: 
2V. Source impedance 600 ohms unbalanced. 
Output control approximately 40 dB range (T pad). 
Distortion (2nd harmonic predominates): less than 
05" 100 Hz to 10 kHz. Less than 12% 20 Hz to 20 

kHz (typically .015% at 1 kHz). 
Stability : one part in 10,000 per hour, one minute 
from switch -on (constant temperature). 
Sync output: 2V from a source impedance of 
2.5k chms. 
Power supply: Two PP9 batteries. (300 hours life 
with average used). Mains power units available. 
PRICE: £62.50 

RHODE & SCHWARZ 
Rhode & Schwarz, 8,000 Munich, Postbox 
801469, West Germany. 
Tel : 0811 4129 -1 

Agent: Aveley Electric Ltd, Roebuck Road, 
Chessington, Surrey KT9 1LP. 
Tel: 01 -397 8771. 

BN 40870 

Frequency range: 50 Hz to 50 kHz (in three sub - 
ranges). 
Frequency adjustment: continuous, ganged with 
indicator tuning. 
Setting error: less than ±3 (less than +5% at 
scale settings more than 4). 
Temperature coefficient of frequency: less than 

-+i 3 x 10-4/0 C. 
Output EMF: sine or square, switch -selected. 
Distortion : less than 3 %. Typical value: 2 %. 

Sine: 3V rms +10% (max). 
Square: 8V pp =10 ". (max). 
Rise and fall time: less than 1 us (10 to 90;;). 
Frequency response of output emf: 
In each subrange: n2"ß (ref value 1 on the tuning 
scale). 
Over the total range: _i 5 (ref 1 kHz). 
Source impedance: 50 to 220 ohms (depending on 
output emf). 
Continuous voltage adjustment: 20 mV rms to 
3V rms (sine). 50 mV p -p to 8V p -p (square). 
Connectors: BNC socket on front panel and at rear. 
Indicator: 
Frequency range: 50 Hz to 50 kHz (in three sub - 
ranges). 
Frequency adjustment: continuous, ganged with 
generator tuning. 
Tracking error: Less than 3% (less than +5% at 
scale settings more than 4). 

Sensitivity of indication: 
Linear : fsd at 5 pz.V e20"á (referred to setting 1 of 
tuning scale); sensitivity can be continuously 
reduced for fsd at 50 mV. 
Logarithmic: fsd at approx. 50 mV at 1 kHz, 20°,; 
deflection at 5 !1V, sensitivity can be continuously 
reduced for fsd at 30V. 

Input impedance: 1M ohms ±10% shunted by_less 
than 80 pF. 
Maximum permissible input voltage: 30V rms. 
Connectors: BNC socket on front panel and at the 
rear; outer conductor can be disconnected from RC 
generator chassis by slide switch. 
AC output: 
Source impedance: less than 2k ohms. 
Output emf: 100 mV (with fsd in the linear mode). 
Nominal temperature: -r 10 to +35 °C. 
Power supply: 115/125/220/235V +10"., 47 to 63 Hz 
(4 VA)). 
Whd dimensions: 162 x 238 x 242 mm. 
Weight: 3 kg. 
PRICE: £617 

SUGDEN 
J. E. Sugden & Co Ltd, Carr Street, 
Cleckheaton, Yorkshire, BD19 5LA 
Tel : 09762 2501. 

453 

Frequency coverage: 13 Hz to 30 kHz in 6 ranges. 
Maximum output: 2V rms. 
Output impedance: less than 500 ohms at any 
attenuator setting. 
Output stability : - 0.2 dB. 
Calibration accuracy: -L5°ó. 
Total harmonic distortion .05% at 1 kHz and 
typically .03°,,. 
Square wave rise time: 0.51z.s. 

Dimensions: 260 x 130 x 180 mm. 
Weight: 5 kg. 
PRICE: £40 

WAVETEK (USA) 
Agent: Fluke International Corporation, 
Garnett Close, Watford, WD2 4TT. 
Tel : 92 27769/27760 

110 

Sine, square, and triangle function generator. 
Complete plug -in printed circuit board construction, 
silicon semiconductors throughout. Six simul- 
taneous outputs over 0.0005 Hz to 1 MHz. All outputs 
may be shorted simultaneously with less than 0.5% 
change in frequency. 
PRICE: £224 

111 VCG 
Sine, square, triangle, and ramp waveforms. Control 
of frequency by external voltage, either dc pro- 
gramming or wideband ac frequency modulation. 
The instantaneous frequency of these waveforms is 
determined by the combination of the dial setting 
and the externally applied voltage. Frequency shift 
keyer. 
PRICE: £296 

112 TRIGGERED VCG 
Control of frequency by external voltage, dc pro- 
gramming or wideband ac fm triggers from a manual 
front -panel control or from an external pulse or gate. 
If a gate signal is applied, the generator will operate 
until the gate is removed. The trigger start /stop 
point is adjustable over 360'. Trigger level and 
polarity may be selected from front -panel control. 
Generates sine, square, triangle and ramp waves 
simultaneously in fixed -phase relationships. The 
frequency of these waveforms is determined by the 
combination of the dial sett!ng and the externally 
applied voltage. The VCG input is in parallel with 
the frequency dial. 
PRICE: £376 

113 DIGITAL VCG 
Source of sine, square, triangle and ramp wave- 
forms. Pushbutton control of frequency, function 
and amplitude, plus voltage control of frequency by 
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external input- either dc programming or wide -band 
ac frequency modulation. Amplitude controlled by 
50 ohms attenuator that offers 10 dB steps from 
0.1V to 10V p -p. Both frequency and amplitude may 
be controlled by vernier controls that allow overlap 
between the digitally selected values. Resolutions 
of the frequency vernier allows 4 -digit control. 
Frequency pushbuttons may be switched over to a 
1 -turn control for frequency search. 

A special pushbutton position is provided to give 
30V peak -to -peak output with a vernier control. All 
waveforms are available by selection on the front 
panel output. Fixed amplitude outputs of each 
waveform also are available on the rear pane!. 
PRICE: £428 

114 SWEEP/TRIGGER VCG 
Two independent generators. The first generator is 
sine, square and triangle; the second is a ramp 
generator for sweeping the frequency of the first. 
Both may be operated continuously or triggered with 
independent frequency control. In the triggered 
mode, the start /stop point may be continuously 
varied through 360'. Also, sines pulses are available 
from the offset sine output in the triggered mode. 
The sweep- and -hold mode allows static setting of 
both start and stop frequency Terminals provided 
for external voltage control of frequency either dc 
programming or wideband ac frequency modulation. 
PRICE: £428 

115/6 TRIGGER -PHASE LOCK VCG 
Sine, square, triangle and ramp waveforms with 
trigger and phase -lock capabilities. Tone burst 
operation from 2 to 256 cycles in binary increments. 
Dc programming or wideband ac frequency modu- 
lation. Trigger capability allows triggered or gated 
operation from an external pulse or gate and single 
cycle operation (or tone burst, model 116) by manual 
pushbutton. Phase -lock operation converts the 
generator to a slave unit where the frequency is 
locked to an external frequency input, such as a 

crystal or master system clock; the relative phase of 
the two sources is controllable over 360'. 
PRICES: £403(115) 

£458 (116) 

130 OSCILLATOR /FUNCTION 
GENERATOR 
Sine, square, and triangle waveforms over 0.2 Hz to 
2 MHz. Outputs selectable and variable from a 50 
ohm source with an auxiliary sync output for scope 
or system timing. 
PRICE: £161 

131A OSCILLATOR, VCG 
Sine, square, and triangle waves. Frequency may 
be modulated or dc- programmed; the instantaneous 
resultant frequency is the sum of the dial setting and 
the externally applied voltage. A positive voltage 
increases frequency and a negative voltage 
decreases frequency. The output waveforms (0.2 Hz 
to 2 MHz) are selectable and variable from a 50 ohms 
source and an auxiliary sync output is available for 

scope or system timing. Model 131A can be swept 
over a 1,000:1 ratio and is designed so that the 
audio range of 20 Hz to 20 kHz may be covered in a 
single sweep without changing ranges. 
PRICE: £214 

134 SWEEP/TRIGGER VCG 
Two independent generators. The first generator 
gives sine, square and triangle waveform outputs. 
The second is a 'triggered ramp and sawtooth 
generator which supplies the voltage for sweeping 
the frequency of the first. Both may be operated 
independently in the continuous or triggered mode 
with independent frequency control. Terminals for 
external voltage control of frequency- either dc 
programmed or wideband ac modulation. The 134 
can be used in continuous, triggered, gated, con- 
tinuous with sweep, triggered with sweep, or tone 
burst modes. 
The output waveforms, from 0.2 Hz to 2 MHz, are 
selectable and variable from a 50 ohms source. The 
sweep output (0 to +5V) is proportional to the 
frequency of the main generator when in the sweep 
mode. The instrument may be swept over a 1000:1 
ratio and is so designed that the entire audio band 
from 20 Hz to 20 kHz may be covered without range 
change. 
PRICE: £268 

135 LIN /LOG SWEEP GENERATOR 
Sine, square, and triangle waveforms which may 
automatically be swept in frequency up to a 100:1 
ratio. Voltage controlled generator with sine, 
square, and triangle waveform outputs, and trig- 
gered ramp and sawtooth generator which applies 
the voltage for sweeping the frequency of the first in 
either a linear or logarithmic mode. Both generators 
may be operated independently in the continuous or 
triggered mode with independent frequency control. 
Terminals for external voltage control of frequency 
either dc programmed or wideband ac modulation. 
The instrument may be swept over a 1000:1 ratio and 
is so designed that the entire audio band from 
20 Hz to 20 kHz may be covered without range 
change. 
The frequency sweep may be selected as either a 
linear function for use in narrow band linear sweep 
applications, or logarithmic function, normally used 
in wideband (1000:1) sweep testing. 
PRICE: £376 

136 VCG /VCA 
Sine, square, and triangle waveforms may be 
externally voltage controlled in amplitude and 
frequency. Amplitude level can be continuously 
controlled from dc step programming through 100% 
amplitude modulation to suppressed carrier am. 
The frequency can be continuously controlled either 
by dc programming or by wideband modulation up 
to a 1000:1 ratio. 
PRICE: £322. 

150155 PROGRAMMABLE VCG 
Sine, square and triangle waveforms for automatic 
system application. Model 155 has local and remote 
digital control (model 150 remote only) of frequency, 
function and amplitude. Both generators may be 

Left: 
Wavetek VCG 

Right: 
Wayne Kerr 

S501 

controlled by analog voltage in the following manner: 
the frequency may be programmed or modulated by 
an ac or dc signal. Generator output may be initiated 
by means of a trigger which will generate one 
complete cycle, and /or a gate input which will 
provide a signal burst of an integral number of 
cycles for the duration of the applied gate. In the 
155, programming is accomplished using front -panel 
switches. The frequency range consists of 8 decade 
ranges with 3 decimal digits of resolution covering 
0.01V to 10V p -p. Output range scaling is accom- 
plished using an attenuator with 50 ohms output 
impedance on all ranges. All specifications require 
that the output be terminated by a 50 ohms toed. All 
controls may be activated remotely by contact 
closures through a 50 -pin connector on the rear 
panel of both models. The 3 -digit control of fre- 
quency and amplitude is 8421 BCD coded with only 
12 lines required for each. The ranges and functions 
are controlled by 1 line per function. Standard 
interface options are available so that any logic 
input may be converted in the instrument to provide 
proper information control. The series 150 pro- 
grammable VCGs may be driven by computers, 
punched cards, or tape and servo switch devices. 
PRICE: £620 (150) 

£742 (155) 

MODEL 157 PROGRAMMABLE 
WAVEFORM SYNTHESISER 
Sine, square and triangle waveforms generated over 
100 p.Hz to 1 MHz. 0.01 frequency accuracy. 
1,000:1 VCG. Triggered /gated operation. Selectable 
amplitude to 10V p -p. All parameters programmable. 
The frequency, function and amplitude of the 
generator can be controlled locally with front -panel 
switching or remotely by BCD programming. 
Frequency accuracy is 0.01 of programmed fre- 
quency with 5 -digit resolution on each of 10 ranges. 
The output voltage level can be programmed from 
1 mV to 10V, peak -to -peak, in four ranges with 
0.2;/ accuracy and 3 digit resolution. 
PRICE: £1,620 

WAYNE KERR 
Wayne Kerr Co Ltd, Durham Road, 
Bognor Regis, Sussex, P022 9RL. 
Tel: 02433 4501. 

S501 AUDIO /VIDEO 
Frequency ranges: 10 to 130 Hz, 100 Hz to 1.3 kHz, 

1 to 13 kHz, 10 to 130 kHz. 
Frequency accuracy: +1 of indicated value. 
Frequency stability: +0.1 ;ó(4 to 6 hours after more 
than 1 hour). 
Waveform distortion : less than 0.1 °;;. 

Output level : -70to +10 dB on 1 mW in 1 dB steps 
at 600 ohms bal or unbal, or 150 ohms bal. 0 to 10V 
rms sinewave, continuously variable into 100 ohms 
0 to 10V pp square -wave, continuously variable, 
into 100 ohms. 
Level accuracy : 600 ohms unbal: better than 

5 dB; 600 ohms bal: better than *1 dB; 150 ohms 
bal: better than 1 dB; high level: +025 dB. 
Output impedance: 600 ohms _: 27o, 150 ohms 

4%, high level: less than 2 ohms (all settings) 
PRICE: £370 (Not available one -off. Contract 
enquiries welcome). 
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Survey: 
audio 

distortion 
meters 

AWA F240 

AMALGAMATED WIRELESS 
(AUSTRALIA) 
Agents: Marconi Instruments Ltd, St Albans, 
Hertfordshire. 
Tel : 56 59292 

F240 

Level and noise measurements: 
Input: 600 ohms terminating 
Bridging: 10.7k ohms. 
Return loss of terminating input: not less than 
25 dB from 10 Hz to 60 kHz. 
Sensitivity: 100 u.V or -78 dBm for fsd. 
Frequency response: 10 Hz to 30 kHz ±0.2 dB 
(balanced); 10 Hz to 60 kHz ±0.2 dB (unbalanced). 
Meter ranges: -80 dB to +30 dB in 10 dB steps. 
Low -cut filter : -0.5 dB at 400 Hz, -34 dB at 50 Hz. 
High -cut filter: -1 dB at 15 kHz, -15 dB at 30 kHz. 
Distortion factor measurement: 
Fundamental range: 10 Hz to 30 kHz in 7 semi - 
decade ranges. 
Distortion factor ranges: 0.01% to 100% fsd in 9 

semi -decade ranges 
Harmonic measurement range: 100 kHz 
Residual Distortion and noise: 
Balanced input:typically 0.05% at 30 Hz and 0.003% 
above 300 Hz. 
Unbalanced input: typically 0.003 %. 
Input levels: 0.25V to 30V. 
Power supply: 6 x 1.5V size C cells. 
Input connector: 3 -way Siemens. 
Hwd dimensions: 149 x 470 x 355 mm. 
Weight: 7.2 kg. 
PRICE: £330 

CROWN INTERNATIONAL (USA) 
Agents: Macinnes Laboratories Ltd, Ston- 
ham, Stowmarket, Suffolk, IP14 5LB. 
Tel : 044 971 486. 

IMA 
Im ranges: 0.1, 0.3, 1, 3, 10, 30, 100% full scale on 
separate IM meter. 
Residual im: less than 0.005 with internal genera- 
tors. Typically less than 0.003 %. 
Accuracy of im scales: 5% of full scale (±005% 
on 0.1 fs range). 
Range oftracking:45 dB in 5 dB (±1 %) increments. 
Input impedance: 100k ohms (maximum) and 45k 
ohms (minimum), depending on setting of input 
level control. 
Necessary hf input: 17 mV minimum. 
Lf hf voltage ratio : internal generators continuously 
adjustable from 00:1 to 1:1 by hf level on front panel. 
Ratio is read by reading voltage on calibrate meter. 
Low: 60 Hz low distortion oscillator (less than 
0.1 % THD) synchronised with ac line. 
External oscillator input: One terminal grounded, 
5.6k ohms internal impedance, 10 to 150 Hz. 
Outputs: 10k output impedance scope A and scope 
B showing hf envelope and demodulated im signal. 
Output impedance: 600 ohms for all settings of 
output level control and master attenuator. 
Output level: 25V peak (maximum) for either inter- 
nal generator or any generator combination- internal 
or external. Level is adjustable by a 40 dB attenuator 

(in 10 dB steps) concentric with 15 dB variable (fine) 
control. 
Slide switches: Ext -int hf generator; ext -int If 
generator; cal -out meter; ac power; mantrk tracking 
allows meter input and output controls to remain set 
when testing over a range of levels using the master 
attenuator (automatically tracking the two adjust- 
ments, input and output level, in 5 dB increments). 
Rotary controls: output level controls. Hf level 
control, master attenuator switch, im range, input 
level control (continuously adjustable pot). 
Semiconductor complement: 53 transistors, 12 

diodes, 2 fets and one zener diode. 
PRICE: £395. 

DYMAR 
Dymar Electronics Ltd, Colonial Way, 
Radlett Road, Watford, Hertfordshire, 
WD2 4LA. 
Tel : 92 21297. 

765 

Frequency range: 20 Hz to 20 kHz in six bands of 
3.2 to 1 frequency ratio. 
Sensitivity: 300 mV to 10V. 
Input impedance: 100k ohms and 20 pF. 
Distortion factor: 7 ranges from 100% to 0.1 % fsd 

i n 10 -3 -1 sequence. 
Accuracy: The mean value of residual components 
or of noise are measured within 3% fsd. 
Rejection filter: At fundemental frequency: 80 dB; 
at second harmonic: not more than 0.5 dB for funda- 
mental up to 2 kHz; 1 dB for fundamental between 2 
and 6 kHz. 2 dB for fundamentals greater than 6 kHz. 
Inherent noise: less than 0.01% 
Low frequency filter: when measuring fundamen- 
tal of 1 kHz and higher, a high pass filter can be 
switched in giving a low noise frequency cut of 3 dB 
at 400 Hz and 20 dB at 50 Hz. 
Output: 500 mV from an impedance of 600 ohms 
when the meter has full scale deflection. 
Voltmeter range: 7 ranges from 10V fsd to 10 mV 
fsd in 10 -3 -1 sequences. 
Accuracy bandwidth: 3% between 100 Hz and 
30 kHz, 30 Hz to 100 kHz ( -0.5 dB). 
Power supplies: mains or 24V nominal Nickel 
Cadmium rechargeable battery of 400 mAh capacity 
giving a typical operating time of 20 hours between 
recharging. Batteries are recharged, in situ, by 
means of an internal charging circuit, in 14 hours 
from a fully discharged condition (22V). 
Meter: 125 mm movement with mirror backed scale 
calibrated 0 to 10, 0 to 3, and a dB scale of -12 to 
+2 dB for relative measurements. A 'check battery' 
pushbutton connects meter across battery to read 
voltage directly. 
Whd dimensions: 420 x 165 x 200 mm. 
Weight 6.3 kg. 
PRICE: £195 

FER RO G RA PH 
Ferrograph Co Ltd, 442 Bath Road, 
Cippenham, Slough, Buckinghamshire, 
SL1 6BB. 
Tel : 062 86 62511. 

RTS -2 TEST SET 
Recorder test set comprising signal generator, 
distcrtion meter, millivcltmeter and wow and flutter 
meter. 
Generator section: 
Frequency coverage: 15 Hz to 150 kHz in 4 ranges. 
Distortion : less than 0.025 at 1 kHz; less than 
0.08% over range 100 Hz to 20 kHz. 
Frequency response: . 0.2 dB over range 15 Hz 

to 150 kHz. 
Output level: maximum 3V into open circuit; +8.5 
dBm into 600 ohms load. 
Output attenuator: Course: six 10 dB steps. Fine 
continuous over approx. 15 dB range. External: for 
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insertion in oscillator lead, fixed, 40 dB. 
Output impedance: maximum 450 ohms with 
external attenuator 50 ohms (dependent on attenua- 
tor setting). 
Millivoltmeter: 
Indication: Average reading meter calibrated in 
rms for sinusoidal inputs. 
Ranges: 11 in 10 dB steps from 1.0 mV to 100V fsd. 
Input impedance: 2M ohms (no dc path). 
Accuracy: within 2_2',' fsd over range 30 Hz to 
20 kHz. 
Frequency response: 10.2 dB over 10 Hz to 150 
kHz. 
Wow and flutter meter: 
Peak wow and flutter measurement using a carrier 
frequency of 3.15 kHz provided by an internal 
oscillator. 
Carrier frequency : 3 kHz. 
Frequency response: Weighted to DIN 45507. 
Maximum response at 4 Hz (3 dB points 1.2 Hz and 
12 Hz). 
Meter response: Average reading calibrated in 
peak values for approx. sinusoidal wow and flutter 
waveforms. 
Input requirement: 35 mV to 5V. 
Sensitivity: 3 ranges 0.1 ",,, 0.3 ", and 1% peak fsd. 
Drift measurement: centre zero for mean fre- 
quency as mean internal oscillator. Scaled ±2 %for 
measwement of mean speed changes: also indi- 
cates slow cylic wow rates with peak reading under 
1 Hz. Oscilloscope output provided for visual 
examination of wow and flutter waveform or for 
connection to an external analyser. 
Distortion section: 
Total harmonic distortion measurement by rejection 
of a fundamental frequency in the range of 400 Hz to 
1.1 kHz. 
Second harmonic rejection: less than 0.25 dB. 
Bandwidth of harmonic measurement: 15 Hz to 
20 kHz with optional 2f cut (turnover 400 Hz approx.) 
for rejection of hum and other If noise components. 
Minimum reaping: 0.05" (aistortionless source). 
Minimum inputsignal: 100 mV (smaller inputs may 
be used with increased minimum distortion reading). 
Input impedance: 100k ohms. Oscilloscope output 
provided for visual examination of á:stortion wave- 

Above: Lyons D10 

Right: Ferrograph RTS -2 

form or for connection of external filters. Provision 
for use as variable sensitivity meter with bandwidth 
of 100 kHz by use of 'set level' control (e.g. for 
frequency response measurements where no 
external gain controls exist). 
Power supply: full stabilised. 105 to 120V, 50 to 
60 Hz, 12 W, 200 to 250V, 50 to 60 Hz, 12W. 
Wdh dimensions: 441 x 254 x 143 mm. 
Weight: 5.9 kg. 
PRICE: £250 

LYONS 
Lyons Instruments Ltd, Hoddesdon, 
Hertfordshire. 
Tel: 61 67161 

D10 

Distortion range: 0.3% fsd to 10% fsd in 4 ranges. 
Measured as average level of total harmonic con- 
tent and average level of total signal. 
Frequency range: 10 Hz to 100 kHz (fundamental) 
in 4 decade ranges. 
Amplifier passband: typically ±1 dB to 500 kHz, 
-6 dB at 1 MHz. 
Input impedance: 10k ohms. 64 

FET Condenser microphones with phantom 
feeding (9v/12v/48v) 

FET Condenser microphones with parallel 
feeding (9v /l2v) 

Capsules with single directional pattern 
Capsules with several switchable direc- 

tional patterns. 

Changeover of the directional pattern 
is effected by altering the 

mechanic- acoustic elements of the 
capsule. By this means the 

switchable capsules need only one 
diaphragm, thus avoiding 

falsifying phase effects even at 
the highest frequencies, (German 

and foreign patents). 
Further special features include: 

Great modulation range 
Very low harmonic distortion 

over the entire frequency 
range 

Optimal focusing with the 
pressure gradient 

microphones 
Degree of focusing largely 
independent of frequency 

For stereo recording 
by X/Y or M/S 

intensity principles, 
the stereo micro- 

phones CMTS 301 

(p) and CMTS 501 

are ideal, and 
practical. 

In the heads of these 
microphones are two 
capsules, which can be 
switched independently to 

cardioid -bi- omni -directional, 
one of which can be rotated 
through 360° These capsules 

are switched mechanically 
and possess only one 

diaphragm. 

r 
A.V. Distributors 
(London) Ltd. 
26 Park Road, Baker Street, 
London, N W 14SH 
Telephone: 01 -935 8161 

Please send me further details on Schoeps 
Condenser Microphones 

Name 

Address 

SS3 

L._ 
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SURVEY: DISTORTION METERS 

continued 

Input level: 200 mV to 5V rms. 
Fundamental rejection : better than 10,000:1. 
Intrinsic distortion: less than O.05°ó. 
Calibration accuracy: ±1 full scale, t2°ó of 
reading. 
Power input: 200/220/240V: 50/60 Hz. 
Whd dimensions: 205 x 130 x 150 mm. 
PRICE: £68 

MARCONI 
Marconi Instruments Ltd, St Albans, 
Hertfordshire. 
Tel : 56 59292. 

T F2331 

Frequency range: 
Fundamental: 20 Hz to 20 kHz in six ranges. 
Total bandwidth: upper -3 dB limit nominally 100 
kHz or 20 kHz switch selected. 
Filter characteristics: 
Calibration accuracy: ±3%. 
Fundamental rejection : 80 dB. 
2nd harmonic attenuation: less than 0.5 dB for 
fundamentals up to 1 kHz. Less than 1 dB for 
fundamentals up to 6 kHz. Less than 2 dB for 
fundamentals up to 20 kHz. 
Lf cut: can be introduced below 400 Hz to reduce 
hum components. 
Weighting: approximates to CCIF broadcast net- 
work; set for 8 dB attenuation relative to CCIF curve. 
Distortion measurement: 
Range: seven ranges with full scale indications 
from 0 1 "0 to 100 distortion factor. 
Instrument distortion: less than 0.025"á from 200 
Hz to 6 kHz Less than 0.04% elsewhere. 
Measurement accuracy: 12% fs ±1% of reading 
between 200 Hz and 12 kHz; 2% fs ±2% of reading 
between 20 Hz and 100 kHz. 

64 

Minimum input level: 750 mV (less than 0 dBm 
into 600 ohms). 
Maximum input: 30V ( +32 dBm into 600 ohms). 
Noise measurement (tone off): 
Range: 0 to 72 dB relative to reference level. 
Instrument noise: less than 200 1.1.V equivalent 
input. 
Voltage measurement: 
Voltage range: 1 mV fsd to 30V fsd (ten ranges). 
Accuracy : ï2`ó fs ±1 % of reading between 
200 Hz and 12 kHz. 
Voltmeter input impedance: nominally 1M ohms 
or 600 ohms. 
Inoicator: Mean -voltage -level meter calibrated in 
rms volts (sine) and per -cent distortion, with addi- 
tional dBm scale. 
Rf input: 
Frequency range: 500 kHz to 500 MHz. 
Input impedance: 50 ohms, Type N connector. 
Amplitude range: 1 to 4V at maximum modulation 
depth. 
Power requirements: 95 to 130V or 190 to 260V, 
40 to 500 Hz; 18 to 45V, 25 mA. 
Hwd dimensions: 280 x 440 x 280 mm. 
Weight: 8.16 kg. 
PRICE: £320 

TF2337 AUTO 
Fundamental frequency range: 400 Hz or 1 kHz 

10"., using the internal filters. 30 Hz to 10 kHz 
using the external filter facility. 
Distortion measurement ranges:O to 1 %, O to 3%, 
0 to 10 %, 0 to 30% fsd, ±5% fsd accuracy. 
Fundamental rejection: 56 dB. 
Input requirements: minimum of 3 mV. Maximum 
of 30V. 
Level measurement ranges: 0 to 0.01V, 0 to 0.03V, 
0 to 0.1V, 0 to 0.3V, 0 to 1.0V, 0 to 3.0V, 0 to 10.0V, 
0 to 30.0V fsd. 
Frequency response: 20 Hz to 50 kHz ±0.5 dB. 
Accuracy ::__5%fsd in each range. 
Input impedance: 100k ohms ±10% unbalanced. 
Parallel capacitance less than 50 pF. 
Power requirements: 100, 115, 200 or 230V, 50 to 
60 Hz 6 VA. 
Hwd dimensions: 200 x 270 x 250 mm. 
Weight: 6 kg. 
PRICE: £214 

TF2330A WAVE ANALYSER 
Working range: 20 Hz to 76 kHz. 
Accuracy: _l % 15 Hz. 
AFC: tuning remains locked to input frequency 
over ±100 Hz drift. 
Waveform analysis range: measurements down 
to -75 dB with respect to any fundamental level 
between 30 mV and 300V. For fundamental levels 
below 30 mV,the measurement range is progressively 
reduced. 
Selective voltage measurement range: 3 zV to 
300V in 15 ranges of 30 ;IV to 300V fsd in 1 to 3 to 10 

sequence. 
Accuracy: ±5% of full scale. 
Selectivity: ±3.5 Hz bandwidth at least 3 dB down; 

20 Hz bandwidth at least 45 dB down; ±80 Hz and 
above at least 80 dB down. 

Above left: 
Marconi 2337 

Left: 
Marconi 2330A 

Right: Marconi TF2331 

Internal noise and distortion: residual hum and 
noise, and distortion to measured signal at least 
80 dB down. 
Input resistance: 100k ohms on maximum attenua- 
tor settings between 30 mV and 1V: 1M ohms on 
settings between 3 and 300V. 
Rf input frequency range: 100 kHz to 500 MHz. 
Input impedance: 50 ohms (Type N connector). 
Amplitude range: 1 to 4V rms at maximum modu- 
lation depth. 
Restored frequency output: 20 Hz to 76 kHz. 
Output variable up to 2.8V pp out of 600 ohms 
source, when meter reads fsd. 
BFO output range: 20 Hz to 76 kHz. 
Output: variable up to 2.8V pp out of 600 ohms 
source. 
Response: flat to within ±0.1 dB over frequency 
range, terminated or unterminated. 
Recorder output: 100 µA ±2% into 2.5k ohms. 
Recorder input to be isolated from ground. 
AC mains: 95 to 135V and 190 to 260V, 45 Hz to 
1 kHz, 4 VA. 
External dc: 18 to 30V 110 mA, maximum positive 
earth. 
Hwd dimensions: 280 x 470 x 280 mm. 
Weight: 31.1 kg. 
PRICE: £690 

NORTRONIC 
Nortronic A S, 1380 Heggedal, Norway. 
Tel : 79 77 21. 

Agents: Prosser Scientific Instruments Ltd, 
Lady Lane Industrial Estate, Hadleigh, 
Ipswich, IP7 6DQ. 
Tel : 047 338 3005. 

803 

Oscillator frequency range: 20 Hz to 20 kHz. 
Waveform: sine, synchronising pulses also 
available. 
Output impedance: less than 10 ohms (maximum 
current 10 mA rms), short circuit protected. 
Tuning : automatic sweep or manual from fre- 
quency control circuits. 
Maximum input amplifier output: 5V rms. 
Gain : -20, -20, 0, 10, 20, 30, 40, 50 or 60 dB. 
Input impedance: 100k ohms, overvoltage 
protection. 
Bandpass filter frequency range: 20 Hz to 20 kHz. 
Bandwidth: 5 1/3 octave, 1/1 octave. 
Attenuation in passband: 0 dB. 
Tuning : automatic sweep or manual from the 
frequency control circuits. 
Frequency tuning range: 20 Hz to 20 kHz in one 
range, automatic or manual. 
Frequency indication: meter with logarithmic 
scale (constant relative resolution). 0.005 to 0.001 to 
0.05 to 0.1 to 0.2 to 0.5 to 1 to 2 oct /s. Sweep speed is 
proportional to frequency, whereby minimum time of 
analysis is obtained. 
Sweep control: manual, automatic and /or remote 
can be supplied. Sweep can be stopped anywhere, 
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A lot of stately homes do without Mixers 
... But not many studios. If you still think that a pro- you with high quality, extensive facilities and advanced 
fess anal sound mixer is only for the big spender -then technology. We're big enough to deliver and still small 
it's obvious you haven't spoken to us. But don't overlook enough to care. 
the tact whatever the size of your budget we can provide 

ZIP Talk to the to p peo p le J 
= rJ ¡ ( IJU 

,i.1TEP.O AVENUE MILDENHALL SUFFOLK Tel.(0638)713631. 
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SURVEY: DISTORTION METERS 

continued 

and fine decrease /increase of the frequency can be 
tuned by a pushbutton. Sweep speed can be 
changed during the sweep. 
Output: 0 to 100 mV proportional to log f (for x -y 
recorder). 
Detector: true rms and average value. 
Dynamic range: 50 dB. 
Scale: 10, 0 to -10, -20, -30, -40 dB (0 dB 
1V rms). 
Output: 0 to 100 mV proportional to dB value. 
Bandwidth: 20 Hz to 20 kHz. 
PRICE: £1,601 

RADFORD 
Radford Laboratory Instruments Ltd, 
Ashton Vale Road, Bristol 3. 
Tel : 0272 662301. 

DMS 2 

Frequency range of measurement: 20 Hz to 
20 kHz (6 ranges). 
Distortion per cent range of measurement: 
0.01% to 100 " fsd (9 ranges). 
Accuracy of distortion range attenuator 
components: 1 

Input voltage range of measuremer.t: 100 mV to 
100V (3 ranges). (100 mV -1.0V range not operative 
on 0.01 " and 0.03 ". fsd ranges). 
Meter: 100 üA fsd. 
Scales: 0 to 10, 0 to 3. 

Calibration: sensibly square law. Measures true 
rms values except on very peaky waveform. 
Harmonic response: to -1dB (2nd harmonic). 
Rejection frequency tuning stability: better than 
1 part in 10° (over 1 hour). 
High pass filter response: -3 dB, 400 Hz -30 dB, 
40 Hz approx. 
Dimensions: 260 x 450 x 210 mm. 
Weight: 10 kg. 
PRICE: £120 

RADIOMETER 
Radiometer A'S, Emdruvpvej, 72, DK2400, 
Copenhagen, NV, Denmark. 
Agents: International Instruments Ltd, Cross 
Lances Road, Hounslow, Middlesex. 
Tel : 01 -570 6454. 

BKF6 
Frequency range: 20 Hz to 20 kHz fundamental. 
Harmonic components: 10 Hz fc 200 kHz. 
Tuning filter: Wien bridge selective amplifier. 
Distortion range: 0.3 " to 100 fsd. 
Fundamental rejection: more than 80 dB. 
Second harmonic attenuation: less than 0.3 dB. 
Ir put sensitivity: 110 mV for fsd (300V max.). 
Meter rms rectifier, linear scales. 
Accuracy: 3 " of fsd. 
Wdh dimensions: 490 x 210 x 250 mm. 
Weight: 14.5 kg. 
PRICE: £298 

FRA3 WAVE ANALYSER 
Frequency range: 10 Hz to 60 kHz and 10 Hz to 
6 kHz. 
Tuning scales. 6.9m equivalent length. Flywheel 
tuning dial engraved every 10 Hz (1 Hz). 
Accuracy : 0.3 ",,. 
Incremental scale: , 100 Hz. 

Selectivity: 6 bandwidths : 3 Hz to ._ 100 Hz. 

10 Hz to 300 kHz -f 1 dB broadband. 
Sensitivity: 30 uV to 300V fsd. 
Lowest detectable level: 2 I.V. 
Dynamic range: 80 dB. 

66 

Meter: rms rectifier, linear scales 0 to 1 and 0 to 3. 
Accuracy: 5% of fsa. 
Distortion : -95 dB harmonic components. 
Noise: -105 dB. 
Input impedance: 1M ohms and 45 pF, unbalanced. 
Superposition : with external signal (B signal), 
fulfills SMPTE intermodulation standard. 
BFO: 10 Hz to 60 kHz, 0 to 4V, 600 ohms harmonics 
-90 dB, tunes to same signal as analyser, : 2 kHz. 
Whd dimensions: 490 x 355 x 340 mm. 
Weight: 37 kg. 
PRICE: £1,095 

ROHDE & SCHWARZ 
8 Munich 8, Muhldorfstr, 15 West Germany 
Tel : 401981. 

Agents: Aveley Electric Ltd, Roebuck Road, 
Chessington, Surrey, KT9 1 LP. 
Tel : 01 -397 8771. 

PBO 201 

Pass band of each switch -selected filter: 1 

octave. 
Attenuation in the filter out position : 3 dB : 0.2 
dB. 
Noise voltage at filter output: less than 30uV rms. 
Permissible filter input voltage: maximum 3.5V 
(sine). 
Characteristic impedance: 600 ohms L5',,. 
Input and output connectors (different from DIN 
45651): BNC and coaxial 1/3.9 mm sockets. 
Power supply: Four cells or 6V storage battery. 
Dc current drain: 100 mA max. 
Operating life using dry cells or storage battery: 
10 hours. 
Whd dimensions: 212 x 88 x 158 mm. 
Weight: 1.8 kg (without power supply). 
PRICE: £316 

PBO 49200 

Frequency range: 31.5 Hz to 22.4 kHz. 
Pass band of selectable filter: 1 octave. 
Maximum filter input voltage: 8V rms (sinewave). 
Variation of pass -band insertion loss when input 
voltage is raised from low value to 8V rms: less 
than i0.5 dB. 
Characteristic impedance: 600 ohms. 
Type of network: unbalanced network, three - 
circuit Chebyshev type. 
Attenuation of magnetic fields: 40 dB. 
Whd dimensions: 286 x 227 x 226 mm. 
Weight: 10.5 kg. 
PRICE: £354 

ROGERS 
Rogers Developments (Electronics) Ltd, 
Rodevco Works, 414 Barmeston Road, 
Catford, London SE6. 
Tel : 01 -698 7424.4340. 

Sole UK Agents: Pact International Elec- 
tronics Ltd, PO Box 19, Orchard Road, 
Royston, Hertfordshire, SG8 5HH. 
Tel : 0763 41171. 

DM344A 
Frequency range: 20 Hz to 20 kHz for fundamental 
in six third -decade bands. 
Attenuation: fundamental greater than 80 dB, 
second harmonic less than 0.5 dB. 
High pass filter: -20 dB at 50 Hz -.1 dB at 500 Hz. 
Total harmonic distortion range: 100" fsd to 1: 
fsd in seven switched ranges. 
Harmonic bandwidth: 100 kHz. 
Input level : minimum -500 mV, maximum -30V. 
Input impedance: filter: 10k ohms or 600 chms 
(100V overload protection). 
Voltmeter: 1M ohm. 
Voltmeter range: 30V -1 mV fsd in ten ranges 30 
dB to -70 dB. 

Bandwidth : 10 Hz to 100 kHz }0.5 dB (100V over- 
load protection any range). 
PRICE: £140. 

SIEMENS 
Siemens AG, Bereich Weitverkehrstech - 
nik, Nachrichtenmessgerate D - 8000 
Munich 70, Hofmannstr. 51, W. Germany. 
Agents: Siemens Ltd, Great West House, 
Great West Road, Brentford, Middlesex. 
Tel: 568 9133. 

D2040 

Built -in counter with numerical display. Resolution 
1 Hz; the frequency display immediately follows the 
setting since 25 measurements occur per second. 
Automatic frequency control (AFC). Frequency 
display of the measuring voltage up to 1 Hz. 
Numeric display of the set sensitivity with indicator 
tubes. Variable- frequency band -pass filter. 
All the functions are capable of remote control. 
PRICE: £2,492 

SUGDEN 
J. E. SUGDEN & Co Ltd, Carr Street, 
Cleckheaton, Yorkshire, BD19 5LA. 
Tel : 09762 2501. 

452 

Sensitivity : 1V rms. 
Millivoltmeter output 3E0 mV approximately 
1V p -p. 
Minimum measurable distortion : 0.01 ",,. 

Input sensitivity: 300 mV rms. 
Millivoltmeter output: 100 mV rms. 
Mirimum measurable distortion : 0.05 ",.. 

Millivoltmeter output: 1V rms. 
Desired attenuation of fundamental: 80 dB. 
Undesired attenuation of second harmonic: 
1 dB. 
Undesired attenuation of third harmonic: 
0.25 dB. Off tune frequency response extends beyond 
60 kHz within 0.5 dB. 
Tuning frequency range: 15 Hz to 20 kHz. 
Input impedance: 250k ohms. 
Power requirements: two internal 9V batteries 
(Ever Ready PP9). 
Semiconductors: 3 transistors (2 x BC109, 1 x 

BCY72). 
PRICE: £30 

WOELKE 
Technische - Physikalisches Laborator- 
ium, 8 Munich 2, Nymphenburger Str. 47, 
West Germany. 
Tel : 0811 593551 

Agents: Lennard Developments Ltd, 206 
Chase Side, Enfield, Middlesex EN2 OQX. 
Tel: 01 -363 8238. 

M E301 

Mains supply: 110 to 125V or 200 to 240V, 40 to 60 Hz. 

Frequency range: Direct -0.5 Hz to 20 kHz. Filter 
-1 to 3.2 Hz, 3.2 to 10 Hz, 10 to 32 Hz, 32 to 100 Hz, 
100 to 330 Hz. 
Bandwidth: 10 " (response down 3 dB). 
Filter damping :0 -:1 dB. 
Block damping : more than 40 dB pro octave. 
Input resistance: more than 9k ohms. 
Output resistance: 
(Basic resistance): less than 200 ohms. 
PRICE: £285 
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ALEXANDRA ROAD WINDSOR 51056 

Audio Connectors 
Speaking of Audio Connectors, 

we have them in stock 

Cannon, Smart & Brown and 

Kings solder and crimp types 

BNC, TNC, N and SMA series. 

In addition, we can supply 

connectors of varying types, 

including Rack & Panel and 

Circular in standard and 

miniature configurations. 

If the component you need is 

not in our stock, we can 

identify it and supply it quickly. 

Why not telephone us now? 

We'd like to demonstrate just 

what PSP Service and technical 

know -how can do for you. 

GM Electronics 
(London) Limited 

Members of the Association of Public Address Engineers 
228, PRESTON ROAD WEMBLEY MIDDLESEX 
TELEPHONES: 01-904 9521 (FIVE LINES) 
ITT CANNON AUTHORISED DISTRIBUTORS 

WOW and FLUTTER METERS 

Illustrated is the ME 104, one of the three types of 
Wow and Flutter Meters distributed by us exclusively 
in the U.K. It is widely used by all the leading Broad- 
casting, TV and Recording Studios, manufacturers of 
tapedeck -tape recorders, turntables, record -changers 
-in fact by anyone concerned with the accurate 
measurement of drift and wow and flutter. Fuller 
details on application. 

LENNARD DEVELOPMENTS LTD. 
206 CHASE SIDE, ENFIELD, EN2 OQX 
MIDDX. Tel. 01 -363 8238 
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BRUEL & KJAER 

1022 OSCILLATOR 

MANUFACTURER'S SPECIFICATION 

See Survey of Audio Oscillators 

THE Bruel & Kjaer 1022 beat frequency 
oscillator is I believe a unique instrument. 

Not only is it a conventional audio oscillator 
covering the range 20 Hz to 20 kHz but it 
includes facilities for frequency modulation, 
external control of the output voltage and also 
remote control. 

Reference to the block diagram of the unit 
(fig. 1) shows that the audio frequency is 
obtained by beating a 120 kHz `fixed' oscillator 
with a 120 to 100 kHz variable oscillator. The 
resulting beat is passed through a low pass 
filter to remove the unwanted high frequency 
from the oscillators, and thence to an output 
amplifier which can either feed a power output 
of up to 2.5W or an attenuator which provides 
outputs from 120 µV to 12V in 10 dB steps, in 
association with a variable control. The output 
voltage is metered by an average detecting 
meter which is calibrated in terms of rms 
output. 

The so- called `fixed' oscillator can be 
frequency modulated by a varactor diode 
system which is fed either from an internal 
sawtooth generator with its repetition frequency 
switched between 1 Hz and 25 Hz (also pro- 
viding various frequency deviations between 
+10 Hz and +250 Hz) or from an external 
source which may provide frequency deviations 
up to +300 Hz. Following the `fixed' oscillator 
is the regulating amplifier which permits 
external control of the audio output voltage in 
accordance with the amplitude of an audio 
signal applied to the compressor input. 

The variable oscillator can be either con- 
trolled manually, or its variable capacitor 

element may be mechanically driven from an 
external source by means of a flexible drive 
shaft which is provided with the instrument. 
The main frequency dial coupled to the variable 
capacitor has an accurate logarithmic scale 
from 20 Hz to 20 kHz. It is supplemented by 
an additional incremental capacitor which has 
a linear scale calibrated +50 Hz which may be 
used for fine tuning or providing small fre- 
quency offsets and also to extend the range of 
the oscillator to 10 Hz at the price of increased 
distortion. 

Initial frequency calibration is carried out 
by setting the frequency dial to 50 Hz, pressing 
a `power frequency beat' button, and adjusting 
the `frequency scale alignment' control for a 
zero beat. Once this has been done the entire 

FIG.1 B & K 1022 OSCILLATOR BLOCK DIAGRAM 
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frequency scale is correct and no further 
calibration is required. 

The 1022 oscillator is designed to be coupled 
with other Bruel & Kjaer instruments for the 
automatic recording of various electroacoustic 
phenomena. In conjunction with the 2305 level 
recorder (which was the subject of a previous 
review) this oscillator enables the automatic 
plotting of frequency response data between 
20 Hz and 20 kHz on preprinted recording 
paper at the press of a button, without further 
manual intervention. The plotting of the 
frequency response of microphones and loud- 
speakers is facilitated by the `compressor input' 
which may be used to provide a relatively 
constant sound pressure level without the use 
of anechoic conditions as shown in the diagram 
(fig. 2), provided that excessively reverberant 
conditions are not used. 

A further feature is the rapid oscillator stop 
facility which may be used in conjunction with 
the Bruel & Kjaer level recorder for the auto- 
matic plotting of the reverberation time 
characteristics of rooms. 

The mechanical system 
The mechanical drive to the oscillator's 

tuning capacitor is either manual direct drive 
from a large front panel knob, which combines 
a slow motion drive which is operated by a 
smaller concentric knob, or by means of a 
remote flexible cable which is supplied with 
the instrument. The latter drive is via a worm 
gear which is followed by an electromagnetic 
clutch; this clutch is either operated by a front 
panel toggle switch or may be operated by a 
remote switch connected to the remote control 
socket. 

Tuned frequency is indicated by a large 
diameter (150 mm) illuminated scale which 
bears logarithmic calibrations and is extremely 
easy to read; the knife -edge scale pointer is 
directly attached to the main tuning shaft. The 
main shaft is also equipped with two adjustable 

70 0. 

FIG. 2 SET -UP FOR THE AUTOMATIC 
RECORDING OF THE FREQUENCY 
RESPONSE OF MICROPHONES STANDARD 
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from £116.00 
trade enquiries welcome 

ALLEN & HEATH LTD 
PEMBROKE HOUSE CAMPSBOURNE ROAD 

HORNSEY LONDON N 8 te1:01 -340 3291 

A SIX WAY MINIATURE 
STEREO MIXER OFFERING 
ON EACH CHANNEL 

Continuously variable input 
sensitivity 
Treble, mid and bass 
equalisation 
Foldback Monitor output 
Echo send 
Stereo panning 
Slider fader 

TWIN OUTPUTS, 
EACH WITH 

Echo return equalisation 
Vu metering 
Slider fader 

MIXERS CAN BE LINKED 
TO INCREASE 
AVAILABLE CHANNELS 

KMAL - for QUALITY, DESIGN and ADAPTABILITY 

THE STUDIO 
SERIES 

4,( 

V 

STUDIO I. Stand with four 14" 
legs. Height extends to 6' 10 ". 
Boom arm 6' 6" long with 21b. 
counterbalance. 
Studio 2. As above but with 22" 
legs and boom arm, with 41b. 
counterbalance. 
STUDIO 3. As above but with 
boom arm 4' 6" long. 

EXT I 

1 

DB I 

BOOM EXTENSION 
Fits into tube end of boom 
to give a telescopic exten- 
sion of an extra 3' 2 ". 

Sliding extension to boom 
arm. Gives a 360 coverage 
to position other micro- 
phones using the one boom 
stand. Reaches from I' 8" 
to 2' IO ". 

KEITH MONKS (AUDIO) LTD 
26-30 READING ROAD SOUTH FLEET HANTS 

Telephone: Fleet 102 514) 7316 and 3566 
STUDIO SOUND, MARCH 1973 69 

www.americanradiohistory.com

www.americanradiohistory.com


B & K 1022 REVIEN 

continued 

cams which can be arranged to operate a 
microswitch at any two chosen points of rota- 
tion of the tuning capacitor which rotates 
throughout 360 °. The idea of this system is to 
permit the automatic stopping of the oscillator 
at points outside the calibrated section of the 
frequency scale, or to permit the oscillator to 
be operated over any chosen range of frequen- 
cies. The same switch contacts may also be 
used to lift the pen on the Bruel & Kjaer level 
recorder when making frequency response 
plots. 

A supplementary tuning capacitor, which 
provides tuning of +50 Hz about the main 
tuned frequency, has its calibrated scale 
horizontally disposed below the main scale, but 
within the main scale diameter. This scale is 
also illuminated and very clearly calibrated 
such that it can be readily tuned within 0.5 Hz 
of the desired offset in frequency. 

There are no other moving parts in the 
instrument and its general construction is to 
an extremely high standard. 

The electronics 
This latest version of the Bruel & Kjaer 

oscillator is fully solid state and, while its 
specification is virtually identical to the earlier 
valved model, the review sample showed some 
improvement in performance. There have also 
been minor changes in styling which make no 
difference to the operations of the instrument. 

The first point of interest to be investigated 
was the accuracy of tuning, which rather 
surprisingly is not quoted in the specification 
in the instruction manual but is quoted in the 
manufacturer's full catalogue as one per cent, 
±1 Hz for the main scale or +0.5 Hz for the 
incremental scale. 

Spot checks on the calibration of the main 
scale provided the following results, which are 
well within the specification quoted above: 

Similar spot checks on the incremental scale 
gave rather more variable results, but in all 

FIG. 4 CONSTANT VOLTAGE AND CONSTANT 
CURRENT COMPRESSOR LOOPS 

11r" 
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OSCILLATOR 

LOAD - LOAD 

TO 

COMPRESSOR 

INPUT 

1 
FROM 

OSCILLATOR 

TO 

COMPRESSOR 

INPUT 

(a) (b) 

CONSTANT VOLTAGE CONSTANT CURRENT 

Tuned Frequency Actual Frequency Error 
20 Hz 19.9 Hz -1.0% 
40 40.0 o 
70 69.8 -0.28 
100 100.5 +0.60 
200 200.6 +0.30 
400 400.5 +0.13 
700 699.0 -.05 
1 kHz 1.005 kHz +0.50 
2 2.007 +0.04 
4 4.010 +0.25 
7 6.993 -0.01 
10 9.961 -0.39 
15 15.005 0.03 
20 19.964 -0.18 

cases the frequency offset was within the 
specified ±0.5 Hz. 

An additional feature of the oscillator is a 
`1 kHz ref' pushbutton which provides a 1 kHz 
alignment tone when the oscillator scale is 
aligned to the point where it would come to a 
stop when used for automatic frequency 
response plotting in conjunction with the 
Bruel & Kjaer level recorder. This reference 
tone was measured as being 0.35 per cent too 
high, which is quite satisfactory. 

The frequency stability was found to be 
excellent. After a five -minute warm -up period 

FIG. 3 B 8. K 1022 OSCILLATOR FREQUENCY RESPONSE 
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the stability was better than 0.02 per cent at 
nominal incoming mains voltage, and did not 
change when the mains voltage was dropped 
by 25 per cent ! Similarly, loading the oscillator 
did not have any measurable effect on frequency. 

In addition to the audio frequency outputs, 
two rear panel sockets give access to the 
outputs of the fixed and variable oscillators for 
connection to other Bruel & Kjaer instruments. 
The output frequency of the nominal 100 kHz 
oscillator was found to be 99.9986 kHz at a 
voltage of 0.22V rms and a total harmonic 
distortion of two per cent -no doubt this 
output could find other applications ! 

Attention was next paid to the audio output 
sections of the oscillator. In order, these 
consist of an output potentiometer, a power 
amplifier, output matching transformer, output 
attenuator, and metering circuits. 

The oscillator output may be taken from the 
matching transformer which will provide the 
following output voltages up to a maximum 
output power of 2.5W. 

Minimum load Maximum voltage 
6 kO 120V 

600 ohms 40 

60 12 

6 4 

Alternatively the output may be taken from 
the output attenuator which had a source 
impedance of 52 ohms and is calibrated for full 
scale outputs between 12V and 1201AV in 10 dB 
steps. Both outputs are controlled by the out- 
put level potentiometer and are metered, which 
means that calibrated outputs as low as 10 µV 
can be readily obtained. 

The attenuator accuracy was within 0.08 dB 
+0.02 dB over its entire range at 1 kHz, which 
is substantially better than the manufacturer's 
specification of two per cent. 

The metering accuracy on both the attenua- 
tor output and on the power outputs was 
found to be better than ±one per cent of the 
actual voltage output at meter indications 
above one -third full scale deflection. 

Distortion at the power output is specified 
as being higher than that at the attenuator 
output, so both outputs were investigated with 
some care and provided the following figures 
for total harmonic distortion (power output at 
2.5W into 6 ohms): 

Frequency Distortion 
20 Hz 0.26% 

200 0.05 
1 kHz 0.15 

10 0.05 
20 0.215 

Attenuator output at 10V into high 
impedance was measured as: 

Frequency Distortion 
20 Hz 0.125% 

200 0.022 
1 kHz 0.02 

10 0.038 
20 0.125 

This performance is well within the specifica- 
tion and represents a useful improvement on 
the earlier model of this oscillator which left 
something to be desired when measuring good 
audio equipment. As a matter of interest, the 
individual harmonics were measured at 1 kHz 
from the attenuator output and found to be 
0.01 per cent second harmonic and 0.006 per 
cent third harmonic. 
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 TANNOY, 

DUAL CONCENTRICS 
Versions of the Tannoy Dual Concentric loudspeaker have formed 
the basis of many of the best studio monitors for mare than 25 
years. The unit is incorporated in a variety of enclosures made by 
leading manufacturers both in the U.K. and abroad, as well as 
being incorporated in "package studios" produced by foremost 
U.K., European, U.S. and Japanese manufacturers. The unit 
not only has the advantages of high power handling capacity and 
longterm consistency, butthe level frequency response, good 
polar distribution and exceptionally low intermodulation 
products make it ideal for the highest quality studio monitor 

systems. Apartfrom the current' 
range of Monitor Gold units 
specified below the Monitor 
'Red' 15 is still in production 

and can be supplied upon 
request in its original 

15u version. 

SPECIFY 

TANNOY 

DUAL 

CONCENTRICS 

FOR YOUR 

STUDIO MONITOR 

, 
TYPICAL RESPONSE OF MONITOR GOLD 

sa 1114 >~ 100 son 
TREBLE "ROLL OFF" IN FOUR STEPS 

-17 
MI MR 18. IM loss xwa 

TREBLE "ENERGY.' IN F VE STEPS 

TECHNICAL SPECIFICATIONS 

FIFTEEN TWELVE IQLZ 

Frequency Response 

Polar Distribution 

for 6D° Inc. Angle 

Power Handling capacity 

ImpedanceVia Crossover 

Network 

Intermodulation Products 

Bass Resonance 

Crossover Frequency 

23-20,000 He 

-4dB at 10,000 Hz 

50 watts a 

8 ohms (5 ohms 

min.) 

less than 2% 

26 Hz 

1.000 Hz 

25- 20,000 Hz 

-3dB at 10,000 Hz 

35 watts * 
8 ohms (5 ohms 

min.) 

less than 2% 

28 Hz 

,1,000 Hz 

27- 20,000 Hz 

-2dB at 10,000 Hz 

25 watts* 
8 ohms (5 ohms min.) 

less than 2% 

30 Hz 

1,200 Hz 

\ I A. 

WEST NORWOOD LONDON SE 27 9AB 
TEL: 01- 670 1131 

4e Oependino 

on type at 

enclosure. 

One touch 
and it's a 

fade 
accompli. 

Penny & Giles linear motion studio faders 
fade so smoothly, so noiselessly, with so little effort 
that a touch is all that's needed for a perfect fade. 

Their smoothness, infinite resolution and 
freedom from noise come from mirror finish con- 
ductive plastics wiped by multi -finger precious 
metal wipers. 

The lifelong reliability comes from Penny & 
Giles' experience in the exacting world of avionics. 

The full details of Penny & Giles' studio faders 
come when you send the coupon. 

So why not send it? 

Please send 
me the facts 
on Penny & Giles' 
linear motion 
studio faders. 

courtesy of 
Rupert Neve and 

Company Limited 

Name 

Position 

Company 

Address 

e7 

Telephone_ 

Penny & Giles Conductive Plastics Limited, 
Newbridge Road Industrial Estate, Pontllanfraith, 
Blackwood, Monmouthshire, South Wales NP2 2YD 

I Telephone: Blackwood 3771 -4 Telex:49135 
Ameember of the Penny & Giles group ofcoomp SS 3/73 
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B & K 1022 REVIEW 

continued 

Noise and hum were measured from the 
attenuator output and found to be extremely 
low with hum being -94 dB at 50 Hz and -95 
dB at 150 Hz with no measurable 100 Hz com- 
ponent. Wide -band noise was measured at 
greater than -80 dB and found to consist 
mainly of breakthrough from the high frequency 
beating oscillators. 

Fig. 3 demonstrates that the flatness of the 
frequency characteristic from both outputs is 
within ±0.1 dB over the entire frequency range 
without the use of the compressor facility 
which can provide a useful improvement even 
on this performance. 

The compressor arrangement consists of a 
voltage controlled amplifier which controls the 
output voltage of the oscillator and has a high 
gain such that a 1 dB change in input to the 
compressor will produce an output voltage 
change from the oscillator of about 40 dB in 
the active region. The compressor input only 
required 560 mV to reach its active region at 
maximum compressor input gain (a front panel 
control) so it is a very simple matter to arrange 
feedback from the oscillator output to produce 
either constant current into a load, or constant 
voltage, as shown in fig. 4. The compressor 
speed may be switched between 30/100/300 or 
1,000 dBls to suit particular requirements, the 
lower speeds being particularly useful for 
producing constant sound pressure levels under 
reverberant conditions by feeding the oscillator 

output to a loudspeaker and feeding the 
compressor input from a standard microphone, 
located at the point where constant sound 
pressure level is required. 

It was found that the compressor speed 
tended to vary according to the rate of change 
of the compressor input but this is of little 
consequence because the speed required in 
practice is a matter of trial and error for any 
particular application. 

The input impedance to the compressor 
amplifier was found to vary to a limited extent 
between 20.7 and 21.5 Ica according to the 
setting of compressor gain but such small 
changes are unlikely to be of any significance. 

The frequency modulation facility is included 
in the oscillator in order to reduce room 
resonances upsetting the results when under- 
taking sound insulation or reverberation time 
measurements. 

An internal sawtooth generator or an external 
source may be used to provide the frequency 
modulation. The internal generator has eight 
switched frequencies between 1 Hz and 25 Hz 
which were found to be accurate within four 
per cent of their nominal and to provide a 
slowly increasing frequency followed by a rapid 
drop of frequency. If an external generator is 
used, any modulation waveform can be injected 
and frequency modulation up to ±300 Hz is 
possible via the remote control socket which 
has a maximum sensitivity of 4.98 mV /Hz. 

When using the internal sawtooth generator, 
the modulation depth may be selected by a 
nine- position front panel control which has 

increments between 0 Hz and ±250 Hz with a 
measured accuracy in the order of ±12 per cent. 

If more accuracy is required, for instance 
when checking wow and flutter meters, it is a 
simple matter to calibrate the external modula- 
tion input by applying a dc input and measuring 
the oscillator's output frequency, and then 
substituting the required modulation waveform 
and adjusting its amplitude to have the same 
peak values as the dc calibration voltage by 
means of a dc- coupled oscilloscope. 

The specified distortion from the attenuator 
output of 0.2 per cent at the frequency extremes 
leaves something to be desired but the review 
sample was measured at 0.125 per cent at 20 Hz 
and 20 kHz, falling to 0.02 per cent at 1 kHz. 
Anyhow, distortion figures in excess of 0.2 per 
cent are all too common in even the most 
expensive oscillators. 

The versatility of the instrument is excep- 
tional, output voltages and impedances being 
most sensible as is the attenuator which is one 
of the few which can be used directly to low 
level microphone inputs giving directly read 
signals in the order of tens of microvolts. 

This latest version of the Bruel & Kjaer 1022 
oscillator is a substantial improvement over 
the earlier valved version and I have no 
hesitation in giving it the strongest recom- 
mendation in its own right. With the B & K 
level recorder, it provides the facility for quick 
automatic recording of frequency responses to 
within about 0.2 dB; there is much to be said 
for properly recorded data. 

H. D. Ford 

SYNTHESISER? PATCHING? 
Build your own using Dewtron Professional Modules: Voltage -control system, Discount offers on 
quantity. NEW "MODUMATRIX" INSTANT MODULAR ROUTING System to replace patching ! 

VOLTAGE -CONTROLLED OSCILLATOR. New VCO -2 gives SINE, SQUARE and TRIANGULAR 
symmetrical outputs simultaneously. Supplied singly or MATCHED and TRACKED! 1v /Octave. 
All modules obtainable separately, including ring modulator, VC filters, VC amps, Keyboards, contacts, 
envelope shapers, sample /hold /envelope circuit, VC phaser, white noise, reverb. etc. Modules guaranteed 
2 years. OTHER MANUFACTURERS USE Dewtron Professional Modules in their equipment ... that's 
sound reasoning! ALSO COMPLETE SYNTHESISERS CUSTOM BUILT TO YOUR REQUIREMENTS. 
Standard models "Gipsy" £330 to "Apollo" £980 

Full catalogue 15p from: D.E.W. LTD. 254 RINGWOOD ROAD, 
FERNDOWN, DORSET 

Acoustico Enterprises Ltd. 8 C.T.H. Electronics .. .. 45 Pact International Electronics Ltd. .. 59 
Action Video Ltd. .. . . 

A.K.G. Equipment Ltd. .. 
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Penny & Giles Conductive Plastics Ltd.. . 

PSP Electronics (London) Ltd. 
Radford Laboratory Inst. Ltd. 
R.E.W. Audio Visual Ltd. 
Richardson Electronics Ltd. 
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Areac Ltd. .. .. 45 Future Film Developments Ltd.. . .. 6 Rola Celestion Ltd. . . 41 
Audio Ltd. . . 9 Grampian Reproducers Ltd. .. .. 12 Rosser Electronics Ltd. .. 9 
Audio & Design (Recording) Ltd. .. 12 Hampstead Hi Fi . .. 25 Rumble, C. H., Ltd. .. .. . . 16 
Audix, B. B., Ltd. .. .. . . 11 Hollick & Taylor Recording Co. Ltd. .. 12 Sansui Electric Co. Ltd. .. . 43 
Automated Processes Inc. . . 26,27 ICElectrics Ltd. . . .. 8 Sarm (Sound and Recording Mobiles) .. 18 
Avcom Systems Ltd. .. .. Industrial Tape Applications 76 Shure Electronics Ltd. . . 19 
AV Distributors Ltd. (Schoeps microphones) 63 Leevers -Rich Equipment Ltd. 21 Sound Audio Electronic & Video 
Baileys .. .. 14 Lennard Developments Ltd. .. 67 Techniques .. 6 
Bauch, F. W. O., Ltd. 16, 41 Macinnes Labs Ltd. 7 Sound Techniques .. .. .. 65 
Beyer Dynamic (GB) Ltd. 16 Magnegraph -Eurotel Recording Co. Ltd. 10 Starman Tapes .. . . 18 
Bias Electronics Ltd. .. .. 4 Magnetic Tapes Ltd. .. . . 10 Sugden, J. E., & Co. Ltd. . . 53 
Brenell Engineering Co. Ltd. .. .. 13 Midas Amplification .. . . 13 Tannoy .. .. 71 
Brookdeal Electronics Ltd. . 47 Millbank Electronics 75 T.B. Technical Ltd. .. .. 10 
Cadac (London) Ltd. . 2, 29 Minnesota Mining & Mfg. Co. Ltd. 36, 37 TRD Ltd. . 18 
Calrec Audio Ltd. .. . .. .. 6 Monks, Keith, Audio Ltd. .. 69 Trident Audio Developments Ltd. .. 23 
Chadacre Electronics Ltd. .. 10 Neve, Rupert, & Co. Ltd. .. 5 Turner, E., Electrical Instruments Ltd.. . 21 
Communication Access. & Equipment Ltd. 47 Nombrex (1969) Ltd. .. .. 59 Walkers, N. .. .. .. . . 14 
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Classified Advertisements 
Advertisements for this section must be pre -paid. The rate is 7p per word, minimum 70p. Box Nos. 20p 
extra. Semi -display rates on application. Copy and remittance for advertisements in APRIL 1973 issue 
must reach these offices by 16th FEBRUARY 1973 addressed to: The Advertisement Manager, Studio 
Sound, Link House, Dingwall Avenue, Croydon CR9 2TA. 
NOTE: Advertisement copy must be clearly printed in block capitals or typewritten. 
Replies tr. Box Nos. should be addressed to the Advertisement Manager, Studio Sound, Link House, Dingwall 
Avenue, Croydon CR9 2TA, and the Box No. quoted on the outside of the envelope. The district after Box 
No. indicates its locality. 

APPOINTMENTS VAC. 
MI I= NM =I 

Senior 
Engineer 

Thames Television have a vacancy for a Senior Engineer in Vision Control - 
Maintenance at their Teddington Studios 

Experience in the maintenance and alignment of colour television 
camera channels is desirable but not essential, together with an 
interest in future developments in this field. Applicants should preferably 
be qualified to HNC level and should have some proven organisational 
and supervisory ability. The post will necessitate liaison with other 
sections, such as Lighting and Development 

The working pattern will be on a five -day week basis, although from 
time to time shift work will be involved 

The position carries an attractive salary 

Applicants are asked to write, giving brief details of age, qualifications 
and experience to 

THAMES 
Personnel Officer 
Thames Television Limited 
Teddington Lock 
Teddington Middlesex 

Ilimimmimsmimi....m..imme - - - -- 1 
*Audio maintenance engineer requi. ed for large 
recording studio. Applicants must be familiar 
with and able to service and maintain profes- 
sional sound recording equipment. Applica- 
tions stating qualifications and previous 
experience to: The Chief Engineer, De Lane 
Lea Music, Engineers Way, Wembley, Middx. 

RICHARDSON ELECTRONICS are looking for 
two engineers, one with experience of production 
control and one to join the existing research and 
development team. 
Apply in writing to: 

THE MANAGING DIRECTOR 
Richardson Electronics, 57 Jamestown Road, 

London, N.W.I. 

*Keen young audio enthusiast owner of Revox, 
Quad, J.B.L. equipment seeks job in a record- 
ing studio. Willing to work for next to nothing 
to gain experience. 55 Cliff Drive, Canford 
Cliffs, Poole, Dorset. 

STUDIO FACILITIES 
*County Recording Service. Stereo and Mono 
masters, 12" vinyl pressings. 
*Coastal Music Studios Ltd. All tape to disc 
services. Commercial pressings and masters by 
quotation. Please send for brochure to: 1 Royal 
Terrace, Lowestoft. 

HI-FI "RUMBLECURE" 
(Patent 28949/69) 

Hand -made Teak Plinths, assembled by specialists, 
bring perfection at'': gram tracking and the finest music 
IN THE WORLD. We are far too specialised for the 
trade. You visit us (including Sundays) or we visit you. 
Tel: 061 -330 2836 (anytime) 
Black Knight, Ashton -u -Lyne, Lancs OL6 6TA 

*County Recording Service. 7" vinyl discs 
pressed on our own plant. 
*Grange Sound Studios. Ampex 8 track Neve 
Desk. Full facilities. No parking problems. 
01 -500 7466. 

Roger Squire 
A! Studios 
The best facilities in town for 
making Audition Tapes, Jingles, 
Programmes and Sound Com- 
mercials. For further information 
telephone 

OI-722 8111 

*Fanfare Records. Tape - disc pressings, 
demo's, masters, any quantity. Studio /mobile. 
Neumann disc cutter. S.A.E. brochure. 1 

Broomfield Close, Rydes Hill, Guildford. 
Telephone 0483 61684. 

4-TRACK STUDIO 
£4.50 HOUR 

Free use of Hammond Organ, Fender 
Amps, Hayman Drums 
Fender, RMI, Wurlitzer Electric Pianos 
Fender, Gibson, Martin Guitars, Syn- 
thesiser also available. 

T. W. STUDIOS 
400 Lillie Road, Fulham, London, S.W.6 

Tel. 01 -385 4630/0393 

*County Recording Service. Stereo and Mono 
discs from your tape. 
*Graham Clark Records. Tape to disc press- 
ings. 124A Station Road, Addlestone, Wey- 
bridge, Surrey. Tel. Weybridge 43367. 

RECORD PRODUCTION 
Let us handle all your production problems. We will 
turn your tapes into finished records complete with 
sleeves if required, and look after printing, pressing, 

copyright and tax. 

A COMPLETE SERVICE 

SOLENT RECORDS Có el 

Road, 
s, loW P0317HJ 

*J & B Recordings. Tape to disc -latest high 
level disc cutting, all speeds. Mastering press- 
ings, studio, mobile. 14 Willows Avenue, 
Morden, Surrey. MITcham 9952. 

EDEN STUDIOS LTD 
QUALITY recording tape to disc and pressing 
services, all at very sensible rates. Please write or 
'phone for leaflet. 

II EDEN STREET, KINGSTON, SURREY 
01 -546 5577 

Member Assoc. of Professional Recording Studios 

*County Recording Service. Top quality, 
reasonable price, quick delivery. Tel. Bracknell 
4935. London Road, Binfield, Bracknell, Berks 
RG12 5BS. 

recording and mJb transcription service 
Vinyl pressings and acetate demodiscs. Limiting, 
compression and equalisation facilities; high undis- 
torted cutting levels with feedback cutter heads. 
Booklet available. 

ST. MICHAEL'S, SHINFIELD ROAD, 
SHINFIELD GREEN, READING, BERKS. 

Reading (0734) 89487 Member A.P.R.S. 
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YOUR TAPES TO DISC 
Records made to order -7" from E1.50. 12" from £4.00. 
4 -day postal service. Vinyl pressings, sleeves, labels. 
Tax -free for schools, etc. We cut records for many 
Recording Studios, etc, and use the same equipment 
for you: NEUMANN Disc Cutting Lathes -Mono and 
Stereo systems. Professional tape machines with 
Ferrite playback heads, Dolby A and B systems, 200W 
Amplifiers, Lockwood monitors, Teletronix /Ortofon 
Limiters. Send SAE for photo leaflet. 

DEROY STUDIOS (1948) 
Hawk Street, CARNFORTH, Lancs. Tel. 2273 

*Electronic music facilities at Infinison Stud- 
ios. Experienced musician- technicians, with 
multi -track equipment, are available for ses- 
sions, commissions, etc. Reasonable rates. 
Phone 01 -997 2388 or 01 -954 5009. 
*Mobile recording van. Live sessions. Stereo. 
Anywhere. Mobitrack, 01- 892 9599. 
*Richard Dean makes tapes and operates 
theatre sound for you. Box Number 646. 

COMPACT CASSETTES 
PROFESSIONAL HIGH -SPEED DUPLICATION 

Dolby B- compression and equalisation available - 
competitive prices on small runs -full productions 
undertaken -music and language specialists. 

Contact Chris Sands 
AUDIO EDUCATION COMPANY 

01 -723 6635 

FOR SALE -TRADE 
*Professional tape only 45p. 1200ft. Agfa on 
hubs, no joins (p. and p. one box 25p, each 
additional box 10p). We handle 99 % of all 
s/h professional recording equipment. Send for 
ist. Jackson Studios, Rickmansworth, Herts. 

ELECTRONIC MUSIC 
USE OUR CIRCUIT ASSEMBLIES for all your 
electronic music projects, ready -to -use modules ideal 
for Synthesisers, Sound Effects, Instrument Modifiers, 
Organs, Mixing desks, and Disco equipment. 
CHOOSE from over 25 circuits, including our new 
range of I -C designs for Synthesiser work. 
OUR CATALOGUE contains full technical details, 
explanations and definitions, suggestions for projects, 
and discount price details. 
OUR PRICES are the lowest in this field and 
represent unbeatable value for money. 
WE SUPPLY amateur and professional alike - 
groups, constructors, colleges, musicians, and 
commercial equipment builders -ell by MAIL ORDER. 
SEND ONLY 20p for our comprehensive catalogue: 

TAYLOR ELECTRONIC MUSIC DEVICES 
P.O. BOX 42, CHESTER CHI 2PW 

*Sennheiser MD112 Microphone, new /boxed. 
Normal price £44. Special offer £32. AKG K50 
Phones 75 ohms £5.90. Perfectone EPGA 
(Pulse) £95. Special Microphone Offers: AKG 
D109 £11.00. AKG D202E1 £32.00. AKG 
D190C £15.00. Sennheiser MD211 £32.00. 
Sennheiser MD413 £25.00, p.p. 50p. Sennheiser 
HD414 Dynamic Headphones £8.25, p.p. 30p. 
J. J. Francis (Wood Green) Ltd.,123 Alexandra 
Road, Hornsey, London, N.8. Tel. 01-888 1662. 

RANK -KALEE 
Wow and Flutter Meters 

Excellent condition 
One or two available at E85.00 each 

Burgess Lane & Co. Ltd., Thornton Works, 
Thornton Avenue, Chiswick, London W.4 

01 -994 5752/5953 

*Eight 14in. Ampex NAB spools. Boxed as 
new. £8.75. Two Reslo VMC2 mikes, excellent 
condition, 1552 imp. Incl. desk stands, £17. 
Hook, Fairmount, Randwick, Stroud, Glos. 

RAC MIXERS 
WE HAVE MOVED ! 

Demand for our products has meant larger 
premises! Our new address: 

19 Freemantle Road, Hilton, Rugby 
Tel: 0788 -810877 

Custom Built RAC Mixers for Groups, PA, 
Hospital Broadcasting, Recording, Discos, 

etc 
RAC Audio Modules for building your own 
mixers. Shure, AKG, Calrec Mikes, Stands, 
etc in stock. Write, phone or visit us. 

*Lancashire. Tandberg, Ferrograph Tape 
Recorders, etc. Plus over 10,000 high fidelity 
systems. After -sales service. Holdings, Photo - 
Audio Centre, 39 -41 Mincing Lane, Blackburn 
BBA 2AF. Tel. 59595/6. 

FOR SALE 

A limited number of Richardson valve 
amplifiers, 35 watts per channel, mono and 
stereo versions available. Leaflets on 
request. Mono £42.50, Stereo £65.00. 

Phone: 01 -267 4874 

*16 channel, 8 group output Cadac Console 
Full equalisation on each channel. 2 foldback 
systems. 3 Echo systems. 3 Pye compressors. 
Comprehensive patchbay for greatest versatil- 
ity. £3.400. Telephone 01 -622 1228. 

UNIMIXER STUDIO 4 and 6 MIXERS 
Each channel can be switched to accept 5 different 
inputs, choice of DIN, Cannon, jack -sockets, slider 
faders, tone controls, PPM. Overall noise is better 
than -127 dBv with a 200 ohm source (using 20 kHz 
band with filter). Mains or battery powered. Prices 
from £87 (as with the successful 4S range, supplied 
directly to users) only from: 

SOUNDEX LTD 
18 Blenheim Road, London W4 IES 01 -995 1661 

*Do your engineers replay at high levels and 
occasionally blow up your monitors? The 
Lowther range of speakers can reproduce 
sound at very high levels using modestly 
powered amplifiers and without loss of quality. 
For information contact: Lowther House, St. 
Mark's Lane, Bromley, Kent. Tel. 01 -460 5225. 

SOWTER TRANSFORMERS 
for all purposes in 

SOUND RECORDING AND REPRODUCING EQUIPMENT 
We are suppliers to many well -known companies, 
studios and broadcasting authorities and were estab 
fished in 1941. Early deliveries. Competitive prices. 
Large or small quantities. Let us quote. 

E. A. SOWTER LTD. 
Transformer Manufacturers and Designers 

7 Dedham Place, Fore Street, Ipswich IP4 IJP 
Telephone 0473 52794 

*If quality matters consult first our 105 -page 
'llustrated Hi -fi catalogue with technical specifi- 
cations (60p). Members enjoy unbiased advis- 
ory service, preferential terms. Membership 
(40p) p.a. Our associates also manufacture 
records from your own tapes or record the 
Master at our studios (Steinway Grand). Bulk 
terms for choirs, fund -raising, slim- discs. Please 
specify requirements. Audio Supply Associa- 
tion, 18 Blenheim Road, London, W.4. Tel. 
01 -995 1661. 
*Leevers -Rich model E inch twin -track 
with sel -sync. Deck in robust steel carrying 
case. Five pre -amps and meter panel in rack 
and mounted in separate case. All standing 
on steel trolley carefully used and in good 
condition. Should be good for years of use 
yet. £425 o.n.o. Also Astronic response unit 
£30. Eroica Recording Services Ltd., Eroica 
House, Ashley Road, Altrincham, Cheshire. 
061 -928 6688. 

*Tame those dB's ... Plug in professional 
quality FET compressor module £15.50. For 
the `slick operator' ... `Voice over' module 
£15.50. S.A.E. details. Cathedral Sound SS, 
"Fourways," Morris Lane, Halsall, Lancs. 
L39 8SX. 

FOR SALE -PRIVATE 
*Uher 22 stereo tape recorder in very good 
condition. £ 120 o.n.o. Colchester (0206) 48701. 
*Rogers Ravensbrook amplifier in teak case, 
£30. Two Acoustic Research AR 4X speakers, 
£40 the pair. All in excellent condition. Buyer 
collects. Box 647. 
*2 Revox A77HS. 2 Neumann Condenser 
Microphones +Power Supply. 2 Mixers type 
EMT 104. 2 Shure 365 Microphones. 1 Akai 
Stereo portable tape recorder. Please phone 
M. Sear at CIAV, Durham Road, Boreham 
Wood, Herts (01 -953 0291) for further details. 
*Audio and Design P200 Phaser £40, Allen & 
Heath Reverb unit £24, Home -made Phaser 
£20, 4 Channel mixer with bass, treble, volume, 
S/N 60 dB ideal with Revox £55. Phone 
Redhill 61720. 
*Pair of KEF Concerto's and Ditton 15's, 
both in white. Open to offers. 55 Cliff Drive, 
Canford Cliffs, Poole, Dorset. 
*T.R.D. 4 -speed full -track tape recorder £230. 
Farnell "Acoustical" Model 3100 33/45 Turn- 
table with Shure M3D cartridge, M61 -2 Pre - 
Amo, £45. E.C.M., Rossendale, Lanes. Tel. 
4583. 

WANTED 
*Lee Electronics. The Tape Recorder and 
Hi -Fi Specialists wish to purchase good quality 
Tape and Hi -Fi equipment for cash. 400 
Edgware Road, W.2. Phone PAD 5521. 

WANTED 
Second Hand studio equipment 

in top class condition 
Suitable for 8 track studio 

Box No. 643 

*4 track tape recorder (e.g. Ampex, Studer) 
good condition. 235 -2145. 
*Nagra IV or III with pilotton. Also 16mm 
sound projector mag /opt or double band. 
Warrilow, 45 Braid Farm Road, Edinburgh. 
031 -477 5673. 

MISCELLANEOUS 
*Repairs. Our modern service department 
equipped with the latest test equipment includ- 
ing a wow and flutter meter and multiplex 
stereo signal generator is able to repair hi -fi 
and tape recording equipment to manufac- 
turer's standards. Telesconic Ltd., 92 Totten- 
ham Court Rd., London W.1. Tel. 01 -636 8177. 
*Ladders. 24>> ft. £9.80, cary. 80p. Leaflet. 
Callers welcome (Dept. SOS), Home Sales, 
Baldwin Road, Stourport, Worcs. Phone 02- 
993 2574 5222. Order c.o.d. Ansafone installed 
5222. 
*Tape and Cassette Recorder Repairs by 
Specialists. The Tape Recorder Centre, 82 
High Holborn, London W.C.I. 
*Tape -Heads reconditioned. Guaranteed 
satisfaction. Send worn head enclosing £2 to 
Sara Electronics, Fawkham Avenue, Lorgfield, 
Kent. 

BUSINESS OPP. 
*Nationally known compan\ in the field of 
Public Address require con n issioning engin- 
eers for large and small installations, particu- 
larly sui:ed to someone who likes to work 
very freelance. Please write Box No. 648. 

Published by the Proprietors, Link House Publications Limited, 10 -12 South Crescent, Store Street, London WCIE 7BG, and Printed by Arthurs Press Limited, Woodchester, 
Stroud, Glos. GL5 5PB. 
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It's not like us to cover up. 
Because we make the best 

equipment there is. 
And it shows. 
Only this time we aren't 

showing it. 
Because our new range 

of amplifiers, mixers, speakers, 
and sound systems are so special, 
they deserve to be launched 
in style. 

Which is exactly what will 
happen at Sound '73. 

It's not that we have 
anything to hide. 

We just thought we'd go 
under cover. 

Millbank M Until arch. 

It's got to be good. 

Sound '73 International is at the Bloomsbury Centre Hotel, London, on March 13th -15th. 
See us on Stands 19, 20, 33 and 34. 
Millbank Electronics Group, Uckfield, Sussex, England. Tel: UCK (0825) 4166. From Europe: 892 -96 -4166 
Manufacturers of specialist audio equipment for industrial and entertainment applications. 
Sound mixers, tuners, sound systems, loudspeakers, tuner amplifiers, audio modules and amplifiers. MILLBANK 
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WE ONLY MAKE -63dB NOISE ABOUT OUR 48 HOUR SERVICE 

Sole U.K. Distributor 
INDUSTRIAL 
TAPE APPLICATIONS 
105 High Street, Eton, Windsor, 
Berks. Tel: (95) 52663 

COMPLETE MINI STUDIO 

Industrial TEAC -- 
Fully compatible 4- output mixer 

4 AKG D202 microphones with stands 

-; Headphones and all interconnecting leads. 

Price about £1100 delivered to your door. 

Finance available through U.D.T. 
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