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the sound of Neve is world wide 
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Designers and builders of sound 

control and distribution systems 

in use throughout the world by 

leading television, broadcasting, 

film and recording studios. 

NOW IN USA Rupert Neve have opened a manufacturing. 

distributing and servicing plant in the U.S.A. for still better service. 

The 'S' range of Consoles is available for 

very quick delivery. Consultant Designed 

Consoles to customer requirement. 
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RUPERT NEVE & CO LTD. Cambridge House, Melbourn, Royston, Herts, England. 
Telephone: Melbourn 776 (STD 076 386) 10 lines Telex 81381 

^ RUPERT NEVE INC. P.O. Box 122, Bethel, Connecticut 06801, U.S.A. 
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Another revolutionary recorder 
has been developed by AKAI. It's 
the world's first stereo cassette 
recorder capable of automatic 
continuous reverse recording/" 
playback! This CS-50 Stereo 
Cassette Recorder incorporates 
AKAI's unique "INVERT-O- 
MATIC" mechanism which 

makes this possible. Almost un- 
believable in the cassette field. Yet, 
it's true. Of course, manual reverse 
is also possible. Up to two full 
hours of hi-fi stereo recordings 
can be made. Sound quality is 
superb. Frequency response of 
30 to 16,000Hz at l>^ips is almost 
equal to open-reel performance. 

Wow/flutter is withinO.lG to0.2%. 
This top-grade cassette recorder 
also boasts automatic stop and 
automatic shut-off. The CS-50D 
Stereo Cassette Tape Deck, perfectly 
matched with the S\V-30 Hi-Fi 
Stereo Speaker System, is also availa- 
ble. 

Audio & Video 

AKAI 
AKAI ELECTRIC CO., LTD. 
Ohta-ku, Tokyo, Japan 

Rank Aldis-Audio Products, Rank Audio Visual Ltd.: P.O. Box 70, Great West Road, Brentford, Middlesex Tel: 01 568-922? 
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ARGO ELECTRONIC COMPONENTS LTD. have appointed AUDIO DEVELOPMENTS as distributors for their electronic 
components. 
AUDIO DEVELOPMENTS now have in stock twenty varieties of ARGO aluminium control knobs, nine types of linear and log law 
slide faders, and also miniature locking dials. For further details contact: 

AUDIO DEVELOPMENTS, HALL LANE, WALSALL WOOD, STAFFS BR<5351/2/3LLS 

auizlix 

"Studio 80" amplifier 

POWER OUTPUT: 
POWER BANDWIDTH: 

1 20 Hz to 20 KHz. 

Max SOW into 8 ohm. 
5 Hz to 35 KHz at 80 W. 
+ 0d8 
- .5 dB 
Less than 0.05 at 1 KHz. 

SIGNAL TO NOISE RATIO: Better than-95 dB below maximum output. 
POWER SUPPLY: 100/120-200/250 A/C 50-60 Hz. 

FREQUENCY RESPONSE: 

TOTAL DISTORTION: 

.X) —— — 
28 27 Lf— 

POWWV. MIOUCNC* (8 Q LOAD) 

The "Studio 80" Power Amplifier has been produced to high per- 
formance standards for Studio and Laboratory applications. 

Its proven characteristics puts it in a class beyond anything yet 
available in power, performance, and price, and is the ultimate in 
economic functional engineering design - Write for full details of 
guaranteed performance specification. 

100 200 10* 20* 35* Hi 

DISTORTION V. FREQUINC* AT SO WATTS 

DISTORTION V. POWER LtVEL (8 u LOAD) 

X 

SOUND 

i/IS 

AUDIX B.B.LIMITED 
STANSTED • ESSEX 
TeLSTANSTED 3132/3437 
ISTD 027-9711 

100 
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stereo mastery 
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The 1720L is the kind of stereo 
tape recorder you can feel 
completely confident about. 
What's wrong with other 
company's tape recorders ? 
It's not what's wrong with 
other tape recorders. What 
matters is that there is so 
very much more that is right 

with all AKAI instruments, 
including the compact, leather 
cabinet, durably constructed 
1720L. This 4-track stereo/ 
monaural recording and play- 
back system with 3 speeds 

OK 3%. 7K ips-15 ips 
optional) is minute-by-mi.nute, 
hour-by-hour, year-by-year 

dependable. That's why you 
can be supremely confident 
with this and all AKAI models. 

Audio <S Video 

AKAI- 
AKAI ELECTRIC CO., LTD. 
Ohta-ku. Tokyo. Japan 

Rank Aldis-Audio Products, Rank Audio Visual Ltd.: P.O. Box 70. Great West Road, Brentford, Middlesex Tel: 01 568-9222 
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Exhibition of equipment for the industrial & entertainment fields 

CAMDEN TOWN HALL (opposite St. Pancras Station) LONDON 

MARCH 16-19 1971 • 1000 HRS -1800 HRS DAILY (Final day 1000 hrs-1700 hrs) 

SPECIAL LATE NIGHT — WEDNESDAY 17th to 2100 HRS. 

Admission -free by trade card or by ticket from : 

The Association of Public Address Engineers, 

394 Northolt Road, South Harrow, Middlesex, HA2 8EY. 

Telephone: 01-864 3405/6 

LEVEL CONTROL EQUIPMENT 

Superb Performance—moderate cost 

'-"n 

IflM 

F600-M Mk 2 

Limiter/ 
Compressor 

A Mk. 2 version of the well established F600 unit. 
Gain within the system is normally 2SdB with out- 
put level of OdBm (+8dBm to order). Compression 
ratio better than 25:1; variable attack and release 
controls with auto network. Noise—70dBm. Response: 
10Hz—50kHz for —3dB. Distortion: 0.1% for 25dB 
reduction at I kHz. 

also available 
F700 Compressor/Limiter and E800 Equaliser. 

Audio & Design (Recording) Ltd. 

10 Lower Rd., Cookham Rise, Maidenhead, Berks. 
Tel: Bourne End 22231 (STD. 06285-22231) 

ALICE BUILDS QUIET MIXERS- 

Our new professional modular system 
will not improve our noise figures—but it will 
provide a desk that an engineer can 
operate more quickly and efficiently than 
ever before. 
The illuminated routing matrix and linear 
controls give constant visual mode reference. 
Write for details of the BD range. 

Of course we still make a remarkably 
compact 6- or 8-channel stereo desk if you 
wish to make masters on a mixer 27 
Inches long! 

ALICE (STANGDIL LTD.) 
WINDSOR 61308 

IS SHEET STREET 
WINDSOR • BERKS 
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above standard 
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automatic continuous reverse 
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CS-BOD 

AKAI has many world's firsts to its 
credit. One of the most outstanding among 
them is the CS-50D Stereo Cassette Tape 
Deck capable of automatic reverse record- 
ing due lo the world's first "INVERT-O- 
MATIC" mechanism. This mechanism also 
makes possible automatic continuous re- 
verse playback for as long as you like. 
Instant manual reverse can also be ell'ccied. 
This revolutionary cassette lapc deck auto- 
matically stops after two full hours of hi-fi 
stereo recording. It also boasts automatic 
shut oil". Its high frequency response of 30 
to Ki.OOOII/ at l-7/.Sips is almost equal 
to open-reel performance. Wow/lluiier is 
within 0.2;.7. and S/N ratio is better than 
45dB. 

To match the high performance of this 
superior cassette tape deck, the use of 
AKAI's. A A-63(10 Solid Stale A.M/FM 
Multiplex Stereo Tuner Amplifier is re- 
commended. It features PET for extra EM 
sensitivity, IC for high selectivity, SOW 
music power. EM/AM signal strength 
meter, automatic EM stereo/monaural 
switching. Frequency response is 20 to 
•10.00011/ t—3dB). and S/N ratio is better 
than 65dB(FM). 

And the pcrfecllv matching speaker svs- 
tcm for the CS-50b is AKAI's SW-I70A 
Hi-Fi Stereo Speaker Syslcm. It's a 
uniquely designed SOW. 5-way 6-spcakcr 
system with frequency response of 20 to 

23.000Hz. Woofer: 15' I.TP edge, midrange: 
5-1/4*. tweeter: 2'l/8'x2-7/l6'. super 
tweeter: 3', super dome (two): 3-1/2*. 

Audio & Video 

AKAI 
AKAI ELECTRIC CO., LTD. 
ObU-ku. Tokyo. Japan 

Rank Aldi«-Audio Products. Rank Audio Visual Ltd.: P.O. Box 70. Great West Road. Urcnn'ord, Middlesex. Tel; 01 568-9222 
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Vortexion 

This is a high fidelity amplifier (0.3% 
intermodulation distortion) using the 
circuit of our 100% reliable 100 Watt 
Amplifier (no failures to date) with its 
elaborate protection against short and 
overload, etc. To this is allied our 
latest development of F.E.T. Mixer 
amplifier, again fully protected against 
overload and completely free from 
radio breakthrough. The mixer is 
arranged for 2-30/60 Q balanced line 
microphones, 1-HiZ gram input and I- 
auxiliary input followed by bass and 
treble controls. 100 volt balanced line 
output or 5/15 fi and 100 volt line. 

100 WATT ALL SILICON AMPLIFIER. A high quality amplifier with 8 ohms-15 ohms or 100 volt line output 
for A.C. mains. Protection is given for short and open circuit output over driving and over temperature. Input 0.4 V on 
100K ohms. 

100 WATT MIXER AMPLIFIER with specification as above is here combined with a 4-channel F.E.T. 
mixer, 2-30/60 Q balanced microphone inputs, 1-HiZ gram input and 1-auxiliary input with tone controls and mounted 
in a standard robust stove-enamelled steel case. A stabilised voltage supply feeds the tone controls and pre amps, com- 
pensating for a mains voltage drop of over 25%, and the output transistor biasing compensates for a wide range of voltage 
and temperature. Also available in rack panel form. 

200 WATT AMPLIFIER. Can deliver its full audio power at any frequency in the range of 30 c/s-20 Kc/s ±1 dB, 
less than 0.2% distortion at 1 Kc/s. Can be used to drive mechanical devices for which power is over 120 watt on continuous 
sine wave. Input 1 mW 600 ohms. Output 100-120 V or 200-240 V. Additional matching transformers for other impedances 
are available. 

CP50 AMPLIFIER. An all silicon transistor 50 watt amplifier for mains and 12 volt battery operation, charging its 
own battery and automatically going to battery if mains fail. Protected inputs and overload and short circuit protected 
outputs for 8 ohms-15 ohms and 100 volt line. Bass and treble controls fitted. 
Models available with I gram and 2 low mic. inputs, 1 gram and 3 low mic. inputs or 4 low mic. inputs. 

20/30 WATT MIXER AMPLIFIER. High fidelity all silicon model with F.E.T. input stages to reduce intermodula- 
tion distortion to a fraction of normal transistor input circuits. The response is level 20 to 20,000 cps within 2 dB and over 
30 times damping factor. At 20 watts output there is less than 0.2% intermodulation even over the microphone stage at 
full gain with the treble and bass controls set level. Standard model 1-low mic. balanced and HiZ gram. 

ELECTRONIC MIXERS. Various types of mixers available. 2-channeI with accuracy within 1 dB Peak Programme 
Meter. 4-6-8-10 and 12-way mixers. Twin 2, 3, 4 and 5 channel stereo. Built-in screened supplies. Balanced line mic. input. 
Outputs: 0.5 V at 20K or alternative 1 mW at 600 ohms, balanced, unbalanced or floating. 

SOUND 71 INTERNATIONAL EXmBITION, 16th-19th MARCH, TOWN HALL, CAMDEN. STAND Cl. 

V0RTEXI0N LIMITED, 257-263 The Broadway, Wimbledon, S.W.I9 

Telephone; 01-542 2814 and 01-542 6242/3/4 Telegrams; "Vortexlon, London S.W.I9" 
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THE VORTEXION 50/73 WATT ALL SILICON AMPLIFIER 

WITH BUILT-IN 4.WAY MIXER USING F.E.T.s. 

o £) o d d d 
* © vonftiioti f» sa/;o/rcr 
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Philips Pro'36 Studio Tape Recorder 

For broadcasting studios, theatres and recording studios, sound and 
film production studios. In portable, console or unmounted versions 

As one of the newest additions to the Philips' range of 
professional audio equipment, the Pro' 36 is a natural 
part of the studio scene. Remember too, it's backed 
by world-wide Philips-Pye service. And an unrivalled 
range of microphones. Check these Top Ten Features: 

• Second generation Ferroxcube heads • Plug-in units minimise maintenance time • All functions 
push-button operated; semi-conductor switching •Three speeds, electrically switchable •Adjustable 
correction filter for each speed • Servo-controlled capstan speed • Brakes and pressure roller solenoid 
operated • Automatic tape lift • Built-in filters for CC1R and NAB • Tape tension control for Cine reels 

rely on Rye for professional studio equipment 

rely on 
[#TVT 

PyeTVT Limited.Cambridge. CB1 3JU. England. Telephone; Cambridge (0223) 45115 Telex; 81103 
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QUAD 303 
pow#f omplifler 

wireless 

X-S0*™]*: 

»' <0/230* 
SO-6OH1 

Mr ll Hu.< t»gC.nJ ■ hr Atoijt>»iel Mfg Co 110 Sll o • 

It has been suggested that a perfect 
amplifier would be equivalent to a 
piece of wire with gain. 

A piece of wire ? First of all it would 
hum, so we'd have to screen it. This 
would increase the input capacity 
so we'd have to make the screening 
large or the conductor small. Then 
we would have output resistance 
and, if of appreciable length, we'd 
have inductance and termination 
problems as well. All in all a 303 power 
amplifier would be much easier. 

The funny thing is; even if we had 
our perfect piece of wire with gain 
and compared it with a 303, the 
two would sound exactly the same 
no matter how carefully we 
listened. 

. ■ m 

m 

QUAD 

for the closest approach to 
the original sound 

Send postcard for illustrated lealtel to Dept. S.s.r.R. 
Acoustical Manufacturing Co, Ltd., Huntingdon. Tel: (0480) 2661. QUAD is a Registered Tude M«k. 
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Studio Sound 

AND TAPE RECORDER 

MARCH 1971 VOLUME 13 NUMBER 3 

INCORPORATING 
SOUND AND CINE 

EDITOR 
JOHN CRABBE 

DEPUTY EDITOR 
DAVID KIRK 

ADVERTISEMENT MANAGER 
ROBIN WELLS 

ASSISTANT ADVERTISEMEN' 
MANAGER 
TONY NEWMAN 

Editorial and Advertising Offices: 
LINK HOUSE. 
DINGWALL AVENUE, 
CROYDON CR92TA 
Telephone: 01-686 2599 

© Link House Publications Ltd, 1971 
All rights reserved 

COVER PICTURE 

Electronic Music Studios' VCS3 voltage 
controlled synthesiser. Even without the 
keyboard, the VCS3 Is a remarkably 
versatile source of electronic music and 
may be programmed to play by Itself. 

SUBSCRIPTION RATES 

Annual UK subscription rate for Studio 
Sound is £1.80 (overseas £2.10, $5 or 
equivalent). Our associate publication 
HI-FI News costs £2.82 (overseas £2.65, 
$6.30 or equivalent). Six-month home 
subscriptions are 90p (Studio Sound) 
and £1.41 (HI-FI News). 

Studio Sound Is published on the 14th 
of the preceding month unless that date 
falls on a Sunday, when it appears 
on the Saturday. 

the acquisition of Lccvers-Rich Equipment 
Ltd by Mining & Chemical Products (not to be 
confused with the Minnesota people) raises new 
hopes for this country's studio equipment indus- 
try. Like so many moderately successful com- 
panies, Leevers-Rich were for years victims of 
a vicious circle that demands capital before 
expansion, yet can only yield that capital 
securely as a result of expansion. 

Ten years ago. two British companies were 
producing full-scale studio tape equipment: 
Leevers-Rich and EMI. Recorders for lighter 
work were produced by Fcrrograph, who are 
still with us, and by Pamphonic, who aren't. 
EMI slopped production of all tape machines. 
Unitrack came and rapidly went. Two com- 
panies have grown in recent years, Scope- 
tronics and TRD (the latter now merged with 
Walsall Timing Developments) and, as we 
mentioned last month, another UK company 
is preparing to cater for the studio market. 
Nevertheless, with EMI out of the running, 
there has been little British competition for 
Leevers-Rich. 

A curious attitude exists in this country, as 
in others, that products of foreign manufacture 
tend to be superior to locally produced equiva- 
lents. This was reflected by a recent Which? 
survey relating to Consumers Association mem- 
bers' opinions of their cats. Predictably, this 
found imported cars more satisfactory than 
locally produced models. Overlooked or 
ignored by Which? was the fact that a compar- 
able survey undertaken on the Continent had 
the same result—implying that British cars 
become a better buy after crossing the Channel. 

Noting these points, we recently surveyed 
the attitudes of four individuals towards two 
semi-pro recorders, the current Fcrrograph 
and Revox. They were all familiar with the 
machines, having used them over several years, 
and their views were based on solid experience 
rather than shallow fancy. Yet these opinions 
were widely contradictory and showed no 
obvious bias for or against British or Conti- 
nental techniques. 

One Continental trend we welcome is the 
firm establishment in Britain of the metric 
system of measurement. When fully adopted, 
it will relieve us of an antiquated system 
involving unnecessarily complex multiples. 
Fourteen, 16, 36, 112 and 1 760 are merely the 
tip of an iceberg: the Imperial iceberg. Fog, a 
few weeks back, 'reduced early-morning visi- 
bility at Heathrow to 150 metres, improving 
later to one mile' according to a BBC news 
report. You may have noticed similar logic in 
the popular science journals, where rockets 
tend to be hauled miles to their launch sites, 
then placed in kilometre orbits. Sensibly, they 
manage to avoid the sea and its attendant knot 
problem. In Croydon, a subway is signposted 
as 120 metres from a car park, the speed limit 
in that direction being 30 miles per hour. All 
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indicative of this country's present position 
half-way between two standards. 

British industry, happily, is now largely 
committed to metrication, though heel-drag- 
ging is occurring in some quarters. The Elec- 
trical Contractors Association recently protes- 
ted at the Electric Conduit Systems Manutac- 
turers' decision to stagger the introduction of 
metric-sized conduits. This will involve quoting 
for mixed Imperial/metric items of one product 
in the same installation, the mixture changing 
each six months over a period of two years 
before Imperial is phased out completely. The 
ECSM decision may have been well-intent- 
ioned but it leaves engineers in the unhappy 
position of having to produce adapters, bend- 
ing-formcrs and thrcading-dies for both stan- 
dards, not to mention the differing cable 
capacities of the two standards. 

Readers wondering why this jouma' so 
rapidly went metric may be starting to appreci- 
ate our greatest fear—not that this country 
would stick to, or revert to. Imperial standards 
but that we would be landed with a wretched 
mixture of the two. The present government, 
again probably with good intent, has promoted 
this unhappy situation by postponing indefi- 
nitely the already initiated plan to metricate 
road signs. The BBC has for several years 
quoted temperature forecasts in both Fahren- 
heit and Centigrade, out of this same kindness 
to inert minds, though where is the evidence 
that this encourages an understanding of 
Centigrade more than dropping Fahrenheit 
altogether? 

FEATURE ARTICLES 
111 RECORDING STUDIO TECHNIQUES 

PartIS 
By Angus McKonzle 

117 WHY COINCIDENT MICROPHONES? 
By Michael Gerzon 

120 INSIDE GEMINI 
By Keith Wicks 

122 A HIGH QUALITY MIXER 
Part 10 
By David Robinson 

128 CHROME 
By Angus McKonzle 

132 A STEREO CAPACITOR MICROPHONE 
Part One 
By John Fisher 

134 THEATRESOUND 
By Ivor Dykes 

REGULAR COLUMNS 
109 EVENTS 
113 TURNTABLE 
131 STUDIO DIARY 

By Keith Wicks 
137 TAPE RECORDER SERVICE 

Uher 4000L 
By H. W. Hellyer 

EQUIPMENT REVIEWS 
139 GRUNDIG TK3200 BATTERY PORTABLE 

By Angus Mckenzle 
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THE A.K.G. C.45I F.E.T. MICROPHONE COMBINATIONS 
Basic pre-ampllfier available with different capsules, extension tubes. Multi channel power units (made In U.K.) 

four channel or six channel or "taylor made" to specification. 
TYPICAL PRICES. Basic pre-ampilfler+standard capsule £48-00 (Rec retail) 

10 yards of cable £5 50 
4 cnannel power unit £56 -00 

EXTENSIVELY USED IN THIS COUNTRY BY RECORDING STUDIOS, THEATRES, T.V.. ETC. 

For further information on this and other A.K.G. microphones, please contact: 
A.K.G. EQUIPMENT LTD., EARDLEY HOUSE, 182 CAMPDEN HILL RD, LONDON WJTel. 01-229-3695 

the Most Comprehensively 

Equipped Studio In 

the Midlands 

8-Track, 4-Track — MONO — STEREO 

for Professional Service 

Studio and Mobile 
t6mm Film Recording - Dubbing & Editing 

Facilities - 16 & 35mm Projection 

Hollick & Taylor 

Recording Company Ltd. 

16 Grosvenor Road, Handsworth Wood, 

Birmingham 20 

Telephone: 021-356 4246 

Masters produced for major labels 

Demo Discs and Tapes 

HIGHSPEED 

TAPES 

CASSETTE 

COPYING 

large and 

small runs 
i? 

Fraser-Peacock 
Associates Limited 
94 High Strast Wimbledon Village 
London SW19 01-9472233, 

Microphones 

Mixers 

Matching 

Choose— 

Grampian Reproducers Ltd., Han worth Trading Estate, Ftltham, Middlesex 
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STUDIO EQUIPMENT SALES 
sound recording equipment of varying age 
and status is being marketed by the Jackson 
Music Group, The Studios, Rickmansworth, 
Hertfordshire. The group's present list includes 
Neumann capacitor microphones, a four- 
channel Studer J37 (25 mm with 12,5 mm head- 
block), stereo Ampex, EMI and Teac recorders, 
Lockwood speakers, Altec 436C compressor, 
MSS disc-cutlers and a Coca Cola freezer. The 
Jackson motto Quad eral dolbi non studa 
dinarius requires full settlement, including 
cheque clearance, before plant leaves the 
premises. The service is being run by Michael 
Jackson from whom a detailed list is available 
on request. 

APRS SECRETARY 
a new secretary has been appointed by the 
Association of Professional Recording Studios, 
succeeding John Borwick. He is Mr W. J. H. 
Barrett, who has for many years served with 
the BBC Transcription Department. All APRS 
correspondence should now be addressed to 3 
Strathrae Gardens, Swiss Cottage, London 
NWS 4PA. 

EVR DEVELOPMENTS 
a major bugbear of Electronic Video Recording 
—its unsuitability for private recording—has 
been overcome by Dr Peter Goldmark and Dr 
William Glenn Jnr, of CBS Laboratories. They 
have developed a non-electric colour camera 
which optically separates brightness and 
chrominance, placing this information in two 

Conductor Lawrence Foster (left), Pinchas Zoker- 
man and (CBS) Paul Myers in the control room of 
EMI Studio 1, Abbey Road. Foster conducted the 
Royal Philharmonic Orchestra during the December 
4 recording of Wleniawskl's Violin Concerto In D 
Minor. 

parallel frame rows of monochrome film. 
Though still in the research stage, the portable 
camera could eventually sell for £150, bringing 
it within reach of limited-scale TV film 
producers. 

Licence agreements have been signed by the 
EVR Partnership (London) with Hitachi Ltd 
(Tokyo) and Mitsubishi. The two licencees 
will manufacture EVR tcleplayers, distributing 
these on an international basis. Other licencees 
include Motorola (USA), Robert Bosch GmbH 
(West Germany), and Rank Bush Murphy. 

AUDIO ANNUAL 1971 
a discussion of the evolving art of Electronic 
Music, contributed by Tristram Gary, is among 
feature articles published in the 1971 Audio 
Annual. Michael Gerzon covers the philosophy 
of quadraphony in Whither Four Channels? 
while Stanley Kelly considers the future of 
commercially recorded cassettes. Rex Baldock 
on ears (.Auditory Apparatus), R. V. Lecdham 
on Concert Hall Simulation and Peter 
Gammond's views on 'good recorded sound' 
are accompanied by reprints of selected reviews 
from 1970 issues of Studio Sound and Hi-Fi 
News. The annual may be obtained from 
newsagents and bookstalls for 40p, or post-free 
from Link House Publications Ltd., Dingwall 
Avenue, Croydon CR9 2TA. 

LEEVERS-RICH ACQUIRED BY MCP 
mining & chemical Products Ltd, the parent 
company of MCP Electronics, have acquired 
Leevers-Rich Equipment Ltd. The link will 
provide Leevers-Rich with increased financial 
support and marketing facilities. Mr P. B. 
Richards remains Managing Director of 
Leevers-Rich and Mr Norman Leevers remains 
on the board. They are joined by three MCP 
directors: Mr P. G. Ribon as Chairman, Mr 
H. R. Bauer and Mr D. K. Cunningham. 
Mining & Chemical Products are engaged in 
refining and supplying rare metals, minerals 
and high purity compounds. MCP Electronics 
manufacture thick film hybrid circuit devices 
and opto-elcctronic equipment and are UK 
agents for TRW and Telefunken Semiconduc- 
tor Divisions. 
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FEBRUARY REVIEWS 
the PRICE OF the Rank-Weircliffe bulk eraser 
reviewed last month is £145, not £90 as stated. 
The Calrec 1050 capacitor microphone is fully 
balanced and not, like our field-tester at the 
lime of writing, partially unbalanced. 

WHY THOSE TAPE CHARACTERISTICS? 
our apologies to readers confused by Eric 
Robjohns' article 'Why So Many Tape 
Recording Characteristics?' in the February 
issue. The BSI is, of course, and will probably 
remain, the British Standards Institution, and 
RIAA still stands for Record Industries 
Association of America. The response curve 
of a tape replay amplifier is better described as 
following a 6 dB/octave falling characteristic 
rather than a bass boost, and head-amplifier 
coupling and matching problems—which are 
avoided by correct design—should not have 
been confused with recording characteristics. 

The NAB system is widely used in the 
British recording industry, though broadcasting 
authorities use CCIR—now more commonly 
known as DIN or IEC. Since 1966, CCIR/DIN 
equalisation for 19 cm/s has been specified as 
70 pS. Starting with the HF end as a reference, 
the bass lift is indeed greater on NAB than 
CCIR (extreme bass-end roll-olT apart) but, as 
the mid-frequency flux is the same in both 
cases, it is more correct to say that the high 
frequency response is different: NAB and 
CCIR upper frequency turnover points are 3.2 
kHz and 2.3 kHz respectively. The 3 180 pS 
NAB time-constant is for low frequencies 
(3 l80pS=50 Hz), not a treble roll-off. 

These are the key errors in what we confess 
to be a rather confusing article, for which we 
take full responsibility, having accepted the 
piece with the unfulfilled intention of correcting 
it fully before publication. It has been sugges- 
ted that we should have used the article in the 
April issue and then thanked readers for 
spotting the deliberate mistakes 1 

MOSELY ON QUADRA PHONICS 
A talk on "Quadraphonic Studio Equipment 
Design' will be given by John Mosely to AES 
members on March 9. Command Studios, 201 
Piccadilly, is the venue and further information 
may be obtained from the AES Secretary, 10 
Museum Street, London WCI. 

THORN TO PRODUCE VIDEOCASSETTE 
EQUIPMENT 

videocassette equipment designed to the 
Philips VCR colour standard is to be produced 
by Thorn Electrical Industries. The announce- 
ment followed preliminary negotiations with 
Philips in Eindhoven. Marketing plans have 
still to be formulated but sales are expected to 
commence in the first half of 1972, initially 
restricted to educational applications. 

NEXT MONTH 
TIM BLACKHAM begins a series of articles 
on film sound synchronisation, based on 
the film production of Fiddler on the Roof. 
David Kirk field tests the VCS3 voltage 
controlled electronic music synthesiser and 
Angus McKenzie reviews Telcon Mu-mefal 
foil. 
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Insure against distortion 

uuith Shure 

More Shure Microphones 
are used in Show Business 

than any other make. 
Shura Unisphere ! model B565— 

an unusually eileclive unidireclional 
dynamic microphone lor use in the 

highest quality systems. 

/ 

SSI Please send me full information on Shure 
Mlcrophonee for Professional Entertainers. 
Name  
Address  

Company. . Tel:. 

I—I I J F=? 

Shure Elsotronles Ltd. 
_84 BlactfrHraRd., London SE1. T«l: Of-928 3424 J 
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PART FIFTEEN-LIMITING, COMPRESSION AND EXPANSION by Angus McKenzie 

THE automatic control of dynamics was 
originally used by film engineers to match 

the limited dynamics of optical film. The 
facility is now very widely used by recording 
studios in the recording of pops and as a 
protection for disc cutter heads against sudden 
peaks. 

There are three basic types of dynamic 
control device. First is the Umiter which limits 
any signal of amplitude greater than a set 
threshold to that threshold or more usually a 
fraction above it. The second is a compressor 
which compresses the dynamic range above a 
threshold to a smaller range usually determi- 
nable by controls on the device, and the third 
is the expander which expands the range above 
the threshold to a widec range. Various 
combinations of the three types of dynamic 
control are also available. For instance, it is 
possible to have a compressor which increases 
the gain at low volume levels and an expander 
which pushes lower volume levels further down. 
Various pieces of equipment have also been 
marketed that combine expansion with limiting 
to prevent a sound being expanded more than 
a preset amount, 

Jn the early years of automatic dynamic 
control, by far the most commonly used 
devices relied upon the gain of a valve changing 
when its grid bias was changed. Valves having 
such vari-mu characteristics unfortunately 
also had rather a high distortion factor. To 
overcome this and other inherent faults they 
were usually used in push-pull pairs, it being 
necessary not only to select the pairs of valves 
very carefully but also to set up the individual 
cathode currents accurately. Devices incorpo- 
rating these techniques tended to have one 
particular fault known as thumping, the 
effect being heard each time there was a gain 
change. The devices worked by applying a 
rectified audio signal obtained from the input or 
output to the grid of the valve which then 
changed its gain. Some very elaborate valve 
limilers and compressors were designed and 
probably the best to be found in Britain were 
made to a BBC design of approximately 20 
years ago. 

Different ranges 
Equipment such as the Westrex compressor 

was designed for different compression ranges 
allowing several dynamic ranges above a preset 
threshold to be compressed to several preset 
smaller ranges, examples being 20:1, 10:3, 2:1. 
The first of these is regarded as limiting in that 
a signal 20 dB above the threshold would be 
compressed to only 1 dB above the threshold, 
and pro rala with other ranges. 

In broadcasting it was important for the 
limiter to act almost instantaneously to protect 

the transmitter. Since such instantaneous 
limiting can be noticeable on a transient, and 
in any case is difficult to design, delay lines 
were frequently inserted in to a direct path so 
that this path had its gain reduced a fraction of 
a second before a peak arrived, thus completely 
protecting any circuits after the limiter. Even 
today several broadcasting organisations regard 
such use of delay lines as vital although I am 
not fully convinced that they arc necessary for 
FM broadcasting. Several interesting control 
devices used the properties of small bulbs 
changing resistance as a voltage applied to 
them increased, the resistance going up very 
quickly above a certain voltage threshold. 
Unfortunately the types of bulb originally used 
had a very slow attack and decay time by 
today's standards. Limiting, compression or 
expansion was not complete until a consider- 
able time had elapsed after the beginning of the 
peak, and incidentally after damage might have 
resulted. Such bulbs, having variable resistance 
depending on their temperature, were only 
infrequently used and it was not until the 
discovery of photo-electric resistors and bulbs 
having almost instantaneous brightness chan- 
ges that devices using light as a means of 
dynamic control began to be common. The 
Fairchild range of compressors used this 
principle. After the introduction of transistors, 
and in particular FETs, it became very simple 
to design effective units having excellent 
compression characteristics and low distortion 
combined with fast attack and variable decay 
limes. At the time of writing every conceivable 
type of automatic dynamic control device is 
available and prices are steadily dropping. 

Probably the most common use of limiting in 
the studio is with the human voice, allowing a 
singer to express himself freely, which usually 
means loudly, without the recording engineer 
making a dive for his channel gain control. 
The use of too much limiting in such an 
application is highly dangerous since, if the 
level before the limiter is too high, the sound 
of other instruments entering the vocal mike 
when the vocalist is not singing can become 
obtrusive. For such an application expanders 
have been designed to expand down the signal 
after a second or two to eliminate this effect and 
gain recovers instantly as the vocalist continues 
his performance. Gating circuits which auto- 
matically lower the gain by a predetermined 
amount as soon as the signal drops below a 
preset threshold are also available. These are 
not always entirely successful as a slight spit 
will often be heard as their gain suddenly 
comes back to normal when the programme 
continues. 

Limiting and compression are frequently 
used when it is required to increase the average 

level of a programme although the peak level 
remains the same. By their use, a considerable 
increase in apparent volume can be obtained 
but one thing must be realised: some types of 
recording level meters, including for example 
VU meters, will cause the recording level to be 
somewhat lower since the meter is calibrated in 
such a way as to under-read a peak by a given 
amount. If therefore the average volume is 
nearer the peak, the actual peak recording 
level will be nearer the level read by the meter 
and not the level that would be estimated from 
the meter reading. 

By the insertion of equalisation in the side 
chains of compressors, some most interesting 
effects arc available. A boost in the side chain 
peaking at 8 kHz together with a fast attack 
and decay time, can become a useful asset in 
the reduction of sibilance. Similarly, if it is 
required to use a considerable amount of 
treble boost on any microphone, it is useful to 
apply an extra boost at the same frequency in 
the side chain, thus preventing HF tape 
over-modulation without limiting the signal 
severely at middle or lower frequencies. I have 
always been surprised to see how few makes of 
compressor are fitted with variable equalisation 
in the side chain. In transmitter applications it 
is usual to insert a boost in the side chain 
equivalent to the frequency pre-cmphasis in the 
transmitter, provided the limiter is inserted 
before such pre-emphasis. 

The use of expansion has always been regar- 
ded as dangerous unless followed by limiting 
but when well used can be most effective. It was 
frequently used on strings many years ago by 
my studio to give an extra prominence when 
they played slightly louder, allowing quite a 
small string section to overshadow other 
sections when necessary. It was found neces- 
sary to limit the expansion to not more than 
6 dB as any more became uncontrollable in the 
sound balance. 

Voice-over 
A most interesting use of compression has 

been the control of one balance by another, a 
typical example being the control of the output 
of a gramophone desk by a continuity disc 
jockey, often used on Radio One. Such a 
device is marketed by Feldon Recordings and 
was demonstrated very successfully at the 
recent International Broadcasting Convention. 
The applications of this device are varied. I 
wish that 1 could have used one years ago when 
I was concerned with the recording of sound 
tracks for TV commercials. It was always 
difficult to control the volume of music 
adequately, allowing the all-important speech 
to be heard clearly. (continued on page 115) 
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AN 8 CHANNEL MONO/STEREO MIXER WITH SWITCHED INPUTS 

v. 

i 

Each channel includes: 
Bass and Treble Tone Controls 
Sensitivity continuously variable over a 
wide range. Linear Motion Fader. 

Selector Switch for; 

A. Low Z Microphone 
B. Balanced 600 n Line 
C. Off 
D. IV into 100 KO. 
E. 5 mv into I Kn. 

SELF POWERED FROM A.C. MAINS . .. LOCKING DIN AND JACK INPUTS 
into 10 K. Write or phone for details of this and other Millbank Mixers. 

At Millbank weVe got it^made 

. TWIN OUTPUTS I V 

Millbank Electronics 

Forest Row, Sussex, England. 
Telephone Forest Row 2288 (0342-82-2288) 

* SEE US AT APAE 

STAND A1/2 

BAILEYS 

RECORDING EQUIPMENT 

DOLBY A UNITS AND REVOX HIGH SPEED 
RECORDERS FOR SHORT OR LONG TERM 

HIRE 

TELEPHONE MR. R. G. BAILEY AT 
WATFORD 34644 

P. & P. I2p up to £S of tape 
Reel 
ft. 
BASF   
BASF round pack 
BASF low noise 
EMI   
PHILIPS 
SCOTCH 
SCOTCH 

Dynarange 

STANDARD PLAY 
4- 5- sr 7- 
300 600 900 1200 
— £1 00 £1 30 £1-55 
44p £076 £1 01 £1 18 
48p £0 90 

£0-92 
£0 80 

£1-23 
£1 23 
£1 05 

£1 50 
£1-40 
£1 33 

3* 
210 44 p 
34p 
43p 40p 

4" 
450 
88p 
68p 
43p 68p 

LONG PLAY 

35p S5p 

5" 
900 
£1 25 
£1 01 
£1-45 
£1 23 
£1 03 
£105 

51" 
1200 

£1 43 
£1 12 
£1 65 
£153 
£1-30 
£1 33 

7' 
1800 
£2 05 
£1 74 
£2 35 
£2-10 
£1 83 
£1 90 

— £0 98 £1 30 £1 66 — — £127 £1 61 £2 26 
DOUBLE PLAY Reel 3" 4" 5" 

It. 300 600 1200 
BASF ... 54p £100 £1 40 
BASF 
round pack 43p ;£0 r6 £118 
BASF 

sr 
1800 £2 02 

7" 
2400 
£2-45 

3" 
450 
85p 

4" 
900 
£1 20 

TRIPLE PLAY 
5' 
1800 
£2 00 

5}" 2400 
£2 45 

7* 
3600 
£3 05 

£1 74 £2 IB 68p £1 01 £1 74 £2 18 £2 79 
low'noise — EMI ... 63p 
PHILIPS .. 53p 
SCOTCH 64p 
Dynarange 70p 

£108 
£0 95 
£0 95 
£113 

£2 10 
£1-80 
£1 48 
£1 58 
£1 *80 

£3 00 
£2 40 
£2 13 
£2 10 
£2 36 

£4 65 
£3-30 £1 98 
£2 83 
£3-34 

98p 
65p 
93p 

£1 63 
£1-53 
£150 

£2 80 
£2-50 

166 ST. ALBANS RD., WATFORD 

AUDIO CONNECTORS 
QUICK CONNECTORS. Save time in assembly 
and operation. Solder connection to shell—captive 
screws and latch—low insertion force. Full range of 
types. 
Example: Type A3F—fully interchangeable with Canon 
XLR-3-IIC and Radlospares X-3-IIC. 

Prices 1-9 85 p (17/-). 

JACKFIELDS, JACKCORDS, 

PLUGS AND JACKS 
HIRSCHMANN 4 mm. BANANA PLUGS 

SOCKETS AND ACCESSORIES 
XLR COMPATIBLE IN-LINE ATTENUATORS 

Write or phone for full details and prices: 
FUTURE FILM DEVELOPMENTS LTD. 

38 HEREFORD ROAD, LONDON, W.2. 
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VISUAL MONITORIN6 
From H. D. Ford, 3 Willowbank, Sunbory-on- 
Thames, Middlesex. 
Dear Sir, It was most interesting to read David 
Robinson's article on visual monitoring in the 
November issue. 1 am sure this article will help 
many people to understand the difference 
between VU meters and PPMs. However, I do 
very much feel that Mr Robinson has some- 
what confused the issue of aligning magnetic 
tape recorders for recording level. 

Firstly, while I agree that many organisations 
record tapes to a peak level of 2% or 3% third 
harmonic distortion at mid frequencies, I do 
not know of any modem tapes that produce 
this amount of distortion at a tape flux of 32 
mM/mm under the normal operating conditions 
at professional tape speeds. The majority of 
'normal output' tapes give 3% third harmonic 
distortion at about +5 dB relative to 32 mM/ 
mm and 2% third harmonic distortion at 
approximately +3.5 dB. It is well established 
that 0 VU on a standard VU meter should be 
set to correspond with a level between 8 and 
10 dB below 3% third harmonic distortion and 
it is this fact, not particularly clear from Mr 
Robinson's article, which causes a great deal of 
confusion among recording engineers. 

When using the line-up lone on American 
tapes, as Mr Robinson points out, this level 
should be set to indicate 0 VU and corresponds 
to a level -4 dB with reference to 32 mM/mm 
which can easily be shown to be between 8 and 
10 dB below 3% third harmonic distortion for 
the majority of 'normal' output recording tapes. 

When using a PPM, an indication of 6 should 
correspond to 2% or 3% third harmonic dis- 
tortion which, as has already been said, does 
not correspond to 32 mM/mm but to about 
5 dB above this level. Therefore, when 
aligning a machine equipped with PPMs, a 
calibration tape with a flux of 32 mM/mm 
should produce an indication of approximately 
5 on a PPM. Likewise, if an American line-up 
tone is used, this should be arranged to produce 
an indication of 4; not as Mr Robinson suggests 
an indication of 5 which would lead to under- 
recording to the extent of at least 4 dB. 

As will be seen from Angus McKenzie's 
article in the same issue, adjusting meters as 
described above will provide optimum results 
with the majority of modem tapes but in cer- 
tain circumstances it is permissible to record at 
even higher levels when using high output 
tapes such as BASF LR 56 or Agfa 555. 

Yours faithfully 
David Robinson comments: 

I am sorry if there has been confusion between 
alignment, standardisation and metering—/ 
agree that the arguments are difficult to put 
across. 

There are two main reasons for metering—one 
is to modulate the tape to best advantage for 
distortion versus noise, the other is for slan- 

A column of 

readers' problems 

and 

correspondence 

dardisalion which is vital to inter-studio ex- 
changes. Both are Important but the latter more 
so with the introduction of noise reduction equip- 
ment into professional studios. 

It is certainly not true to say that modem 
tapes produce 2% third harmonic distortion at 
22 mM/mm. This sentence should have referred 
to the tape originally used in setting the reference 
level—as in the correct description of the Ampex 
tape which followed. I am most grateful to Mr 
Ford for pointing this out. 

I don't know of any professional studio which 
aligns Its 32 mM/mm tapes for PPM 5, which 
corresponds to the European Ughtbeam meter 
reading of -4dB. There isn't much in the way of 
hard and fast rules about this but I will mention 
a few pointers to aligning to PPM 6. The DIN 
tape (32 mM/mm) is always played back on the 
continent to read 0 on the light meter, which has 
a full scale deflection of+5 dB. IfPPM 6 is taken 
as 32 mM/mm, then It has a full scale deflection 
of rf or +5J to +8 over peak. 

This is a pretty tenuous argument, however, 
and more Important Is BS 4297:1988 which 
states that usually (not always, I must add In 
fairness) mark 4 on the PPM is 0 dBm; i.e. 6 is 
+S dBm. 0 VU is +4 dB; there Is evidence 
for the 18.5 mM/mm tape being aligned to 
PPM 6. 

Experiments with mixer operators tend to con- 
firm this difference, although it is strongly depen- 
dent on programme characteristics. 

Regardless of the type of meter in use, some 
studios used to record to higher levels using high 
output tape but have now reverted to standardised 
conditions since noise reduction equipment (giving 
16 dB or high frequency reduction) Is in almost 
universal use. The 6 dB or so higher output at 
long wavelengths on such tapes is thus traded for 
increased overload margin—which overcomes 
the lack of high output at high frequencies which 
is a disadvantage of high output tapes. 

Finally, let me stress heavily that the test tapes 
used contain not recommend operating levels 
but reference levels. If a studio wishes to record to 
a higher level, it is of course free to do so, pro- 
vided it thinks the resulting sound quality is 
acceptable-, but it would be a pity from the stan- 
dardisation point of view. 

POST OFFICE LINES 
From C. R. Kimber (Line Transmission Dept., 
GPO), Trees,' 1 Quarrydale Road, Marlow, 
Bucks. 
Dear Sir, Reading John Fisher's article 'The 
Quiet Accompanist' in January Studio Sound, 
I was a little disturbed by his comments on 
Post Office lines. 

A GPO local line between exchange and 
distribution point has no background noise 
worth speaking of as no ampliflcation takes 
place. A small amount of induction does take 

place, however, giving an impulse noise level 
in the order of 60 to 70 dB below traffic level. 
As for the frequency response, it is essentially 
flat up to 20 kHz as the line is unloaded and 
the attenuation increases proportionally with 
frequency by the square root of the frequency 
after the skin effect has taken place. 

The frequency response is restricted, not in 
the local line as Mr Fisher suggests, but in the 
telephone receiver itself and in the exchange 
transmission bridge. Junction cables are gen- 
erally loaded to produce a bandwidth from 
300 Hz to 3.4 kHz which is the CCITT mini- 
mum requirement for acceptable speech trans- 
mission. Ampliflcation does not usually take 
place over junction cables and noise levels are 
always better than -50 dBm unweighted. 

Over a trunk circuit, however, the noise 
level increases due to the noise factor of the 
radio or coax system over which it is routed. 
Carrier mush is present due to frequency 
translation processes. Adjacent channel inter- 
ference (intermodulation) cannot be completely 
wiped out. The bandwidth is restricted even 
further to 300 Hz to 3.1 kHz as the channels 
must be spaced in the frequency spectrum. 

In Berkshire Mr Fisher suggests that trunk 
lines are better than junction lines. For the 
reasons given, I really do find this very difficult 
to believe. A circuit routed over a trunk as 
opposed to one routed over a junction can 
only be better in one respect and that is in level 
of speech. This can only occur if you instigate 
a call between Zone centres, e.g. Reading and 
Plymouth. The loss between Zone centres is 
never more than 1 dB. 

All PO trunks and junctions are continu- 
ously routined by efficient trunk testing officers 
answerable to their superiors for any circuit 
failure. 

Apart from his views on Post Office lines, I 
found the rest of Mr Fisher's article extremely 
interesting. Yours faithfully 

GROPIUS ON WIRE 
From T. Lupton, Orchard Close, Winterbrook, 
Wallingford, Berkshire. 
Dear Sir, I have some wire recordings of dis- 
cussions with the great architect Walter 
Gropius and I have undertaken to have them 
transferred to discs for safe keeping. The BBC, 
Science Museum andBritish Institute of Recor- 
ded Sound have been unable to help with a 
machine to play these wires and 1 wonder 
whether any of your readers would be able to 
assist. The recordings were made in 1956 and 
the spools are marked Minifon Profono P55. 

Yours faithfully 
(continued on page 115) 
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Special Offers to 

Tape Recorder 

enthusiasts 

AKAI TAPE DECKS AND RECORDERS 
Prov« for yourjelf th» ouuundlnc 

mtrlci of the Akal WOOD. Havlnj tfl 
Ui* ouencial functional facllldn, it 
alio ha* many axtna normally found 
on moro cxpuuhra machine*. The 
Akai 4000, the full cape recorder 
vertlon of chit eacellenc deck add* 
playback amplifiera and a pair of fine 
built-in speaker* for stereo monitor- 
ing or fuse listening. And the Akal 
1710 it «urely one of the beat com- 
plete cape recorder buy* on the 
market today, combining all the best 
features of Akal englnaerlng and con- 
struction. The above three modela' and the whole Akal range are available 
from Caves at very low prices. 

] ^ 
•i X 

. . 

AKAI I7I0L 

BASF LOW NOISE HIGH 
OUTPUT TAPE 

t/st Single 3 or more 
Price Cash Cash 

Price Price 
5* 900' 37/9 28/- 25/- 
56* 1200' 43/5 32/. 29/- 
7' 1800' 62/1 46/. 41/- 5* 1200' 43/3 32/- 29/- 
5}' 1800' 61/11 46/. 40/- 
7' 2400' 76/7 37/- 50/. 
5' 1800' 61/9 46/- 41/- 
5}' 2400' 76/5 57/- 50/. 
7' 3600' 95/1 70/- 63/- 
SCOTCH DYNARANGE LOW NOISE 
5' 600' 25/7 21/- 19/- 
51' 900' 34/4 28/. 26/. 7- 1200' 43/6 36/- 33/- 
5' 900' 33/10 28/- 25/- 56' 1200' 42/7 35/- 32'. 
7" 1800' 60/- 50/. 45'. 
86* 2400' 84/4 69/- 64/- 
3' 400' 19/3 16/- 14/. 

TAPE RECORDERS 
List Cash 

Price Price 

4- 600' 29/3 24/- 22/. 
5- 1200' 47/10 40/- 35/. 
Si' 1800' 63/1 50/- 47/. 
7' 2400' 89/- 72/- 65/- 

EMI LOW NOISE ROUND 
PACK TAPE AT SPECIAL 
DISCOUNT PRICES 
7* 1200' 20/- 
5i' 1200' 23/- 
7' 1800' 30/- 
BASF & PHILIPS CASSETTES 6 or more 
C30 (Philips 

only) 10/7 10/. 8/. 
C60 15/2 13/- 10/- 
C90 20/6 18/- 14/- 
CI20 30/6 24/- 20/- 

SCOTCH DYNARANGE—LOW 
NOISE lOormore 
C60 IS'2 14/- 10/- 
C90 20(6 18/. 14/- 
CI20 30/6 25/- 20/. 

Revox Special prices 
Tape Recorders on application 

Fcrrograph 713 £188 10 £166 
Ferrograph 702 7046207 7 
Ferrograph 722 7246242 10 
Ferrograph Cover £6 5 
Akai 4000D Akai I7I0L 
Akal 4000 
Akai XS000L 
Akai X5000W 
Akai MI0L 
Tandberg 

Tape Recorders 
Philips 4302 
Philips 4307 
Philips 4308 
Philips 4404 Philips 4407 
Philips 4408 
Philips 2502 
Philips 2200 
Philips EL3302 
Philip. 2400 
Philip- 1400 inc 

spea-ers 
Philips (401 inc. 

speakei s 
Philips N2202 
Philips N2602 Uhar 4000L 
Uher 4200 
Uhar 4400 

£182 10 
6202 19 

<5 16 
£69 19 
£69 19 

6102 19 
£156 13 
£156 13 £215 13 

Special prices 
on application 

639 0 £29 19 

689 19 
689 0 6124 18 

6177 19 
6177 19 
6245 I 

£49 10 
660 10 687 0 

6105 0 
6139 0 

649 10 
614 18 
628 7 
668 0 

£42 10 
£51 19 
£71 5 
£90 2 

£119 6 £42 II 
£12 5 
£21 10 
£60 10 

£86 0 £75 13 
699 0 
629 18 
642 0 

£87 0 
£26 IB 
£29 19 

£125 0 
£160 0 
£160 0 

Sanyo Cassette 620 19 
Grundig TKI24 644 18 636 10 
Grundig TKI44 649 19 638 10 
Grundig TKI49 657 12 £44 5 
Grundig TKI2I 654 IS £45 5 
Grundig TKI4I 659 4 £50 0 Grundig TKI46 £68 2 £54 5 
Truvox R44 £45 10 
Taleton 1710 634 IS £30 10 
Telccon 5L40 638 0 £33 10 
Teleton FXB SIOD 662 0 £49 19 
Crown CTR87S0 632 II £24 19 

8-TRACK STEREO 
Akai CRSQ 6115 0 £101 5 Akai CR80D 695 0 £83 12 Pioneer TP 83 8- 

track car stereo 
unit 639 14 £33 4 Pioneer TP 85 8- 
erack stereo unit 
with FM stereo 
radio 684 5 £70 7 

SONY 
TAPE RECORDERS 

At Very LOW PRICES 

Send For Complete Lists 

F CAVE 

5 Bridge Street 
Richmond Surrey 
01 948 1441 till 8 pm 

Hi-Fi, Stereo, Music lovers. Don't Miss 

A unique opportunity to heer the newest 
and finest equipment. Not in e noisy 
exhibition hell, but In Ideal demonstration 
conditions. Special feature by 
Komemaker magaiine 'Lhrlnq with 
Hi-FT, end many othere. 
FREE TICKETS. Ask your hi-fi deaiar or 
send sa e. to the oieanliera (eddiest 
bottom right} 

SKYWAY HOTEL 
Bath Rd., Hayes, Middlesex. 
(Nr. London Airport) 

APRIL 2nd, 3rd & 4th 
(Trad* only 
March 31 at, April 1*t) 

2nd Annual Hi-Fi Eahibkion 
tponeond by the Federation 
of Brttiah Audio, 49 Rusaail 
Square, London, W.C.1. 

Reel to cassette 

Highspeed 

Tape 

Copying 
J: 

Equipment 

fpa 

Eraser-Peacock Associates Limited 
94 High Street Wimbledon Village London SW19 
01-9472233 sole UK distributors of Infonics 

STUDIO INSTALLATIONS 

T. B. Technical, Audio Systems Consultants, can pro- 
vide engineers fpr planning. Installation, and mainten- 
ance of all professional audio equipment. 

Also 

Audio Test Equipment Hire. 

T. B. TECHNICAL LTD 

38 HEREFORD ROAD, LONDON, W.2 
01-229 8054 
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TURNTABLE CONTINUED 

DOLBY B 
From A. L. Hcnrichsen, 75 Kennedy Street, 
Alexandria, Va 22305, USA. 
Dear Sir, It was with considerable interest that 
I read Angus McKenzie's review of the Dolby 
'B' system in the November issue. 

As I had the pleasure of spending some time 
with Dr Dolby in London in September, I 
have been most interested in testing the B 
system as well as hearing what others had to 
say about it. 1 am curious to know the exact 
type of Wollensak machine used as Mr 
McKenzie reports the wow and flutter to be an 
extraordinary 0.12%. I am using what 1 had 
thought to be the best cassette machine avail- 
able (the Harmon-Kardon Nakamichi CAD-S) 
and have never been able to measure less than 
0.19%. Perhaps I should ask how the measure- 
ment was made—by the DIN peak-weighted 
method or by the RMS method? In addition 
how was the machine modified? I note that the 
playback amplifier response had been extended. 
Do I then understand that there was no change 
to the record equalisation characteristics of the 
machine? 

1 have just received one of Agfa's prototype 
chrome oxide cassettes and hope to conduct 
some tests to see how it compares with regular 
iron oxide tapes. To the present lime, my experi- 
ments have shown that the BASF and Sony 

C60 HF have the least inherent noise of any 
cassette now available. As the Sony has con- 
siderably superior high frequency response to 
the BASF and only the slightest degree more 
harmonic distortion, I find it to be the best iron 
oxide tape now available. 1 am quite surprised, 
therefore, when he says the BASF C90 is sup- 
erior to the C60.1 have always found that the 
COO exhibited more distortion than the C60. It 
would be interesting if he could elaborate on 
this. 

I fully agree with the remarks about the use 
of PPMs. Ampex (USA) first installed PPMs 
at their duplication facilities over a year ago 
and introduced their Ex-Plus reel-to-reel tape 
records, I have found that these new tapes are 
a definite improvement over the same selection 
recorded before the PPMs were installed. So 
far as I can determine, there is about a 3 to 4 
dB improvement in signal-to noise ratio and 
most of this seems due to the higher level on the 
prerecorded tapes. With the three samples of 
'before and after' that I have compared, the 
'Ex-Plus' tapes not only appear quieter, but 
also seem to have less distortion (a subjective 
determination, however). Perhaps this is due to 
a difference in the raw tape itself. 

Yours faithfully 

Angus McKenzie comments: 
The Dolby B system ! have been using was one 

of the original prototype SOS units made by 
Dolby themselves. The Wollensak was also pro- 

vided by Dolby Laboratories to assist me with my 
evaluation. 

The playback equalisation was extended to IS 
kHz and the bass time constant removed so that 
there was no bass cut on playback, or in fact 
boost on recording. Such a boost {some 7 dB at 
SO Hz), when present, normally tends to encour- 
age overload at bass frequencies. The bias was 
carefully set and a SO Hz to 15 kHz bandwidth 
was achieved within a close tolerance. 

The latest BASF C 90 cassettes show a con- 
siderable improvement over the earlier ones, and 
I am therefore surprised that you find the Sony 
tape belter. I prefer the C 90 cassette to the C60 
because of its belter wrapround characteristics. 

The wow and flutter figure of 0.12% was a peak- 
weighted Din figure. I would agree that Nak- 
amichi decks are not as good as this, one / tried 
recently being approximately 0.2%, which I still 
consider reasonable for a cassette machine. 

With reference to your remarks about PPMs, 
it has been interesting recently to compare the 
levels of several makes of cassette records 
issued in Britain. Whereas almost every Decca 
cassette peaks very close to 32 in Ml mm, usually 
a dB or two below this, many other makes peaked 
far above and showed severe distortion, while 
others were considerably under-recorded. I cer- 
tainly agree with Ampex's use of PPMs since, 
in the duplication stage, one must consider the 
maximum recorded flux that one can get on to 
the tape at any one lime and not the average 
volume of the music. 

RECORDING STUDIO TECHNIQUES 
CONTINUED 

One important matter which is sometimes 
overlooked is the necessity for coupling the 
outputs of side chains of limiters when two or 
more are in use for controlling stereo capsules. 
After amplification, a peak picked up on one 
channel, if not equally picked up on the other, 
will cause an immediate displacement of the 
stereo spread. If the two side chains are 
linked, a peak on one channel only will cause 
a simultaneous reduction of gain in both 
channels, retaining the stereo positioning. 
Disc cutting equipment in particular always 
uses such linking, and also includes side-chain 
boosts at very low frequencies to limit the 
stylus excursion amplitude, and at high 
frequencies to limit velocity. Controls are also 
provided allowing different settings of limiting 
for lateral and vertical components. 

Although automatic dynamic control and 
pop music recording seem almost inseparable 
classical music recording can only suffer unless 
compression is most skilfully done. All too 
often I have heard recordings such as a recent 
issue of Bruckner's Fifth Symphony in which 
the magnificent sound of the brass section is 
compressed when playing loudly, bringing 
reverberation up at the end of each note. Many 
prerecorded cassettes recently produced have 
had too much compression applied in an effort 
to lift the music out of the hiss. Comparing one 
recent cassette with its disc counterpart level 
for level at least 10 dB compression to the 
cassette was noted, a ridiculous amount to use 
on music. 

Since it is possible to overload reverberation 
devices such as the EMT plate, engineers 
frequently like to limit the signal being sent for 
reverberation. Such limiting will not greatly 
affect the reverberation time in the sound 
path but compression can very greatly increase 
the effective reverberation if used in the return 
path. One engineer reported recently his view 
that two limiters with their side chains paral- 
leled might cause slight intermodulalion 
between the two channels. He suggested that if 
one limiter is allowed to limit the sum channel 
and the other the difference channel, and there 
was not much pure difference information, the 
limiting characteristics would result in less 
intermodulalion between the channels. 

Special effects 
Many studios have obtained special effects 

by using the Dolby A 301 system unconven- 
tionally, cutting out at will any combination of 
frequency bands in the compression character- 
istic. On a number of occasions recently, 
cutting engineers and record producers have 
actually cut pop singles in the Dolbyed state to 
reduce still further the dynamic range, if they 
thought the recording lacked presence, although 
the very thought makes me shudder since in my 
opinion any such adjustment should have been 
introduced at the recording or reduction. 

Finally, two interesting expander devices 
from the past are worth mentioning, both 
designed for use in a playback chain. The 
H. H. Scott Dynaural Noise Suppressor 
employed a circuit with a fairly fast attack and 
a slowish decay time. Applied equalisation cut 

high and low frequencies such that the amount 
of equalisation was proportional to the 
reciprocal of the volume. Designed specifically 
for 78s it reduced record scratch and rumble in 
quiet passages. The designer claimed that, 
when instruments were playing more quietly, 
their harmonics tend to be less, becoming 
almost inaudible. Although I do not agree with 
the manufacturer's claim of 20 years ago. 
nevertheless some records did sound better 
through the device. 

A recently marketed expander known as the 
Null-a-Tron was the subject of even wider 
claims. After testing one of the earlier models I 
found that a signal only 20 dB down from peak 
volume completely disappeared whereas a 
signal further down came back again. After 
modifying the unit to prevent this, it then 
became slightly successful on some material 
although, because it relied on lilliput bulbs for 
its operation, arranged in a bridge circuit, the 
attack and decay times were highly irregular 
and the effect of two stereo channels caused the 
stereo images to wander all over the place. 

All these more unconventional devices, 
however, must take their place in history. 
Readers would be well advised to keep a 
watch on any developments since these are 
coming thick and fast. The latest, which I hope 
to review shortly, is a limiter which recognises 
the slope of the incoming transient as well as 
its height, thus obviating the necessity for a 
delay line. The distributor claims that a sine 
burst of 1 Hz 2dB above threshold can be 
limited to the threshold with a visible perfect 
trace on the scope. Can one expect belter? 
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And how to stop it 

First, measure it - on the Rank Studio Flutter Meter. 
The Type 1740 measures accurately the degree 

of Wow and Flutter on sound recorders 
and reproducers. 

For more information write to: 

Y& RANK 
!A-; film 

EQUIPMENT 
Rank Audio 
Visual Limited 
P.O. Box 70 
Great West Road 
Brentford, Middx. 
Tel 01-568 9222 

D neui range of 

sound mining 

cansales 

mom oiuv £202 

Built on a modular system that allows each mixer to be 
assembled to customers' individual requirements, Allen & Heath 
sound mixing consoles have been designed to give compactness, 
versatility and quality at reasonable cost. 

There are two standard units, the smaller accommodates 
up to 20 modules (10 large and 10 small) and the larger up to 40 
(20 large and 20 small). 

In either case the basis of the customised unit 
incorporates the following equipment: 

* Jackfield, employing two-way jacking system 
* Twin metering module 
* Oscillator or talkback module 
* Melered echo and foldback send modules 
* Voltage stabiliser and cue module 
* Monitor control module 
* Two output modules incorporating echo return and 

equalisation 

Modules available for inclusion in the mixers are: 
MIC LINE INPUT MODULE 
EFFECTS EQUALISER 
LIM1TER 
STEREO HEADPHONE AMPLIFIER 
Units are supplied in attractive teakwood cabinets or 

portable vinyl cases with GPO Jack sockets on rear, or, if required, 
in chassis form with tag strip connectors. 

Write or phone for full details 
ALLEN & HEATH LIMITED 

Drummond House, 203-209 North Gower Street, London N.W.I. 
Telephone 01-387-9611 
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Why Coincident Microphones ? 

By Michael Gerzon 

IN the February Studio Sound, Bob Auger 
gave an eloquent and persuasive defence of 

multimicrophone recording techniques for 
classical music. However, many of his points 
are somewhat debatable, and a few are down- 
right wrong. There seems to be a need to state 
the case for coincident microphone techniques. 
Up to now, only defenders of multimike tech- 
niques seem to have stated the 'objective' 
reasons for their standpoint, coincident 
enthusiasts tending to confine themselves to 
subjective assertions that they get more 
'realistic' or 'pleasant' results. 

No assessment can be purely objective, as 
the results one wants depend on what sort of 
musical effect one is after. This in turn requires 
an examination of the effect of various technical 
and psychoacoustical points on the aesthetics 
of music. Therefore a statement of one's 
subjective standpoint is important. The first 
such statement, that few will disagree with, is 
that even the best two-channel stereo is 
incapable of sounding very much like the real 
thing. If one accepts this, then it is clearly a 
subjective judgement to say that such-and-such 
a technique is most 'realistic' as different people 
will disagree about which absent qualities of 
sound are most important. 

Bob Auger believes that the recorded sound 
should sound better than reality, since it is 
heard in the home, not at a concert. Yes, well 
what is 'better'? Let me state, as my articles of 
faith if you like, those aspects of multimike 
recording that I do not consider 'better'. If you 
disagree on these points, then you clearly find a 
very different meaning in classical music from 
me. 

I do not consider music 'better' if the musical 
balance between musicians is made different 
from their original carefully judged intentions, 
or if an instrument (e.g. harp, harpsichord 
continue) is made clearly audible when it is 
only intended to 'colour' the sound without 
being too distinct, or if a soloist is made to 
drown out the interplay of accompanying 
instruments in order to make him or her 
'audible' all the time. It is not 'better' if all the 
orchestra is made to lie in a line between the 
speakers rather than being spread out in space 
behind them; it is not 'better' if undue promi- 
nence is given to the front of the orchestra 
relative to the back. It is not 'belter' if the 
blended quality of orchestral transients is 
greatly modified, to the extent of changing the 
rhythmic attack, by the elimination caused by 
multimiking of the usual acoustic time delay of 
sound from the back of the orchestra. 

It is not 'better' if the unpleasant harsh high 
harmonics of strings and woodwinds that are 
normally sprayed harmlessly into the air above 
the heads of the audience are picked up by 
high-up mikes. It is not 'better' if acoustics 
which have strongly influenced and modified 
the musicians' performance are greatly altered 
in quality. It is not 'better' that the continuous 
spread of live stereo sound is replaced by a 
relatively small number of discrete but poorly 
defined islands of sound. It is not 'better' 
that the performance of great musicians should 

be modified greatly merely so as to conform to 
whatever happens to be the preferred hi-fi 
sound of the day, especially if this means that 
many subtleties of dynamics, rhythm, tone 
colour and reaction to live ambience are not 
perceptible to even the most knowledgeable of 
musical listeners. 

In short, I do not believe that it is 'better' to 
disguise the inevitable imperfections of a human 
performance and not to be able to hear what 
the musical intentions of the players were. 
Most British multimike recordings capture the 
'gross' qualities of the musical performances, 
i.e. the approximate dynamics, the basic 
rhythms, and the approximate balance between 
groups of orchestral instruments. Often lost 
are the subtle qualities of musical performances, 
such as the balance within a group of instru- 
ments, the musical use of acoustics to round off 
imprecise attack and to fill in staccato phrasing, 
the merging together of groups of instruments 
as a homogeneous whole when required, the 
arrival of a soloist's sound slightly earlier than 
that of the main orchestra, the avoidance of 
subjective mono distortion effects given by a 
small degree of spatial separation between 
nearby instruments, the alteration of tone 
colour, balance, attack and rhythm caused by 
the musicians adapting to the qualities of the 
live acoustics. 

It is a strange fact that most of these subtleties 
of musicianship are well preserved on many 
pre-war electrical 78s, despite their technical 
imperfections and the then current fashion of 
recording orchestras in extremely dry studios. 
When played with no, or moderate filtering on 
correctly equalised top-quality equipment (e.g. 
Decca ffss 78 head, Quad valve amp, Quad 
ESLs), it will be found that a sense of distance 
has been well captured, that the musical 
balance has not been tampered with, and that 
many of the more subtle qualities of the original 
sound can still be heard behind the crackling 
curtain of scratch. The magical quality of the 
blend in the Cortot/Thibaud/Casals Schubert 
Trio No. I is often heard live, but rarely on 
record. Or listen to the light yet firm quality of 
Schnabel's piano against the harsh rustic blend 
of the orchestra under Sargent in Beethoven's 
Emperor. Or compare the infinite charm and 
delicacy of Elgar's performance of the fVand of 
Youth Suites with the garish technicolor of 
Boult's modem recording. 

The recordings were almost certainly made 
with a single omnidirectional microphone. This 
technique can hardly be excelled for mono, 
especially as the all-round sensitivity to reverb- 
eration prevents any room-mode from being 
over-prominent. 

Many of the subtler musical qualities were 
also captured by early coincident-mike stereo 
recordings, but often not so convincingly. The 
very best of the EMI Slereosonic recordings 
had a sense of space, an undistorted instru- 
mental balance and tonal quality, and the 
quality of orchestral attack was well preserved. 
Unfortunately, many of these recordings 
suffered from faults such as modulation noise 
and a relatively dirty sound, and the stereo 

image quality was not always convincing. 
Nevertheless, it is easy to listen through the 
imperfections of these recordings and gauge the 
performer's intentions. Many Supraphon and 
Philips recordings of more recent vintage are 
also coincident-mike, although they suffer 
from varying degrees of dynamic compression. 

Modem music particularly suffers from the 
lack of reverberant information, incorrect 
balance and wrong tone colours that seem to be 
inevitable with multimike recordings. An 
example of what good coincident recording 
can do is the Philips disc SAL 3539, in which 
Dorati's performance of the allegedly difficult 
Webern Op. 10 orchestral pieces has a sweet 
mellifluous quality very different from the 
'plink-plonk' sound usually given by multimike 
recordings of Webern. It is in modem music 
that the gross musical effects of even skilful 
multimike recordings are most apparent, as the 
necessary reverberation-fill-in between staccato 
sounds is rendered impossible by the 'presence' 
so sought after by multimike engineers, and 
adding separately recorded or artificial reverb 
muddies the sound unacceptably. 

Some multimike recordings suffer from faults 
that could easily be avoided if the principles of 
stereophony, as expounded in N. V. Franssen's 
readable Philips book 'Stereophony', were 
better understood. In particular, ambience 
mikes are often used for stereo or four-channel, 
placed more than 10 mfurtherfromtheorchestra 
than the main mikes; as is (or should be) well 
known, this causes the sound to be heard 
twice in a 'double-image' effect which can 
render the sound very confusing and fatiguing. 
With choirs or solo singers, distances of as 
little as 4 m can cause the double-image effect. 
This effect also rears its head when spot-mikes 
are used to reinforce the image given by a more 
distant main stereo pair, and the delayed echo 
can often be suppressed only by turning up the 
spot-mike gain ludicrously so as to swamp it. 
The double-image effect is severely troublesome 
when large choirs are recorded with orchestras 
by multimike techniques, as mikes have to be 
placed at a reasonable distance from choirs 
to get the internal choir balance right, but have 
to be placed close to avoid picking up sounds 
intended for other microphones. The result is 
either poor internal balance in the choir, or a 
double-image effect that manifests itself in a 
confused and muddy choral texture, or both. 

The real argument against multimike tech- 
nique is that it is incapable of making a record- 
ing in which the original tone colours, balance 
between instruments, reverberation effect and 
attack quality are preserved sufficiently well to 
hear their effect on the original musical per- 
formance. A remarkable example of what can 
happen when people are exposed to an actual 
coincident microphone recording is provided 
by the exclamations of musical revelation with 
which the Supraphon (Crossroads in USA) 
coincident mike recording of the Berg violin 
concerto was greeted in both Britain and 
America. Never before had the critics heard the 
glorious subleties of Berg's orchestration in a 

{continued on page 110) 
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JVC NIVICO 

Steps up the Stereo Pace 

for'71 

5340 4-Way 4-Speaker High, 
Fidelity Speaker System. 40 
Watts (RMS). Multi-channel in- 
put gives this bookshelf-type 
system rare versatility. Fre- 
quency response is 20 to 
20,000Hz. Complete with wal- 
nut cabinetry. 

TRD-2044 4-Track 3- 
Motor4-Head Stereo Tape 
Deck. Fully automatic 
reversal system, unique 
slide controls, 4-digit count- 
er. Wow and flutter; less 
than 0.1% at 7K ips. 

PST-1000 Control Amplifier 
with SEA/MST-1000 120 Watt 
(4Q, 8Q RMS) Stereo Power 
Amplifier. JVC NIVICO's 
open-throttle tandem for ac- 
celerating audiophiles. The 
PST-1000, with its advanced seven- 
zone per channel Sound Effect Amplifier 
System, provides the most complete 
control to be found anywhere outside 
professional sound studios. S/N ratios 
range from —75dB to —96dB. Ideal for 
exploiting it is the MST-1000. Rich in 
SEPP-OTL circuitry, it a boasts a 10Hz to 
lOOKHz power bandwidth at 120W output, 
limits distortion to a meager 0.07% at rated 
output, and attains a better than 115dB S/N 
ratio. 

I 

' 

w 

WST 000 

GB-1E Omni-directional Speak- 
er System. 40 Watts (RMS). 
Suspended or floor mount- 
ed, the GB-lE's total diffu- 

sion ensures the richest most 
life-like sounds ever. Frequen- 

cy response is 20 to 20,000Hz, 
crossover is at 5,000Hz. 

5250 2-Speed Man- 
ual Turntable. High 
performance. long- 

wearing DC Servo mo- 
tor. Belt-drive system, 

universal tonearm, better than 
60dB S/N ratio, special circuitry for 

quick starts and stops, built-in strobo- 
scope and wow and flutter, a negligible 

0.05% (WRMS). 

■-v 

N 

NIVICO 
PST-1000 

OVERSEAS DISTRIBUTORS 
West Germany: U. J. Fiszman, 34 Rodelheimer Str., 6 Frankfurt/Main. Tel. 778844. Switzerland; Spltzer Electronic, Bachstr. 2-6, 
CH-4104 Oberwil/DL. Tel.477766. Belgium and Luxembourg: Gramophone S.A.. 171 Boulevard Maurico Lommonnior, Bruxelles. 
Tel. 129815. Holland: N.V.Bovema-E.M.L.Zijlweg 142-144, Haarlem. Tel.319247. France: DICOROP, Avenue Germalne, 06-Cagnes 
SurMer.Tel.803877. Italy: Selvis.n.c.,32 Via Felice Casall,20124 Mllano. Tel.661213. Sweden: Arthur Rydin.Spangavagen 399-401, 
16 355 Spanga. Tel. 08/7600320. Finland: Hankkija, Helsinki. Tel. 642833. 

DENHAM & MORLEY 
(OVERSEAS) LTD., 4S3 CALEDONIAN RD, 
LONDON, N.I. TEL: 607 6568 
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WHY COINCIDENT MICROPHONES 7 
CONTINUED 

recording, and most attributed this to the 
recording. It is worthwhile looking up these 
reviews, especially in High Fidelity. 

However, if coincident microphone tech- 
niques are used, they must be done correctly 
for. best effect. One suspects that many engi- 
neers turn to spaced or multimike techniques 
after failing to follow the rules of good coin- 
cident recording and getting inconsistent 
results. Almost all coincident techniques will 
give quite good results sometimes; the problem 
is to get good results all the time. The first rule 
is that the coincident microphones should have 
a polar response that does not vary much with 
frequency, especially in the treble. In particular 
this can rule out many of the most popular 
professional stereo mikes, such as the variable 
characteristic types. The effect of using mikes 
that become more directional in the extreme 
treble is that of an orchestra close at the 
edges and distant in the middle, because of the 
mid-stage sound's poorer treble. 

A second rule is that the angle between the 
microphones should be chosen carefully. If the 
microphones are angled too widely apart, the 
edges of the stereo stage become overpromi- 
nent, which upsets the musical balance, and 
distracting pools of echo appear at the edges, 
which severely reduces the centre-stage image 
sharpness and depth. If the microphones are 
angled too narrowly apart, the sense of sound 
spread characteristic of good stereo is dimi- 
nished, and the stereo effect is disappointing. 
The basic rule which seems to work is that 
there should be an even spread of reverberation 
across the whole stereo stage, being concen- 
trated neither in the middle nor at the edges. 
This requirement is extremely difficult to 
fulfil with spaced and multimike recordings. 
Theoretical computations and practical experi- 
ence agree here, and show that good coincident 
cardioids should be angled 120° apart, although 
this gives a narrowish direct stereo image. 
The gain of the S signal in an M-S recording 
should be such as to cause a sound 70.5° off the 
axis of the cardioid to be reproduced from only 
one speaker, and figure-of-eights should 
be angled 90° apart. It is also possible to use 
closely-angled cardioids with out-phase cross- 
talk introduced between their outputs; if the 
cardioids are 90° apart, the sum signal should 
be cut by 4 dB. if 60° apart, by 8 dB, and if 40° 
apart, by 12 dB. With this technique it is 
necessary to ensure that the cardioids used are 
matched well and are as coincident as possible. 

Another requirement for best results is that 
some of the reverberation should come from 
'off the end of the stereo image', i.e. be slightly 
out of phase. This helps to increase the appa- 
rent width and space of the stereo although 
usually all direct sound will seem to come only 
from between the speakers. This rules out 120° 
cardioids for the finest and most consistent 
results; in any case they give a narrow stereo 
image. 

It is found that the most satisfactory of all 
stereo images is obtained by the classic Blum- 
lein technique, i.e. the use of 9D°-angled crossed 
figure-of-eights. (It is incorrect to call other 
coincident techniques 'Blumlein', as his original 
patent application only referred to the use of 
'moving strip', i.e. ribbon, velocity micro- 
phones). Blumlein recordings have a most 

remarkable stereo stability, giving a well- 
centred image almost everywhere in the listening 
room. This freedom from the stereo seat is a 
great relief from the severe discipline imposed 
by multimike recordings. Not only is the sound 
stable, but the stereo resolution is exceptionally 
good, with fine details of placement being 
clearly audible. This is notable, as good multi- 
mike recordings seem superficially 'analytic' but 
aren't, while Blumlein recordings don't seem 
superficially 'analytic', but are, in the sense 
that one can hear a lot of what has been recor- 
ded. Possibly the most surprising feature of 
Blumlein recordings is the fact that it is 
possible to gauge quite accurately how far 
away from the microphones a sound was, 
this being the only two-channel technique that 
seems to capture depth and distance well. 

Having an omnidirectional horizontal stereo 
energy pick-up, the Blumlein technique cap- 
tures an accurate musical balance, and seems to 
be the stereo technique giving results most 
comparable to omni mono recording tech- 
nique. There is, of course, one fly in the 
ointment. Figure-of-eight recordings some- 
times seem to have a slightly 'swimmy' quality. 
It is a matter of taste whether one feels it 
worthwhile sacrificing all the above advantages 
to get rid of occasional 'swimminess' or not 
but. if the ability to judge the original sound is 
important, figure-of-eights seem superior to 
other coincident techniques. 

It is most regrettable that an ideal figure-of- 
eight microphone appears not to exist; most 
capacitor figure-of-eights having a poor 
treble polar response. The best mike that I 
know for Blumlein recording is the BBC-type 
STC 403H ribbon. While this gis'es good 
results as it is, it is improved by electronically 
equalising the gentle bass and treble roll-offs 
(Nearly all professional microphones can be 
improved by equalising their frequency 
response.) The 4038 does have a slightly col- 
oured quality, absent in the best capacitor 
mikes, and it is conceivable that such small 
imperfections are responsible for the occasional 
swimminess. The impecunious amateur should 
note that cheap figure-of-eights seem to be 
superior to other microphones in their price 
range, and a pair of Reslo RBT seems a good 
initial choice. 

Careful placement 
Having optimised our coincident mike 

technique, we can only get the best results by 
careful placement. The rule here is so astonish- 
ing and difficult that many engineers seem to 
think that balancing up twenty or so mikes is a 
lot quicker. The rule is to walk around during 
a rehearsal or first run-through, find out what 
position makes the music sound besi live, and 
then place the microphones ai that precise 
point at ear height! This rule has been tested 
experimentally by the (initially sceptical) 
author and by others, and works excellently. 
Sometimes a best position cannot be found, 
and then one has to choose a compromise 
position; in any case the process need not take 
more than five or 10 minutes. One must resist 
the temptation to move the mikes closer unless 
the live sound is better closer. 

Subiectively. the sound ofa Blumlein record- 
ing can only be impressive if the live soun I is; 
more often it is unassuming but livable-with if 
one's interest is in listening to th: performance. 

In his article, Bob Auger claims that it is 

necessary to record multitrack and with 
maximum clarity so that 'the original tape can 
be taken out of the vault and redubbed later in 
an attempt to copy the sound fashion of the 
time'. Perhaps he will enlighten us with a 
further article on how a multitrack recording 
can be redubbed to sound like, say, a Blumlein 
recording; this is certainly way beyond the 
ability of present-day techniques. An astonish- 
ing sentence of his reads 'it should be remem- 
bered that one can always "cloud-over" the 
sound, or subtract "presence" during dubbing, 
but it is very hard to conjure up information 
not there in the first place'. This is true enough 
but contains the barely concealed assumption 
that reverberation is just something that can be 
added and which 'clouds-over' th; sound. As 
observed above, the effect of the reverberation 
present on good coincident microphone 
recordings is quite the reverse; it provides extra 
information that allows the ears to resolve the 
stereo image more accurately (a phenomenon 
that is well-documented for live sounds) and 
to deduce the distance of each sound. As far as 
reprocessing multitrack recordings goes it.is 
indeed very hard to conjure up information 
(such as the original live pattern of reverber- 
ation) not there in the first place! 

The ears use reverberation in a fundamental, 
though poorly understood, way to deduce 
spacial position and the particular 'quality' and 
directional properties of stereophonic reverbe- 
ration seem far more important than the mere 
quantity or duration. The only way in which a 
Blumlein recording essentially differs from an 
'ideal' multimike recording is in the presence 
of a pattern of reverberation related precisely 
to the original sound, and yet this is what gives 
Blumlein recordings their remarkable qualities. 

An example of coincident mike qualities is 
given by the Philips SAL 3041 recording of 
Debussy's Sonata for flute, viola and harp, in 
which one can easily distinguish which end of 
the flute is which, despite the total chamber 
group occupying only a third of the stereo 
stage. With one's eyes shut, one hears them 
playing, a natural distance away, in a concert 
hall. 

Bob Auger also remarks that he can't 
understand why the Dolby A system is not in 
universal professional use. While we tread here 
on exceedingly controversial grounds, it should 
be remarked that despite the undoubted 
engineering excellence of this device, there are 
those who are not totally convinced that it 
introduces no side-effects. In particular, one 
series of tests showed that it seemed to eliminate 
the above-listed virtues of Blumlein technique 
recordings, making the reverberation sound 
muddy and seemingly unrelated to the direct 
sound; in fairness these results could have 
been due to misalignments in the tape machines. 
It is rare for commercial recordings of orches- 
tral music to be made using a rigorous unadul- 
terated Blumlein technique nowadays so this 
fault, even if it exists, may not have been 
observed elsewhere. 

Coincident techniques have special virtue 
for four-channel stereo, as they seem to give a 
larger convincing listening area than spaced 
techniques. At first one would expect the 
•precedence effect" (the early sound catches the 
ear) to make spaced microphones preferable in 
this rcspxl, but experience contradicts this 
expectation. Furthermore, contrary to Bob, 

(continued on page 140) 
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Keith Wicks visits Gemini Recording 
Studios and interviews Philip Cecil 

W 

f 

-■ 

Left: Philip Cecil at the Gemini mixer. 
Top right: Shari Apple at piano. 
Middle right: General view of mixer. 
Bottom right: Tony Apple (guitar) and wife. 
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GEMINI Studios at IS Cricklewood Broad- 
way are run by two enthusiasts—Philip 

Cecil and Tony Apple. Before going any 
farther, I must point out that compared with 
most London studios, Gemini are not very well 
equipped. They do not pretend to be able to 
deal with large orchestras, and they do not 
provide multitrack facilities. What they do 
offer is an excellent service for groups who 
cannot afford the luxuries of the major studios. 
The charge for mono or stereo recording is 
incredibly low at £3.50 per hour. The price is 
even more remarkable considering the extras 
thrown in. There are miscellaneous musical 
iostrumenls available at no extra charge and 
sometimes musicians are supplied as well. 

I visited the studio in December and spoke 
to Philip Cecil: 
KW How did Gemini start? 
PC Well, I've always been interested in tape 

recording. When I got hold of a B & O 
2000, friends started to come and ask to 
be recorded, and the thing just grew from 
there. 

I did more and more of this work until 
it seemed a good idea to do the thing 
properly. I then decided to move into a 
studio. 

KW When did that happen? 
PC It must have been a couple of years ago 

that we thought of going professional. 
We eventually found this place which 
was used by Dubreq. They first operated 
a studio, then went into making stylo- 
phones, but outgrew the premises and 
moved up the road. We've been here 
about a year, and have been open for 
about nine months. 

KW What can you tell me about your partner, 
Tony Apple? 

PC I met him through musical friends. He 
had a lot of audio equipment including 
the speakers which are now in the control 
room, and he also had about a thousand 
records. He is more musically inclined, 
whereas I tend to deal with the recording 
side. 

KW What are the dimensions of your studio 
and control room? 

PC The studio is about seven by five metres, 
and four metres high. The control room 
is about two by three metres, and just 
over two metres high. 

KW What microphones do you use in the studio? 
PC AKG almost exclusively. Two D20, two 

DJ2, two £>202, and a DII9. These are 
all cardioids but we do have a couple of 
figure-of-eight ribbon microphones. 

KW How many microphone sockets in the 
studio? 

PC We have lines to feed 18 signals to the 
control room, though at the moment 
that's more than the number of channels 
on the mixer. 

KW How many channels are there? 
PC Ten. Each channel has a preset gain, 

treble, middle, and bass, echo send, pan, 
and foldback level control. There's just 

one foldback system. 
KW What do you use for echo? 
PC We have a Grampian 636 spring unit. 

Plates are very expensive but I have been 
considering the possibility of building one. 

KW I see you have PPMs and VV meters on 
the desk. 

PC I found the original VUs very difficult to 
reconcile with the PPMs on the recorders. 
That was the basic problem. Having 
worked with both, I found 1 preferred 
PPMs, so we installed PPMs in the desk. 
Both types of meter are useful, so the 
VUs were left where they were. 

KW Who made your desk? 
PC Allen and Heath of Gower Street. They 

took over AB Audio who were in the 
mixer business. 

KW And your tape machines? 
PC We have two TRD stereo recorders. 

These are four-speed machines—38 down 
to 4.75 cm/s. Beneath each machine is 
mounted a Teletronix limiter. It's very 
good. 

KW How do you use your limilers? 
PC They're linked as a stereo pair and are 

normally directly before the tape recorder. 
KW Are the limilers set so that they just deal 

with the occasional unexpected high peaks? 
PC Well it depends on the music and on the 

effect required. Normally I like to record 
with just a few dB of limiting but, if 
people say they want it really heavy, then 
I limit it a lot more. On the other hand, 
for acoustic guitar and light voices, I 
leave the limiting right off if possible. 

KW Are there any special techniques you use 
when recording? 

PC Probably, but it's a bit hard to recognize 
them. On piano we sometimes use a 
microphone underneath. We find there's 
less spillage with virtually no loss of 
quality. 

KW So you get better separation. Don't you 
get any noise from the pedal mechanism? 

PC No. The mike's a cardioid and the pedals 
are at the back of it, so you don't get any 
pedal noise at all. 

KW And for recording electric guitar—do you 
use direct injection? 

PC I have in the past, but at the moment we 
always stick a mike in front of the guitar 
amplifier. We find this is very successful. 
It means that you get the tonal properties 
of the amp and speaker which are often 
very significant. 

KW Some studios use a mixture of direct feed 
and mike feed. 

PC Yes. I've done this with bass guitar. 
You can get a very good sound. 

KW And what do you use for monitoring? 
PC The monitoring amplifiers are Radford. 

For driving the speakers we have an 
STA25, which is 25 W per channel. In the 
control room we have a pair of 30 cm 
Goodmans speakers. They're the old 
version of what is now called Magnum K. 
We find them very good indeed. In the 

studio we have 38 cm Tannoys—not the 
Monitor Gold, the older version. 

KW What cabinets do you use for the Tannoys? 
PC I'm not sure who made them. I'm not 

too happy with them at the moment 
because they're a little weak at the bass 
end. Apart from that they're very good 
though. I intend to try remounting them 
sometime to improve the bass response. 

K W Are these run from the STA25 amplifier as 
well? 

PC We can switch the sound either to the 
studio or the control room speakers. We 
normally play tapes through the studio 
speakers rather than have people coming 
into the control room as it would be a bit 
crowded. 

KW What about headphone monitoring? 
PC We use a Radford STA15 amplifier. 
KW Tell me about the sessions you have here. 

Are they mainly for demo discs? 
PC Yes, mainly demo sessions, although we 

have the occasional customer doing 
masters. Steve Laine did an LP here, and 
Wizz Jones recorded a couple of tracks. 

KW Your rales are extremely cheap. Why is 
this? 

PC We're trying to get customers. It's very 
hard at the beginning. We find that very 
few people come to us just because we 
advertise but quite a high proportion of 
people who do come return. 

KW When you have collected a number of 
clients will your rates go up? 

PC Yes. I'm not sure when it will be but 
they will probably go up to £4.50 per 
hour eventually. 

KW Tlutl's still very cheap. 
PC We think it's cheap loo! 
KW Are you looking for financial backing in 

order to expand? 
PC No. We went into this thing right from 

the beginning with the idea that we 
would rather finance everything ourselves 
rather than use someone else's money. 
We have in fact turned down two offers 
of money. At one stage we were going 
to do video recording, and someone was 
going to finance us, but we decided 
against it in the end because we didn't 
want to use foreign money. 

KW What sort of video recording would that 
have been? 

PC The idea was to provide a service to 
actors or people who were going to 
appear on television, so that they could 
develop their screen techniques. 

The other plan we have is for a record 
label. We know somebody who is able 
to get hold of pressing and distribution 
rights but we still have to decide what 
sort of things we're going to record and 
where we'll do it. We would need an 
eight-track machine for this, or at least a 
four-track. 

KW Maybe in a year or two Til be visiting you 
again to see what has developed. I hope 
everything works out well. 
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FIG. 64 DUCKING ARRANGEMENT 
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PART 10 
LIMITERS AND 
COMPRESSORS 

IT seems inevitable if unfortunate that there 
will be errors in a series of the length of this 

project; perhaps the only encouraging fact is 
that most of the mistakes have been either very 
obvious or of a type which does not affect the 
performance of the mixer. However, one in the 
tone control stage, fig. 24. is important. The 
bass control, VR1, should be 50 K linear and 
not 500 K as printed. Our apologies to those 
who have struggled with this circuit. A minor 
error also on this circuit is that the value of the 
output capacitor C11 is not shown; it should be 
25 (xf at 25 V. 

This part of the series is concerned with 
limiters and compressors; some experimental 
circuits are shown but I must stress these are 
only guidelines to the further work which has 
to be done on each to make them into properly 
engineered designs. The reason for this 
approach is that the requirements for gain- 
controlled devices differ so widely from situa- 
tion to situation that it is not possible to pro- 
duce a universal design. This being so, the 
solution adopted here is to suggest that com- 
mercial devices are brought and installed into 
the mixer, and this can easily be arranged 
within tjie basic modular conception. While 
the current tendency is towards having a 
limitcr/compressor per channel, I feel that this 
is not the best solution; it certainly has eco- 
nomic drawbacks. More usually each group (or 
output) will have a limitcr either built-in or 
available for patching into the circuit. With 
the mixer design, of course, either solution is 
easy to apply. 

To start the discussion, the terms 'compres- 
sor', 'limiter', and Threshold* must be defined. 
There are several ways of going about these 
definitions, but-the most common are: 
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compressor: a device where the output 
increases at a slower rate than the input. 

Untiler: the output of a limiler is essentially 
constant regardless of input level, once a thres- 
hold is passed. 

threshold: the point on the input/output 
transfer curve where the characteristic departs 
from a linear dB curve. 

Fig. 61 illustrates these points more clearly. 
Fig. 61a shows compression; +20 is the thres- 
hold, and thereafter the output rises by 10 dB 
forevety 20 dB increase in the input level. Thus 
it is known as a 2:1 compression ratio. Typical 
compression ratios are 2:1, 4:1, and 5:1. Fig. 
61 b shows a limiting characteristic, again with 
+20 as the threshold. Typical limiting ampli- 
fiers have 25:1 slopes, and this represents the 
normally required characteristics. There are 
devices available with 100:1 slopes but these 
arc only used for special effects. 

There are two methods of producing varying 
gain amplifiers—the open loop and the closed 
loop (or feedback) method (fig. 62). The advan- 
tage of the first of these is that there is no 
possibility of any oscillation, which can occur 
with feedback systems. The disadvantage is that 
to match a stated characteristic, which is 
essential for stereo, the attenuation law of the 
gain controlling element must be determined 
exactly. This is not easy to achieve. One further 
significant advantage is that a delay line can be 
introduced into the main signal path after the 
side chain has been lapped off. This allows the 
control voltage to be applied to the gain con- 
trolling element before the signal to be con- 
trolled has arrived, and so avoids the possibi- 
lity of any overshoots. Audio delays of the 
necessary millisecond range are difficult to 
build but such devices have been made. One 
such is described in a BBC Engineering Mono- 
graph No. 70, Oct. 1967, by Shorter, Manson, 
and Stcbbings, which also has an elegant solu- 
tion to the problem of determining the charac- 
teristics of the gain controlling element in an 
open loop situation. A second monograph, 
No. 77 March 1969 (Shorter and Manson) con- 
cerns automatic control of studio levels and 
discusses the various requirements. 

The design of limiters and compressors is 
complex. Perhaps the most difficult aspect is in 
(he attack and decay times of the gain variation. 
For a limiler, the attack time wants to be very 
fast to avoid the system distortion (which the 
limiter is designed to overcome) but this pro- 
duces unwanted audio sidebands modulating 
the programme input. For a compressor this 
rate of change can be slower—the slower, the 
less noticeable is the gain change. Release or 
decay times are long, usually to avoid the 
device becoming obtrusive—the ear is more 
sensitive to changes in this direction. The point 
to remember is that the amount of gain change 
is related to the compression ratio. Fig. 63 
shows this point for a 4:1 compression ratio. 
At an input of 60 dB the output is reduced by 
30 dB; as the input signal is reduced, the gain 
of the compressor is increased; thus the noise 
(either in the device or in the incoming signal) 
will rise and fall by the amount of gain change 
—if this is a quick change, then the resulting 
pumping or breathing noise produced is very 
objectionable. If the audio spectrum is filled 
by the material being compressed, then the 
music itself will mask the breathing—but as 
soon as only high or low notes are present (or 
acoustically-transparent sounds such as guitar 

or piano are used) then the noise is not masked 
by the signal. This of course leads to one solu- 
tion—to split the audio band into sections and 
provide separate independent compressors for 
each section. This concept has been commerci- 
ally developed by Altec Lansing in their model 
9i7iA limiter. 

Multiple time constants can also be used to 
produce devices which respond very quickly to 
sudden changes in level, but slowly to small 
changes, which helps the pumping effect. If 
these circuits are designed to respond quickly 
to increasing signal changes only, we have a 
circuit which will measure the maximum sig- 
nal and refer other changes to this predeter- 
mined peak. Such circuits have been used in 
disc cutting or broadcasting when the material 
is available before transfer occurs, e.g., it has 
already been recorded on to tape previously. 
Monograph 77 goes into greater detail on this 
aspect. 

Limiters and compressors can be modified to 
produce different characteristics at different 
levels or frequencies by introducing suitable 
networks into the side chain detection circuits. 
Thus HF-only limiters are produced by intro- 
ducing high pass filters into the side chain; 
compressors turned into limiters by increasing 
the side chain gain considerably as the DC 
control voltage rises. Dc-cssers are HF-only 
limiters used to remove sibilants from speech. 

In some applications the control voltage to 
the gain controlling element is derived from a 
different source to the signal passing through 
the element—for example a voice track being 
added to a music track can be arranged to 
reduce the music track gain automatically. 
Such use is known as 'ducking*. This is obvious- 
ly an open loop situation, but the disadvantages 
mentioned earlier do not apply in this appli- 
cation: fig. 64 shows the layout of such an 
arrangement. 

After this short discussion of the philosophies 
of these devices, let us consider a few circuits 
for producing the gain variation. Motor 
driven potentiometers are excellent from both 
signal-to-noise ratio and distortion aspects but 
unfortunately are not practical for several 
counts—speed for one. Another theoretically 
good device is the photosensitive cell; a circuit 
is shown in fig. 65. However, this scheme is 
not commendable since the response time of 
the photosensitive cell is very long—some 
hundreds of milliseconds, which is unsatis- 
factory for large amounts of gain reduction. 
Both these methods have complete isolation of 
control signal from programme signal. 

[(continued on page US) 
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The Grundig TK147 

is a hnsh-hush job 

TheTK 147. a four-track, fully 
automatic stereo machine, is one of 
Grundig's silent breed of tape 
recorders. The one sound we don't 
want you to hear out of the TK147 is 
the TK 147. So we've designed it with 
that in mind. Because at Grundig we 
like to be at least several jumps ahead 
of the rest of the crowd. The TK 147 
is builtto an exclusive Grundig design 
with an elaborate electronic circuit 
that keeps noise to a minimum. 

But that's just the start. This superior 
design also keeps the distortion 
level low and frequency response and 
dynamic range high, whatever 
the conditions, the composition or the 
volume of the recording. 
And how d'you like the sound of that? 

You can get superb 
stereo playback 

results by 

/ 

V y. 
IM T 

V 
R/ f 

in 

>: -i 

connecting itto a GrundigStereogram 
or external stereo power amplifier 
and loudspeaker. 

Wherever you look, you'll find 
clear evidence of Grundig's superb 
craftsmanship and attention to detail 
which results in a sound quality that is 
unmistakably better. 

Listen to the hush-hush TK 147 
soon - it's something to make a noise 
aboutTK 147-£96.4.0. 

GRUnDIO 

Made Better to Sound Better 
Grundig (Great Britain) Ltd.. London. S.E.26. 
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HIGH QUALITY MIXER CONTINUED 

The valve was well suited to acting as a 
variable gain element ; vari-mu devices were 
used in many such equipments. Semiconductors 
are not so suited. One parameter which can be 
used is the variation in forward resistance of a 
diode with forward current, shown in fig. 66. 
The slope of the DC transfer curve represents 
the conductance, or I/resistance. A small AC 
signal can thus be added to thcDCinthe manner 
of fig. 67. An attenuator is formed by R and D. 
With no current flowing, the diode is off and 
has a high resistance. As the current increases 
the diode slope resistance decreases and so the 
audio output is reduced. Note the two defects: 
the AC signal must be small, such that over the 
AC excursion the transfer curve is essentially 
linear to prevent the curved diode character- 
istic from distorting the signal. And the change 
in resistance is accompanied by a large change 
in DC level, many times greater than the AC 
component (fig. 67b). This latter produces a 
great thump in the signal and is not acceptable. 

To avoid the thump, a balanced circuit must 
be used, and one is described in fig. 68. In this 
case, if the diode pairs are matched, the DC 
voltage change in one diode (Dl, say) is bal- 
anced out by a similar change in the other (D3). 
Notice how DC isolation is achieved by trans- 
formers; the circuit can be re-arranged with 
more complexity to avoid transformers. A 
suitable current generator can be derived from 
the PPM circuit of fig. 42, as in fig. 69. 

With integrated circuits obtainable fairly 
cheaply, a suitable ready-matched circuit can 
be made up from the RCA CA305i which has 
two long-tailed pair amplifiers, inherently pre- 
matched and fabricated from a single chip. The 
principle here is similar relying on the emitter 
diode. As a rule of thumb the emitter resistance 
re is 26/ie ohms (with U in milliamps), and the 
gain of the transistorRc/re. T o avoid DC thumps 
in the collector circuit (fig. 70) the two pairs are 
cross connected so that an increase in current 
in Trl is balanced exactly by a reduction in 
Tr6; the DC shift at the junction of the two 
collectors is thus zero. The gain of each stage 
is R|,/2re, or R,.ie/52. A 20 dB range is easily 
obtainable. 

With the introduction of the FET, problems 
are much easier. The FET is inherently sym- 
metrical—that is, its characteristics in both 
forward and reverse directions are identical. It 
is thus balanced, and an AC signal can be app- 
lied directly to the device. The important char- 
acteristics are shown in fig. 71. For small AC 
signals, the characteristics are linear, and it is 
easily seen that, as the gate-source volts are 
increased, so the dynamic slope resistance 
increases; the limit is reached when the gate 
voltage cuts the device off, and this stage is 
known as the pitch-off voltage. 

The FET can be used as a voltage-controlled 
attenuator or to control the gain of an ampli- 
fier directly. The first method produces circuits 
which are easy to adapt for special purposes 
and which produce better results; the second 
method is the simpler. An attenuator circuit is 
shown in fig. 72; the FET resistance varies 
from 1 M to 1 K. Rj together with this resist- 
ance change controls the maximum amount of 
attenuation produced. If the control voltage is 
derived from the output signal, we have a com- 
pressor/limiter circuit. 
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One of the problems with the FET is that it 
cannot take an audio signal of much greater 
than 100 mV if the second harmonic distortion 
is to remain low, particularly in the region of 
high resistance. If we keep to this low voltage, 
too much noise is introduced by the circuits. 
The solution is to correct for non-linearity of 
the FET. The most common method of cor- 
recting second harmonic distortion is to operate 
two devices in push-pull to cancel the distortion 
but working out the circuit for this leads to 
another simpler method. If half the AC signal 
on the drain is added to the control signal, this 

125 

is equivalent to push-pull operation, and the 
second harmonic is reduced by some 20 dB. 
Fig. 73 shows the principle and one possible 
method of applying this feedback. There are, 
however, many circuit configurations which 
will produce the same result. The resulting dis- 
tortion is very small and mainly third harmonic, 
which too can be removed if required by intro- 
ducing equal and opposite amounts via, say, 
back-to-back diodes. Interested readers are 
referred to AES preprint No. 713 by John P. 
Jarvis, 

(continued on page 127) 
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THE TAPE SPECIALISTS 
ALL TAPES SUPPLIED IN MAKERS LIBRARY CASES 
AND FULLY GUARANTEED. 
SCHOOLS;—WE CAN SUPPLY EDUCATION 
AUTHORITIES UPON RECEIPT OF AN OFFICIAL 
ORDER. 
STUDIOS:—ENQUIRIES ARE INVITED FROM 
STUDIOS. WE SUPPLY PROFESSIONAL TAPE ON 
NAB SPOOLS. 
ACCESSORIES:—WE CARRY A FULL RANGE 
OF ACCESSORIES. LEADER TAPE, EMPTY SPOOLS. 
SPLICING TAPE. ETC. 
P & P CHARGES:—CASSETTES AND TAPES UP 
TO 4" DIA II- FOR ONE. 31- TWO TO FOUR. 5/. 
FOR FIVE AND OVER. TAPES 5" AND OVER 3/- 
FOR ONE. 4/- TWO TO FOUR, S/. FOR FIVE AND 
OVER. 

ITl PLEASE SUPPLY ME WITH:— 

I ENCLOSE CHEQUE/P.O. FOR 
I £  
j NAME  

ADDRESS 

,. + P & P 

B3 'U 

BASF PHILIPS BASFLH HI-FI DYNARANGE 
spool tope rec cash rec cash spool tape rec cash rec cosh 
d/o. length price price price price dio. length price price price price 

3*LP 210' 11/4 0.36 7/3 11/- 0.36 7/3 3* DP 400' 19/3 0.70 14/- 
3" DP 300' 14/4 0.50 10/- 14/7 0.50 10/- 4'DP 400' 29/3 1.05 21/- 
3* TP 450" 21/10 0.71 14/3 5' SP 400' 25/7 0.90 18/- 
4*SP 300' 15/- 0.53 10/6 5' LP 900' 37/9 1.23 24/6 33/10 1.20 24/- 
4- LP 450' 22/7 0.78 IS/6 19/- 0,66 13/- 5* DP 1.200' 43/3 1.43 28/6 47/10 1.70 34/- 
4* DP 400' 26/1 0.83 14/6 26/- 0.85 17/- 5' TP 1,800' 61/9 2.00 40/- 
4" TP 900' 34/1 1.10 22/- 51* SP 900/ 34/4 1.23 24/6 
S' SP 600' 26/3 0.85 17/- 26/. 0.88 17/6 51* LP 1.200' 43/5 1.44 28/9 45/7 1.40 32/- 
5* LP 900' 34/3 1.10 22/- 29/- 0.98 19/6 5}' DP I.BOO' 61/11 2.03 40/6 63/1 2.23 44/6 
5" DP 1.200' 39/3 1.28 25/6 39/- 1.30 26/- 51' TP 2.400' 76/5 2.45 49/- 
5* TP 1,800' 56/3 1.83 36/6 7* SP 1,200' 43/- 1.53 30/6 
5}" SP 900' 34/5 1.13 22/6 34/3 1.13 21/6 7* LP 1,800' 62/1 2.00 40/. 60/- 2.10 42/- 
51' LP 1,200' 39/5 1.28 25/4 36/4 1.23 24/6 7' DP 2,400' 76/7 2.45 49/- 89/- 3.13 62/6 
Si" DP 1.800' 56/5 1.83 34/4 56/10 1.84 36/9 7' TP 3.600' 95/1 3,08 41/6 
5}' TP 2,400' 69/5 2.25 45/- 81' LP 2,400' 84/4 3.00 60/- 
7' SP 1.200' 39/7 1.28 25/6 39/7 1.33 26/6 101' LP 4,200' 139/- 4.49 89/9 
7* LP 1.800' 56/7 1.85 37/- SI/7 1.70 34/- C60 17/7 0.54 10/9 17/7 0.54 10/9 
7' DP 2.400' 69/7 2.28 45/6 79/7 2.58 SI/4 C90 25/1 0.78 15/6 25/1 0.78 15/6 
7* TP 3,600' 86/7 2.83 56/6 CI20 33/7 0.93 18/8 33/7 0.93 18/8 

□ M "O3 S [73 = I?3 [Ml [a M a E & 

MILL HOUSE-BROMHAM-BEDFORD Tel. OAKLEY 3389 

This Is not a misprint. 

Brand new 

EHITAPE 

AT LESS THAN HALF PRICE 

Polyester and PVC 

For once in a lifetime an offer is made of this nature, 
you know the quality, you know the retail price, now 
read ours. 

5" 600' 8/-, 5|" 900' 10/-, 7" 1200' 13/6 
Also a few Long Play 5" 11/6, SJ" IS/-, 7" 18/- 

Also SCOTCH BLACK. Long Play only 5" II/-, 
5|" 14/-, 7" 17/- 

All of the above are guaranteed in every way possible. 

CASSETTES C60s 7/- each. C90s 10/-, C 120s 13/6 
all cassettes supplied in presentation cases and first 
quality tape. All orders 2/6 p/p. 

Order now while stocks last. 

WALKERS 

16 Woodthorpe Rd., Ashford, Middx. 
Ash. 52136 

WE SPECIALISE IN BRAND NEW 

TOP QUALITY BRITISH P.V.C. MYLAR & POLYESTER 
RECORDING TAPES WITH FITTED LEADERS, Etc., EX 3" 

Thank* to bulk purchase we can offer tenfillsad HI-FI tapes, manu- 
factured by a British firm of world repute. All boxed individually (sealed 
if required) in polythene. Our tapes arc not Co be confused with imported 
sub-standard or used tapes. Full money refund if not delighted. 
This month:—"DRY SPLICE" (3/9) given FREE with every order. 

Std. 
Length ea. 3 for 

3" ISO' 21- 5/9 
4* 300' 4/. 10/- 
5" 600' «/- 17/4 
5j" 900' 7/- 20/4 
7- 1200' 91- 25/4 7- I800T3/- 

L.P. 
Length ea. 3 for 

3- 220' 2/4 II- 
4' 450' 5/- 14/. 
5' 900' B/- 23/4 
5JT20OT0/4 30/4 
  * 38/4 

D.P. 
Length ea. 3 for 

3" 400' 4/4 t3/- 
4' 600' 6/9 19/6 
5' 1200'12/6 37/- 
5}"1800' 17/- 50/- 
T 2400'2I/. 61/- 

Postage and Packing I /9 per order. 

Boxed 
empty spis 

3r 7d. 
4' 1/8 
5' 1/9 

1/9 
V- 

All orders despatched by return. 
STARMAN TAPES, 421 Staines Road, Bedfont, Middlesex 

To Studio Sound, Classifieds, Link House, Dingwall Avenue, 
Croydon CR9 2TA. 

Please publish the advertisement indicated below for  
insertlon/s under the heading   

Name   
Address  

Cbeque/P.O. enclossd £... 
Is a Box No. required Yes/No. If 
no, please include remittance to 
cover name and address and/or 
Tel. No. Please write in block 
caoicals. 
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HIGH QUALITY MIXER CONTINUED 

The simplest circuit referred to above is 
shown in fig. 74. With no input signal there is 
no gale voltage on the FET, so the source- 
drain resistance is low and the stage gain high. 
As the input signal increases, a negative gate 
voltage is developed which turns off the FET, 
increasing the AC emitter load and hence 
reducing the gain. 

An experimental circuit using an IC (fig. 75) 
was built to test another method of gain reduc- 
tion. The results obtained show this circuit has 
promise and would repay further investigation, 
although my own feeling is that best results 
would be obtained by development of fig. 73. 
The IC circuit has a good overload character- 
istic, and produces compression from input 
signals as low as -30 dB. Compression curves 
are gradual with a maximum slope of 10:1, and 
a slope in the operating region of 5:1. To 
increase these figures to produce limiting action 
would require gain in the side chain. To give 
variable attack and decay times would also 
need more circuitry in this part of the design. 

Another interesting method of gain reduc- 
tion is based on sampling techniques. If we 
chop an audio signal at a rate well above the 
highest audio, we effectively reduce its energy. 
Passing the resulting signal through a low-gain 
filter removes the chopping action, leaving an 
attenuated audio signal. Fig. 77 shows the 
principle. If the mark-space ratio of the chop- 
ping signal is varied, the level of audio varies 
in sympathy. The system can be made to work 
on a limiter or compressor by taking the output 
of the low pass filler and, after detection, 
applying it to control the pulse generator. 
Using these techniques it is easy to arrange for 

COMPONENT SUPPLIERS 
BBC Monographs: BBC Publications, 35 Maryle- 
bone High Street, London W1A 1AR. 35p each 
including postage, 
RCA IC: CA3054trom ECS Ltd. Providence House, 
Rivet Street, Windsor, Berkshire. 
IC Typo 709: From many suppliers and manufac- 
turers, such as Henry's Radio Ltd, 303 Edgwars 
Road. London W2, 
Lamps, photocells, transistors, etc.: Henry's 
Radio Ltd. 
AES Preprints: Audio Engineering Society Inc, 
Room 428, 60 East 42nd Street. New York. NY 100t7, 
USA. Price: 85c each (non-members); 50c (mem- 
bers). Postage extra. 

FIG. 75 I C COMPRESSOR CIRCUIT 
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FIG. 77 SWITCHING COMPRESSOR BLOCK DIAGRAM 
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almost any law. both compression, and expan- 
sion. and even noise-gate effects by cutting the 
gain drastically at very low signal levels. The 
most comprehensive embodiment of the prin- 
ciples is the EMT 156 compressor, whose block 
diagram is reproduced in fig. 78 and character- 
istics in fig. 79. There should be no problem in 
stereo tracking since the filters can be made 
very accurately and the switching device is 
either on or off. For this latter, a FET is ideal, 
and techniques used in instrumentation chop- 
per circuits (e.g. shunt/series choppers with 
compensation for capacitive control signal 
breakthrough) will produce excellent results. 

In all cases, metering to indicate the gain 
reduction can be arranged by applying the con- 

trol voltage and a voltage equal to the no- 
signal control voltage to the inputs of a simple 
differential amplifier; the output can then 
be fed to a suitable meter which can be easily 
calibrated. 

Finally let me add again that the compressor 
circuits given are purely experimental, aimed 
at pointing to possible ways of achieving the 
desired results. I cannot undertake to answer 
any queries on these or suggest ways in which 
they can be developed. 

Next month will start with some thoughts on 
IC amplifiers, but the main part of the article 
will be devoted to readers' questions and prob- 
lems, together with suggested solutions to the 
latter. 

FIG. 76 COMPRESSION CHARACTERISTIC 
OF FIG. 75 
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FIG. 78 BLOCK DIAGRAM OF EMT SWITCHING COMPRESSOR 
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An investigation into the relative advantages of chromium dioxide and ferric oxide tape coatings 

IT is probably true to say that ferric oxide 
tape has been developed as far as it is ever 

likely to be. Better binders may be discovered 
and slight improvements in performance might 
be obtained by adding ferrites to the mix. 
There are unfortunately very few magnetic 
compounds known. Chromium dioxide and 
chromium bromide, CrBr,, are comparatively 
well known, having received a certain amount 
of publicity in chemistry journals about 20 
years ago. One of the rare earth elements in the 
lanthanum group, named europium, also has 
magnetic compounds which might be worth 
investigating for audio' purposes although 
their production would be phenomenally 
expensive. 

Chromium dioxide (Cr02) is a most 
unusual chemical in that chromium is forced 
to have a valency of 4 instead of its more usual 
6 or 3. For this reason it is rather difficult to 
prepare although stable at normal tempera- 
tures. Although the manufacturing process 
actually used for Cr02 would appear to be 
secret, I must assume that a similar process is 
used to that quoted in most text books: 
passing oxygen at between 200 and 300 atmos- 
pheres pressure over chromium trioxide 
(CrOa) which is heated to around 4S0°C. The 
application of the heat tends to break down the 
trioxide whereas the presence of the oxygen pre- 
vents the breakdown going too far. Otherwise 
CrjOj would be formed, which does not have 
magnetic properties. This latter chemical is in 

by Angus McKenzie 

any case formed when chromium dioxide is 
raised in the open air to a high temperature, 
although one would have to exceed the Curie 
point for this to happen. Whereas ferric oxide 
tape varies in colour from a light brown to 
almost black, depending on the size of the oxide 
particles, in general chromium dioxide appears 
to be black even when seen as larger crystals. 
Presumably because of its very high cost, all 
the 6.25 mm tape samples that have been made 
available in Britain for lest purposes have only 
had a very thin oxide coating of 4.5 |im on a 
plastic backing of 22 nm. The thickness of this 
tape therefore corresponds fairly closely to 
double play tape, although the backing itself 
is almost as thick as LP tape. Ordinary LP tape, 
incidentally, has a plastic backing of approxi- 
mately 25 urn with an oxide coating of 10 (im 
whereas DP tape has a backing of 16 pm 
usually with the same oxide coaling of 10 um. 
Many engineers who have evaluated chromium 
dioxide tape and have not known of this 
difference in coating thickness may well have 
misjudged the material since the output of the 
tape at middle and low frequencies would 
appear to be more or less proportional to the 
coating thickness, provided that one adjusts 
the bias accordingly and the coating is not too 
thick. 

Two samples of 6.25 mm tape on 18 cm 
spools originating from Du-Pont in the States 
were tested thoroughly. At all reasonable 
levels of bias, the 9.5 cm/s performance was 
compared with that of BASF LP35LH and 
later TP18LH tape. The resultant figures must 
be interpreted very carefully. At first, before 
knowing that the coaling was so thin, 1 was not 
impressed with the 3% third harmonic of 
1 kHz being only 1.75 dB above 0 dB (32 
mM/mm). Increasing the bias to a level rather 
higher than 1 might have expected, a point of 
+3 dB was obtained for the same distortion. 

Let me say now that the advantages of 
chromium dioxide over normal tape primarily 
appear at lower tape speeds or where it is 
is required to record very short wave 
lengths, for example in instrumentation and 
video applications. Particularly great benefits 
appear to be gained when used in cassettes but 
all these benefits are not without their disadvan- 
tages, as will be seen. With normal tape, 
choosing the correct bias, point for recording at 
lower speeds is very difficult since the bias 
required for lowest 1 kHz distortion can be at 
least 4 dB higher, i.e., 60%, than that required 
for maximum output at high audio frequencies. 

Although chromium dioxide definitely needs 
a higher bias than iron oxide, the HF fall-off 
effect is nowhere near so marked. A lest 
example of this will prove the point. Cassettes 
of BASF C90 low noise were compared with 
chromium dioxide cassettes made by Memorex 

CENTRE CASSETTE 
FREQUENCY REPLAY 
OF MEASURED AMP NOISE 
NOISE 
OCTAVE 

BASF C90 
CASSETTE 

EARLY 
MEMOREX 
CHRCME 
CASSETTE 

RECENT 
MEMOREX 
CHRCME 
CASSETTE 

AGFA 
CHRCME 
CASSETTE 

6-25 mm TAPE 
REPLAY AMP 
NOISE 

6 -25 mm 
BASF LP3SLH 
TAPE 

6 -25 mm 
BASF LGS35 
TAPE 

6 -25 mm 
CHROME 
TAPE 

125 Kz • • • • •• •• -74 -70 -70 -68-5 

250 Hz • • • • •• •• •• -77 -72 -71 -72 

500 Hz -72 -70 -70 -70 -69 -80 -72 -71 -72 

1 kHz -74-5 -70 -25 -70 -70 -68-5 -82 -72 -70 -72-5 

2 kHz -74 -68 -67-5 -67 -66 5 -82 -71 -69 -71 

4 kHz -70 -65 -63 -62-5 -63 -78-5 -68 -65-5 -66 

8 kHz -65-5 -64 -60 -60-5 -61 -5 -71 -5 -65 -63-5 -61 -5 

16 kHz -61 -60 -55 -5 -58-5 -59 -64 -62 -62 -60 

d6a weighted 
noise 

-59-5 -58-5 -55 -55 -5 -56 -67 -62 -59 -5 -60 

•• Readings not recorded as hum on record amp influenced results. 
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and Agfa. A Wollensak cassette recorder was 
used. 

The BASF €90 cassette had an overall 
frequency response of ± 1 dB from 30 Hz to 
15 kHz with reference to 333 Hz with the bias 
set to 25 mV at a particular test point. At this 
bias, the overall response of an early sample of 
Memorex chromium dioxide tape was 10 dB 
up at 10 kHz and 13 dB up at 15 kHz, whereas 
the BASF tape was 1 dB down at the latter 
frequency. This difference is of course quite 
remarkable. With the other chromium 
dioxide tape, the response at 10 kHz was 8.5 dB 
up and the response at 15 kHz 10.5 kHz up at 
the same bias. When the bias was increased by 
2.5 dB, the ordinary BASF cassette fell 15 dB 
at 15 kHz. The bias points for medium and 
short wavelengths are in fact closer together. 
A 10 kHz saturation signal was then applied to 
both the BASF €90 and the chromium dioxide 
cassettes. Approximately 7.5 dB more level 
could be recorded on the latter. 

The noise spectra of the different cassettes in 
one-octave sections were then compared with 
the noise spectrum of the replay amplifier 
itself, all the cassette noise measurements being 
made with optimum biased tape and no input 
signal. The BASF low noise cassette, at the 
HF end, generated less noise than the replay 
amplifier. All the chromium dioxide samples 
produced more HF noise than the BASF 
cassette, particularly in the 4 and 8 kHz 
octaves. The best of the chromium dioxide 
cassettes in fact had approximately the same 
dBA weighted noise as the replay amplifier so 
that, when the tape ran past the head, the noise 
level increased by about 3 dB. The actual 
differences between tapes in different octaves 
showed far more clearly when 6.25 mm tape 
was used. 

Cassette noise is not as important as the 
ability of the chromium dioxide cassette to 
accept a very much higher recording level at 
high frequencies, the available signal-to-noise 
ratio in the 8 kHz octave, for instance, being 
approximately 46 dB for the best chromium 
dioxide and 39 dB for the BASF €90. This 
ratio is the difference between the maximum 
10 kHz signal which could be recorded and the 
dBa weighted noise figure of unrecorded bias 
tape moving past the replay head, both referred 
to the same peak level. Since the distortion at 
medium wavelengths was fairly similar, it 
would appear that the chromium dioxide gives 
a substantially better signal-to-noise ratio. It 
should be noted of course that the chromium 
dioxide tapes would exhibit audibly a slightly 
higher hiss level, but on the other hand they 
have considerably greater power handling 
capacity at higher frequencies. This in fact 
means that a wider dynamic range can be 
accommodated, particularly on prerecorded 
cassettes, allowing the engineers in the latter 
case to use less HF compression than would 
otherwise be necessary. Serious consideration 
should now be given to changing the replay 
equalisation curve for chromium dioxide tape, 
lowering the replay amplifier hiss level while 
still keeping within the capability of the tape. 
A curve of 70 nS, the same as the DIN curve for 
19 cm/s, would be a good compromise. The 
bass cut normally used for 4.75 cm/s could be 
changed for all cassettes from 1 590 to 
3 180 gS, moving the 3 dB replay bass cut point 
from 100 Hz to 50 Hz, thus preventing the 

necessity for boosting so much bass on record 
which in the past has frequently caused over- 
load distortion of these frequencies. 

As I previously explained, the 6.25 mm 
chromium dioxide tape compared very favour- 
ably with triple play LH tape with its 6 nm 
oxide thickness against chromium dioxide's 
4.5 nm. With a suitable bias, it was found 
possible to record for the same distortion at 
middle frequencies 1 dB higher level on the 
chromium dioxide than on the conventional 
triple play tape, despite the latter having a 
thicker coating. At high frequencies as with 
cassettes, the 9.5 cm/s difference was more 
marked, being normally nearly 10 dB when 
each tape was biased for optimum overall 
performance. 

As far as the domestic consumer is concerned 
it would be fairer to compare chromium 
dioxide 6.25 mm tape with DP LH tape and, in 
this case, the latter's considerably thicker oxide 
coating would appear to give a better overall 
performance because of the 3 dB extra level 
that could be accommodated at middle 
frequencies. For chromium dioxide in its 
present form to be preferable to ordinary tape, 
it would be necessary to change the replay 
curve to almost a pure 6 dB per octave, i.e., no 
HF turnover at all, and in addition to record at 
a lower level, keeping the distortion down at 
middle frequencies. Since the majority of 
domestic tape recorders would then have hum 
problems on replay, the 50% or 60 % additional 
cost of chromium dioxide tape would not be 
justified. Provided the cost would not be too 
much higher, a very considerable advantage 
would be gained by increasing the chromium 
dioxide coating thickness on 6.25 mm tape to 
10 [rm which would then make it dramatically 
better than conventional tape, even at 19 cm/s 
although again the replay curve would have to 
be altered to get the greatest benefit. 

It is interesting to remember that BASF LH 
tape is itself 3 dB quieter than the older35 
tape made by the same manufacturer, so it can 
be said that the tape noise of chromium dioxide 
sounds very similar to the average LP tape 
made four years ago, its difference being its 
phenomenal power handling capacity at higher 
frequencies. 

For high speed cassette duplicating, it would 
appear that a higher level can be applied to 

chromium dioxide tape when a relatively wide 
record gap is used. Bearing this Dolby B 
system in mind, I am sure that it will be 
possible eventually to produce cassette records 
of a quality hardly dreamed of even two years 
ago. The main problem will be the limitation of 
frequency response at the top end, for I doubt 
whether frequencies far in excess of 12 kHz 
will be practical since most high speed cassette 
duplicators operate at 32 times normal speed, 
necessitating the recording of frequencies in 
excess of 400 kHz. 

To sum up the above, I consider that attempt- 
ing to use chromium dioxide on an ordinary 
domestic tape recorder is pointless since such a 
machine will probably not have enough bias 
available and in any case will have the wrong 
replay amplifier response. Since chromium 
dioxide at 9.5 and 4.75 cm/s shows a boost of 
some 10 dB at 10 kHz over normal tape, this 
would require severe tone correction or heavy 
modifications in the record amplifier. This 
would only be worthwhile on a conventional 
recorder if the chromium dioxide coating were 
made appreciably thicker by the manufacturers 
but such a change could result in a 550 m reel 
costing at least £5. Japanese cassette decks 
with chromium dioxide switches (which 
increase both the record level and the bias by 
2 dB whilst altering the replay characteristic) 
are already available in Britain. Unfortunately 
most domestic cassette machines distort 
seriously at recording levels giving a replay 
flux in excess of 20 mM/mm. Even my Wollen- 
sak is guilty in this respect, let alone a Naka- 
michi deck which I have recently tried. This 
will not slop prerecorded tapes of a higher level 
being played back satisfactorily. 

Modulation noise and print-through have 
not been particularly evident with chromium 
dioxide tape, although long term print-through 
characteristics have yet to be determined. 

For domestic cassette machines it is perhaps 
unfortunate that the very high average induc- 
tance for replay heads necessary to overcome 
replay amplifier noise is not compatible with 
the ideally much lower inductance required for 
recording. Lower inductance heads may 
eventually be used with a head lift transformer 
for replay. It should then be possible for the 
domestic user to obtain the full benefit of 
chromium tape. 

Frequency Response Curves 

FREQUENCY BASF LP3SLH 
6 -25 mm TAPE 

EARLY 
MEMOREX 
CASSETTE 

EARLY 
MEMOREX 
CASSETTE 
BIASED +4 dB 

RECENT 
MEMOREX 
CASSETTE 

AGFA 
CHROME 
CASSETTE 

440 Hz 0 0 0 0 0 

1 kHz 0-5 1 0 1 0-75 

6.3 kHz 0 7-5 2 7 5 

8 kHz -0-25 8-5 3 8 5-75 

10 kHz -0 5 10 3 8-5 6-5 

12 kHz -0-75 11-25 3 9 8 

IS kHz -1 12-5 3-5 10-5 10 
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PT05I 

OEE/ 

BRITAIN'S ONLY TAPE RECORDER MART 
specialising in the SALE, EXCHANGE and PURCHASE 
of every make of high quality Tape Recorder.n Brenell, 
Ferrograph, Ampex, B & O, etc., we have the lotl 
Fantastic savings of up to SO per cent off original list prices for 
Personal Callers only. Our stocks change daily, call today 
—well over 100 models to choose from—all guaranteed— 
you pay no tax on secondhand machines. 

TYPICAL BARGAINS 
ALL WITH 3 MONTHS (Note: M—Mono. S—Stereo, BP—Battery 

FERROGRAPH «2(S/2)  FERROGRAPH 631 (M/2)  
PHILIPS EL3534 (S/-()   
BRENELL MK5M Serieilll (M/2) 
SONY TC260 (S/4)  
AKAI 1710 (S/4)   
TANDBERG 74 <S/4)   
VORTEXION WVA/4 (M/2)   
TANDBERG 62 (S/2)   REVOX E36 (S/2)   
FERROGRAPH 4A/N (M/2)   
PHILIPS EL3S36 (S/4)   FERROGRAPH 622 (S/2)  
REPS RIO (M/2)   
BRENELL MK5 Seriet III (M/2)  
TELEFUNKEN M300 (BP/M/2)   
TELEFUNKEN 204E (S/4)  
AKAI X4 (BP/S/4)   
PHILIPS EL330I (BP/M/2)  
SANYO 151 (BP/S/4)   

GUARANTEE 
Portable, 4—4-tracl<, 

Our price 
Our price 
Our price 
Our price 
Our price 
Our price 
Our price 
Our price 
Our price 
Our price 
Our price 
Our price 
Our price 
Our price 
Our price 
Our price 
Our price 
Our price 
Our price 
Our price 

2—2-track) 
ONLY £62 
ONLY £74 
ONLY £60 
ONLY £70 
ONLY £73 
ONLY £67 
ONLY £50 
ONLY £75 
ONLY £76 
ONLY £82 
ONLY £55 
ONLY £40 
ONLY £80 
ONLY £40 ONLY £50 
ONLY £28 
ONLY £70 
ONLY £70 
ONLY £15 
ONLY £42 

Tandberg Specialists 
Our resident manager is a keen Tandberg enthusiast. We have the 
complete range of new Tandberg Tape Recorders in stock plus a 
number of selected secondhand machines at attractive prices. He will 
be pleased to give you the benefit of his wide experience of this 

excellent range of Tape Recorders. 
SONY TC250A (S/4)   Our Price ONLY £50 
VORTEXION CBL/5 (S/2)   Our price ONLY £90 AKAI M8 (S/4)   ... Our price ONLY £78 
SONY TC200 (S/4)  Our price ONLY £52 
AKAI M9 (S/4)   Our price ONLY £98 
SONY TC800 (BP/M/2)   Our price ONLY £47 
VORTEXION WVB;4 (M/2)   Our price ONLY £53 
TANDBERG 1241 (S/4)   Our price ONLY £72 REVOX 736 (S/4)   Our price ONLY £98 
FERROGRAPH 5A/N (M/2)   Our price ONLY £56 

PERSONAL CALLERS ONLY 

SPECIAL PRICES! 
HIGH FIDELITY AND TAPE RECORDERS 

InadditionCotherangeofmoney-saving Secondhand Tape Recorders 
we have available for personal callers a large number of Special 
Offers of New Tape Recorders and Hi-Fi Equipment at drastically 

reduced prices. 

THE 
E 

R C D R LJ R 

MART 

242/4 PtNIONVILL! ROAD.lDNDOK.N.t 
f aoo voi.«i*o» ctoss) TERminus8200 

ANNUAL 

1971 

Produced by HI-FI NEWS and STUDIO SOUND 

& 

Again — by popular request — we have 
devoted a big section to reprints of equip- 
ment reviews which have appeared in Hi-Fi 
News and Studio Sound over the past year. 
These reviews have a well-deserved 
reputation for reliability and they are sure 
to be of lasting interest. In addition, there 
are feature articles on: 
■ Cassettes and the future of commercial 

recording 
B Simulating concert halls in the laboratory 
■ Electronic music - a composer's approach 
B Auditory apparatus - how our ears work 
B What is good recorded sound? 

'Developments in quadrophony' 
Audio Annual 1971 is a publication of 
absorbing interest to everyone who takes 
sound reproduction and recording seriously. 
From newsagents and bookstalls, or post-free 
from Link House, Dingwall Avenue, Croydon, CR02TA. 
A Link House Group Publication 
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BY KEITH WICKS 

A T Spot Productions in South Molton Street, 
fx. Dave Maynerd engineered a session 
featuring Billy Fury, who was putting down 
tracks for an LP. John Hudson has been busy 
with a Titanic LP produced by Paul Lynton 
and a Dubliners LP produced by Phil Coulter. 
John also engineered an LP for Alan Klein, 
ex-lead singer with the New Vauderville Band. 
Producer on this was Tommy Sanderson. 

Sound of Maidenhead, at the moment with a 
small studio, are about to expand into new 
premises. Run by technical director Ian Webb, 
in partnership with John Aston, a former radio 
pirate, Sound have a four-track Ampex and 
hope soon to buy an eight-track Leevers-Rich. 
Film equipment (16 mm) with rock and roll 
facilities will also be available. As manufac- 
turers of studio equipment, they naturally use 
one of their own desks. This has 16 input 
channels. The studio will be biased towards 
commercial radio requirements, half the studio 
space being set aside for this purpose. John 
Aston and a couple of ex-pirate friends have 
obtained the necessary financial backing, and 
arc already equipped with a mobile unit. 
Housed in a Bedford van, the equipment 
consists of an eight-channel two-group desk, 
twin 40 cm turntables, a Spotmaster cassette 
machine and a modified Leevers-Rich two- 
track recorder. 

From Trident comes news that they have 
added a second 3 M 16-track machine with 
associated Dolby A301 units so they can now 
run two independent 16-track operations. 
Another improvement has resulted from the 
installation of new acoustic screens, made to 
BBC specifications by Wenham and Fowler. 
Malcombe Toft, Trident's studio manager, is 
very pleased with the improvement in separa- 
tion obtained with these screens. Recent events 
at the studio include recording for Vanity Fair, 
and some work on the George Harrison album 
All Things Must Pass. This has just been 
released and is selling well. Trident did some 
of the recording and all the mixing for this LP. 

Acorn Records announce that they are in the 
process of moving to new studios near Wood- 
stock in Oxfordshire and hope to be operational 
on March 1. 

The Impulse Organisation in Northumberland 

arc reorganising their premises. A new 21 m1 

control room has been built. The old control 
room has been converted to a drum booth, a 
facility they have wanted for a long time. New 
hardware includes a I2-channel, four-output 
mixer with equalisation, echo-send, limiting, 
and compression on all channels. Visual 
monitoring is by means of four main VU 
meters and, for aural monitoring, a 100 W 
stereo amplifier feeds two speakers housed in 
cabinets made by Ski Electronics, one of 
Impulse's associate companies. 

Impulse have been busy lately with mobiles, 
demos and TV jingles, and are currently 
recording an LP for Lindisfame, due to be 
released by Charisma in the spring. Due for 
release in February is what Impulse describe as 
a 'contemporary/traditional folk/rock LP' 
entitled Take Off Your Head and Listen. This 
consists of folk club recordings as well as 
studio material. The record will be released on 
Rubber Records, Impulse's own label. 

An entertaining evening was had at Command 
Studios in London when Eddie Kennedy 
presented two new Marquee Martin Agency 
groups, Anno Domini and Stud. The music, 
the luxury of Command's Studio One, and 
Eddie Kennedy's hospitality, combined 
admirably. 

At Soho's Marquee Studios, Curved Air, 
after great success with their first album, have 
been putting the finishing touches to material 
for a maxi single. Engineer/producer was Colin 
Caldwell, and the disc is due for release very 
soon. Dandelion Records have been using a 
lot of studio time to complete albums by their 
artists. Phil Dunne has been busy engineering 
sessions for Medicine Head, The Siren, Stack 
Waddy, and Beau. John Peel produced for 
Beau, and Keith Ralph for the Medicine Head. 
Lesley Duncan, singer/songwriter wife of 
arranger Jimmy Horowitz, was in the studio 
with her husband, mixing an album to be 
released in March. Others at the studio have 
included Atomic Rooster, and Keith Potger, 
formerly of the Seekers. Marquee's special 
facility of being able to record from their 
adjoining club was used by German Television. 
A performance starring The Faces was recorded 
on 16-track and also filmed by the television 
organisation. The material will be used to 
produce a half-hour performance. 

At Recorded Sound, Richard Harris made a 
single with Maurice Gibb producing. Julie Ege 
has just finished her first single—John Lennon's 
Love—and Tony Palmer has been recording the 
New Generation Singers for Polydor Records. 
Tony is soon to produce a Victor Sylvester 
record at the studio. 

Over in Dublin, Bill Russell Films are start- 
ing a recording studio to be called Atlantic 
Sound. Although modest by London standards, 
the studio is relatively well equipped for that 
area. The mixing console is by Allen & Heath, 
and recorders are by Revox, Ferrograph, and 
Kudclski. Other equipment includes AKG 
microphones, a Grampian reverberation unit, 
and a tape delay system. The studio, which is 
still being built, will be unusual because the 

walls do not meet at right angles. This is a 
great advantage acoustically, but is rather 
uncommon as most studios have to be built 
into existing parallel-sided rooms. Plans for 
expansion arc ambitious and it is hoped to 
instal an eight-track machine along with a 
Dolby system and an Alice mixer before the 
end of the year. 

In Gosport Street, Advision have just finished 
another Shirley Bassey LP and are now 
involved with a Pelula Clark album. They are 
soon to start work on another LP with 
Emerson, Lake and Palmer. 

Art Record Productions of Surrey have just 
finished a master for Agapus entitled Please 
Don't Step On My Feet, which should be 
released around mid February. 

One of the busiest studios this month has 
been IBC in Portland Place. Recordings there 
have included the Equals' new single, Black 
Skinned Blue Eyed Boy, engineered by Brian 
Stott; some work for Track Recordings 
featuring The Who, and engineered by Lyon 
Shaw; and a Brass Monkey album engineered 
by John Pantry. Mike Claydon was at the 
desk doing some Graham Bennett sessions for 
A and M Records. Space does not permit 
mention of all the names at IBC during the 
last month, and this state of affairs is likely to 
continue for a while. The pressure should soon 
be somewhat relieved when IBC take delivery 
of their second 16-track Ampex MM 1000 with 
associated Dolbys for Studio Two. Work has 
now started on Studio One's new desk which 
will have 32 inputs and 32 outputs. Rather 
than take the intermediate step of 24 tracks, 
Mike Claydon thinks it is possible that they 
may go from 16- to 32-track recording. 
(Opportunity here for an enterprising British 
firm.) 

Beck Amplification's new Wellingborough 
premises have been named Beck Recording 
Studios. All their recording is now done in 
stereo, and cutting equipment has recently 
been installed. 

Yorkshire's Calder Recordings have been 
heavily booked for some time by Astron Music 
Promotions. This month sees the completion 
of two albums and 18 EPs for their dance 
music label. Requiem have laid some tracks 
for their first release on the new Carlins label. 
In addition, the studio has been busy with 
mobile and demo work. 

AIR Studios at Oxford Circus have been 
extremely busy with a lot of jingle work, and 
also albums for Stan Getz, the Hollies, Cilia 
Black, Jimmy Tarbuck, Procul Harum, the 
Fortunes, the Strawbs, Tyrannosaurus Rex, 
Caravan and Hype, to name a few. 

Finally, news from Milan. Thomas Gallia 
of Sonart reports that they have recently started 
quadraphonic recording. The firm makes 
recordings throughout Europe using Tele- 
funken, Ampex, Studer, Neumann, Schoeps 
and Dolby equipment. In Milan, Thomas is 
'collaborator' in the Studio Angelicum, where 
they have been recording symphony and choral 
works in their large theatre, which has a 
volume of 10 000 m'. 
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part one mechanical construction 

BY JOHN FISHER 

FIG. I 

b 

THE microphone to be described was built 
as the result of my need for a good stereo 

microphone or coincident-pair of microphones 
— a need shared no doubt by many readers. 
A crossed pair of good and relatively inexpen- 
sive ribbons, sling or stand mounted on a small 
bracket, gave very acceptable results as regards 
stereo image and frequency response but there 
were nevertheless certain important drawbacks 
to the system. Most important of these draw- 
backs was the difficulty of getting a signal-to- 
noise ratio that fully exploited modem low- 
noise tapes and tape machines, despite the use 
of low-noise microphone amplifiers. 

A further, and probably less decisive, 
problem was that of keeping the microphones 
as unobtrusive as possible. The arrangement 
used with the two ribbons seldom caused 
adverse comment when slung, but was some- 
times less popular when it had to be mounted 
on a stand in front of an audience. 

Basically there were three solutions: 
(1) A pair of more efficient ribbons such as 

the STC 4038, capable of excellent results but 
rather large. 

(2) A pair of good moving-coil cardioids such 
as the AKG D202, mounted with their axes 
crossed at 120 to 180°, again capable of good 
results but still fairly large and heavy. 

(3) A crossed pair of miniature cardioid 
capacitor mikes or a stereo capacitor such as 
the AKG C24. 

All three solutions were expensive, particu- 
larly the latter, and seemed virtually out of the 
question even purchasing second-hand equip- 
ment. The only one which stood any chance 
of success as a DIY project was the capacitor. 

A good capacitor microphone capsule, since 
the advent of FETs, offered a low-noise 
efficient design occupying a minimum of space. 
Provided a capsule could be obtained at a 
reasonable cost, the idea seemed attractive as 
a DIY project. I had many fruitless attempts 
at making a suitable capsule with inadequate 
facilities and skills, and had no success in 
obtaining a commercial capsule. (Trevor 
Attewell has partly solved that problem.) 
Through the kind offices of another contribu- 
tor, I eventually succeeded in obtaining a pair 
of capsules made up to the design mentioned 
above, at a realistic price. 

Readers will probably be most familiar with 
the idea of crossed and coincident figure-of- 
eight ribbons for stereo. The mathematics of 
the resulting stereo signal can be looked at in 
several ways (which it is not my intention to 
pursue!), but the result can equally well be 
seen diagrammatically in fig. 1. With the mike 
axes at right-angles, an object will appear to 
come from the right of the sound stage when 
it is on the axis of the R microphone and on the 
null of the L. If the angle between the axes is 
reduced, sounds on the original sound-stage 
will appear closer together as they are nearer 
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to the axes of both microphones, but the 
extremes of the new sound stage will be 
occupied by sounds from farther out on the 
null of the oilier channel's mike. In the same 
way, with a pair of crossed cardioids, a sound 
will appear from the left of the sound stage 
when it is on the null of the R mike and vice 
versa. If a pair of cardioids are arranged back 
to back and moved in close over the conduc- 
tor's head, the strings on the left of the 
orchestra will be on the null of the R mike and 
will therefore appear fully left. The strings on 
the right of the orchestra will be on the null of 
the L mike and therefore appear fully right. 
For various reasons, including imperfections 
in the polar response of the cardioid capsules, 
the resulting stereo image may be less precise 
with crossed cardioids than with crossed figure- 
of-eight units. With good mikes it can be 
perfectly satisfactory, however, and in practical 
conditions probably every bit as good as 
crossed figure-of-eights. Certainly this arrange- 
ment is in frequent professional use, particu- 
larly with pairs of mono CI2A being used as 
stereo pairs. 

Since a variable polar diagram capsule 
essentially consists of two cardioid-response 
halves back-to-back, it seems an attractive idea 
to economise and use a single capsule to 
produce a back-to-back cardioid stereo pair, 
with the added advantage of saving size by 
using only the one capsule and doing away 
with the extra mounting and swivel arrange- 
ments necessary on a C2J-type mike. I claim 
no originality for the idea but, when I began 
construction, I had still been unable to establish 
whether anyone had tried out the idea, although 
experience of back-lo-back C12A mikes 
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suggested that it should work well enough. 
The success of the microphone depends on 

the polar diagrams being as near-perfect 
cardioids for the two halves as possible, with 
the polar diagrams of the two halves well 
maintained to high and low frequencies; any 
deviations from fiat response should so far as 
possible be identical in both channels. In fact, 
the two halves of the capsule must be virtually 
identical. A check was carried out when the 
capsules were being made, not only on the 
dimensions being as near identical as possible 
put on the dynamic capacitance (without the 
capacitance of the fixing rings, etc) being as 
close as possible for the two halves. In fact on 
one capsule there was a capacitance error of 
something under 10%; this, and presumably 
other cumulative tolerances, accounted for a 
3 dB difference in sensitivity between the two 
halves. Fortunately, however, it was found 
that with the gain of the corresponding channels 

to minimise the effects of reflections, the 
second and possibly more attractive in appear- 
ance having squared-off sides and ends. To 
date the majority of tests have been done with 
the first shield, pending an opportunity to carry 
out precise tests on the effect of the shields on 
performance. 

The capsule shields are made of copper 
gauze, copper tube and strip, with a plastic 
insulating insert to carry the capsule. The 
copper gauze was pressed to shape in a wooden 
mould, the operation taking seconds once the 
simple mould is carved and shaped. The edges 
of the two gauze halves are soldered to prevent 
them fraying, and one half shell is soldered 
into one half of the copper-strip frame of the 
shield. The amplifier ends of the two half shells 
are soldered to two half-rings of strip copper 
which clamp the two ends to the copper tube 
within. The plastic insert (an Evostik tube 
cap) is forced into the tube and drilled to take 

hard aluminium alloy tubing, with countersunk 
clearance holes at the head end for nickel-plated 
8 BA bolts tapped into the copper tube of the 
microphone head. At the other end (fig. 3), a 
five-pin DIN socket, of the type normally used 
with a retaining clip to fasten it to a panel, is 
secured by three 8 BA nickel-plated cheesehead 
bolts, one tapped into the body of the socket 
and two locked against it, tapped into the 
aluminium casing. The bolts serve as retaining 
catches as well for the suspension ring, a piece 
of copper tube a sliding fit over the aluminium. 
A small rubber band prevents the ring slipping 
round and along when the mike is not suspen- 
ded. To the suspension ring are soldered four 
brass 6 BA nuts, drilled out and with one face 
filed flat to serve as suspension points. This 
whole forms a neat and simple arrangement 
for suspending the microphone vertically from 
a sling cable, or from a boom. 

The securing bolt penetrates the DIN socket 

FIG. 2 CAPSULE SHIELD 
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Fig. 2 detail MATERIAL AND NOTES Fig. 3 detail MATERIAL AND NOTES 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

Copper gauze, -k' mesh\Pressed to shape in mould 
„  / 60 mm x 42 mm 

10 BA xi' nickel-brass. 
Capsule—see text. 

tl II II 
5 mm x 500 urn copper strip, 10 BA 
10 BA x 2.5 mm. 
10 BA x 2.5 mm nickel-brass. 
5 mm x 500 stm copper strip, drilled 10 BA 

10 BA x 2.5 mm nickel-brass 
»• »• II 

Plastic Insert—Evostik tube cap, force fit, 3 x drilled. 
outer diameter copper tube tapped 4x10 BA, 2x8 BA. 

8 BA CS x 4 mm 
II II 

Three off very fine flex leads, as used on model cars. 
Araldite to secure capsule in plastic plug. 
10 BA washer soldered to i shell. 

Five-pin 180° DIN socket, tapped 8 BA. 
8 BA nickel-brass, length to penetrate socket. 
i~ outer diameter hard aluminium alloy tube. 
i* internal diameter copper tube. 
\ 4 x 6 BA nuts, drilled clear of thread and 
/one face filed off to solder. 
Small rubber band. 
3x8 BA, two tapped, one clearance. 
Fine flex model leads. 
2 x 8 BA nickel brass, length to grip socket. 

corrected in the head amplifiers, the two 
channels are virtually indistinguishable, imply- 
ing that in other respects the two halves have 
very similar performance. Tolerances on the 
other capsule was much closer. 

The capsule was based on the Debenham, 
Robinson and Stebbings design published in 
September 1963 Hi-Fi News. Copies of the 
relevant diagrams are available on request 
from the Studio Sound editorial office. 

Two gauze capsule shields were produced, 
the first with all surfaces curved in an attempt 

the mounting pillar of the capsule and the three 
leads. The capsule mount is cemented to the 
plastic with Araldite. 

The ends of the two half shells are locked 
through the strengthening strip with a short 
10 BA bolt, and the half rings are cramped to 
the copper inner tube with 10 BA bolts tapped 
into the tube. The inner tube is also lapped 
8 BA to take the securing screws which fasten 
the microphone head to the amplifier case. 

The amplifier case, which forms the main 
body or handle of the microphone, is polished 
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at the keying ridge in the plug and socket 
centre. A small notch must be filed out of the 
microphone plug to allow it to be pushed fully 
home into the socket. 

When soldering the copper gauze to the case, 
some care is needed not to run solder beyond 
the area covered by the stiffening strip. The 
stiffening strip should be kept as narrow as 
possible to minimise its effect on the polar and 
frequency response of the capsule. A fairly 
thin and open gauze should be used for the 
same reasons. To be continued 
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Control room lighting, sound and cino. Studio model seen from south-west, showing partly excavated pit, some 
seating units, control room and workshop doors. 

Uiealresaund 

EACH issue of Studio Sound, besides many 
other interesting technical articles, has 

shown some examples of commercial recording 
studios. We hope it will interest readers to 
know how somewhat similar equipment is used 
and has been derived for a rather different 
purpose. 

The Theatre Studio is 25 m square and 8 m 
high. In the centre of this space is a pit 16 m 
square and 2 m deep. There is a great deal of 
flexible furniture which, in conjunction with the 
pit, allows a wide variety of different stages to 
be simulated: Elizabethan, open stage, in the 
round, or what have you. Many other 
performer-audience activities can be accom- 
modated with ease. We have had chamber 
music, jazz and lecture shapes, and also use it 
as a TV studio. We are staging an opera early 
in 1971. The building resembles a large TV 
studio, except we prefer to build theatres not 
sets. 

The original University requirements stated 
that the studio was to be equipped with versatile 
stage lighting, projection and sound equipment. 
A Strand Electric lighting system has been 
installed: 100-way luminous preset console, a 
20-way portable preset desk, thyristor dimmers 
and all the associated spots, etc. There is a 
100-way patch system on the small desk to 
control any of the 100 thyristor dimmers. 

Projection consists of two Bell & Howell 
16 mm cine units, two 4 kW and two 2 kW still 
projectors, and a 35 mm Pradovit with bleep 
track gear. The sound and lighting systems are 
distributed to a flexible "walk round' accessi- 
bility ceiling structure, including eight easily 

movable gantries, each of which can carry six 
people or the equivalent weight of equipment. 
Virtually any piece of lighting or sound gear 
can be placed anywhere at ceiling or floor level, 
quickly and easily. 

The control room is situated on the north 
wall and contains the lighting control, some 
projection equipment, sound gear, sound 
library, film editing and office space. The sound 
desk is a mirror image of the master lighting 
console and is placed in full view and to one 
side of a large studio window space. The 
auxiliary gear tape decks, film projectors, radio, 
gram and small line amplifier rack are all on 
trollies. 

Theatre sound varies in a number of ways 
from broadcast, film and recording studio 
practice, in that preparing cue tapes and playing 
them back are two quite different conditions. 
This is the sort of variation one can expect: 

Preparing the cue tape: Recording from any 
source via the mixer into as many stereo or 
mono tapes as the show demands. This can 
involve complicated mixing from mikes, tape 
loops, grams, and auxiliary electronic gear. 
The basics thus produced need to be mani- 
pulated, adding echo, edited and re-edited; 
one may even need to build up electronic 
music. Each channel must be able to accept 
and process all types of input, routeing these 
mixtures to suitable groups for recording. 
Some theatre sound manufacturers have a 
habit of locking specific inputs to tape, mikes 
or gram, which can make things difficult 
when building an elaborate sound script. It 
is preferable to record from prefade outputs 
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(not always possible or thought of) in order 
to obtain the optimum monitoring level 
without affecting the recording level, besides 
the other advantages prefade offers. 
Playback for the show: Having built up the 
tape, the playback involves a complete 
repatch of all the channels to new conditions. 
It is sensible to use only tape or live mike at 
this stage, use of grams live during a show 
invites trouble. Even in the most economical 
systems basic common sense must be the 
rule, otherwise the operator spends his time 
fighting the gear instead of playing the show. 

The mixer was custom-built by Calan Electron- 
ics Ltd. Colin Watson, the managing director, 
worked with us on the requirements and 
applied his excellent recording studio design 
techniques to the problems we posed. Our part 
of the design lay in supplying practical experi- 
ence with the various types of equipment found 
in theatres, the snags we have found when 
trying to build up a sound plot, and the things 
we felt it desirable to aim for. The writer's 
experience when working on the design layout 
for sound gear in the Liverpool Playh ousc and 
other systems was a useful background. There 
was also the question of quality. As with 
Liverpool, we decided to move above PA 
standards. 

Eight channel 
This mixer is an eight channel, three group 

solid state unit. All channel, echo and master 
faders are EMT flat units, seen in quite a 
number of Continental theatres. 

Each channel can accept mikes at 50 and 200 
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General view ol mixer. View of main theatre studio from south-east. 

Ivor Dykes 

outlines the development of Lancaster 

University's Nuffield Theatre Studio 

ohms and has a full range of pre-attenuation. 
They can also accept line signals at 0 dBm and 
-|-8 dBm (with the exception of tape and film, 
the auxiliary gear is brought up to this level by 
means of external line amplifiers). Any channel 
fader can remote start any of the tape decks at 
-70 dBm virtually instantaneously. The 
channels also have access to the line up tone 
oscillator at A 440 Hz. This we changed from 
1 kHz as being less annoying during line up and 
useful as an audience warning tone. Active 
bass and treble controls, and a ± 10 dB presence 
control operating at 2, 3, 5, 8 kHz. An echo 
send pot completes each channel processor 
unit. 

The master routeing matrix control is done 
by means of three self-illuminated colour coded 
pushes per channel. By means of these the 
channel can be off, switched to any of the three 
masters, to any two, or to all three together. 
The coding is A amber, B red and C green for 
ABC masters. One can see at a glance which 
channel is linked to any master even in dim 
operating conditions. 

Three double-spring line reverb units built 
into the desk are controlled by AB and C group 
send pots and EMT echo slider returns. A 
special push adjacent to C echo return allows 
summation of A and B clean feed signals and 
feeds it through C echo return to C master. The 
ambiophony thus produced has been found 
quite useful. A VU meter which can be 
switched to any of the three echo returns 
completes the echo section. 

Each master feeds a Quad 50 W amplifier 
built into the desk. These three outputs are 

then fed to the output matrix, again self 
illuminated colour coded pushes; three in each 
of ten groups connect the amplifiers on 100 V 
line to the speakers. One of the surprises Colin 
Watson gave us was a preset arrangement for 
this matrix; if a second push is operated in any 
group the push will stay down but not light up. 
Pressing the lit button will transfer a speaker to 
a new master. This can be done with any of 
the ten groups, a type of one-cue-ahead facility. 
Visual monitoring is by means of a VU meter 
per master, with an added trick whereby one 
can read the internal signal level or, by means 
of a pad to the main amplifier, the output 
power. 

Dual monitoring 
A dual monitoring system is used—speakers 

and phones. For the speakers there are three 
pushes per master: off, internal output, and 
external amplifier. By this means the direct 
output of the desk can be monitored or that 
speaker can be connected to an external mike 
and amplifier to monitor the show directly 
from the auditorium. 

For the phone monitors there are dual jacks 
on the side of the desk with four pushes and a 
level pot for each ear. Three of the buttons are 
colour coded and route any selection of masters 
to that particular ear. The fourth button 
decides if the monitoring shall be pre or post 
fade. This system is remarkably useful in a 
recording session. For example, while the 
show is being monitored on speakers for other 
operators in the control room, one can with 
phones check the masters or combinations of 

them on either or both ears, before or while the 
signals are going out. 

The desk itself is built on the module system. 
Quite a number of the modules arc identical 
and interchangeable, with a good deal more 
integrated circuits than single transistors. All 
the matrixing is done with reed switches and 
there are two alternative identical stabilised 
power supply modules. With the exception of 
the patch panel and line amplifier rack for 
radio and gram, everything is inside the quite 
small desk. 

The patch panel is fixed to the wall next to 
the desk and holds all the input and output 
terminations between the desk, the main studio 
and the control room. There are 20 mike and 
20 studio speaker sockets. The mikes run 
through the studio in stereo pairs (some quads) 
in a herringbone distribution, with a useful 
number dropped down the walls to floor level. 
A stereo pair is extended to be available both 
in the control room and in the workshop. The 
loudspeakers occupy the walls and centre at 
ceiling and floor levels. All mike and speaker 
plugs and sockets are Cannon XL. 

The panel also contains clean-feed/recording- 
take-off prefade jacks. There are dual jacks 
per master at 0 dBm, and the phone jacks are 
extended so that we can record in the same 
pattern as the signals that appear on the phone 
monitors. 

This is also the location of the remote starting 
jacks, stereo radio and gram sockets. With the 
exception of the speaker feeds, everything is 
run in twin balanced lines. 
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Your Local Dealer 

LONDON AREA 

AVEN 

196-198 SOUTH EALING RD., 

LONDON, W.5 

Tel: 01-560-0194 

AND 

8 SUNBURY CROSS CENTRE 

8UNBDRY-0N-THAMES 

MIDDLESEX 

Tel: Sunbury 88963 

l-FI LTD 

Stockists for all the leading makes of Tape 
Equipment 207 EDGWARE ROAD, W,2. 7V/. 01-723 3271 

33 TOTTENHAM CT. RD. W1P 9RB 
Tel. 01-636 2605 109 FLEET STREET. E.C.4 TV/. 01-353 5812 

152/3 FLEET STREET, E.C.4 TV/. 01-353 2833 HIGH FIDELITY AUDIO CENTRES 
42-46 TOTTENHAM CT. RD. WIP 9RD 

Tel. 01-580 2573 118 EDGWARE ROAD. W.2 Tel. 01 -723 9789 
MAIL ORDERS AND CORRESPONDENCE TO: 
3-15 CAVELL ST., LONDON El 2BN 

Tel. 01-790 4821 

TAPE RECORDER HI-FI CENTRE 
  (SHEEN) LTD   
SPECIALISTS IN TAPE RECORDERS, ACCESSORIES. 

Hl-fl EQUIPMENT 
YOUR CENTRE FOR FRIENDLY HELP. SALES AND 

SERVICE 
3 4 4 STATION PARADE, Open until 8 p.m. on Fridays 
SHEEN LANE. SHEEN, PROSPECT 0985 
LONDON, S.W. 14 Opposite Mortloke Station. S.R. 

CHESHIRE 
the hi-fi & Tape Recorder Centre . . . 
Main BANG & OLUFSEN dealer—SONY centre. 
Also Ferrograph, Tandberg, Revox, Akai, Sanyo, 
National, Tcletunken, Grundig, Uhcr, Philips. Also 
every other good make.  
J Expert staff 0 Advice 0 Part exchange 

Home Dems 0 Comparator Dcms # Car 
park 0 New hi-fi Studio # Best range in Che 
North 0 Many used bargains  
the hi-fi Centre . . . 

GREEN LANE. WILMSLOW, CHESHIRE 
for personal attention ring Wilmslow 22112 or 24766 and 
ask for Mr. Bird or write or call for free INTROOUCTORT 
VOUCHER. Closed Wednesday I p.m. 

DEVON 

THE SOUTH WEST 

Tom Molland Ltd. 
Invite you to visit their well-equipped 
Demonstration Theatre and compare all 
the leading makes of Hi-Fi and Tape 

Equipment at 
110 CORNWALL STREET,PLYMOUTH 

Telephone 69285 
Immediate delivery to ALL Areas 

Your Local Dealer 

HAMPSHIRE 

High Fidelity 
Specialists 

HaMiilfon f(ufanu'cs 

Hamilton Cloctiomcs|Souttampton)Ltd. 
35 London Road. Southampton Phone 28622 3Lines 

FORRESTER'S 

NATIONAL RADIO 
SUPPLIES LTD. 

70-72 HOLDENHURST ROAD 
BOURNEMOUTH HANTS 

Largest hi-fi and radio component 
store in the south Tel: 23232 

HERTFORDSHIRE 

WATFORD 
High Fidelity Centre 

at RADIOLUX Ltd. 
36 WOODLANDS PARADE, HIGH ST. 

WATFORD (opposite the pond) 
WATFORD 29734, 41029 

IFIVS GOOD — WE STOCK /T ! 
Demonstrations in our Stereo Theatre. Also home 

demonstrations with no obligation. 

LANCASHIRE 

BOLT ON 

H.O.KIRH 

Specialists in 
High Fidelity Sound 

203 St. George's Road 
Phone 23093 I>^1 

BOLTON 

THE STEREO CENTRE 

Recorders of Excellence 
Tandberg Professional Agent 

CONSULT GEORGE WEST —TAPE SPECIALIST 
HFOA MEMBER • CAR PARK AT REAR • CLOSED TUESDAY 

J. SMITH & SON 
184 THE ROCK, BURY. 061.764-1242 

ST. HELENS' 

Harold Stott Ltd 
Audio Engineers 

Stockists of all leading makes of Hi-Fi Equipment. 
Appointed sole agentsfor: Revox, KEF. B & O. Quad, 
Sanyo, Sony. Sansui, Oynacron, Hacker, Tandberg. 
Armstroog, B. & W., etc., etc. 

THEATRESOUND CONTINUED 

We chose Revox -477 tape unils less main 
amplifiers. One reason for this choice was the 
servo system fitted; certainly for our purpose 
this speed stability is essential. A number of 
theatres use a British made semi-professional 
machine which, although solid and reliable, 
does not have this mechanism. Tape speed 
instability recently led to embarrassing 
moments for a West End show. The other 
snag with this British machine is that a musk 
tape master often cannot be played back on 
other available machines without frequency 
shift. 

The Swiss machines cover our needs well. 
Obviously if we had more money we would 
have got something even belter, but there are 
limitations. We can get 'full track" operation, 
there are plenty of tricks and an alternative 
type of echo. The fast (and remote) start 
facilities are a boon. With three machines over 
the past two and a half years we have had 
about six faults serviced by ourselves and only 
had to return one module to Messrs Hammond. 

Up to date for gram we have used a Deram 
cartridge on a Lenco variable speed motor (very 
useful). Assembling a show tape presents the 
pick up with a lot of tough work. For one cue 
tape the number of lifts and drops can be quite 
high and accidents could be very expensive 
with a delicate cartridge. We are about to 
instal a good magnetic head for transcription 
work. 

The range of speakers we use comprises four 
Tannoy Monitor Golds in York cabinets, tapped 
at 25 W, four Wharfcdale RS12DD chassis in 
two 56 litre (2 cubic feet) reflex cabinets, and 
two Super Unions, mainly for control room 
use, though we are thinking of Tannoys for 
this location. The black sheep are two column 
speakers which don't compare at all with the 
other units. 

Our mike situation is not yet up to full 
strength. There are four AKG 202, an STC 
4038 and an AKG lavalier. We would like a 
pair of capacitors (or two pairs) and possibly 
another pair of 202 (highly regarded). Money 
is a problem. 

Long term planning 
For the type of work we are doing and hope 

to do, the gear is panning out well, despite the 
odd worry. In many ways we feel this is due 
to the opportunity we had for long term plan- 
ning. The director, Kenneth Parrolt, and the 
writer spent a great deal of time thinking of 
different approaches. We had difficulty in 
finding an organisation which would build 
what we wanted, when we wanted it and at the 
required quality. There were many sessions 
with Colin Watson in discussing ideas; we had 
to find commonsense ways to simplify the quite 
complicated things we needed. There was not 
the money a broadcast or other big company 
would have; we had to save money by buying 
piecemeal auxiliary gear at as near trade prices 
as possible. By this means we reckon to have 
saved about £1000, which helped with the 
costly item; the desk. 

Artistically the gear is easy to handle con- 
sidering its complexity and the sound is very 
good. A number of touring professional 
companies have used it 'first time' easily and 
well. 
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Figs 1 and 2, circuit diagram and preset 
controls guide, fell foul of the 
postal strike and will be 
published next month. 

FOR quite a long time now I have had 
requests to do a servicing article on Uher 

models. A lot of information has been amassed 
with that end in view. 

The circuit of the 4000L differs from its pre- 
decessors in three main ways: first, the use of 
silicon low-noise transistors in the input stage; 
second, in the use of a transformerless output 
stage and third, most important, in the use of 
an electronically controlled motor. 

If you want to read about the earlier models, 
and catch up with review and field test opinions 
on this one, I suggest you turn to the September 
1962, May 1963 and November 1966 issues of 
Tape Recorder, where Messrs Tutchings and 
Kirk had a lot of cogent comments to make. 
These repay a close study. I intend to refer to 
both from time to time. 

One of the things apparent from a study of 
the circuit is that it is not startlingly avantgarde. 
You may get even more of a shock if you look 
at the circuit of a Nagra. The point seems to be 
tliat with careful overall design it is possible to 
turn out a product of exceptionally good per- 
formance. Getting at the circuit is not an ardu- 
ous task. The lower cover comes away simply, 
a protector panel can be undipped from its 
press studs and then the main printed circuit 
board can be swung to a 90'' position for initial 
tests. Replacing some of the parts may be a 
little more difficult and it is ironical that much 
of the fault-proving testing—until one is fami- 
liar with the harness runs—lies beneath the 
tangle of wires and in the multiplicity of joints. 

One or two precautions have to be taken 
when testing for faults. The most fundamental 
of these is to use the positive connection of the 
battery terminals as the earth line, and not the 
chassis. Take another look at the circuit, locate 
C12, and you can see why. In a confined space, 
with a compact layout encompassed with metal 
work, the screening effect could well give way 
to a noise-producing system if random earth 
points were made, so the principle is to make a 
common line return and bond this, for audio 
signals, to chassis. 

TV sound detection 
This leads to one possible fault—the old one 

of detected TV signals when in the vicinity of a 
transmitter. The cure may be to bypass C12 
with a 0.001 pF polyester capacitor. In addition 
one could fit a 1 K resistor in the base line of 
the input transistor, between the R7/R13 junc- 
tion and the base itself. Physically, this com- 
ponent should be mounted at the end of the 
print lug where the base wire is inserted, enter- 
ing the hole from which the wire is removed, 
this wire then being taken to the upper end of 
the vertically mounted resistor. 

When testing the 4000, it is vital to start with 
the record level indication setting. So many other 
adjustments depend on this, and an error here 
can be cumulative. To set up, first feed a 1 kHz 
signal to pins 1 and 2 of the radio input socket 
at 10 mV, and read off 1.4 V (using WM or 
similar high-Z instrument) at pins 3 and 2 of 
the accessories socket. This is the six-pin DIN 

» 

» 

III 

By H. W. He!Iyer 

socket marked with a triangle on the cabinet. 
The Uher is switched to record and the selector 
to radio. To get this output, adjust the record- 
ing level control and leave it set. Then set the 
meter preset RII for a zero dB reading on the 
VU meter. RU is situated on the reverse of the 
PC panel adjacent to the 'U' of the legend 
'Uher'. 

After this, with zero dB as reference, the 
necessary input for frequency response 

v- 

measurement can be judged. This should be 
20 dB below full modulation level; one tenth 
below the input level needed to get a 0 dB 
indication. The sensitivity figures at the radio 
socket are from 1 to 100 mV but the actual 
figure will be nearer 20 raV in most cases. 

The remote pause is a relay short-circuited 
to ground, completing activating circuit, by 
pins 4 and 3 of the auxiliaries and microphone 
sockets. 
Power (witch 

The 4000L is only complicated in the way 
its switching sequence is laid out. Both Alec 
Tutchings and David Kirk had cause to com- 
plain about the separation of power-off switch 
from the mode selector. This necessity to 
neutralise the speed selector has caught out 
many a 4000 user. The switch is K8 on the 
circuit diagram, from the negative pole of the 
battery, through switch K10 (which is part of 
the auxiliaries socket and will be closed until a 
plug is inserted in this socket), from the centre 
pin of that socket and to the 6 V power line of 
the recorder. Note that there is a 7 V zener 
diode across this line. Actually, the limit volt- 
ages are 7.3 to 7.7 V so there is no worry about 
dragging the power line down until the switch 
on the socket fails. 

Unfortunately, this has happened a few 
times, and if some handy chap does the usual 
'emergency' trick of shorting the end contacts, 
using the 4000 on external supplies may well 
result in the zener diode suffering. It is tucked 
away awkwardly in the front left comer, be- 
neath some congested harness wiring. The 
action is by a lug being pushed aside when the 
plug is inserted to the remote socket (the one 
marked with the triangle). This movement 
is supposed to be no more than 500 pm, which 
is pretty small, so there is little room for adjust- 
ment. But there is some adjustment. The switch 
blade assembly is on a bracket which has slot- 
ted feet and to get at it one needs to slacken off 
the loudspeaker socket. Another switch that 
can lead to bother is the little joker hidden in 
the battery compartment. The idea of this one 
is to accept the charger via pin five of the six- 
pin socket but only when the rechargeable 
storage battery is inserted. The position of the 
plunger is cunningly arranged to respond to 
the flat side of a storage battery but miss the 
rounded sides of ordinary separate cells. 
(Attempts to recharge these can result in a gory 
mess.) The blades of this switch can be adjusted 
by bending the backing pieces—never be temp- 
ted to bend the switch blades themselves. The 
switch is accessible through the top deck, when 
the cover is removed. 

The relay is a double action type. A heavy 
current momentarily flows to attract the arma- 
ture, when a holding contact (a in the circuit) 
opens and puts one section of the winding, in 
series with the other, allowing just enough cur- 
rent to flow to hold the armature in. Now this 
condition obtains when pins three and four of 
the remote socket or two and three of the 
microphone socket are short-circuited. But it 
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Your Tape Dealer 

SURREY 

FARNHAM SURREY 
Stockists of all good Hi-Fi apparatus. ★ Comparativa damonstrations. 

★ W« offer a real after sales service. 
if Easiest of terms 
if No parkinf problems. 

Lloyd & Keyworth Ltd. 
THE RECORD SHOP 

26-27 DOWNING STREET, FARNHAM 
SURREY Telephone : Farnham S5M 

SURREY AND HAMPSHIRE'S Hl-fl SPECIALISTS 

CROYDON'S 
TAPE RECORDER CENTRE 

All loading makes in siook, Hi-Fi equipment, cabi- 
nela, etc. Service aganls for AKAI Tape Recorders 

SPALDING ELECTRICAL LTD., 
352/354 Lower Addiscombe Road, 

CROYDON. 
ADDiscombe 1231/2040 

SUSSEX 

A UNIQUE HI-FI SERVICE 

| BOWGllS WILKI.\S 

Becket Buildings, Uttlchampton Rd. 
WORTHING Tel. 64141 

WARWICKSHIRE 

BIRMINGHAM — SOLIHULL 

For the best In equipment visit 

C.H. (HIGH FIDELITY) LTD 
14-15 Suffolk St.. | 12 Drury Lsne 

Rinawsy, I SOLIHULL 
BIRMINGHAM! BIILT I WARWICKSHIRE 

021-643 2998 | 021-705-7999 
Demonstrations b/ appointment 

GRIFFIN RADIO LTD 
(the high fidelity people) 
Fully comprehensive stocks and 
advisory service for 
Monaural and Stereophonic High Fidelity, 
Radio, Tape and Disc Equipment 

61 BRISTOL STREET 
BIRMINGHAM 5 ralephone MID 1359 

BIRMINGHAM 
TAPE RECORDER CENTRE 

All leading makes 
Demonstrations with pleasure 

VEHICLE & GENERAL HOUSE 
Tel. HURST STREET 
021-622-2323/4 BIRMINGHAM 5 

TAPE RECORDER SERVICE CONTINUED 

is not always noticed and, if the complaint with 
your 4000L is that it runs batteries down 
heavily on record, but not so badly on 
play, ask yourself whether your operating 
technique does not consist of much 'holding' 
with the microphone switch. To make sure, 
monitor the current drawn by the machine. If 
it exceeds 550 mA, look for a relay contact that 
is not opening efficiently. Look for a possible 
leakage through C39—although I confess to 
never having had this one, despite several relay 
faults. 

gives us this clearance when the pause key is 
operated. 

The line-up controls are quite accessible and 
the least we can do is explain what each of 
these preset resistors is supposed to do. Rll 
we have already dealt with. Closely associated 
with this one is R20, which sets the battery life 
indication for the meter, brought into circuit 
when the recording level control is pulled and 
held. With a 4.8 V supply, the meter should 
read zero dB, i.e., about 80% of full scale 
deflection. 

R19 is the negative feedback adjustment of 
the input stages, and needs setting only if a 
head or preamp transistor has been chanjed. 
Adjustment depends first on the recording level 
setting being correct, and an undistorted sine- 

Internal view 
of Uher portable 
showing hinged 
circuit board 
and battery 
compartment. 

y*. 

I 
C 

The usual trouble is contact points, and a 
clearance of 100 nm is required. Again, the only 
adjustment is the bending of the backing strips. 
I have never found this operation to be entirely 
satisfactory and avoid it wherever possible. 
We had a great deal of this to do on older 
Grundig recorders and used always to carry a 
stock of spare 'spring sets', finding this more 
economic than attempting to undo the 'bend 
and twist' efforts of our predecessors. 

It is necessary to ensure that the pressure 
roller pull is right and the clearance adequate 
with the pause key depressed. An adjust- 
ment at the right-hand end of the roller arm 

wave being read off at the line out socket (pin 
three of the five-pin 180° DIN socket). If this 
is in order, Rll can be set for replay of the I 
kHz recording to give 1 V at the same point, 
undistorted. Remember that the monitor signal 
was 1.4 V—don't try to adjust for the same, 
or you may end with some queer HF wave- 
forms. This is one of the factors we shall have 
to leave until next month, along with the motor 
control, speed adjustment and the output stage 
setting. My own experience has been that the 
mechanics of this model give far more trouble 
than its quite modest circuitry, and a closer 
look is certainly merited. 

Function 
INPUTS 
Microphone 

Radio 
Phono 

Impedance 

2K 

47 K 
I M 

Sensitivity 

0.1 mV-20 mV 

1 mV-100 mV 
40 mV-t V 

Pins Plug 

3/2 5-pin DIN 180° 
(Mic) 

1/2 5-pin DIN 180° 
3/2 5-pin DIN 180° 

OUTPUTS 
Line 15 K 1 V 

Loudspeaker 4 ohms 2 V 
Headphone 75 or 400 ohms — 

3/2 5-pin DIN 180° 
(switched/Play) 

1/2 2-pole DIN L/S 
L/S socket 

AUXILIARIES 
Power supply 5 x 1.5 V HP2 or equivalent, or 

Z2JI Dryfit storage battery, or 
Z114 mains-operated power unit, or 
K7I1 6 and 12 volts car adapter cable and 
K712 24 volts car adapter cable 
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equipment reviews 

GRUNDIG TK3200 
BATTERY PORTABLE 
MANUFACTURER'S SPECIFICATION (19 

cm/s.) Half-track mono battery tape recorder 
operatino at 19,9.5 and 4,75 cm/s. Power require- 
ment: Six HPJ2 cells or equivalent; accumulators 
or external 9 V mains unit (Type TN12AIN14), 
Wow and flutter: 0.1%. Signal-to-noise ratio: 
50 dB. Frequency range: 40 Hz to 16 kHz. Auto- 
malic and manual gain control. Inputs; 220 |xV to 
22 mV at 10 K (microphone and radio/diode). 
Outputs: 500 mV at 15 K and 2 W at 4 ohms. 
Spool capacity: 14.5 cm. Dimensions: 310 x 
240 x 45 mm. Weight: 5.5 kg. Price: £178.15. 
Distributor: Grundig (GB) Ltd, London SE26. 

I WAS most surprised to find that the Grun- 
dig TK3200 is sold in i-track mono form 

only, which immediately removes it from the 
professional field for most applications. While 
the BBC frequently use 9.5 cm/s -t-lrack heads 
because of the difficulty of azimuthing, most 
professional reportage involves full-track heads 
and 19 cm/s. Grundig make provision on the 
recorder for using spools of 14.5 cm diameter 
which would allow a continuous recording 
time of three hours at the slowest speed if DP 
tape were used. This assumes that the machine 
is capable of operating for that period without 
slowing down. Unfortunately the power con- 
sumed by the motor and electronics appears to 
be rather high and the batteries ran down 
quickly, although the speed constancy was 
extremely good until the volts started to fall. 
I would therefore consider accumulator cells 
imperative though they were not supplied for 
review. I cannot say what the life of these would 
be. The machine's size and weight, in my opin- 
ion, make it a little impractical to carry around 
all day long for market research, its weight 
being approximately 50% greater than the 
Uher 4200. The machine can be carried with a 
handle of the type used on the Uher, and a 
carrying case with shoulder strap is available. 

The TK2200 is very nice to handle and mech- 
anically quite superb with wow and flutter 
figures measuring, to a peak weighted DIN 
specification, 0.08% at 19 cm/s and 0.13% at 
9.5 cm/s. The figure for 9.5 is the same as that 
of the Uher at 19 cm/s. The tape guide arran- 
gements too are well engineered, and the spool 
clamps very neat. The recorder has a built in 
speaker with a monitor amplifier including bass 
and treble tone controls. The amplifier output 
was checked and found to be considerably 
below specification when used with batteries: 
approximately 500 mW. 

Despite the fact that the manufacturers 
recommend the use of batteries, they clearly 
stale that accumulators are available and it was 
rather a mystery that these were not sent for 
review. Ordinary batteries seemed to polarise 
with a continuous high load from the motor, 
which incidentally uses 12 transistors and seven 
diodes in its regulator circuit. Speed accuracy 
of the motor even on batteries was astonishing 
being within .2% of nominal with brand new 
batteries. After replaying continuously for 

1 
1 

approximately IJ hours at 19 cm/s, the speed 
began to drop very fast. After resting for one 
hour the machine assumed normal operating 
speed, but again lost speed towards the middle 
of the reel. A day later, on the same batteries, 
the machine came up to speed, losing speed 
again about a third the way through a reel of 
tape. Not only was the speed accuracy at 19 
cm/s exceptional, it was maintained at the two 
slower speeds being, within .2%, by far the 
highest accuracy of any portable machine I 
have ever used. 

The performance of the electronics is excel- 
lent in some ways and very poor in others. It is 
a mystery why more trouble was not taken in 
the design of the replay circuits to give a flatter 
response. On replaying a NAB 19 cm/s test 
tape, the response had a shelf down of 3 dB 
below 60 Hz with 125 Hz 1.25 dB down with 
reference to I kHz. The HF response also 
showed a shelf drop of 3 dB above 10 kHz. 1 
had the impression that the time constant on 
replay was nearer 35 pS than the 50 pS it 
should be. The bass loss is inexcusable since the 
NAB curve already has a 3 dB cut at 50 Hz. 
The irregularities of the response however are 
not the only snags with the replay amplifier. 
At first I could not believe the extremely bad 
32 mM/mm replay signal-to-noise reading, 
this ratio being only 36 dB when measured flat 
from 5 Hz to 100 kHz. Applying an 18 dB per 
octave bass cut below 20 Hz increased the 
signal-to-noise ratio to 45 dB. Such appalling 
rumble and flicker noise could seriously harm 
some low power bass woofers if the replay gain 
of an external amplifier were turned up. At 9.5 
cm/s the bass response showed a distinct fall 
of approximately 3 dB below the correct curve, 
and similarly the high frequency end showed a 
step down of approximately 3 dB from 6 kHz 
to 14 kHz. Dare I suggest that these irregulari- 
ties of response might have been an attempt to 
remove some of the rumble that could other- 
wise have been worse? Bearing in mind that 
Uher manage to obtain considerably better 
results with very simple but effective circuitry, 
I cannot see why Grundig could not do like- 
wise. 

On the record side the story is very different. 
The record response at 19 cm/s is very good, 
being within +1 dB of the NAB curve when 
a recorded tape is played back on a studio 

machine, with the exception of a 2 dB boost in 
the region of 60 Hz. 16 kHz was 1 dB 
down. The overall response at 9.5 cm/s fol- 
lows a similar pattern with a 2 dB boost at 60 
Hz and a top roll-off of 3 dB at 15 kHz, which 
could have been corrected by slightly adjusting 
the bias. At 4.8 cm/s the overall response was 
approximately 3 dB down at 6 kHz and 10 dB 
down at 8 kHz. 

The record amplifier has the facility of 
switching in a compressor with suitable time 
constants for both music and speech. Alter- 
natively the control can be left out and the 
recording volume control set to give a correct 
recording level on to the tape. In both cases a 
moving-coil meter with an edgewise movement 
monitors the recorded level. The accuracy of 
the meter sensitivity was checked and found to 
be inconsistent with a setting that would allow 
the average user to record the correct peak level 
on the tape, full scale deflection being +2 dB, 
this being equivalent to 2 dB above 32 mM/mm, 
In my opinion the sensitivity of the meter 
should be increased by approximately 4 dB 
with zero on the meter as equivalent to NAB 
level, i.e. 4 dB below 32 mM/mm. The com- 
pressor worked very well, reducing shouting to 
a reasonable level whilst at the same time 
bringing up quiet speech. This would make the 
recorder particularly suitable for market 
research work and the recording of conferences, 
if only other considerations did not condemn 
it. The Grundig hand mike supplied was of 
good quality and incorporated a switch 
remotely controlling the tape transport, stop- 
ping and starting it by relays, which were very 
effective. Although the machine is supplied 
with a number of input and output sockets, for 
some odd reason it is impossible to use the line 
out socket (which precedes the replay gain con- 
trol) whilst the machine is recording. This 
makes it rather difficult to azimuth the heads 
and to carry out frequency response measure- 
ments whilst the machine is recording. It also 
of course means that it is impossible to set the 
bias accurately unless one puts a meter on the 
loudspeaker output of the machine. The 
response of this output is dependent upon the 
position of the bass and treble tone controls, 
thus making it unsuitable for measuring 
response at all. 

The reader may wonder why I have left out 
a more detailed description of the machine. 
The reason is I cannot really recommend that 
the TK3200 be seriously considered for use in 
the UK since the price, even if the design faults 
are rectified, is much too high for the facilities 
offered. For the price asked I would expect 
accumulator cells to be included, plus a charger 
and carrying case, in addition to a far more 
satisfactory performance. The real professional 
will obviously want to spend more and buy 
a Nagra or Stellavox. The semi-professional 
should find the mono or stereo Uher easier to 
handle and the keen amateur would hardly be 
likely to spend £180for a i-trackmono machine. 

(continued overleaf) 
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Your Local Dealer 

SCOTLAND 
 GLASGOW  

Scotland's Leading Tape Recorder, Video and Hi-Fi 
Specialises 

G. H. STEELE LTD. 
Hear true Hi-Fi sound on our 22 speoker comparator 
system. 14 Hi-Fi combinations ready for demonstration. 

SONY VIDEO CENTRE 
Agents for: Armstrong. Leak, Fisher, Rogers, Quad. 
B & O. Goldring. Garrard, Thorccs, Connoisseur. 
Goodmans, Wharfcdale, Kef, Ceiescion, Decca. 
Truvox, Philips. Sony. Arena, Revox, Tandberg, 
Brcncll, Ferrograph, Akai, Uher, Grundig. CREDIT TERMS — PART EXCHANGES 
Repairs and Servicing Tel. Douglas 7124 

I <11 St Georges Road, Glasgow 

AN ANNUAL SUBSCRIPTION TO 

COSTS 

4-20 
130 
298 -50 
29-65 
5-15 
37 -60 
18 00 
27-70 
18-00 
179 -84 
3-120 
I -800 
70 -00 
42-96 
171 -37 
4-29 
3S0 
31 -08 
26-00 
5-00 

Australian Dollars 
Austrian Schillings 
Belgian Francs 
Brazilian Cruzeiro 
Canadian Dollars 
Danish Krone 
Dutch Guilders 
French Francs 
German Marks 
Greek Drachma 
Italian Lire 
Japanese Yen 
Mexican Peso 
Norwegian Krone 
Portuguese Escudos 
South African Rand 
Spanish Pesetas 
Swedish Kroner 
Swiss Francs 
U.S. Dollars 

.. . and. in the UK, £1 -80 

Please send STUDIO SOUND for .... 

months, commencing with the    

issue. I enclose remittance  

Name  

Address  

Link House Publications Ltd., 
Dingwall Avenue. Croydon CR9 2TA 

TK3200 REVIEW CONTINUED 

On the other hand, I feel strongly that this 
machine could have tremendous potential if 
the various design points were put right, and 
the machine were J-track stereo. Under these 
circumstances, with its superb mechanical con- 
struction and brilliant engineering, an even 
higher price could be asked. Grundig should 
have carried out some market research before 
bringing out this model which does not seem to 
fit the requirements fully of any particular user. 

I communicated my findings to Grundig 
(Great Britain) and at very short notice they 
brought another machine for me to check. I am 
sorry to say that this had precisely the same 
faults- On further investigation it appeared that 
the extraordinary rumble was not present on 
either machine when used with the mains power 
supply. The batteries were then checked in a 

Uher and were not found defective in any way. 
A 2 500 mF capacitor placed across the bat- 
tery supply failed to make any improvement. 
The current consumption was measured and 
varied between 340 and 550 mA, depending on 
the mode of operation. The bass roll-off on 
replay was explained by the manufacturer's use 
of the wrong bass time constant: 1 500 i'.S 
instead of 3 180 nS, the reason for this being 
quite inexplicable. The treble time constant 
component appeared to be such as to give a 
value half way between NAB and DIN at 19 
cm/s. Since the 19 and 9.5 cm/s replay 
responses were wrong on both samples, it may 
be assumed that a 0.01 |iF capacitor in the time- 
constant network must be of insufficiently high 
tolerance, its value possibly being as low as 
0.007 pF, which would give the values measu- 
red. No tolerance is specified for this component 
in the components list although, in my opinion, 
it should be at least 5 %. Angus McKcnzic 

WHY COINCIDENT MICROPHONES 7 
CONTINUED 

simultaneous recording for both two and four 
channel coincident stereo is perfectly practical. 
All one does is record with four small 
cardioid or hypercardioid microphones whose 
capsules are in close proximity pointing along 
the four axes of a tetrehedron. Simple matrixing 
of the recorded signal will then yield Blumlein 
stereo and, depending on the effect required, 
the four signals may be fed to the four speakers 
either directly or via matrixing. While there 
seems to be no reason no! to include height 
information in the recording, even if it is not 
normally used on playback, a horizontal-only 
recording can easily be made using just three 
coincident cardioids angled at 120° from one 
another with matrixing, and an excellent 
Blumlein stereo can also be obtained by 
matrixing the resultant recording. 

It may well be worth a multitrack engineer's 
while to devote a couple of tracks to a Blumlein 
recording; even if the Blumlein recording is not 
to his taste, its difference signal makes an 
excellent ambience signal, so the tracks are not 
wasted, and it widens the options available. 
As suggested below, having such a recording 
may cater for future public taste, and the 
clincher is that Blumlein recordings may be 
converted to four-channel by a Hafler-type 
matrixing scheme. 

In conclusion, it is my belief that modem 
multimike techniques of recording not only 
damage many of the subtleties that lead to 
profound musical enjoyment, but are actually 
harmful in a purely commercial sense. By 
producing records with a glamorous 'hi-fi' 
sound, one certainly excites the record buying 
public into purchasing the latest recorded 
marvels, at least at first. The trouble is that 
many record collectors seem to lose interest in 
collecting after a while, as the novelty of the 
'hi-fi' is not enough to sustain interest, and the 
remaining effect prevents a full satisfaction and 
involvement with deeper aspects of the music. 
People tend to blame the ennui on to insipid 
musical performances, without realising what 
the recording technique has done to the music. 
Indeed, my own active interest in recording 
coincided with the realisation that many 
performers who 1 had thought grossly super- 
ficial and unmusical on record were in fact 
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subtle and profound; yet their recordings were 
often praised as pinnacles of the art in Hi-Fi 
News and The Gramophone. 

It is often difficult for the active recordist, 
musician, or critic to realise the effect of 
multimike recording techniques on most 
musical but not musicological listeners, as the 
expert's knowledge allows him to compensate 
unconsciously for the musical distortions 
caused by the recording; the listener has no 
such crutch to lean on, and can only revel in the 
gorgeous sound until he eventually grows tired 
of superficialities. It is significant that in the 
USA, where multimike tendencies have gone 
further, a slump has hit the classical recording 
industry, although this has always done 
relatively poorly. One would have thought 
that any audience weaned on to classical 
music would have been 'hooked', and with the 
dearth of live concerts in the USA, would 
have persisted in buying records. That such a 
dramatic slump has occurred indicates some- 
thing profoundly wrong. Perhaps in its 
efforts to 'improve' on reality, the record 
industry is killing off the long-term musical 
interest so necessary for its continued health. 

f'S 

'It's their Idea ol a oimmick' 
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CLASSIFIED 

ADVERTISEMENTS 

Advertisements for this section must be pre-pald. The rate is 4p per word (private), minimum 40p. Box 
Nos. 15p extra. Trade rates 6p per word; minimum 60p, Box Nos. 20d extra. Copy and remittance for 
advertisements In APRIL 1971 Issue must reach these offices by 15th FEBRUARY 1971 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 to 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. 

STUDIO FACILITIES 

EDEN STUDIOS LTD. 
Word's getting around that the Studio chat's having 
great success with its own recorded productions, 
also has a particularly fine pressing and disc cutting service. Please write or phone for leaflet. 
11 EDEN ST., KINGSTON, SURREY 

01-546-5577 

SITUATIONS VACANT 

NEVE ELECTRONIC LABORATORIES LTD. 
A rapidly growing and diversifying company, 
and international leader in the manufacture 
of Professional sound mixing consoles and 
allied equipments for the Broadcasting, 
Television and Music Recording Studios of 
the world, seek a SENIOR TEST ENGINEER 
to take a senior position in our Test Depart- 
ment. He should be capable of accepting 
responsibility for projects during the test 
and studio commissioning stages and should 
be experienced in customer relations. 
Applicants must be of good personality and 
presentation, with the necessary technical 
expertise to carry out assignments com- 
petently. 

A generous salary is offered in accordance 
with age. qualifications and experience. 
Assistance with housing or moving may 
be arranged for a suitable applicant. Apply 
to:— 

The Personnel Manager, 
Neve Electronic Laboratories, 
Cambridge House, 
Melbourn, 
Royston, Herts. 

VACANCIES EXIST 
due to factory expansion for young men with 

ENGINEERING 
experience in the production of domestic and 
industrial ope recorders. Apply to: 

Magnetic Tapes Ltd., Chilton Works, 
Gordon Road, Richmond, Surrey 

Tel. 01-876 7957 

Hi-Fi / Tape Recorder Service Engineer 
required. Teiesonic Ltd. 01-387-7647. 

R. G. Jones Ltd., Wimbledon. S.W.J9. have 
vacancies in their Sound Equipment Hire 
Department for Installation, Operational and 
Maintenance Staff. Applicants must be able 
to drive, have had previous experience with 
audio equipment and live within easy reach of 
the Wimbledon base. Some evening and week- 
end work necessary. Tel. 01 542 4368 for 
appointment. 

SITUATIONS WANTED 

Young man (23) with recording and manage- 
ment experience seeks interesting post in the 
audio field. Resides Kent. Box No. 597 (Kent). 

FOR SALE-PRIVATE 

E.M.I. TR.52/2C Stereo Half Track Recor- 
der, excellent condition, £70. Telephone 01- 
876-5950 evenings.  

Ferrograph Series 6, as new condition, 
original tape, valued by Ferrographs at £80- 
£85. £75 o.n.o. 01-644-5258 evenings and 
weekends.  

Vortexion WVB 5 7i/15 full-track £65. AKG 
D19C mic. £10. Two AKG W24 windshields 
£14. Sunbury-on-Tharaes 87108. 

FOR SALE-TRADE 

If quality matters consult first our 75-page 
illustrated Hi-fi catalogue with technical specifi- 
cations (33p). Members enjoy unbiased 
advisory service, preferential terms. Member- 
ship 38p (7/6). Our associates also manufacture 
records from your own tapes, or record the 
Master at our studios (Stcinway Grand). Bulk 
terms for choirs, fund-raising. Please specify 
requirements. Audio Supply Association, 18 
Blenheim Road, London W.4.  

Building a mixer. Use our plug-in printed 
circuit modules. Want a mixer built—ask us 
for a quote. Write: Rugby Automation 
Consultants, 220 Alwyn Road, Rugby.  

Lancashire. Tandbcrg, 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.  

Bulk Erasers. Will erase up to 8iin. tapes 
including cassettes, £2.13 each, postage 13p. 
Clement Wain Ltd., Newcastle, Staffordshire. 

Copyright Free Sound Effects Discs. 7' E.P's 
and 12* L.P's. Catalogue from Rapid Record- 
ing Services, 21 Bishops Close, London, E.17. 

Microphones, headphones, accessories, dis- 
counts. Write for a quotation. Central 
Scotland Audio, 6a-12a Canal Street, Falkirk, 
Stirlingshire.  

Plug-in Audio Modules of the highest quality, 
at a moderate cost, to build your own mixer or 
tape recorder. Compressor modules available. 
M ixers and tape recorders built to your require- 
ments. Write for details to Apollo Electronics, 
96 Mill Lane, London N.W.6. 
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CASSETTE COPYING 
COMPLETE COPYING SERVICE 

Quotations given for any amount. For 
details contact: 

MOOD PROJECTS LIMITED 
3 Cumberland Walk, Tunbridge Wells, 
Kent. Phone (0892) 29274 

Your tapes to disc. 7in. 45—£1.50, lOin. 
L.P. £3.50, 12in. L.P. £4.00. 4-day postal 
service. Masters and Vinylitc pressings. Top 
professional quality. S.A.E. photo leaflet: 
Deroy Studios, High Bank, Hawk Street, 
Camforth, Lanes. 

J & B Recordings. Tape to disc—latest high 
level disc cutting, all speeds. Mastering press- 
ings, Studio, mobile. 14 Willows Avenue, 
Morden, Surrey. MtTcham 9952. . 

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. 

Pressing Specialists, stereo or mono discs 
manufactured from your own tapes. Mobile 
recording service. North Surrey Recording 
Co., 59 Hillfield Avenue, Morden, Surrey. 

County Recording Service. Send your tape 
for transfer to disc to the people who care 
about quality. Full time disc recording 
engineers, using modern cutting techniques. 
Telephone Bracknell 4935, London Road, 
Binfield, Bracknell, Berkshire.   

Studio Sound Recording Studios. Recording 
and disc transcription service. Latest high-level 
cutting techniques. Mono and stereo records. 
Exceptional quality obtained from amateur 
recordings. Members A.P.R.S., 31-36 Hermi- 
tage Road, Hilchin, Herts. Telephone Hitchin 
4537.   

Graham Clark Records. Tape to disc press- 
ings. P. F. A. House, 182A Station Road, 
Addlestone, Weybridge, Surrey. Tel. Wey- 
bridge 43367.   

In the centre of Birmingham you'll find Zella 
Recording Studios, Custom Record Pressing, 
Mobile Recording Unit. Zella Records (B'ham) 
Ltd., 32 Bristol Street, Birmingham 5. Tel. 
021-622-2684. 

mjb 
^inyl press 
compression 
ortod cucc Jooklct avai 

Pel. Bouino 

recording and 
transcription service 

ngs and acetate demodiscs. Limiting, 
and equalisation facilities; high undit- 

ng levels with feedback cutter heads, 
able. 

10 LOWER ROAD, COOKHAM RISE, 
MAIDENHEAD, BERKS. 

End 22231 Member A.P.R.S. 

MISCELLANEOUS 

Tape Recorder Repairs by Specialists. The 
Tape Recorder Centre, 82 High Holborn, 
London W.C.I. 
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MISCELLANEOUS contd. 

Dictating and Audio Service Ltd., 5 Coptic 
Street, London, W.C.I (near the British 
Museum). Telephone 636-6314/5. Authorised 
Service Agents. Grundig, Philips and other 
leading makes of Tape Recording equipment 
repaired to Manufacturers'standards by skilled 
staff using modern test equipment — audio 
generators, oscilloscopes, audio volt - meters, 
etc.  

Repairs. Our modern service department, 
equipped witli 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- 
turers' standards. Telesonic Ltd., 92 Tottenham 
Court Road, London, W.l. Tel. 01-387-7467. 

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 PAP 5521. 

Highest cash prices for tape recorders. 
9.30-S. Immediate quotations. 01-472-2185 

Cassette Tape Recorder (preferably Sony or 
similar), only deck actually required. Box No. 
595 (Lcics.).  

Plessey CT80 Record / Replay cartridge 
machine in good condition. Keeley, 10 High- 
croft Road, Oadby, Leics. Oadby 2609.  

Violin bow wanted; violin too if not expensive. 
Box No. 596 (East Grinstead).    

KEEP 

IN 
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with 

STUDIO SOUND 

EVERY MONTH 3^- 

Place a regular order 
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take advantage of a 

POST FREE 
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FRANCIS OF STREATHAM 

LONDON'S FOREMOST TANDBERG STOCKISTS 

DECKS WITH PRE-AMPS 
(Microphone extra) 

Akai 8 Tr. Cartridge CR.600 
Akai 4000D Stereo 
Revox 1102/4 
Sanyo 801 3 sp. 4 Tr. Stereo 
Sony 360D 3 sp. 4 Tr. Stereo 
Sony 630D 3 sp. 4 Tr. Stereo 
Sony 252D 2 sp. 4 Tr. Stereo 
Sony 355 3 sp. 4 Tr. Stereo 
Sony 255 Stereo 
Tandberg 3000X 3 sp. 2/4 Tr. Stereo 
Tandberg 6000X 3 sp. 2/4 Tr. Stereo 
Telefunken 205 3 sp. 4 Tr. Stereo 
Telefunken 203 Studio 
Phillips N.4505 3sp. 4 Tr. Stereo 
Philips Pro. 12 2 sp. 2 Tr. Stereo Ferrograph 702/4 

COMPLETE TAPE RECORDERS 
■Kcllar Dolby Cassette 
•Akai mOW Stereo 
•Akai M.9 Stereo 
•Akai 4000 3 sp. 4 Tr. Stereo 
•Brenell Mk. 6 
•Ferrograph 713 
•Ferrograph 722/4 
Grundig 141 4 Tr. Mono 
Grundig TK.12I 2 Tr. Mono 
Grundig 146 4 Tr. Mono Auto. 
Philips 4307 4 Tr. Single Speed Mono 
Philips 4308 2 sp. 4 Tr. Mono 
Philips Stereo 4404 2 sp. 4 Tr. 
Philips Stereo Auto Cassette 2401 
Philips Stereo Cassette 2400 
Philips 4407 3 sp. 4 Tr. Stereo 
•Philips 4408 Prof. 3 sp. 3 Tr. Stereo 
•Revox 1222/4 Stereo 

FOR A FAIR AND DEPENDABLE DEAL IN 

TAPE and lll-FI 
Minimum Deposit and no Interest or Service Charges on H.P. 
up to 18 months. Free Service during Guarantee period 

-fa Fair Part Exchange Allowance on your old Recorder 
fa Reconditioned Recorders available to personal shoppers only 

•Sony 630 4 Tr. 3 sp. Stereo 
Sony 252 4 Tr. 3 sp. Stereo 
"Tandberg 15 2 or 4 Tr./2 sp./Mono 
•Tandberg Series 4000 3 sp. 2/4 Tr. St. 
Telefunken 204 T.S. 
•Telefunken M207 2 sp. 4 Tr. Stereo 
Telefunken 501 4 Tr. 
Telefunken 203 Stereo/Mono 2 sp. 4 Tr. 
Telefunken 201 Mono 4 Tr. 
•Uher 714 4 Tr. Mono 
"Uher Royal de Luxe 4 Tr. 4 sp. St. 
•Uher Varicord 263 Stereo 

BATTERY PORTABLE AND CASSETTE 
Philips N2202 Cassette 
Philips RR392 Cassette/AM FM Radio 
Philips RR290 Cassette/AM Radio 
Tandberg Series 11-2 
Grundig Cassette C.200 
Aiwa Cassette Batt,/Hains 
Philips 2205 Batt./Mains Cassette 
Pyo Cassette 
Sharp 505 2 Tr./2 sp./BM 
Sony TC800 B 
Telefunken 302 4 Tr. 2 sp. Mono 
•Uher -WOOL 4 Tr. 2 sp. Mono •Uher 4200/4400 2/4 Tr. sp. Stereo 
POWER PACKS, by Philips, Stella. 

Telefunken and Uher 

DOLBY CASSETTE RECORDERS 
•Wharfedale 
•Kcllar 

• MICROPHONES by 
AKG, Grampian, Reslo, Acos, Tele- 
funken, Beyer, Sennheiser, etc. 

AMPEX TAPE 
OFFERS 

(P—Poly«st«r: M—Mylar: A—Acetate) 
Compact Cassettes C.6l>—53p; C.90— 75p; C.I20—£1.05; (p/p 3p each). 
7'D.P. 2400 ft. (P)   £150 T L.P. 1800 ft. (P)  £1 05 
SKLsP. 1150 ft. (M)   sap 
5J'L. P. 1150 ft. (A)   75p 
53' Standard 850 ft. (A) ... 63p 
5' D.P. 1200 ft. (P)   88p 
5" L.P. 900 ft. (P)   63p 
5' Standard 400 ft. (P) ... 50p 
3* reel polyoster tape, 600'(P) 2Sp 
Postage on orders under £3 add lOp 
orders over £3 sent post paid UK 
Bib and E.M.I, splicers, Matching 
transformers, Defluxers, Bulk 
Erasers, etc.    
# MIXERS by 
Uher, Eagle, Telefunken, D.i., etc. 
Stands, booms, fittings. 
Prc-rccorded tapes and cassettes, etc. 
Tapes in all grades and lengths, and 
cassettes by leading makers, etc. 
HEADPHONES by AKG, Nikko, 
Philips, Koss, Eagle, TTC, Beyer. 
Musicassectes by Decca, EMI, Poly- 
dor, Philips, etc. ALSO 8 Tr. prc- 
rccorded cartridges. 

HI-FI DEPT. 
# AMPLIFIERS 
Quad, Rogers, Arena, Philips, 
Goodman, Nikko, Leak, 
Armstrong, Tripletone, Tand- 
berg, Teleton. 

# TUNERS 
Quad, Rogers, Leak, Arm- 
strong, Tripletone, Arena, 
Nikko, Goodman, Huldra. 

# LOUDSPEAKERS 
Quad, Rogers, Kef, Wharfe- 
dale, Goodman, Tannoy, 
Lowther, Leak, Tandberg, 
Arena, Celestion, Kelestron. 

, MOTORS, PICKUPS 
GARRARD inc. S.P.25 Mk. III. 
Goldring 
Connoisseur 
Audiotec 
Neat 
Acos 
Dual 

BSR 
Thorcns 
Shure 
Sonotone 
SME 
Pickering 

Ofomond styli, Microlifts, Pressure Gauges, Cleaning Accessories, 
Cabinets, etc. 

• Microphone extra 

169-173 STREATHAM HIGH ROAD, LONDON, S.W.I6 
Between St. fftnanTt Church 01-769 0466 ' 01-769 0192 

and Streatham Station 
Please note this is our only address. Free parking Prentis Road, 2 min. away 

OPEN ALL DAY SATURDAY—CLOSED ALL DAY WEDNESDAY 
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Hi-Fi DISCOUNT WAREHOUSES 
• All items offered are brand new, latest models in manufac- 
turers' sealed cartons. Fully guaranteed with after-sales service. 
• Over 1000 items in stock.Complete Freepriceliston request 

xoimrr roMer (Mr 

Open Daily to the public from 9 a.m. Closed Tuesday 1 p.m. 
ft/ion. & Sat. 5-30 p.m. Open until 8 p.m. Wednesday, Thursday & Friday. 

/tec. Retail 
Price 

Comet 
Price STEREO AMPLIFIERS 

ARMSTRONG 521   56 00 -M-SO •DULCI207   25 00 17 00 
DULCI207M   30 00 21 00 
FERROGRAPH F307   59 00 -W-OO 
GOODMANS Maxamp   54-00 38-00 
LEAK Stereo 30 Plus  56-50 44-7S 
LEAK Stereo 30 Plus, in teak catc ... 62-50 49-50 
LEAK Stereo 70   69 00 55-00 
LEAK Stereo 70, in teak case ... 75 00 59-50 
•LINEAR LT 66   21-00 17-00 
METROSOUND ST20   36-00 28 00 PHILIPS RH 591   76-75 59-00 
PHILIPS RH 590   51-75 39-50 
PHILIPS RH 580   28 00 22-00 
PIONEER SASOO   62-10 43 00 
PIONEER SA700   98-00 70-00 
PIONEER SA900   134-10 97 00 
PIONEER Reverberation   45-50 33 00 
ROGERS Ravensbourne   59-50 47-00 ROGERS Ravensbourne (cased) ... 64-00 50-00 
ROGERS Ravensbrook Mk. II  47-50 38 00 ROGERS Ravensbrook (cased) Mk. II 52-50 42-00 
SINCLAIR 2000   30-45 23 00 
SINCLAIR PROIECT 60/2 x Z30/PZ5 23.90 17 00 
SINCLAIR PROJECT 60/2 x Z50/P28/ 

trans  32-88 23-50 
SINCLAIR Neoteric   61-95 46 00 SINCLAIR 3000   45-00 36 00 
TELETON 203E  28-75 20-00 
TELETON GA 101 30w RMS  37-50 28-50 VOLTEX 100 w. Stereo Discotheque, 

eight electronically mixed inputs ... 185-00 139-00 
Starred items above take ceramic cartridges only All 
others take both ceramic and magnetic cartridges. 
TUNERS 
•ARMSTRONG 523 AM/FM ... 
•ARMSTRONG 524 FM 
ARMSTRONG M8 Decoder ... •DULCI FMT. 7 FM   
DULCI FMT. 7S Stereo 
GOODMANS Stereomax ... 
LEAK Stereofetic Chassis 
LEAK Stereofetic in teak case 
PHILIPS RH 690   
PHILIPS RH 691   
PIONEER TXSOO AM/FM 
PIONEER TX900 AM/FM ROGERS Ravensbourne 
ROGERS Ravensbrook 
ROGERS Ravensbrook (cased) 
•SINCLAIR 2000   
SINCLAIR Project 60  
TELETON GT 101   
TELETON 20IX FM   

53-76 
41-89 
9-50 22-05 

31-00 
82-52 
66-50 
72-50 
44-50 89-00 
77-94 

153-69 61-89 
45-01 
51 -26 
26-73 
25-00 
45-50 
36-00 

45-00 
35-00 

8 00 
18-00 
25 25 
49-95 
52 00 
59 00 
35 50 
75-50 
64 00 

125-00 
50 00 
40 00 
43-00 19-25 
21 00 
34-00 
30-00 

All above Toners are complete with MPX Stereo Decoder 
except where starred. 

TUNER/AMPLIFIERS 
AKAI 6600   ... 142 53 112 00 ARENA R500   ... 82-00 67-00 ARENA 2400   ... 90-30 72 00 ARENA 2600 Stereo AM/FM ... ... Ill-30 94-00 ARENA 2700   ... 105-00 85 00 ARENA TIS00F  ... 72-45 60 00 ARENA T9000   ... 303-45 258-00 ARMSTRONG M8 Decoder ... 9-50 8-00 ARMSTRONG 525   ... 91 89 77-00 ARMSTRONG 526   ... 104-71 87-00 GOODMANS 3000   ... 77-73 53-00 •PHILIPS RH 781   ... 74-98 55 00 PHILIPS RH 790   ... 135 00 109 00 PIONEER KX330 AM/FM/SW ... 78-62 63 00 PIONEER SX770 AM/FM ... 160-43 126 00 PIONEER SX990 AM/FM ... 194-74 ISO 00 •TELETON F2000   ... 51-50 32 00 TELETON 7 AT 20   ... 105 00 80 00 

COMET for 
after-sales 
service 
Throughout the U.K. 

Service Depots 
at Leeds, Goole, 
Wakefield, 
Doncaster, 
Hull and 
Bridlington 

Rec. Retail Comet 
TELETON I0ATI I50w. RMS... 
TELETON TFSS0   
•TELETON R.8000 with Speakers 
TELETON CR55   
WHARFEDALE 100.1  

Price 
160 00 
75-50 
63-25 

120-00 
131-25 

Price 
109 00 
56 00 
50 00 
95-00 

105 00 
Starred items above take ceramic cartridges only. AM 
others take both ceramic and magnetic cartridges. 
All the above Tuners and Tuner/Amplifiers include 
MPX Stereo Decoder with the exception of Armstrong 
whore decoder is extra as listed. 

PICKUP ARMS 
COLORING Lenco L75 
COLORING Lenco L69 
SME 3009 with S2 Shell 
SME 3012 with S2 Shell 

12-33 10-50 
9-29 7 00 

31-31 2600 
33 36 2900 

PADTDinPCC ALL MAKES STOCKED IjMn I niuuco AT discount prices 

TURNTABLES 
GARRARDSP25. fully wired with Goldring G800 
Magnetic Cartridge. Complete with base, plinth 
and cover — Special price   20-98 

DUAL 1219 transcription   60-40 50 00 
DUAL 1209 transcription   42-62 35-00 
GARRARD SP25 Mk. Ill   16-45 1190 
GARRARD SL6S B   21-25 15 90 
GARRARD SL75 B   38-95 28-50 
GARRARD SL95 B   53-27 38-50 
GARRARD 401   38-01 29-50 
GARRARD SL72 B   32-77 26-90 
GARRARD 3500, with GKS Cartridge 17-23 12 90 
Base and Cover to fit GARRARD SP25. 

SL55, SL65B and 3SOO ... Special price 4-00 
GARRARD 40B  13-84 10 97 GARRARD AP76   28-88 21-50 
GOLDRING 705/P with 850 Cartridge 

and Cover   26 00 23 90 
GOLDRING GL69 Mk. II   26-63 22-50 
GOLDRING GL69 P Mk. II   35-14 29-50 
GOLDRING GL75   36 41 33 90 
GOLDRING GL75 P  46-94 41-90 
GOLDRING Covers for 69P and 75P 4-21 3-50 
GOLDRING C99—plinth and cover for 

G99   11-45 9-90 
GOLDRING G99   26-00 23-90 
GOODMANS 3025   37-74 26 90 
McDonald mp 60   15-75 12-25 
McDonald 6io   2000 15-90 
Base and Cover for McDONALD MP 60 

and 610   Special price 4-50 
PHILIPS 228   20-00 17-00 PHILIPS GA 146   31-50 25 00 
PHILIPS 217   33 00 28 00 
PHILIPS 202 Electronic   69-00 57-50 
PIONEER PL I2A   50-90 39-95 
THORENS TX 25 cover   8 -22 6-53 
THORENS TDI25   75-89 62-00 
THORENS TDI50AMk.ll   43 63 33 00 
THORENS TDI25AB  120-20 100-00 
THORENS TDISOABMk.ll   47-43 41-00 
THORENS TXII Cover   4-11 3 75 

SPEAKERS 
ARENA HT 16  
B & W Model 70 
E & W DM3   
B & W DMI   
CELESTION Dltton 120 
CELESTION Ditton IS 
CELESTION Ditcon 25 
GOODMANS Minister 
GOODMANS Magister 
GOODMANS Maxim ... 
GOODMANS Metro 3 
GOODMANS Magnum K2 
KEF Celeste   
KEF Concord ... 
KEF Concerto  
KEF Crcsta   
KELETRON KN 654/3 3 speaker 

system (pair) 
KELETRON KN 82473 3 speaker 

system (pair) 
KELETRON KN 104/3 3 speaker 

system 
KELETRON KN 123/3 3 speaker 

system 
KELETRON KN 120/4 4 speaker 

system 
LEAK 200   
LEAK 300   
LEAK 600   
LOWTHER Acousta (with PM6) 
LOWTHER Acousta (with PM7) 
LOWTHER Ideal Baffle 
METROSOUND HFS 20 
PHILIPS RH48I   
PHILIPS RH482   
SINCLAIR QI6  
STE-MA 275 3 speaker system 
WHARFEDALE Speakers 

Airedale ... 
Demon 
Super Lincon   
Melton 
Dovedale 3  
Rosedale 
Tricon (pair)... ... 
Unit 3 Speaker Kit ... 
Unit 4 Speaker Kit ... 
Unit 5 Speaker Kit  

Rec. Retail 
Price 

13-00 
. 139-50 

63-00 
. 32-00 
. 24-00 

29-00 
. 59-85 

22 45 
57 00 
20-39 
30-90 
40-10 

. 29-00 43-50 
53-50 
22-17 
19-00 
23-00 
16-75 
18-75 
24-50 
24-95 
32-50 
49-50 
45-50 
53-00 
35-50 
18 50 
ll-OO 
18-00 
8-98 

2310 
69 50 
19-95 
24-95 
32-50 
42-50 
65-00 
59-90 
13-00 
18-00 
26-00 

Comet 
Price 
10 95 

115 00 
53-00 
25 50 
18 00 
23 00 
47 00 
19 00 
45 00 
16 75 
23-90 
29-90 
21 50 
33 00 
42-00 
18 00 
14-97 
18 97 
12-97 
IS 97 
18-97 
17-90 
23 50 
36-90 
38 50 
46 00 
30 00 
13 50 
9 25 

15 00 
8 00 

IS 00 
56 00 
15 90 
20 50 
25-50 
32-50 
52 SO 
46 90 
lO-SO 
14-25. 
20-50 

160 00 
167-00 
100 00 
70 00 
34 00 

199 00 
199 00 

TAPE RECORDERS AND TAPE DECKS 
AKAIX200D  190-00 
AKAI I800SD  199-42 
AKAI 4000 4-track Stereo   124-90 
AKAI 4000 D 4-track Stereo deck ... 89-96 
FERGUSON 3246 4-track   43-00 
FERROGRAPH 722   242-54 
FERROGRAPH 724   242-54 
FERROGRAPH 702/W 2 track tape 

deck  207-35 175-00 
FERROGRAPH 704/W 4 track tape 

deck  207-35 
GRUNDIG TK 121 (Twin-track) ... 56 85 
GRUNDIG TK 149.4-track   57-64 
PHILIPS 4500 4-Track Stereo Tape 

Deck   126-00 
PHILIPS 4408 4-Track Stereo... ...139-00 
TELETON FXB 510 D 4-tnick Stereo 62-50 
TELETON 5L40 Twin Track Battery/ 

Mains   38-50 
TOSHIBA GT 840 5   110-00 
TOSHIBA GT60IV Twin Track ... 45-15 
TOSHIBA 850 SA   94-00 

175 00 
44 00 
48 00 
99 00 

109 00 
48 00 
25 00 
80 00 
30 00 
60 00 

COMET Hi-Fi DISCOUNT WAREHOUSES 
Dept.SS Reservoir Road,Clough Road, Hull HU6 7QD. In'<i toyl?? Customers are welcome to call personally. 

or Dept.SS 68A Armlev Rd. (Artist St.) Leeds LS12 '",,in<,Wlitl" 
Comot guaranccos chat all prices quoted arc genuine. All items offered available at these prices at the time this issue closed for press. Add 75p for postage, packing and 
insurance on all orders (Cartridges 20p) or. if Securicor delivery required, add £1.50 only. Make cheques. Money Orders payable to "COMET". 
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BUT IT'S THE BEST 

MAGNETOPHON M28A professional 
tape recorder by Telefunken, the company 
who made the world's first tape recorder. 
% Three-motor tape transport 
at 3} and 7i Ips ensuring maximum speed 
constancy. 

Fully comprehensive mixing facilities. 
# Solid state electronics 
are used throughout. Modular construction 
ensures trouble-free maintenance and 
replacement of parts. 

9 Relay operated transport control 
operated by illuminated push buttons 
requiring only fingertip operation. 

# Interchangeable head assembly 
comprising half-track, stereo, erase, record 
and playback heads, Is mounted on a 
single rigid plate fixed to the main chassis. 
It is normally not necessary to replace or 
adjust heads during the normal life of the 
machine. 

# Two channel monitoring and 
VU-meter amplifier 
can be switched to two modes. In the 
'before-tape' mode the amplifier is 
connected to the output of the mixer, while 
in the 'off-tape' mode It Is connected to the 
output of the replay amplifier. Two large 
VU-meters calibrated to International 
standard are provided. 

Broadcast-studio versions 
Models 28B and 28C are provided 
with tape speeds of 15 and 7\ Ips, 
but have no mixing or monitoring 
and VU-meter amplifier. Mode! 28B 
Is equipped with full-track heads. 
Mode! 28C has two-track heads 
and track selector switch. 

CONTACT: BRIAN ENGLISH 
A.E.G. Telefunken, A.E.G. House, 
Chlchester Rents, Chancery Lane, 
London WC2 
Tel: 01-242 9944 
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