
ANUARY 1970 2s 6d 

PKOPdEP 

NEW SERIES: RECORDING 

STUDIO TECHNIQUES 

A HYPERCARDIOD 

CAPACITOR MICROPHONE 

INTERVIEW WITH 

TERENCE LONG 

TAPE EQUIPMENT AT 

THE AMSTERDAM FIRATO 

TAPE RECORDER SERVICE: 

SONY TC250 

TELEFUNKEN M250 AND 

PHILIPS 4307 REVIEW 

& 
km i-'i m 

m m 

m 
Wm m 

m 

www.americanradiohistory.com

www.americanradiohistory.com


0 
7 % 

& 

AKAI's one-micron gap head is responsible 
for an amazing, important difference in 
tape recording. 
It's the difference between every day, or- 
dinary, performance and highest possible 
quality perfection—AKAI perfection. 
Just what is a one micron gap head? It's 
a head whose width is one-micron—one 
astounding micron, to be precise. 
Up to now. 2-micron heads or 4-micron 
heads have been the standards for comparing 
tape recorders. 
But AKAI has pushed forward and narrow- 
ed the head-gap—narrowed the distance 
between tape recording results and actual 
sound. The result is AKAI perfection. One 
micron heads have these distinctive advan- 
tages over heads with wider gaps: 

(A) They have excellent frequency charac- 
teristics even at low tape speed. (This 
means extremely high intense record- 
ing and playback is achieved) 

(B) Clear high pitched tone can be regen- 
erated as a high frequency tone and 
recorded smoothly. (A high frequency 
tone is recorded with a low distortion 
rate.) 

The frequency characteristics resulting from 
one micron heads are amazing in record- 
ing, but certainly more noticeable during 
playback. 
The frequency which can be regenerated 
is determined—theoretically—by the width 
of the head-gap UH). Generally, it is con- 
ceded that head output comes to zero when 
the record pattern wavelength (,is| of the 
recorded frequency is equal to the head- 
gap length(JH). 
Actually, the frequency (f>£) whose record 
pattern wave length is twice the head-gap 
length (JH) can be used for the actual 
frequency band. 
The relationship of the frequency and the 
head-gap to the tape speed is given in 
these quotations: 
f=Vv'IS---General formula for tape speed 
frequency and record pattern relationship. 
fo=Vv'jH-"':''ebuency at which head output 
comes to zero. 
f^=y/2x{JH) —Actual frequency band. 
These equations prove what more and more 
satisfied AKAI users know—that the nar- 
rower the head-gap the higher are the tones 

n 
/ 

/ 

fo 7: 

MO 
O .-.-a 

; ' p. 

Model 4000D 

that can be regenerated. 
Using these equations, let's calculate for 
a moment. 
When tape speed is 9.5cm/s, the actual 
frequency bands (f>^) will be: 
f^ =47.5kHz For one-micron heads 
fK = 12kHz For four-micron heads 
Let's suppose that a 20kHz tone is to be 
regenerated. The frequency will be out of 
the actual frequency band whenever a 4 
micron head is used. However, whenever 
AKAI's one-micron head is used the tone 
can be regenerated. 
Why—you may ask—can only AKAI make 
one micron heads? 
In answering, let's list some of the problems 
that must be overcome in narrowing head- 
gaps. First, there is regeneration power 
degradation, then there is s/n degradation 
and recording performance deterioration— 
to mention a few. 
These and many other obstacles have been 
surmounted by AKAI's diversified experi- 
ence in this and related fields. 
From this experience has blossomed AKAI's 
own. unique technique—technique that 
leaves absolutely nothing to chance. 
Special adhesives and precision plus correct 
alloy materials for the head-gap have also 
been distinguished results of AKAI research 
to successfully narrow wide-gap heads with 
no defects. 
This is all another step-by-step success 
story in what tape recorder users call 
"AKAI PERFECTION." 

4 TRACK STEREO TAPE DECK-4000D 
*4 (rack stereo/monaural recording and play- 
back *2 speeds, 3 heads *AII silicon transist- 
orized pre-amplifier*Aulomalic shut off, Instant 
stop control Tape cleaner *ONE MICRON 
GAP HEAD "Magnificent oil-finished wooden 
cabinet "For increased stereo enjoyment, use 
the matching AA-6000, 120 watt solid stale 
amplifier and the matching speaker SW130 
12 way, 25 watt input). 

Prove it by the sound! 
 prove it with 

AKAI 
CROSS-FIELD HEAD 

Audio Products, Pullin Photographic, 
Rank Aldis: P.O. Box70, Great West 
Road, Brentford, Middlesex Tel: 01 
568-9222 
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TOP DISCOUNTS TERMS DEMONSTRATIONS 

TURNTABLES 
GARRARD SP 25   £11 15 0 
GARRARD SL 95   £36 15 0 
GARRARD 401  £26 12 0 
GARRARD LAB 80 & BASE .. £29 10 0 
COLORING GL 75   £28 19 6 
THORENS TDI50 Mk II  £37 12 6 
THORENS TDI25   £62 15 0 

B.A.S.f./E.H,l.« PHILIPS LOW NOISE/SCOTCH RECORDINGTAPE 
Suggested 

Retail Our Spool Length 
STANDARD PLAY Si" 900' Price Price 

29/5 22/5 7- 1200' 36/7 27/10 LONG PLAY 4*- 600" 22/- 16/9 5 900' 29/2 22/2 
Si" 1200' 36/4 27/7 
7" 1800' 51/6 39/- DOUBLE PLAY 600' 31/- 23/6 5" 1200' 43/2 32/8 
Si" 1800' 56/11 43/1 7" 2400' 79/1 59/9 TRIPLE PLAY If 1200' 50/- 37/9 5' 1800' 67/1 50,7 
51* 2400' 91/4 68/10 7 3600' 116/8 88/5 B.A.S.F. ROUND 7" STO 1200' Our Price 21/6 PACK 5* L/P 1200' Our Price 21/6 
7" L/P 1800' Our Price 31/9 
Si" DIP 1800' Our Price 32/6 
7" D/P 2400' Our Price 45/- RECOMMENDED: MAXELL 

CASSETTES PHILIPS/ CASSETTES B.A.S.F. (Philips type) 
Suggested Our Our Retail Price Price Price C-60 (sld) 18/- 13/6 C-60 9/6 C-90 (L/P) 25/6 19/6 C-90 13/9 C-120 (D/P) 34/- 25/6 

Mail Orders (orders under £3 arc C-120 18/6 
subject to 2/6 package and postage' 

SPEAKERS 
WHARFEDALE MELTON 
WHARFEDALE L1NTON pr. ... 
WHARFEDALE DENTON pr.... 
LEAK SANDWICH   
LEAK MINI SANDWICH 
K.E.F. CRESTA pr  

AMPLIFIERS 
LEAK 70 CHASSIS   
LEAK 30 CHASSIS   
ROGERS RAVENSBROOK ... 
QUAD 33 CONTROL UNIT ... 
QUAD 303 amp  
ARMSTRONG 521   

CARTRIDGES 
AUDIO TECNICA AT66 
AUDIO TECNICA AT33 
SHURE M75G   
SHURE M44-7   
COLORING G800   

MICROPHONES 
BEYER M8I8L   
EAGLE DM 16 HL   
SHURE 560   
SHURE S6IF   

£24 10 0 
£36 10 0 
£29 10 0 
£34 10 0 
£23 15 0 
£38 18 3 

£50 0 0 
£43 10 0 
£37 3 0 
£38 12 6 
£48 12 6 
£44 10 0 

£5 2 0 
£9 18 6 

£14 10 0 
£9 3 6 

£10 0 6 

£19 5 0 
£5 15 0 

£15 10 0 
£10 5 0 

MUSICASSETTES AND RECORDS 
AVAILABLE —SEND FOR LISTS 

Most famous makes of equipment available at 
discount and demonstrations arc available of 

most units. 
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AKAI 4000D WITH AKAI 
HEADPHONES ... £79 19 0 

OFFERS ON TAPE RECORDERS 
AKAI I7I0W   £89 10 0 
AKAI M9   £155 0 0 
SANYO MR800   £79 0 0 
SANYO 929   £84 10 0 
SANYO MR80I  £69 10 0 
STANDARD SRI00   £15 15 0 
PHILIPS EL3302 CASSETTE ... £22 19 6 
GRUNDIG TK 120   £34 10 6 
GRUNDIG TK 44   £41 18 10 
GRUNDIG TK 124   £36 17 6 

Fr AVF 5 bridge street, Richmond, surrey • L MAIL ORDERS. Dept. TR, 27 H»LL STREET, RICHMOND. SURREY I/-Stamps for List 

PHONE 
948 1441 
3 LINES 

hi* 

0 

* 

"The author here succeeds better than any others who have attempted the task."—EMC Monthly Letter 
"Could well become a recognised standard on the subject."—Electrical & Radio Trading 
"The two chapters dealing with choosing equipment and on installing a hi-fi system will alone save the cost of the 
book for the new hi-fi owner."—BBC Record Review programme 
"This book is recommended to all for its musical, technical and literary merits."—Practical Electronics 
"An endlessly rewarding and fascinating book."—Hi-Fi News 
"By far the most successful book of its kind that I have read ... his treatment can only be described as masterly." 
—Tape Recorder. 
"A book that should almost automatically find its way on to the shelves of all hi-fi enthusiasts."—World of Sound 
—South Africa. 
"The most up-to-date and comprehensive treatment on domestic hi-fi yet in print."—Audio Record Review 
"The author keeps to his theme while keeping his standards high . . . some good advice on choosing equipment and 
a really sizeable section on installation."—Hi-Fi Sound. 

40/- from booksellers or direct from the 
Publishers (post 2/-) 
BLANDFORD PRESS 167 HIGH HOLBORN, LONDON, W.C.I 

praise from an roun 

"Mr. Crabbe manages to include more useful detail for the beginner and the advanced hobbyist than we have found 
in any other book. Highly recommended."—The Stereophile—U.S.A. 
"An excellent book . . . truly a handbook that will always prove a fruitful source of reference."—Do It Yourself 
"The reader has confidence in him ; the author is not merely a theorist, he genuinely knows what he is talking 
about."—Revue du Son—France 
"A practical and helpful book."—The Times 
"A well-written and comprehensive book . . . can be confidently recommended to the music lover who seeks a greater 
understanding of modern high fidelity equipment."—The Radio Constructor 
"There is much common sense here, combined with scientific accuracy, that will help readers spend their money 
wisely, and get value for it."—Times Educational Supplement 
"I can advise you to read this volume for both instruction and entertainment of the highest quality."—Records and 
Recording 
"Every facet of record reproduction has gone into this excellently written and illustrated book."—Record Retailer 
"Chapters 7 and 8 are really valuable guides to choosing and installing hi-fi equipment and will repay close study 
by anyone about to venture on these notoriously hazardous operations."—The Gramophone 
"A valuable, thorough and welcomely readable handbook."—The Scotsman 
"Gives copious advice on practically any aspect of the topic you can imagine . . . should be a very useful guide to 
anyone on the threshold of heavy expenditure."—The Musical Times 
"One of the big helps . . . c6vers every aspect for beginners and experts."—Evening News 
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Of all P.V.C. recording tapes  

'Siinchrotape'is the one unconditionaili| guaranteed 

Only the finest materials go into the production of British-made 
Synchrotape. The result.... no stretching .... no snapping .... 
no storage deterioration. Perfect for mono or stereo .... two or 
four track. 

Synchrotape is so easy to use. Most sizes have coloured leaders, 
trailers, metallic stop-foils, and include a free booklet with unique 
recording log and are packed in skin-wrapped, colour-coded 
boxes. 

Synchrotape's unconditional guarantee speaks volume to the 
technical enthusiast .... underwriting its claim to be the finest 
value in P.V.C. Recording Tape on the British market. 

Synchrotape 

And there's a bonus. Most sizes of Synchrotape carry a built-in 
insurance against theft or fire damage to your recorder .... and 
also contain coupons towards the special half-price tape splicer 
offer. 

SIZE STANDARD | LONG DOUBLE 1 TRIPLE 
BASE P. i.e. POLYESTER/P.V.C. 
2|- 200'- 5/9d. 300' 8/90 
3' 150'- 4/9(1 225 - 6/3d. 300 - 8/9(1 450'- 13/9d. 
4" 450 - 12/- 600 18/- 900 - 27/- 
5* 600'- 15/- 900'- 18/6d. 1200' 28/6d 1800'- 46/- 
sr 900 - 18/6d. 1200 - 22/6(1 1800' 36/- 2400 - 57/6d 
r 1200 - 22/60. 1800 - 28/6(1 2400 - 48/- 3600 - 75/- 

Comprehensive Synchrotape Editing Kit 29/6d. plus 7/2d.- P. Tax. 

ADASTRA ELECTRONICS LTD., 

167, Finchley Road, Swiss Cottage, London, N.W.3. England. (01 -624 81 64/5) 
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FANTASTIC 
DISCOUNT 

PRICES 
» Recording Tapes 
» Tape-Recorders 
» Hi-Fi Equipment 
t FM. AM and AM Radios 
► Record Players 
» Microphones 
l Headphones 
» Amps, and Tuners 
> Turntables 
» Cartridges 
» Loudspeakers 
» Plugs and Leads 
» Accessories 

196970 
CATALOGUE 

180 Pages 
SEND TODAY 

BW 

iKi 

HBUaa TAPE 

UP TO 40% OFF! 
NEW KJ SPECTACULAR 
From the Motion Picture and Magnetic Products Division of ILFORD LTD. (Sup- 
pliers of tape to 8.B.C.) We are proud to present a New Stupendous BARGAIN 
OFFER! Never before have you been offered such a breathtaking opportunity. 
ILFORD premium grade magnetic tape at a terrific reduction of 40%! Brand New, 
Boxed, Fully Guaranteed and complete with leaders, trailers and stop foil. 
UNIQUE TO KJ. 

DESCRIPTION NORMAL PRICE ONE THREE SIX 
900'on 5' reel Long Play P.V.C  29/1 17/6 50/6 96/6 

1200' on Si" reel Long Play P.V.C  36/1 22/6 65/- 125/- 
1800' on 7" reel Long Play P.V.C. ... 
1200' on 5" reel Double Play (Polyester) 
1800' on Sf reel Double Play (Polyester) 
2400' on 7" reel Double Play (Polyester) 
Post and Packing 2/6 

BARGAINS OF THE MONTH 

ARMSTRONG 426 

Stereo Tuner-Amplifier 

KJ PRICE 

£79-0-0 
A transistorised AM-FM 

15x15 watt tuner-amp with a full range of facilities. 
LIST PRICE £89 0 0 

For stereo reception add the MPX Decoder. Normally £9.10 0. 
ONLY £8 7 6. 

Orders over £5 post free 

OTHER CLEARANCE BARGAINS: 
CELESTION DITTON 10 Mk.l Speakers (teak)  
EAGLE RA. 96 10* lOwatt AM-FM MPX Tuner-Amplifier 
SANYO DC. 904 complete stereo system (Tuner-Amp, 

Turntable, Speakers) GARRARD WB.2 base for LAB.80   
GARRARD SPC.2 cover lor above 

LIST PRICE 
21 3 2 
87 13 0 
82 10 

4 13 
4 8 

OUR PRICE 
17 10 0 
69 10 0 
69 10 

3 19 
3 16 

BRANDED TAPES 

Scotch 

PHIIIPS 

LIST OUR PRICE 
DESCRIPTION PRICE ONE THREE SIX 

900'L/P on 5" reel ... 29/- 23/6 69/9 137/9 
1200'L/P on 5r reel ... 36/- 29/- 86/- 170/- 1800'L/P on 7" reel ... 51/- 41/6 123/- 243 - 
1200'D/P on 5" reel ... 43/- 34/6 102/3 202/- 
1800' D/P on Si" reel ... 56/6 45/6 135/- 266/9 
2400'D/P on 7" reel ... 79/- 63/6 188/3 372/- 
1800' L/P Dynarange ... 58/- 46/6 137/9 272/3 
Post and Packing 2/6 Orders over £5 post free 

The abo ve are examples from the 

[EMI 
complete ranges held in stock, SEE 

|f««« OUR CATALOGUE FOR FULLER 
I NFORMATION. 

^ Casss ttes 

HP TO HALF PP/CE 
Compact Cassettes with 60. 90 & 120 minutes playing 
time. Brand New, top quality in normal plastic library 
box. Available at this exceptional price. 

Standard pattern to fit 
Philips, Stella, Elizabethan 
Dansette. Sanyo, Ferguson, 
Bush. HMV. Sony, etc. 

MC.60 
I for 10/6 
3 for 30/- 6 for 55/6 

12 for 105/- 

MC.90 
I for 14/- 
3 for 40/6 
6 for 78/- 

12 for 150/- 

MC.I20 
I for 18 6 
3 for 54/- 
6 for 105/- 

12 for 204/- 
!tc. Post and Packing 2/6. Orders over £5 post free: 

Must not be confused with cheaper American Overture 
Cassettes advertised elsewhere 

BRANDED CASSETTES c60 T,|E ^ 
(BASF or PHILIPS) 1*1 j'|* 

Post and Packing 2/6. Orders over £5 post free. 

BUDGET SYSTEMS SAVE 

Complete Hi-fi Stereo Systems at fantastic 
package deal prices. Fabulous reductions 
on superbly matched systems which are 
despatched to you, all ready to plug together. 
Prices start from 

AS LITTLE AS 

you 

*££ 

£49-17-6 

SEND TODAY 
FOR 

FULL DETAILS s -m e> 

K. J. ENTERPRISES (Dept.El) 
(HEAD OFFICE <£ MAIL-ORDER DIVISION) 

33 BRIDLE PATH. WATFORD. HERTS. 
Telephone: WATFORD (92) 22338 (3 lines) 

(Close to Watford Junction Station) 

SHOWROOMS (For callers only) 
17 The Bridge, WEALDSTONE, MIDDX. 

(Opposite Harrow & Wealdstone Station) 
Telephone: 01-427 7758 

HOURS; 9.30 a.m.—5.30 p.m. (Monday-Saturday) 
(Closed lunch 12.30—1.45 p.m. Monday-Friday), 
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Why we suggest 

you buy the tape recorder 

you can't hear. 

The one thing you don't want to hear 
from a tape recorder is the sound of the 
tape recorder itself. 

Which is why we've spent a lot of time 
developing Hi-Fi stereo machines that 
keep internal noise so low you can't hear it. 

And then have added all those features 
the discriminating enthusiast demands. 

Take the PRO 12. Even at the lower 
speed of 3J ips, the sound quality meets 
the DIN 45511 Studio equipment speci- 
fication. Which means tapes prepared on 
it are ready for immediate broadcasting. 
Nice to know—all you need is a broad- 
casting station! 

Wow and flutter are under 0.1% at 3J 
ips, and better than 0.08% at i\ ips. 

Facilities include monitoring, mixing 
and transcription from one track to an- 

other. Cueing and dubbing keys. VU 
meters. And a lining-up switch for accu- 
rate setting-up of head alignment and 
amplifiers. 

In fact, the PRO12 is a true professional 
tape recorder, at an enthusiast's price— 
under £240 (recommended). 

o 

'rUEffl 
m 

stereo tape recorder, with everything you 
need for magnificent recordings. Recom- 
mended price £136.3.10. 

Or look at the N4500—a superb Hi-Fi 
stereo tape deck, designed for connection 
to an external amplifier. It's perfect for 
use with a chain of Hi-Fi stereo units. 
Recommended price £126. 

1 _ 

If that's a bit beyond your pocket, turn 
your attention to our N4408—a Hi-Fi 

Ilill11 5 
For a free Tape Recorder Brochure 

write to Philips Electrical Ltd., Century 
House, Shaftesbury Avenue, London 
W.C.2. 

PHILIPS 

'Z 

* 
9 

? 9- 1 _ c 
pRO 12 

I 

PHILIPS 
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All transistor 

  stereo/monaural 

Model MR-929 tape recorder. 

4-track Monaural Recording and Playbask, 
choice of 7^ in/sec. and 3J in/sec, speeds. 
Sound-with-sound System. 2-channel 4 
track full-frequency recording and playback 
with true-to-life stereo sound effect. All- 
transistor OTL Circuitry. Professional Type 
VU Meter for each of the 2 channels, 
indicates best sound input. Built-in tape 
caunter facilitates spotting of recorded 
contents by eliminating guess work. Vertical 
or horizontal operation. 

SPECIFICATIONS 

Recording System: AC bias 
Erasing System: AC erase 
Reel Size: 7"dia. 
Speeds: 
7^ in/sec (19 cm/sec), 
3| in/sec (9.5 cm/sec) 
Playing Time: 
stereo 
30 min. x 2 at Tj in/sec 
with 7" (18cm). 
1.200ft. (360m) tape 

1 hour x 2 at 3 Jin/sec 
with 7" (18 cm). 
1.200 ft. (360 m) tape 
monaural 
30 min x 4 at 7^ in/sec 
with 7" (18 cm). 
1,200ft. (360 m) tape 
1 hourx4at3|in/sec 
with 7" (18 cm), 
1.200 ft. (360 m) tape 
Rewind Time: 3 min. with 7" (18 cm) 
Frequency Response; 
20-19.000 c/s at 7^ in/sec 
(19 cm/sec) 
(30-15,000c/s i-Sdb) 
30-12.000 c/s at 3J in/sec 
(9.5 cm/sec.) 
Recording Level Indicator: 
VU meter 
Power Output: 
Maximum 4W (each channel) 
Music 6.5 W (each channel) 
Speakers: 
Two 4" free-edge permanent 
speaker boxes. 

Voice coil impedance 10K ohms. 
Line Outputs: 
IK ohms 
Power Source: 
AC 100V, 117V. 125V. 220V. 240V 
Dimensions: 
14i" wide x 12}" deep x 11" high 
(350mm x 330mm x 280mm) 
Weight; 
28.6 lbs. (13 kg) 

The MR-929 is available from the Sanyo 
dealer in your area, specially selected for 
first-class before-and-after-sales service. Or 
you can write for illustrated leaflet to i 

Sanyo Marubeni (U.K.) Ltd.. 
Bushey Mill Lane, Watford, Herts. 
Telephone: 92 25355. 

^ SANYO 
People the world over agree there's something about a Sanyo 
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BBC T.V.-moonshot: 

Where there can be no re-take 

you'll find Ferrograph. 

During the Apollo 11 moon 
landing, the BBC used Ferrograph 
Series 7 Tape Recorders to mon- 
itor the NASA commentary. The 
recorders were in use continuously 
24 hours a day. There could be no 
break, there could be no re-take. 
The BBC now has over 40 Ferro- 
graph Series 7 recorders in use 
throughout the country. 

Every Ferrograph Series 7 re- 
corder is made in Britain and 
combines quality, reliability and a 
unique range of facilities. Avail- 
able in mono or stereo, with or 
without amplifiers, all solid state, 

three-speed, with two inputs per 
channel and independent mixing. 
Retail prices from £175 including 
P.T. 

Follow the professionals; 
choose the recorder you know will 
serve you best at home or in your 
work; Ferrograph—it makes 
sound sense. See your nearest 
stockist or send the coupon for 
details and address of nearest 
Ferrograph specialist or ring 
01-589 4485. 

Ferrograph 
A member of the WUmot Breeden Croup 

r" n 
To the Ferrograph Co Ltd, 
Mercury House, 195 Knightsbridgc, 
London, S.W.7, 
Please send me a free brochure 
on the Ferrograph Series 7 1—' 
or the Ferrograph Manual 
for which 1 enclose £1. 

Name 

Address 

□ 

TR 
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JANUARY 1970 VOLUME 12 NUMBER 1 

INCORPORATING 
SOUND AND CINE 

EDITOR 
JOHN CRABBE 

DEPUTY EDITOR 
DAVID KIRK 

ADVERTISEMENT MANAGER 
ROBIN WELLS 

Edilorial and Advertising Offices: 
LINK HOUSE, 
DINGWALL AVENUE, 
CROYDON, CR9 2TA 
Telephone: 01-686 2599 

© Link House Publications Ltd., 1969 
All rights reserved 

COVER PICTURE 

To Terry Lono, John Shutlleworth, 
Ralph West and (because he lacks a decent 
mixer) David Kirk, our cover photo portrays 
somelhlno of a reliQious symbol. To 
the rest of us it shows a stereo pair of 
Trevor Atlewell's capacitor microphones, 
described for constructors In this issue. 

SUBSCRIPTION RATES 

Annual subscription rates to Tape Recorder 
and its associated Journal HI-FI News are 
30s. (36s. overseas) and 47s. respectively, 
U.S.A. $4,30 4 $5.60. Six-month home 
subscriptions are 15s. (Tape Recorder) and 
24s. (HI-FINews), from Link House 
Publications Ltd., Dingwall Avenue. 
Croydon, CR9 2TA. 

Tape Recorder is published on the 14th 
of the preceding month unless that date 
falls on a Sunday, when It appears 
on the Saturday. 

we have received several letters during the last 
few weeks asking where four-channel 6.25 mm 
audio heads can be obtained at a reasonable 
price. The cheapest appears to be the CX44- 
RPI02 produced by Marriott Magnetics Ltd.* 
This is a record/play head and costs, one off, 
£17 10s. Other companies also produce them, 
but from their price one would think they were 
made of platinum. 

These letters reflect a growing interest in 
four-channel sound recording, not for its 
multitracking properties but as a medium for 
simultaneous four-channel reproduction. The 
interest may stem from the four-channel 
demonstration given by 3M at the last Hotel 
Russell Audio Fair. Similar demonstrations 
were given in the USA at the lime, although 
little was promised to the public in the way of 
commercial development. Now, nearly two 
years later, Vanguard have announced in New 
York that four-channel 6.25 mm stereo tapes 
will shortly be available to anyone prepared to 
assemble their own playback equipment. 
Four-channel FM broadcasts began in Boston 
on September 27, utilising the multiplex 
stereo facilities of two separate stations. 

Both the 3M and Vanguard four-channel 
systems, and also the Boston transmissions, 
require a loudspeaker placed in each corner of 
a rectangular room. This can be used to place 
the listener in the middle of an auditorium and 
is reported (Edward Tatnall Canby, December 
Hi-Fi News) to create 'a surprisingly realistic 
sense [of being] located right in the middle of 
the large audience at [Boston] Symphony Hall'. 
Later in the same article, Mr. Canby describes 
'a 'visual' distortion of that system's ability to 
approach more nearly the literal concert 
situation... the lady who sang out in front 
of us seemed about forty feet tall, with a head 
as big as a weather balloon'. This reference to 
apparent vertical characteristics is curious, and 
clearly a comment on inadequate presentation, 
as the prime limitation of the American 
loudspeaker layout is that its reproduction 
characteristics are limited to a 360° horizontal 
plane. 

Four-channel stereo is the inevitable suc- 
cessor to two-channel reproduction and we 
look forward to its early arrival. Equally 
inevitable is the adoption of tape as the 
multi-channel medium, either 6.25 mm open- 
reel 19cm/s tape (it is too much to expect 
38 cm/s) or 3.8 mm 4.75 cm/s Compact Cas- 
settes. Both DGG and Decca, it is reported, 
arc now producing two-channel Musicassettcs 
with chromium dioxide tape, and a four- 
channel record/play head to suit the narrow 
tape should be within the resources of Philips. 
The result should be a very serious threat 
indeed to the LP disc. We hope, however, that 
the powers that be have the sense to accom- 

modate the last remaining plane, the vertical 
dimension, either by using five channels or 
repositioning the proposed four. Granville 
Cooper has postulated a more sensible arrange- 
ment of the four-channel system than is being 
used in the USA. He suggests placing the 
listener in the centre of a tetrahedron formed 
by two conventional stereo speakers half-way 
up the 'front' wall and a further two at the 
rear, one at floor level, the above it at ceiling 
level. Four-microphone Blumlein technique 
from the intended listener location would 
result in realistic reproduction of a complete 
hemisphere of sound at the central listening 
point. 

There is scope here for practical experiments 
with the 4-channel-and-over multitrack 
recorders currently being used to produce 
two-channel stereo masters. For the less well 
equipped, a 4-channel Revox HS77 with 
staggered twin-segment f-track heads is expect- 
ed to be on the market shortly. The marriage of 
two 1-track two-channel recorders, with 
staggered heads or a four-channel Marriott, 
offers a fascinating subject for the home 
enthusiast. How about it? 
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don t buy any tape - buy EMITJZ^t? 

THE RANGE OF EMITAPE AFONIC LOW-NOISE TAPE 

88 
STANDARD PLAY 

The best general 
purpose tape, giving 
maximum durability 
at all professional 

speeds. Pre-strelched 
polyester base film 
of super strength. 

99 
LONG PLAY 
50% longer 

recording time — 
specially designed for 
multi-track recorders 
- pre-stretched 

polyester base film of 
super strength. 

100 I 300 
DOUBLE PLAY 

Twice the recording 
time for a given size 
of spool - the perfect 

film for low speed, 
multi - track recorders 

- superflex polyester 
base film. 

TRIPLE PLAY 
Maximum playing time on 

spools up to 5"dia.— 
extended dynamic range 
— specially suitable for 

battery operated 
recorders-extra tensile 

polyester base. 
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AMPEX CASSETTES 
the production of recorded cassettes has been 
commenced by Ampex at their Nivelles plant, 
Belgium. Work on 8-lrack cartridge records 
will start shortly. A new marketing organisa- 
tion has been established in Reading to handle 
distribution of the records throughout Britain 
and the Continent, Ampex Stereo Tapes 
Europe. General Manager is Gerry Hall, 
formerly Manager of Administrative Services 
for the Europe, Africa and Middle East area 
of Ampex International. Formed in 1959, 
Ampex Stereo Tapes currently produces and 
markets some 6,500 stereo tape selections 
under the Ampex label from 34 independent 
recording companies. The division also 
provides a duplicating service for other 
recording companies. 

MIMIFLUX MANUALS 
the first volume in a series of Miniflux 
Manuals is now available at 31s. including 
postage from Miniflux Electronics Ltd., 8 Hale 
Lane, London N.W.7. It includes sections on 
equalisation standards, head matching for 
low-noise operation, frequency response mea- 
surement techniques, and a number of con- 
structional projects one of which is a stereo 
IC/transistor hybrid amplifier employing 44 
transistors. 

TOSHIBA PRICES 
following a SATISFACTORY reception for 
Toshiba equipment at the October Audio 
Fair, Hanimex have appointed agents to 
handle distribution in Scotland, Tyneside and 
Northern Ireland. These are Michael Black 
Ltd., 2 West Regent Street, Glasgow; Michael 
Black Ltd., 127 New Bridge Street, Newcastle 
on Tyne 1; and Wilmor & Co., Lome Street, 
Lisburn Road, Belfast 9. 

Reduced prices of five Toshiba recorders 
(former prices in brackets) arc: KT23P £6 19s. 
6d. (£29 8s.); GT21P £3716s. (£4019s.); 
GT601V £45 3s. (£48 6s.); GT701V £57 15s. 
(£63); GTS40S £110 (£119 14s.). 

ELCOM INSTALLATION AT 1TN 
sound mixing equipment, production desk and 
grams unit at the recently opened ITN studio 
in Wells Street were commissioned from Elcom. 
The central control room installation illustrated 
below comprises five Garrard 301 turntables, 
Gaydon groove locators fitted with Decca 
XMS 7ft IB pickup heads, an ITN-modified 

Ferrograph 7 and a 24-channel mixer/produc- 
tion-desk. A similar installation is incorpora- 
ted in an adjacent studio while a 12-channeI 
mixer and a third grams unit occupy the 
dubbing studio control room. The talkback 
circuit feeds 65 stations, each with warning 
lights. This may be linked to a public address 
facility and fed by the GPO speaking clock. 

MIXERS—BKSTS SYMPOSIUM 
rupert neve, Richard Swettenham, A. O. 
Moore (Elcom) and Michael Batchelor (EMI) 
are contributing to a BKSTS symposium in the 
afternoon and evening of January 28. The talks 
come under the title 'Sound Control Consoles'. 
Venue has not been decided at the time of 
writing but details may be obtained from Paul 
McGurk, BKSTS, 110-112 Victoria House. 
Vemon Place, London W.C.I (Tel. 01-242- 
8400). 

NEW NAME FOR TAPE RECORDER' 
readers who missed last month's leader article 
are reminded that, from next month, our title 
will be Studio Sound & Tape Recorder. The 
Tape Recorder title will retain prominence in 
the February, March and April issues, after 
which Studio Sound will dominate the cover 
artwork. 

BATRC PRIZE-GIVING 
our apologies are due to the Federation of 
British Tape Recordists and Clubs for associa- 
ting them with the British Amateur Tape 
Recording Contest prize-giving in our Decem- 
ber issue. We would certainly not wish the 
blame for any shortcomings in the mechanics 
of the prize-giving to be laid with the Federa- 
tion. 

PEARL MICROPHONES 
two new capacitor microphones produced in 
Sweden by Pearl are now being imported by 
Jagor Interelectric Ltd., Mercury House, 
Hanger Green, Ealing, London W.5. The 
DC-20 omni-directional and DC-2I cardioid 
incorporate FET amplifiers and operate from 
a 500 to 800 A p67.5V battery supply. A 6 m 
cable and stand adapter are supplied. 

GRAVITY COMMUNICATION? 
philips compact CASSETTES are being employed 
in the Hawker Siddeley Harrier vertical take-off 
jet as a method of communicating from pilot 
to ground. A Davall 1200 Cockpit Voice 

r 
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Recorder/Reproducer has been developed for 
the purpose. The Davall is voice-activated, 
starting to record when the pilot commences 
talking and halting five seconds after he 
finishes. Signals from ground received via the 
radio communication channel may also be 
recorded when required. When radio silence 
is to be maintained, a cassette containing the 
pilot's report may be dropped to a ground 
commander and reproduced on a standard 
Philips recorder. 

TAPE CORRESPONDENCE 
a thirty-two page illustrated booklet entitled 
Tips for Tapespondents—International Message 
Making has been produced by the Worldwide 
Tapelalk tape correspondence organisation. 
Subjects covered include the problems of 
i-track/l-track exchanges, equipment main- 
tenance, indexing and postage. Copies are 
available to non-members at 2s. 6d. plus 4d. 
postage, or free to new members from 25 The 
Gardens, Harrow HA1 4HE. 

TAPE RECORDER PRODUCTION 
production oftape recorders in June 1969 was 
5% lower than in June 1968 and, in the first six 
months of this year, showed a decrease of 4% 
over the same period last year. Deliveries of 
British made machines were 7% lower in value 
during June than in the same month of 1968, 
while deliveries of foreign machines rose by 
71%. Total deliveries of all machines fell in 
the first half of 1969, British made recorders by 
24% and foreign models by 32%. Within this 
total, however, exports of British made re- 
corders rose by 34%. 

July production, at 11,283 machines, was 
22% lower than in July 1968. Total deliveries 
of British made machines were 31 % lower by 
value than in July 1968 but exports were 5% 
higher. Deliveries of imported machines fell by 
18%. Stocks of British made recorders were 
35 % higher at the end of July than a year ago. 
but 2% lower than at the end of June. Stocks 
of factored machines feel by 3 % over last year's 
figure. 

NEXT MONTH 
Keith Wicks pilots a new column devoted to 
individual recording studios, In the February 
Studio Sound & Tape Recorder, with a 
visit to Studio G. He also contributes the 
first of two articles describing the Dolby 
Noise Reduction System. David Kirk inter- 
views John Alcock of Unltrack, and Robert 
Rowe outlines the construction of his attic 

studio. 
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David Kirk talks to Terence Long, 

consultant studio engineer. 

D.K. When did you first get involved in the 
tape recording business? 

T.L. About 1950. I bought a Grundig 700L— 
we all have to start somewhere—j-track mono, 
19cm/s. I tried to improve it and so became 
involved in the mechanical side. 
D.K. Being a mechanical engineer? 
T.L. Yes. 
D.K. What machine did you progress to? 
T.L. Another Grundig, a little better, aTK.820. 
I still get them occasionally to repair. My first 
decent recorder was an EMI TR51, followed by 
a stereo RE301. Since then I have had 
about five Philips, Pro 20 and Pro 35. 
D.K. Is there much difference in quality between 
the valve Pro 20 and the transistor Pro 35? 
T.L. Well the transistorised one is much 
heavier! It's a bit of a nuisance as I have to get 
someone to help me carry it. The reason is 
they've taken much more trouble to screen the 
Pro 35, resulting in a better signal-to-noise 
ratio. The early transistor recorders were 
dreadful. 
D.K. When did you first start to make money 
out of tape recording? 
T.L. I made it straight away out of the 
engineering side. When the early Grundigs 
came out there was no real standard on track 
positions. The tape went from left to right but 
the heads scanned the bottom half. We trans- 
ferred the heads to scan the top track and, when 
we advertised the service, were inundated with 
these recorders. 
D.K. Which was the first recorder to earn Us 
keep? 
T.L. The RE301. 
D.K. What did you like about the EMI? 
T.L. Everything except the signal-to-noise, 
and the fact that it wows at the end of the reel. 
We made large-hub reels to get over this. 
D.K. What is your attitude to multi-channel— 
the sort of thing that's used for pop work at the 
moment? 
T.L. I don't like it. It's not realistic. I'm told 
by the studios I visit that unless they use this 
technique, they'll go out of business, because 
that's what the public wants. There are positive 
freaks of apparatus in some of the studios. It's 
unbelievable what they do because they can't 
afford to buy one of these multilrack machines. 
Many times 1 have had to rescue the most 
atrocious conversions. 
D.K. Convert them back? 
T.L. No, to try and make them work. They'll 
convert anything, so long as the capstan is big 
enough to take 12.5 mm tape. Four-channels 
appears to be the minimum they'll put up with. 
D.K. Do many classical recording people use 
multichannel? 
T.L. They're doing it now, I'm sorry to say. 
D.K. Have you yet come across any of these 
American Id-channel recorders? 
T.L. Yes. They remind me of mangles. 
D.K. Which mikes do you use? 
T.L. Nearly always capacitors, AKG C24, or 
STC 4038 ribbons. 
D.K. How consistent are studio microphones in 
performance? 
T.L. They're terribly individual. One is given 
a curve with most studio mikes and they might 
be identical, but I have yet to find two that 
sound the same. 
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D.K. What is it thai the curve doesn't show? 
T.L. I don'i know. My favourite C24, the one 
I most use, sounds much smoother than any 
other microphones I have had. 
D.K. Does consistency vary between, say, AKG 
and Neumann? 
T.L. That's rather a leading question but, off 
the cuff, I think that Neumann have the 
greatest name for consistency. We once tested 
about eight of them here when we were 
selecting microphones for a certain purposeand 
I could definitely tell the difference between 
every one. Out of this eight I chose one for 
myself which I preferred to the rest. 
D.K. How do you go about testing a microphone? 
Would you rush it into a dead room and conned 
up to a B and K? 
T.L. No, I wouldn't dream of doing that. I 
like to do it by listening to something, preferab- 
ly a percussive sort of sound. We use a piano 
for one test and a musical box for the other; 
they are very revealing. 
D.K. You use capacitors for everything? 
T.L. No. I like ribbons for stringed instru- 
ments. They always sound better. The STC 
403S is one of the best, or t/ie-bcst. Capacitors 
make a harpsichord sound tinny. 
D.K. You have had trouble with capacitor 
microphones going noisy, I gather? 
T.L. Once, but that was overcome by keeping 
it in a heated cupboard. I have had to cure 
damp capacitors for some studios, I've done 
quite a few; we put them in a dessicalor and 
give them frequent changes of temperature in 
partial vacuum. This gradually extracts the 
moisture from behind the capsule. 
D.K. Is it true that you can extract moisture 
just by placing a microphone under a studio 
lamp, for example, or can this cause damage? 
T.L. I wouldn't like to do this, and doubt if it 
would be much of a cure. 
D.K. The advantage of a stereo pair is that it 
gives a recording of an event as it really was 
but the whole point about some of this pop stuff 
is that it never really ivas: the original perfor- 
mance was by a lot of people silling in kapok 
cubicles in a basement somewhere . The 'original' 
is the mixture of performance and electronic 
effects on the master tape. 
T.L. That's true. An acceptable pop recording 
can only be made with multi-mike techniques, 
or multichannel with post balancing. That's 
where multichannel comes into its own. It's 
only the pop business that's done this. 
D.K. How much of your recording is done with 
a stereo pair? 
T.L. About 90%. I do use multiple mikes 
sometimes: they are only usually necessary if 
you have got one very loud instrument which 
cannot be quietened down. Then you have to 
put microphones on the weak ones to bring 
them up, at least I do. 
D.K. You can't send the loud chappie into the 
distance? 
T.L. You usually put him into a cubicle; it's 
nearly always the drummer or the pianist who 
drowns everybody. I have surrounded drums 
with mattresses before now. 
D.K. Do you find much variation between reels 
of professional tape, assuming the same brand? 
T.L. No, with a really good professional brand 
there is very little difference. But if you're 
making test tapes, you have not only to select 
the reel, you must also select pieces out of the 
reel. 

D.K. Both your Philips machines have ferrile 
heads? 
T.L. Yes, I have converted several recorders 
to take ferrites and had the most appalling 
difficulties getting rid of the top. At 19cm/s 
1 have had to get rid of something in the order 
of 12 dB at 15 kHz so the losses in metal heads 
must be enormous. I have spoken to one or 
two manufacturers of studio recorders in this 
country, asking why they don't use them. They 
all agree that ferrites are much belter but there 
are difficulties in getting rid of the hum; you 
need extremely good screening on the replay 
head. They are also dearer. 
D.K. Is screening so difficult? 
T.L. Philips have got over it but Mullard have 
stopped supplying screening cans which makes 
life a little difficult. You can go straight to 
Eindhoven, however. Once you have fitted a 
ferrile head, you can forget it. They last longer 
than the life of a machine. You don't get the 
trouble of head characteristics changing which 
can be a bind when you do a lot of recording. 
On some machines the top response goes up 
as metal heads wear; on others it goes down. 
D.K. Ferrites obviously make searching much 
easier. 
T.L. Yes, but Raymond Cooke says its very 
bad for the speakers which object strongly to 
the high frequencies. He was most emphatic 
that more speakers are ruined this way than 
through any other cause. 
D.K. Now you're about fifty. Fifty-five? 
T.L. That's a great secret. Well? 
D.K. Have you noticed your hearing changing, 
for belter or worse, as you've grown older? 
T.L. I haven't detected any deterioration. I 
can distinguish things that are 'wrong' much 
easier now than I could twenty years ago. I 
used to accept a loudspeaker because it was a 
loudspeaker. Now I expect it to sound a little 
bit like the original. If 1 walk into a room and 
hear a loudspeaker, I can tell immediately what 
is wrong with it. Every speaker has faults of 
one kind or another. 
D.K. Can you hear a 10 kHz television whistle? 
T.L. Yes. I can still hear around 15 kHz. 
D.K. You think your hearing is unusual in this 
respect? 
T.L. No, I think it is just that 1 am trying to 
make full use of my ears. 
D.K. / gather you do most of your monitoring 
on headphones. 
T.L. Yes, I used to use loudspeakers, most 
people do, but every room you set up in has a 
different acoustic and I don't know where lam. 
With earphones, I know they are always going 
to sound the same. A lot of engineers have 
great difficulty with earphones; they say the 
sound is at the back of their head, or the front 
of their head, but you get used to them if you 
employ them all the time. I always use the same 
pair, fairly cheap AKG KSO; I have had them 
many years. 
D.K. Do you ever find yourself in a position so 
dose to the subject that you need good sealing? 
The KSO doesn't give much. 
T.L. No, I always set up in a separate room and 
either use a talkback or work with a light. 
Talkback can be a nuisance if you are working 
in a very reverberant building because the 
talkback speaker may take several seconds to 
decay, during which you dare not start the tape. 
D.K. Yes. I've had this kind of trouble with 
the RE301 where the capstan starts up fairly 
slowly and people begin performing as the tape 

grinds up to speed. You can overcome this by 
waving somebody's thumb at the players. 
T.L. Most big machines start up within a 
fifth of a second because the capstans run 
continuously but all tapes jump a bit at the 
start. If a recorder is up to speed in a second, 
I think that's adequate. 
D.K. What is your attitude to servo-controlled 
capstan motors? 
T.L. I can tell a recording that is made on one. 
They introduce something not present in con- 
ventional recorders, a high frequency modula- 
tion which makes the sound edgy. Many 
engineers have told me they can hear the same 
thing. 
D.K. Do standards vary much between the 
larger studios? 
T.L. The general standard of studio mainten- 
ance isn't as high as it should be. As long as 
the wheels keep turning they don't seem to 
worry. There are exceptions but as a general 
rule its pretty grim. 
D.K. Where does the BBC fit into this? Are 
their standards above those of the average 
studio? 
T.L. The Radio backroom boys are excellent. 
Television sound standards are not quite so 
high. I have seen balancing engineers having 
difficulty with mixers because the studs were 
dislodged or dirty—they rattle the faders 
backwards and forwards to stop noise. 
D.K. What do you think of the EMI BTR2? 
T.L. The best machine EMI ever made. It 
gives very little trouble. The only thing I don't 
like about it, and we have converted a lot of 
them for studios, is the tape goes round a 
flywheel before it reaches the sound heads. It 
drives the counter mechanism and I presume 
was put there to remove flutter. If you remove 
it, your wow and flutter problems almost 
disappear. This also goes for the Ampex 300. 
l/ntil recently, designers never seemed to think 
about what happens to a left-hand flywheel; I 
think they put them there because their 
grandfathers did. 
D.K. Your most successful work ends up on 
disc. What do you think of this medium? 
T.L. I don't think much of the disc. I have a 
library of LPs made from my own masters and 
I have no means of playing them at all. I 
sometimes take them to friends' houses to play 
but I think the sounds are excruciating. There 
seems no point in keeping a turntable here. I 
feel sorry for those who have to rely on discs. 
D.K. What gels lost when a master is trans- 
ferred to disc? 
T.L. Little gets lost but a lot gets added. A lot 
of mechanical noise. Rumble is added as well. 
High frequencies particularly get terribly 
distorted though this may be due to the pick- 
ups; I don't know anything about pickups. 
We have made one or two interesting experi- 
ments. When at a studio cutting a disc, one is 
often able to listen to the lacquer and compare 
it with the tape. Even at that stage there is quite 
a degradation and by the lime it has been 
pressed, it is pretty grim. But it's a cheap way 
of copying. Quarter-track tapes can be horrible 
but there are some which are not too bad. I 
wouldn't like listening to them but I would 
prefer anything to a gramophone record. I 
think tape will completely overtake discs before 
very long. 1 know tape copying is a problem 
but I am sure it can be overcome. 
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Do as they do-rely on Bib Compact Tape Head Cleaning Kit to maintain 
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it a habit prior to recording or after 10 hours play-back; make sure of 
best quality recording. Suitable for reel-to-reel or cassette models, Bib 
Compact Tape Head Cleaning Kit comprises 1 bottle of Bib Tape Head 
Cleaner - 2 Blue Tape Head Applicator Tools - 2 White Tape Head 
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reflectors, windshieldsand accessories available 
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the early years "lr 
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IN this series of articles, after writing a 
resume of recording techniques in the 

early years of tape recording and LP disc issues, 
I shall be discussing techniques in the recording 
studio as applied in the last few years. The 
articles will each month describe techniques in a 
particular field, and it is my intention to explain 
many of the somewhat baffling ways of 
professional engineers. I will include, for 
instance, an article dealing with professional 
recording tapes, mentioning the requirements, 
the different ways tape can be used and why, 
and an article dealing solely with professional 
microphones and their use. 

To assist me keeping this series up to date 
1 would be very pleased to hear about new 
professional studio equipment direct from 
manufacturers through the Tape Recorder 
office, and will also be pleased to assist any 
readers who care to contact me by phone 
during the day, although I am sure it will be 
understood that I will not be able to deal with 
lengthy correspondence. 

It should be noted that the difference between 
the professional and the semi-professional is 
one of reliability, in that equipment can be used 
in a studio for perhaps 3,500 hours per year and 
during that time must perform consistently well. 
Whereas the semi-professional may well spend 
hours setting up his equipment for a recording 
session, the professional engineer has frequently 
to accept that the equipment is in perfect 
working order and concentrate on the sound 
itself without having to worry about, for 
instance, tape dropout, wow, or general faults 
in the equipment. The professional engineer 
should always have extra equipment available 
for any eventuality, and he should be able to 
match up the sound between tapes made at 
quite long intervals, in addition to tapes being 
recorded to a consistent peak level. It is also 
important to remember that a tape made in one 
studio should sound as good when played 
back in any other good recording studio. Also 

•Roundabout Records 

a stereo tape recording must be capable of 
being cut on to disc without the sound being 
tampered with to make possible the transfer to 
disc. 

From the inception of electrical recording in 
the 1920's to the end of the second world war, 
recording techniques improved only slowly with 
relatively few large steps. It is true to say that 
78 RPM discs recorded in this period were 
of much higher quality than was realised at the 
time, and present-day recreations on LP, 
often dubbed from the original metal parts or 
special vinyl pressings, show how remarkable 
some of these records were in their day. As is 
often the case, great improvements in all types 
of scientific techniques result from wars, and 
although there was little apparent improvement 
in gramophone records towards the end of the 
war the seeds of this improvement had been 
sown, not only by the realisation that the 
gramophone pickup could be vastly improved 
but, far more important, Germany had begun 
to develop the magnetic tape recorder, initially 
designed for war-time use. Some of the first 
Magnetophons, recording at 77 cm/s, were 
captured by the Americans who continued to 
experiment with tape, and later also by the 
British. It should be realised that at this time 
the difficulty was not so much the building of 
the tape machines as the almost total lack of 
magnetic tape on which to record. 

Shortly after the war, in 1947, EMI at Hayes 
started on the development of a professional 
tape recorder for their own studios and also for 
military, post office and BBC use. With their 
inception of the BTR1 tape recorder using 1 km 
reels of approximately 28 cm diameter, and at 
the same time making a tape to go with it, 
EMI started the biggest change in recording 
studio techniques known to the industry since 
the beginning of 78's—even greater than the 
change from acoustic to electrical recordings. 
It became possible for orchestras to perform 
complete works, or large pieces, and repeat as 
many times as necessary without the expense 
and trouble of continually putting new waxes or 
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acetates on the cutting lathes. From 1948, 
therefore, many EMI recordings were done on 
tape as well as disc for a period, and then on 
tape only, and many of these early tapes, such 
as recordings by the late Sir Thomas Beecham, 
are now re-issued on LP. Other companies were 
quick to purchase tape recorders, and Ampex 
started manufacturing at about the same time. 

In Vienna since the war, Dr. Rudolph Gdrike 
had been experimenting with capacitor micro- 
phones, and in the early 1950's he produced for 
AKG the C12 which is still being used in 
studios today. Neumann in Berlin, and Hiller, 
also made capacitor microphones of excellent 
quality which far outclassed very early capacitor 
mikes which had been used back in the 1930's, 
but which in their earlier forms were rather 
noisy and unreliable, as well as being omni- 
directional. By today's standards the per- 
formances of the earlier tape recorders were 
very poor, and this was mainly due to the poor 
quality of the tape itself, particularly in hiss 
level. The earlier types of EMI tape for 
instance could not accept a level in excess of 
32 mM/mm, and the replay gains of tape 
recorders used for playing back these tapes 
had therefore to be set at a high level. It should 
be realised that, since the dynamic range was 
limited by the performance of these early tapes, 
recording engineers had to balance the dynamic 
range between well defined limits, as they had 
also been having to do with 78's. Many of the 
early Decca LP recordings were dubbed from 
78 metal discs, and the difference in quality 
between these and the first tape recordings 
was very marked. The earliest tapes were of 
course issued on 78's as well. Not very long 
after LP's had been established on the British 
market and after producing tape for several 
years, EMI brought out their first tape which 
could be considered as relatively good quality, 
namely H77 giving approximately a 4 dB 
improvement in signal-to-noise ratio. In 1953 
EMI brought out their BTR2, which in my 
opinion was one of the finest professional 

(continued on page 40) 
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COME TO 

THE TAPE 

RECORDER CENTRE 

... the largest showrooms in 

Great Britain devoted exclusively 

to Tape Recorders and 

Tape Recording equipment! 

Whether you are interested in a general purpose tape recorder or a de luxe 
professional machine, the expert and friendly staff of The Tape Recorder Centre 
will be pleased to give you the benefit of their many years experience of selling 
everything in "Tape". You will see tape recorders from Germany, Britain, Japan, 
Norway, Denmark, etc. etc. all available for immediate demonstration. Make your 
choice at The Tape Recorder Centre and be certain of purchasing the machine that 
is ideally suited to your individual requirements. 

ALL LEADING MAKES AVAILABLE 

Akai, Ampex, B. & O.. Brenell, Chilton, Crown, E.M.I., Elizabethan. Ferguson, 
Ferrograph, Grundig, Loewe-Opta, National, NuSound, Philips, Reps, Revox, 
Sanyo, Sharp, Sony, Tandberg, Telefunken, Teleton, Truvox, Uher, Van Der 
Molen, Vortexion, Wyndsor, etc., together with a wonderful range of Tape 
Accessories. 

Expert Staff—Expert Advice • Generous Part Exchanges 
Easiest Hire>Purchase Terms # Free After-Sales Servicing 

Remember—the Tope Recorder Centre Showrooms are the only showrooms in Great 
Britain specialising exclusively in every make and model of tape recorder available today. 

Only one minutefrom Holborn Tuba Station—Half-day Saturday. 

TBR 

TAPE 

RECORDER 

CENTRE 

82 HIGH HOLBORN, LONDON, W.C.I. 
Telephone: 01-242 7401 
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For the latest about 

the best in sound, read 

jSw. 

Deceh BER 
ISSUE 

2/6 

Every month AciUO Recoan Rtvitw brings Sir John Barbirolli by Sir Neville Cardus 
you news, information and expert opiniom Top records of 1969 
on the best in recorded enterrainmenc - plus Audio Fair report 
special articles on artists and many other Christmas Carols 
interest'packed features. In this month's issue: Janet Baker - Special feature 

A LINK HOUSE GROUP PUBLICATION Homy* ■*<■» anJ hookiralls <>f pwt-triv I'ohii Link Dinpvdl Avcnnc, Cowjon CR9 2TA 

You take no chances when you purchase our brand 
new British Recording Tapes. Manufactured by 
reputable British firm. Fitted leaders, polythene bag 
and boxed (ex. 3"). These tapes are not to be confused 
with sub-standard imported or used taped. All 100% 
tested and fully guaranteed. 

This month free coloured leaders with all tape 
orders 

Standard Play 
3' ISO' 
4* 300' 
5' 600' 
Si' 900' 
7' 1200' 
Double Play 
3' 350' 
4' 600' 
5* 1200' 
Si' 1800' 
7' 2400' 

2/- 

if: 

i 

if: 

Z 
19/6 

Long Play 
3' 220' 
4' 400' 
5* 900' 
5J- 1200' 
7- 1800' 
Empty Spools 
3' 
4' 
5' 
Si' ... 
7- 

f. 

"0/- 
13/- 

8d 
1/8 

a 
2/3 

Compact tape cassettes. 100% perfect, fully 
guaranteed, not to be confused with Maxwell. 
All supplied in plastic library cases. 
C. 60 7/6, C. 90 10/-, C. 120 14/6. P & p 2/- per order. 

N. WALKER TAPES 
28 Linkscroft Avenue, Ashford, Middlesex. 

Phone:53020 
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HAVE you ever felt you were getting into 
a rut? I must confess that something of 

this feeling besets me when I see the new models 
that Sony (UK) are introducing, and my 
American friends assure me that they are even 
more blessed with Sony profundity. Having 
started a sub-series on the servicing of this 
very good equipment, I now find myself faced 
with an ever-growing list of possible machines 
to mention. In the current article we shall 
attempt to examine the TC250, lead on to its 
derivatives, and follow through a few of the 
development points that have now resulted in 
a tape unit of quite impressive performance in 
the TC255. 

1 hope we shall be able to show that these 
small improvements are aimed toward a better 
product in most cases, and not merely toward 
the target of a larger slice of the market— 
although Sony, being no novices in business, 
must have this target squarely in their sights. 

First evidence comes from an inspection of 
the circuits given in figs. 1, 2 and 3. The basic 
shape is the same—a four-stage amplifier with 
a fairly heavily filtered power pack and a feed- 
back oscillator of simple design. But we note 
that the 2SD24 input transistors of the TC250 
gave way to silicon planar types, 2SC40I by the 
time the early TC2S0A version had come along, 
with 2SC402 as voltage amplifier and a 2SC3IS, 
with a more powerful rating to allow for the 
overload margin, fitted in place of the terminal 
2SB382. 

Of more importance, as an attempt to over- 
come the bogey of weak oscillator drive and 
noisy residual magnetism on tape, after erasure, 
the oscillator was first changed to an n-p-n 
pair, and later to a single high-power 2SD2S. 
This transistor, used extensively where power 
and fairly fast switching are required, can be 
troublesome if conditions inflict excessive heat 
on it. In the oscillator, it has to work pretty 
hard, even when the frequency is around 
80 kHz (original germanium transistors were 
in a 50 kHz tuned circuit). It is interesting to 
note that the very slight changes in the TC255 
oscillator circuit, which we shall be looking at 
next month, have been made around the 
2SD28 and the oscillator frequency has been 
raised to the praiseworthy heights of 160 kHz. 

The TC250 is a tape unit, having no power 
output stages or loudspeakers. It is fully 
stereo, record and play, but has only a single 
record button. This limits its facility somewhat, 
as we have observed before. Mono replay is 
possible by fitting the small modification 
shown in the diagrams accompanying the 
TC250 article, (October 1969). In fact, 
separation of the channels can also be done by 
altering the switchlink arrangement, and I even 
came across one model to which a pair of 
draw-wires had been added, with auxiliary 
springs opposing the pull of the switch 
actuators. 

Two-speed operation (19 and 9.5 cm/sec.), 
with single-motor drive via rubber-tyred idlers, 
from a two-step capstan. Maximum spool size 
is 18 cm, overlapping the deck. Rather 
cleverly, a simulated leather top cover which 
can be supplied has flapping sidepieces, so that 
one can transport the 250 and 250A with spools 
left on. But there is no handle on the wooden 
plinth and the machine is quite obviously not 
intended to be carted around, despite its 
modest weight (7.7 kg). 

SONY TC250 

BY H. W. HELLYER 

Overall frequency range at the top speed is 
given as 30 Hz to 18 kHz but within ± 3 dB 
this is modified to 50 Hz to 15 kHz. Dis- 
tortion figures are not always quoted and, where 
they are, the lack of qualification can render 
them meaningless. My own measurements, 
recording at a modulation level to produce 
0 dBm at the line out socket, give a figure of 
a little over 1%. There is remarkably little 
hum, thanks, no doubt, to that triple-banked 
smoothing circuit and some very intelligent 
printed-circuit board layout. 

Signal-to-noise ratio, again measured with a 
peak recording level signal that is injected, then 
removed, is better than 50 dB when a unit is up 
to scratch. In fact, the head wear situation, 
already mentioned, can aggravate this situation 
as well as cause a disturbing roll-off at the top 
of the response curve. Sony always provided 
head cleaning ribbons with their earlier mac- 
hines. I had the curious experience of changing 
the record/play head on a TC280 only this 
week and discovering these ribbons, still in 
their little plastic wallet, unused and tucked 
away in a corner of the socket panel, and the 
machine was two years old. 

Wow and flutter figures are better than 
0.19% at 19cm/s. Two VU-meters are 
employed, illuminated on record. They are set 
for 0 dB when signal level is at 12 dB below 
saturation, so the practice, as before, is to put 
the signal on pretty hard. This seems common 
to many Japanese machines, and many a 
recording has been spoiled by hiss because an 
attempt was made to keep the swinging needle 
below the danger mark throughout the 
programme. In practice, it is better to risk 
the occasional, short-term burst of distortion 
than to lose passages in system noise on replay. 

A lot depends on the tape which is used, and 
as the price was kept down by selling the 
TC250 without microphones or tape, many odd 
brands must have been used. My experiments 
have showed that the best recordings can be 
made with BASF LGS35LH or Zonatape, 
keeping to LP tape and not being tempted to 
DP or thinner. For really low-noise 
recordings, on this as on a number of other 
similar models Ampex 344 has proved ideal. 
Bias setting is, of course, important, and I have 
found that the recognised method of inserting 
a IK resistor in the return lead of the record/ 
play head (easily accessible on the rear and 
side of the head casing) and measuring across 
this with a valve voltmeter is not always as 
good as a trial and error assessment of the bias 
trimmer position, playing back the recorded 
tones and monitoring with an oscilloscope and 
valve voltmeter at the line out socket for 
minimum distortion compatible with best 
output, then rechecking the noise level. 
Measuring bias current alone: in this case we 
should get 1.2 V across the IK resistor with 
the violet and black leads to the head removed 
and the test resistor taken to chassis from the 
head 'out' connection. 

The two trimmers are 30 to 200 pF com- 
pression types, easily visible on the power 
supply and oscillator printed-circuit board. 
At the end of the board are the bias traps, and 
the adjustment for these is also quite simple. 
With the machine in the record mode, simply 
read off the bias breakthrough—plus any 
noise—at the line out socket with a valve 
voltmeter, then adjust each coil for a minimum 
reading. 

It may bear repeating at this point that bias 
setting adjustment on this machine, and many 
others of all makes, should be done for best 
playback conditions. That is to say, an overall 
test should be made, although this takes a little 
longer. On a three-head machine with the 
usual A-B facilities, it is admittedly much more 
easy, but patience with a two-head machine 
will pay off in immensely improved recordings 
if the temptation to get a 'maximum bias' 
reading at all costs can be thrust behind you. 

The TC250 and the 250A are both intended 
for use vertically or horizontally, with no 
change of mechanism. Rubber spool retainer 
caps are the norm with Sony equipment. In 
practice, I find that vertical operation, unless 
the machine is supported pretty firmly on a 
fairly high shelf, is a bit inconvenient. The 
wood plinth is only a little over 150 mm deep, 
and the single lever function control is fairly 
stiff, so the only practical way of using the 
machine is to support the top of the plinth 
with the free hand. Add to this the awkward- 
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TAPE RECORDER SERVICE CONTINUED 

ness of twiddling the recording level controls 
beneath the flap at the left, and we have a good 
case for laying the machine down flat on the 
table. (Oh, those Oriental knobs! Japanese 
fingers must be more delicate than ours.) 

The snag with using the TC250 in this way 
is the protruding ventilation 'cage' over the 
motor fan (a turbine style assembly which 
tends to gather dust in time). The cabinet 
should really be blocked up with taller feet so 
that the cage clears the table, both ensuring 
a free flow of air and preventing transmission 
of acoustic noise. 

Inputs and outputs are listed on the broc- 
hures and the operating instructions that 
accompany the machines. However, these are 
the first victims in any spring-cleaning battle, 
and many an owner has nothing but the 
results of his experiments to go on. To make 
matters worse, some of the literature gives 
inadequate or misleading information. Sony 
are better than most at helping the user, but 
even they fall short of their own high standards 
now and again. An example is the tendency to 
state: 'Microphone impedance—low' and 
'Auxiliary impedance—high', when these terms 
are as relative as a fisherman's idea of length. 

The TC250 and TC250A are designed to be 
used with a 600 ohm microphone. That may be 
low compared with a crystal job or a dynamic 
mike with an inbuilt step-up transformer, but 
in my language, 30 ohms or so is low, and the 
usual run of 30 ohm microphones will not do 
justice to these machines. Sensitivity is 
somewhere between —63 and —72 dB from 
zero level, depending on the microphone used, 
but in general one may expect 200 to 300 |iV 
of signal across 0.5 to 2 K load to produce a 
fully modulated tape. The TC250 was nor- 
mally sold without a microphone, so some 
width of choice may be expected. If you are 
looking around for a matching microphone, 
the inexpensive Sony F96 isn't bad. This 
unbalanced dynamic microphone comes in 
two impedance ranges, 600 ohms and 10 K. 
The 600 ohm MTL provides a -58 dBm 
signal, enough for either of these machines. 

The auxiliary input is a bone of contention, 
because there have been numerous production 
changes, just as there have been with oscillator 
design. At first, the principle was to put the 
high impedance input into a high level point of 
the four-stage amplifier, as shown in our 
original circuit of the 250. This makes it 
suitable for some of the high output tuners, 
but not much help to the chap with an 
insensitive ceramic cartridge. He has to put his 
trust in the dubbing socket, if it is fitted, where 
the input is to the first stage, via a series 
attenuator. Sensitivity can be around 100 mV 
and impedance is 100 K. The trouble here is 
that the ceramic cartridge needs to see a higher 
impedance and series matching can attenuate 
the signal too much. 

This is not the place to go into matching 
problems ; Anthony Eden has done so 
admirably in his two articles which appeared in 
the February and November 1969 issues of this 
magazine. I may say that those two articles, 
once I con the Editor into providing me with 
reprints, will be pinned on my workshop wall. 
I have never seen the subject more explicitly and 
authoritatively detailed. 
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GUARANTEED QUALITY AND SATISFACTION 

4-TRACK STEREO/MONO STEREO TAPE UNITS 

NW 
Philips 
Philips 
Fsrguti 
Sanyo I 
Philips 
Altai I7IOW 
Sanyo MR939 
Sony TC230 
Telefunken 204TS Grundig TK247 ... 
Sanyo MR990 
Philips 4408 
Sony TC530 
Tandberg 1241X ... 
Beocord 2000K ... 
Beocord 2000T ... 
National 
Consolc-Aira 
Farrograph 724 ... 
Akai M9   
Akai I800SD 
Revox 1222/4 
4-TRACK MONAURAL 

f Bracm. 
'iVKJIM 

F.rguton 32It 
HWl'lMT 

Cash Deposit 12 Monthly 
Price Payments 

£ «. d. £ t. d. C s. d. 
SI IT 1 23 4 1 3 14 5 77 17 0 26 17 0 4 5 0 
93 5 0 33 S 0 S 1 10 97 4 9 33 4 9 S 6 10 

103 IS 4 35 IS 10 5 13 4 
III 0 5 37 IS 7 6 2 1 
111 0 2 38 13 6 6 2 3 
I2I II 9 40 11 9 6 IS 0 
I24 19 0 41 19 0 6 13 4 ■ 30 18 9 45 10 9 7 2 4 
I3I 18 1 44 18 0 7 S 0 I36 3 10 46 19 s 7 8 9 
14* 12 3 49 12 3 8 1 8 
I49 0 0 49 0 0 8 6 8 
IS9 IS 0 53 s 0 8 17 6 
its IS 0 55 5 0 9 4 2 
IBS 0 0 62 0 0 10 5 0 
204 It 9 68 16 9 116 8 
198 12 4 68 12 4 10 16 8 

13 10 68 12 4 II 1 1 
223 13 0 74 II 0 12 8 6 
L 

34 4 8 „ 12 8 1 17 4 
46 0 10 IS 17 10 2 10 2 
47 13 1 16 10 1 2 II II 
48 II II 16 IS 3 2 13 1 
48 If 0 16 16 8 2 13 4 
59 12 0 20 12 0 3 5 0 
60 (7 10 20 14 2 3 5 7 

83 i!; 28 
If 
0 

16 
0 
0 
9 lit! 

Deposit 
15 Monthly 

Sanyo MR-801 
Tandberg I44IX ... 
Sony TC355 
Akai 3000D 
Beocord 1500 
Tandberg 62/44X .. 
Ferrograph 702/704 Beocord 1800 
Revox 1102/4 

£ s. 27 9 
30 0 34 2 
35 0 
42 10 
53 0 
64 15 
60 15 
63 19 

s. d. 
6 8 

Cash 
Price 

£ 79 9 
89 10 

100 2 
101 6 
126 10 
157 0 
194 15 
179 15 
187 19 

t. d. 

SPECIAL OFFER 
AKAI M9 High Fidelity Stereo—50 gns. OFF 
Cross-field Head. 40 Watts Music Power # 4 Tracks 
#4 Speeds # Sound-on-Sound # Three Heads 
#2 Built in Speakers. 
BRAND NEW. MAKERS 12 MONTHS 
GUARANTEE & INSTRUCTIONS 145 gns. 
INTEREST FREE H.P. TERMS Deposit £52.5.0 
12 Monthly Payments £8.6.8. 
PHILIPS EL3302 Cassette—Brand New. 
Special Offer 24 gns. 

INTEREST FREE H.P. TERMS. 
OPEN SATURDAY 6 p.m. 

FRIDAY 6.30 p.m. 
IF UNABLE TO CALL, WRITE 
FOR BROCHURES. PART EX- 
CHANGES. ALSO 18 AND 14 

MONTHLY TERMS. 

BEOMASTER 3000 
HIGH FIDELITY SYSTEM 

■ sb ii a is s s a a a a b a b a b a 8 B e is cm 

BEOMASTER 3000 
St.r.o Tun«r/Ampliti«r 2x30 Wacts R.M.S. 
Tuning Range. F.E. Tranaiatora. A.B. Monitoring. 
Individually Adjuacable Input Levels. 
Teak. 129 Gns. 

BE0GRAM 18000 
SPI0 Cartridge. Semi-Automatic Operation. 
Teak. 57 Gns. 
OR 
BE0GRAM 1000 
Teak. 39 Gns. 

BE0V0X 5000 MK2 
Loudspeakers 30 Watts RMS. Teak. Each 

65 Gns. 
Interest Free H.P. Terms available on complete 

: units. 

XV 

(DEPT. R) 186-1 WEST END LANE, WEST HAHPSTEAD, LONDON, NW6 
Telephone: 01-794 4977 

SIMPLY SUPERB! 

the new brenell 

MODEL ST STEREO 

Probably the most important new recorder of the year! 

The new ST400/200 recorders are different from all previous Brenells. All 
transistorized electronics; shelf-mounting cabinet; simplified controls. 
Sound quality is even better than ever—as good as you can hear. Three-motor 
deck performance and reliability; quality components throughout. All usual 
facilities are available. 
ST400/200 recorders are designed to give you exactly what you expect from a 
Brenell today. 
Only the price is less than you may expect... £145 recommended. You pay no 
import duties... no high selling costs ... only for a top-quality recorder, well 
made. It's a fine formula I 
• Mono or stereo operation • 3 tape speeds 
• Choice of 2 or 4-track • 2 recording level meters 

models • Full input/output and 
• 3 outer-rotor motors control facilities 

A range of Brenell mono and stereo recorders is available, together with 
Brenell deck and tape-link. 

ii 
BRENELL ENGINEERING COMPANY LTD. 231/5 Liverpool Road, London, N.I.Telephone:01-607 8271 
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by Peter Bastin 

THE 1969 Audio Fair combined itself with 
the Photo-Cine Fair (and almost with the 

Dairy Show) which may have been a good idea. 
Or may not. Only the exhibitors would know 
about this. Anyway, it certainly resulted in a 
lot of people, most of them with bags over 
their shoulders and cameras round their necks, 
getting embroiled in the nicest possible way 
with the less-cluttered audiophiles. Personally, 
I found that the new venue, Olympia, left a lot 
to be desired. Missing was the friendly din and 
confusion of the Russell Hotel, missing were 
the cosy little exhibitors" rooms with bottles of 
sherry delightfully in evidence, missing was the 
general air of all-being-here-together. Olym- 
pia is a hard, cold battle-ground, punctuated 
by emergency-doors and iron roof trusses. 

About forty-nine out of every fifty visitors 
were men, which must prove something. And 
how earnest some of them looked. Dedicated 
types, informing the exhibitors, types in thick 
glasses looking at simply everything, and others 
with expensive cameras clicking away at the 
dolly-birds draped over veteran motor-cars on 
the photographic stands. Those poor, hard- 
eyed dolly-birds, baking in photofloods, 
smiling stonily and incessantly. Japanese 
jentlemen, Norwegians, the lot. Even Phillip 
Towell, looking disgustingly healthy in a 
bright blue suit; publisher Douglas Brown 
looking and sounding (still) like a prosperous 
west-country farmer, John Bradley of the 
Federation of British Tape Recordists and 
Clubs looking very worried. And to crown it 
all, the Editor's tie. The less said about that, 
the better. 

The BATR Contest was very disappointing. 
It was held in the exhibitors' lounge behind 
totally inadequate screens. The noise from the 
relaxing exhibitors was quite sufficient to 
drown the best announcing efforts of Cyril 
Rex-Hassan and John Bradley and very nearly 
drowned some of the tapes. It occurred to me, 
whilst straining to hear the material, that it 
might be a good idea to dub all the entries on to 
a master tape, thus ironing out differences in 
level, excess bass and treble, and low quality. 
Not every machine is yet built to record to the 

same characteristic as the next one and replay 
on a totally different machine can play havoc 
with quality. 

I asked Douglas Brown, who is a committee 
member of the Contest, whether he thought that 
the standard of entries had improved to any 
great extent over the last ten years. He thought 
not, but, on the other hand, he didn't say that 
it had declined. He felt, however, that there is 
a great lack of imaginative tapes; that the 
ground is becoming a little too well-trodden. 
David Kirk raised the question about Rule 5 
of the Contest which expressly forbids the use 
of commercially-produced material. Two of 
the winning tapes apparently included music 
from disc or radio. Perhaps the Contest 
organisers can answer this one? 

inconsistencies in advertising. The Philips 
Pro 12 machine is advertised in a current 
catalogue as 'a home studio stereo tape 
recorder'. In an American magazine, it is 
advertised as a 'professional tape recorder'. 
Which is it? There is a television commercial 
for petrol which shows two cars, location 
"Europe". One stops and the wolves move in; 
the other speeds happily by with the advertiser's 
petrol in its tank. In a German magazine, the 
story line is the same but the location is 
Sweden. 1 suppose that the idea is to keep the 
locale as far away from home territory as 
possible! In a German catalogue of audio 
equipment (recorders, record decks, amplifiers, 
microphones, speakers, etc.) there are appealing 
advertisements for hair-rollers, shavers and 
(excusably) cameras. This rather reminds me of 
the radio shops which suddenly spout washing 
machines and fridges. 

a tape recording enthusiast of great 
vintageonce related to me the perilsof gathering 
material for radio in the days of Daventry and 
Alvar Lidell. It seems that on one occasion, he 
suffered the indignity of forcible removal from 
the Savoy Hotel. A piece of fried-bread shot 
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off his plate at breakfast time, hurtled at 
astronomic speed across the room, registering 
a direct hit on the back end of a Pekinese, 
causing it Grievous Harm. The Pekinese 
belonged to the wife of the Mongolian 
Ambassador. On another occasion, he was 
interviewing a society woman and getting 
along quite well. Suddenly she fell down. The 
doctor said it wasn't really surprising; she was 
chock-full of potato-crisps. Then there was 
the lime he was talking to the First Lord of 
the Admiralty. His Lordship suddenly clouted 
our friend over the head with his telescope and 
had a terrible fit. It is instances like this upon 
which our noble art is founded and might well 
explain why so many recordists lake to meths 
or become Quantity Surveyors. 

stereo review, 144 pages of which costs 60 
cents (5s.) in the USA, contains one or two 
interesting items of equipment. There is the 
eight-track stereo cartridge player, manufactur- 
ed by Lear Jet and costing about £25. Ampex 
have produced their smallest cassette recorder, 
measuring 170 x 100 x 50 mm, with all the 
usual additions, such as battery indicator, 
microphone and so on. About £40, 

There is a large section devoted to record 
review and I must say that I like the precis 
method of presenting the records. Over the 
title of each review is Recording of Special 
Merit or nothing at all. Underneath the title 
is a brief summary of the record on the lines of 
Performance: bloated. Recording: good. Ste- 
reo quality: fair. This is splendid, for if the 
summary sounds pretty grotty, you don't read 
any further, saving a lot of time. 1 recommend 
this method to Britain's ponderous and 
frequently irritalingly-verbose record 
reviewers. 

looking through a recent Tape Recorder 
it was interesting to note the prices one can 
pay for an 18 cm reel of long-play tape (1800m 
feel or whatever it is in metre-things). Three 
firms offered it at 13s. and others at 27s., 28s 
6d., 29s. 6d. 36s., 39s. and 41s. 6d. The same, 
proprietary tape costing 51s. 7d. was offered 
variously by three firms at 36s., 39s. and 
41s. 6d. Now I don't object to this. For too 
long we have had to put up with price-rigging 
and with the same motor-cars disguised by 
different radiators. Let's have competition and 
jolly good luck to firms like KJ Enterprises and 
others who can knock lumps off the so-called 
'recommended prices'. In this context, one 
wonders about the vast profits made between 
manufacturers, wholesalers and dealers when 
a retailer can sell Series 7 Ferrographs £20 
below price and £223 Revox recorders at £201. 
My dealer complains bitterly that he cannot 
possibly afford to give me more than 5% 
discount. The cases above represent discounts 
of 10%. Since the benevolent retailer still has 
to eat, we might assume that his gross profit is 
around 15%. The manufacturer has to make a 
profit. This brings the cost price of a £200 
recorder to just over £100 by the time tax has 
been added—deducted. 

comment from teenage son: T shall begin to 
feel really old when the Beatles start dying off. 
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Part one/construction by trevor attewell 
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A 

HYPERCARDIOID 

CAPACITOR 

MICROPHONE 

THERE is little doubt that the capacitor 
microphone is capable of a superb all- 

round performance superior to all but the very 
best dynamic or ribbon types. Unfortunately 
the currently available commercial range, 
designed mainly for professional use, is 
expensive enough to be out of the reach of all 
but the wealthier amateurs. Readers may 
recall that a variable-pattern capacitor micro- 
phone for home construction was described in 
the September and October 1963 issues of 
Hi-Fi News. This was an excellent design and 
the author has a capsule of the type described, 
kindly given him by G. J. Cooper, doing 
valiant service. However, the making of this 
capsule required the use of the kind of toolroom 
facilities (and skills!) which are seldom 
available to most of us. In addition, the 
preamplifier was a valve type, with its attendant 
disadvantages, since suitable transistors were 
not then available. 

When more microphones were needed, 
therefore, it was decided to base them, if 
possible, on commercial capsules, using a 
construction which would involve nothing 
more difficult than simple lathe work to 
nominal tolerances. The preamplifier would 
be transistorised, and the overall size would be 
small. Clearly, the capsule would have to form 
the basis of the design, and it would need to be 
reasonably priced. It was G.J.C. who first 
suggested trying STC capsules. These were 
developed for use in their 4126 microphones, 
and were used subsequently in the 4136. 
Their design, construction and general pro- 
perties have been described elsewhere.1, 2, 3. 
The 4136 microphone is finding increasing 
acceptance in professional studios, where it is 
liked not only for its excellent acoustic pro- 
perties, but also because it is unobtrusive in 
front of cameras and employs a rational 
system of connections and power supplies 
enabling its use on booms wired for other 
microphones. 

STC were therefore approached for a pair of 
capsules for development purposes, and they 
have now agreed, very generously, to make 
these available to Tape Recorder readers. 
Since this is not an item which is generally sold 
separately, no packing is available for it, and 
it will be appreciated that special packing 
would be cosily to design and make. Intending 
purchasers are asked, therefore, to make 
arrangements to collect capsules, or to get 
someone to do this for them. Details of price 
and address are given under the parts list. 

The remainder of the design falls into two 
parts, namely, the pre-amplifier circuit and the 
general method of construction. The circuit is 
considered first, since it partly determines the 
size of housing required. The circuit design 
must take a number of considerations into 
account. 

First, the input impedance of the pre- 
amplifier must be very high. The capsule 
capacitance is of the order of 30 pF, so that the 
following stage must have an input impedance 
of 150 M if the frequency response is to be not 
more than 3 dB down at 20 Hz. However, it 
can be shown1 that a much higher order of 
impedance than this is desirable in order to 
improve the noise performance, which it does 
by shifting the bulk of the Johnson noise 
to sub-audio frequencies, so that it is lost in 
normal inter-stage couplings. 

This leads us, naturally, to consider the 
required noise performance itself. The cap- 
sule sensitivity is approximately 1 mV per 
dyne/cm2, so that its output will be only of the 
order of 20 nV in, say, a concert hall during a 
performance pause, when musicians and 
audience are quite still and the sound level is 
about 40 dB unweighted. Taking this ambient 
noise level as an arbitrary reference of 'silence* 
(and you'd be surprised how hard it is to get a 
sound meter below this figure) the microphone 
noise should be at least 6 dB less. This gives a 
rough estimate of 10 (iV as the maximum noise 
level referred to the capsule. To achieve even 
this fairly modest standard requires the 
greatest care. A very low-noise FET must be 
used, its operating conditions carefully chosen, 
and the following stage must also include a 
low-noise device working under optimum 
conditions. It has also been found that leakage 
in the insulator supporting the capsule and the 
FET must be held to a very low order, since 
this is an important source of noise. The 
insulation resistance required is of the order of 
10" ohms. 

Finally, the output impedance of the 
preamplifier must be low, and it must be 
capable of driving the capacitance of the 
longest length of cable which may be needed 
between microphone and recorder. Ideally, 
this capability should extend to the highest 
audio frequencies at peak signal level, but some 
relaxation is reasonable on the grounds that 
this combination occurs only rarely. For this 
design it was assumed that up to 90 m (300 
feet) of cable might be used, and the total 
capacitance of the signal core to earth in this 
length of the specified cable was measured as 
16,050 pF. To ensure that noise generators in 
the main amplifier will not contribute signi- 
ficantly to the total noise, an amplification of 
at least 10 dB is needed in the preamplifier— 
this assumes that the main amplifier is not 
appreciably more noisy than the preamplifier. 
The output from the latter can therefore be as 
high as 1 V RMS. for a peak capability of 
125 dB up to 20 kHz, necessitating a peak 
current output of 1.9 mA. 

It was found that this conflicted with the 
circuit values required to optimise the noise 

performance. In practice, therefore, the output 
capability has been limited to acoustic levels 
up to about 117 dB at 20 kHz, rising to 120 dB 
at 14kHz. This has proved more than adequate. 
It is worth noting that this limit is imposed by 
the available current output and not by the 
output impedance, which is about 50 ohms. 

Before finalising the circuit a number of 
references were examined, V,6,',',8 and one 
or two arrangements were tested. The best 
results were obtained from a low-noise FET 
in a common source amplifier, followed by a 
BC109 emitter-follower output stage. A 200 M 
input resistor is boot-strapped from the FET 
source to give an effective input impedance of 
over 1000 M. The complete circuit is shown in 
fig. 1. It should be noted that the zencr diode 
(Dl) is not used as a stabiliser—it is there to 
prevent damage to either of the transistors 
should one of several possible (though un- 
likely) circuit faults develop. 

The mechanical construction of the complete 
microphone can be seen in fig. 2, the general 
assembly drawing, and in the photographs 
figs. 3, 4 and 5. The capsule (8) is supported 
on a conical insulator (3) by means of an 
insert (4) and is surrounded by a gauze shield 
(2). This arrangement allows the sound access 
to the rear of the capsule. The shield termi- 
nates at its lower end in a ring through which 
it is secured by screws (9) passing through the 
body (1) into inserts (7) in the insulator. The 
circuit board (6) is secured at the top to the 
same inserts (7), and the bottom has a cyl- 
indrical projection fixed to the connector (5). 
The latter is secured to the body by three 
screws (10). Drawings for all these parts are 
given in figs. 6, 7 and 8, but some additional 
notes on them and their assembly may be 
helpful. 

The body is faced off at one end, the length 
being left about i inch oversize. A short 
length of J inch outer diameter tube is turned 
down to be an easy sliding fit in the body, and 
chamfered at the upper end. It is trimmed to 
length so that about -J inch projects from the 
body when the chamfered end is correctly 
located, and the two tubes are then hard- 
soldered. The body can now be finished to 
length, cutting the radius with a shaped tool— 
or it can be finished square if preferred. The 
connector fixing holes should be drilled as 
accurately as possible to avoid the nuisance of 
a 'one way only' fit, but the upper holes for 
the shield should be left for the time being. 

The ring (2) is made from a short length of 
li inch outer diameter tube, machining the 
inside first so that it slides easily on the body. 
(Precision workers: allow 0.001 inch for 
plating!) Again, drill the holes as accurately 
as possible, preferably before machining, 
supporting the work on a mandrel. To shape 
the gauze it is necessary to make a simple 
wooden jig, as shown in fig. 10. To the mating 
faces of blocks A and B (which can be made up 
of two or more thicknesses if need be), glue 
or screw coverings of a smooth, thin material 
to act as low-friction surfaces. Off-cuts of 
Formica (or equivalent) are good, or smooth 
metal can be used. Screw blocks A and B 
together, using either wood or metal screws, 

(continued overleaf) 
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but making sure that these fit the blocks so that 
the latter are positively located. Next, drill a 
pilot hole vertically through the middles of A 
and B. Separate them, and open up the pilot 
holes to the specified sizes. The die (C) is 
made from wooden dowel; you may find a 
broomstick just the right size. Now take a 
piece of 10 mesh by 25 SWG brass gauze having 
36 wires in each direction of the weave, and 
carefully snip out eight of the wires as shown 
in fig. 11. Place the gauze on block B with its 
centre over the centre of the hole, and oil it well. 
Place the two spacers (D) alongside the gauze 
to prevent it being trapped too tightly between 
A and B, and screw A into place. Oil C and 
push it firmly through A until it emerges from 
the other side of B. No great force should be 
used; if you can't push it through by hand- 
pressure alone then either the gauze is locked 
between the blocks, or the exit hole is too 
small. Force will merely fracture the gauze. 

The gauze is now trimmed to length by 
cutting round it with side cutters, the points of 
which can enter the slot in C provided for the 
purpose. Make certain that no wires are 
dislodged in the process; a temporary binding 
of wire may be found helpful. Do not try to 
push the ring on at this stage, as it may force 
some wires out of place. After trimming, the 
gauze can be removed from the die, and the 
ring slid over it. To locate the ring while it is 
soldered to the gauze, another very simple 
jig is useful, as shown in fig. 12. Soft solder is 
strong enough for this job. 

The top of the shield should be solder-dipped 
to give it improved rigidity. The solder may 
be melted in a tin lid (4 inch depth of solder) 
and the gauze dipped first into Baker's Fluid, 
then into the solder. After leaving it for a few 
seconds to heat through, the gauze is removed 
and quickly and vigorously flicked to shake 
surplus solder out of the holes in the mesh. Do 
watch carefully where and how you do this. The 
solder bath needs frequent scraping to remove 
oxide, and it's a good idea to practise on a bit 
of scrap gauze. Thoroughly wash the gauze to 
remove flux residues and leave it in a warm 
place to dry. 

The conical insulator is straightforward, 
and the only thing to note is that the side hole 
must be drilled before the taper is turned, 
otherwise it will have to be jig-drilled. PTFE 
has been chosen for its outstanding insulating 
properties, and is strongly recommended. It 
is probable that Perspex would be a reasonable 
substitute if care is taken to keep it absolutely 
clean, and the microphone is stored in a dry 
place (always a wise precaution). The 8 BA 
fixing holes are left until final fitting. When 
machining PTFE it is important to avoid 
excessive temperature rise, or toxic vapours 
may be formed. Sharp tools and light cuts 
help, but it is also advisable to keep a trickle 
of coolant on the cutting edge of the tool. 

Item 4 also needs little comment: care has to 
be taken in machining the final inch 
diameter, which should be done first, taking 
lighter cuts as the diameter reduces. The 
middle 'step' clears the insulator to maximise 
possible leakage path-lengths. 

The cable clamp and rubber entry are 
removed from the Cannon connector, and the 

pin assembly is pushed out from the rear after 
taking out the side screw. The back end is 
sawn off, and the remainder faced to length, 
the raised lettering on the body being either 
turned or filed off. The hole in the insert is 
drilled and countersunk, and the insert 
temporarily replaced in the shell. 

The cylindrical spacer on the circuit board 
can be cemented in place with Tensol cement 
or trichlorethylene. After drilling, the board 
can be fitted with any suitable commercial pin 
inserts, or pins can be cut from tinned copper 

wire. A printed circuit board can be substi- 
tuted if facilities are available, the only vital 
point being that the connection between the 
capsule centre pin and the FET gate must be 
clear of the board to maintain good insulation. 
The circuit layout is shown in fig. 9 and the 
photographs, figs. 4 and 5. The layout is not 
at all critical as long as leads in the input 
region are kept short. The FET gate must go 
directly to the capsule centre pin via the 
insert. 

Final fitting of parts can be carried out as 
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follows; First, the shield is located over the 
body in its correct position. The upper fixing 
holes in the body are then drilled, using the 
shield holes as jigs. With the shield removed, 
the insulator is set in position, ensuring that 
the inserts are pushed well home with the 
circuit board holes correctly aligned. The three 
holes in the insulator and inserts are drilled, 
using the body as a jig. Next, the body, 
insulator, shield and circuit board are 
assembled, and the connector offered into posi- 
tion. The circuit board spacer is marked 

FIG. 8 CIRCUIT BOARD AND CONNECTOR 
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through the hole in the connector, and the 
connector fixing holes are marked through 
those in the body. The connector is removed, 
its insert taken out, and the three holes drilled 
and tapped. The board spacer is also drilled 
and tapped. Incidentally, the reason for using 
the spacer is not to support the board, but 
merely to allow the- whole assembly, con- 
nector included, to be withdrawn as one unit, 
and it may be omitted at the expense of a 
slightly more fiddling assembly. 

If a dividing head is available, all the holes 
can be accurately drilled in each item as it is 
made, and the jigging procedure described 
above can be dispensed with. 

With the metalwork complete, the parts can 
be polished (this is worth doing very thor- 
oughly) and sent for plating, along with the 
screws. Satin chrome is a common and 
practical choice, but this is a matter of personal 
preference. 

The final assembly is simple. All compo- 
nents except R1 and Trl are fitted to the 
circuit board, which is then fitted to the 
insulator. Rl and Trl are added, followed 
by the connector, and the assembly slid into 
the body. The connector is secured, then the 
capsule is fitted, making sure that the centre 
pin is gently but firmly held by the grub screw. 
The flying lead is soldered to the wire passing 
through the conical insulator. When making 
this joint, take great care not to touch the 
capsule with the iron or to allow vapour from 
the operation to flow over it—laying the body 
on its side helps here. Finally, the shield is 
carefully lowered into place and secured. The 
completed microphone is shown in fig. 3. 

A word of warning is necessary regarding 
the installation of the FET. It is possible to 
break down the gate insulation of these 
devices by the static charges which can some- 
times build up on your body, or by capacilive 
currents from certain types of soldering iron, 
particularly those which are not earthed. The 
safe way to avoid this is to pick up the device 
carefully by the body and wrap a piece of thin 
tinned copper wire around the lead-out wires 
so as to short-circuit them all together as near 

FIG. 9 CIRCUIT LAYOUT 
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the body as possible. After soldering the FET 
into the circuit, the wire is removed. For similar 
reasons, do not touch the capsule centre pin 
while installing it, and tighten the grub screw 
with a screwdriver the shank of which is 
temporarily connected by a loose lead to the 
O V line (Pin 2 of the connector). 

The power supply is straightforward and 
can, with advantage, be nothing more com- 
plicated than a battery capable of supplying 
about 2 mA, e.g. five Ever-Ready PP3 cells. 
If mains operation is preferred, a circuit such 
as that shown in fig. 13 is suitable. No con- 
struction is given, since this will depend on 
individual preference; there is nothing critical 
about it. Care with earthing is an obvious 
requirement, and a single-point earth at the 
recorder input is advisable. Good screening 
is also needed for the signal lead where it 
passes through the power supply on its way 
from the microphone cable to the recorder 
signal input lead. In some cases it may be 
possible to extract a suitable supply from the 
tape recorder, but this should be very well 
decoupled—considerable extra smoothing is 
almost certain to be needed. 

The total cost of the microphone as des- 
cribed is about £12 10s, but it is possible to 
reduce this to not much more than half by 
making certain economies. One is to omit the 
rather expensive Cannon connectors and use 
either cheaper ones of a different type, or even 
none at all, bringing out a lead directly from the 
microphone. This can be rather inconvenient 
in use, since microphone and cable cannot be 
separated, and may require modifications to 
mountings, etc. If this is done, the connector in 
the base of the microphone should be replaced 
by a cable gland. 

Next, the plating can be dispensed with, and 
the brass case either polished (which doesn't 
look at all bad in an olde-worlde sort of way) 
or painted. Finally, you can cross your fingers 
and sling out the zener diode D1! It is also 
possible to buy much cheaper components than 
those specified, but this is almost certain to 
worsen the noise performance to a completely 
unpredictable extent, especially in the case of 
the FET, and no information on alternative 
components is available. 

Another query likely to arise is the necessity 
for the particular type of wire gauze specified 
for the shield. This has been carefully chosen 
as an effective compromise between con- 
flicting factors. On the one hand, the mesh 
should be open, with a thin wire gauge, in 
order to give good acoustic properties and to 
make the forming process easy. On the other 
hand, a closer mesh, with a thicker wire gauge, 
gives better electrical screening with improved 
mechanical rigidity. The gauze used was 
selected on both theoretical and experimental 
grounds, and no significant change should be 
made without due consideration of the pos- 
sible difficulties. 

Having built the microphone, what results 
can be expected? Fig. 14, reproduced by 
courtesy of STC, shows typical frequency 
response curves, traced from a B & K 
analyser under anechoic conditions. Clearly, 
this response is adequately flat for all 
practical purposes. Even the small irregularities 
at about 10 kHz can be smoothed out, either 
by mechanical additions to the microphone, or 

(continued overleaf) 
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electronically in the following amplifier, but 
to do either of these modifications would add a 
good deal of difficulty for the home con- 
structor, and, in any case, these small peaks 
and troughs are negligible compared with those 
which occur in ordinary rooms as a result of the 
formation of standing waves. It will also be 
noticed that the curves of fig. 14 are not 
continued below about 100 Hz—the reason is 
that anechoic conditions are extremely difficult 
to attain at these low frequencies, and there are 
further complications due to source proximity, 
which gives an (apparently) rising response as 
the frequency falls. Practical tests in ordinary 
rooms confirm that the frequency response is 
sensibly flat at least down to 20 Hz, so there 
is nothing to worry about. In fact, the mere 
appearance of these curves is a good indication 
of the extreme difficulties of this measurement. 

Fig. IS gives the polar diagram, measured at 
1 kHz in the open air. The pattern is hyper- 
cardioid, having a fairly flat minimum at about 
140° on each side of the forward axis. There is 
a small rear lobe, while the frontal response is 
slightly sharpened compared with a cardioid. 
This pattern is very useful for stereo work, 
where the slight increase in forward directivity 
improves source location, while the microphone 
positions are generally such that each has a 
minimum pointing in the direction of the 
audience (and the echo from the back of the 
room). For monophonic work the difference 
in directivity is scarcely noticeable, and the 

directional efficiency, defined as the output due 
to simultaneous sounds from all directions 
expressed as a fraction of the output from an 
omni-dircclional microphone of the same axial 
sensitivity exposed to the same sounds, is 
practically identical to that of a cardioid 
pattern, namely one third. 

The 'inherent deafness' of the microphone, 
defined as the sound level required to give an 
output equal to the random noise output in the 
absence of any sound, has been estimated at 
about 30 dB. Suffice it to say that it was most 
difficult to find a spot quiet enough to allow a 
measurement! At these levels the smallest 
trace of hum pick-up is upsetting, and battery 
supplies are essential, together with extreme 
care in shielding and earthing arrangements. 
Large piles of blankets are also required, even 
in the middle of the night, to muffle the car and 
aircraft noises with which we are now con- 
stantly assailed. When the capsule was 
replaced by a mica capacitor it was found that 
even the capacitor leads were surprisingly 
microphonic, and, in any case, the answer 
obtained by this method is not truly representa- 
tive. The figure of 30 dB has proved adequate 
in practice—to reduce it further would involve 
component selection, (which allows the best 
professional microphones to achieve about 
20 dB), but is obviously laborious and costly 
and would only be appropriate for use in 
exceedingly quiet studios. 

After the measurements, what about the 
subjective results? Needless to add, these were 
sampled long before any measurements were 
attempted, and all the characteristics normally 

associated with capacitor microphones were 
apparent—the effortless bass right down to the 
lowest pedal notes of the organ (naturally the 
first concern!), the crisp top, with no sign of 
'tizz', and the clean, transparent middle range, 
with voices sounding particularly natural. A 
stereo pair was found to give excellent image 
stability. 

All test recordings were made using the 
normal 500 k£l microphone input of a Revox 
736IHS machine, the available sensitivity, 
(—3 mV), being rather more than sufficient — 
in fact, for most recordings the 50 mV 'radio' 
input would be perfectly satisfactory. It should 
be noted that any circuits following this 
microphone should be capable of handling 
peak signal levels of up to at least 0.5 V 
referred to the microphone output. 
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FIG. 12 GAUZE SOLDERING JIG 
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FIG. 13 TYPICAL MAINS POWER SUPPLY 
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150* 

Aa; 

BRASS ROD (ROUND) 
■is" dla 2 Inches 
i" dla 4 inches 

PTFE ROD (ROUND) 
^ dla. 1 ^ inches (approx. ^ Inch for machining) 

PERSPEX ROD (ROUND) 
is' dia  1 inch 

PERSPEX SHEET—CLEAR 
3" *i" approx  1 off 

GAUZE—BRASS. HARD 
10 mesh x 25 S.W.G. .. allow 4 inch x 4 inch 

SCREWS 
Item 9. 8 B.A, x is inch CIS or l/H, steel 

or brass   3 off 
Item 10.8 B.A. x ^ inch l/H, steel .. Soft 

(For circuit board spacer—10 B.A x 
i" inch CIS brass 1 oft) 

WOOD, FORMICA etc. (for jigs)—oft-cuts only 
required. See text. 

COMPONENTS 

CAPSULE 
TYPE 6SR-DPOO-742633 (see below). 

CONNECTORS 
Microphone; CANNON XLR 4 12C 
Cable end; CANNON XLR 4 11 C 

FIELD-EFFECT-TRANSISTOR (Trl) 
Semitron Type C94E 

HIGH VALUE RESISTOR (Rl) 
Wolwyn Ltd. Type Hit 
Note: The photograph of the prototypes shows 

a Welwyn F43D resistor in this position. 
This was used experimentally—it is larger 
and more expensive than the Hit and 
gives only a marginal overall noise im- 
provement. The circuit board allows 
space for either. 

FIG. 15 POLAR DIAGRAM 
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A second article, to be published next month, 
deals with some subjective aspects of micro- 
phone placement, with particular reference to 
stereo recording, and includes some ideas on 
microphone mountings, cable suspensions, 
and windgags. 

REFERENCES 
1. Acoustical Techniques and Transducers. 

M. L. Gayford (Macdonald & Evans) 

2. The Design and Development of a Capacitor 
Microphone. R. Booth and R. H. Fisher 
Journal BKSTS 50, 80 (March 1968) 

3. Microphones. (B.B.C. Engineering Training 
Manual) A. E. Robertson (lliffc Books Ltd.) 

4. Noise in Transistor Circuits. P. J. Baxan- 
dall Wireless World 74, 388,454 (November 
& December 1968) 

5. Texas Instruments Inc. Application Reports: 
Field Effect Transistors: Theory and Appli- 
cations. L. J. Sevin (April 1963) Field 
Effect Transistors for Low-Level Circuits S. 
W. Holcomb and L. J. Sevin (April 1963) 

6. Preamplifier for Capacitor Microphone with 
BFW 11 B. J. N. Overgoor N. V. Philips 
Semiconductors Application Laboratory Re- 
port No. RNR-2 NH-2AP-X (October 10, 
1967). 

7. Silicon Epitaxial FET's—Part 3 FET AC 
Amplifiers Carl D. Todd Electronics Com- 
ponents March 1966, page 249 

8. Design of Low-Noise Transistor Input 
Circuits W. A. Rheinfelder (Uiffe Books Ltd). 
A general account only. 

PARTS LIST 
Quantities given are for one microphone. Where 
appropriate, an arbitrary allowance of approximately 
one inch has been made for machining. 

MATERIAL QUANTITY 

BRASS TUBE 
1'0/Dx16 S.W.G 5 inches 
li" 0/Dx16 S.W.G 1i inches 
J'O/Dx 16 S.W.G 1i inches 
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GENERAL CIRCUIT COMPONENTS 

RESISTORS (except Rl) All 5%, high slablllly. 
insulated type, commercial rating 1W. Any 
reputable make. 

CAPACITORS 
C1 and C3: Mullatd P.C. Type. 
C2: Mullard sub-min. electrolytic. 

CABLE 
Radiospares standard 4-way screened. 
NOTE: Prices given are subject to change, and 

should be checked when ordering. 

SPECIALIST SUPPLIERS 

PTFE 
G. H. Bloore Ltd., 480 Honeypot Lane, Stanmore, 
Middlesex. (J inch rod 22s. 9d. per foot. 
Minimum charge 10s.) 

CAPSULE 
Please WRITE, in the first instance, to: 
Mr. R. H. Fisher, 
Standard Telephones and Cables Ltd., West 
Road, Harlow, Essex. (Price is currently £5 4s.) 

CONNECTORS 
Electroniques, 
Standard Telephones and Cables Ltd., 
Edinburgh Way, Harlow, Essex. 

FET and D1 
Semitron Ltd., Crickiade, Wiltshire, through 
their agents, or direct if in difficulty. 
Price approx. C94E 25s.; Z5B24 3s. 6d. 
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New 

fcndbers 

1600X 

stereo 

tape deck 

4 tracks. Frequency response: 
40 -18,000 ; 40 -14,000 : 
40-8,000 cycles ± 2dB at 
3J and 1j i.p.s. respectively. 
Signal - to - noise ratio better 
than - S5dB - 53dB and-52dB 
at 7i. 31 and. 1J i.p.s. respec- 
tively, Wow and flutter less 
than 1 R.M.S.. -15 R.M.S. and. 
35 R.M.S. at 7i. 3f and 11 i.p.s. 
respectively. Cross talk belter 
than - 60dB. -Sv output per 
channel. Teak cabinet, 289.10.0 

Send me full details 

NAME 

ADDRESS 

Farnell - Tandberg TR7 
Hereford House 
Vicar Lane, Leeds 2 

f 

«> 

M 

- 

Cross-field bias head. 

Under £90. 

no • 

move up to Tandberg 

Farnell-Tandberg Ltd., 
Hereford House. Vicar Lane, Leeds LS2 7NS 

HEATHKIT 

offer the 

Best Selection 

of 

Hi-Fi Equipment 

at D.I.Y. prices 

in the 1970 

CATALOGUE 

1 MS 

30 

rr-ss. 

3 

& 

it's FREE on request 

See many other domestic and hobby models including Stereo Record 
Players, Transistor Radios, Car Radios, SW Receivers, Audio, lest and 
service equipment. AH available as kits or factory assembled ready to 
use models. 

M E-A-T K KIT- 

DAYSTROM LTD., Dept 05/1 GLOUCESTER, GL2 6EE 
Tel.: 29451 

Please send me □ FREE COLOUR CATALOGUE 

Name   

Address.    
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the synthesis 

cf musicel 

lastpument tone 
PART FOUR 
BY R. M. YOUNGSON 

FIG. 40 ELECTRON-CCXJPLEO HARTLEY 
OSCILLATOR SHOWING CR NETWORK ARRANGEC 
SO AS TO DELAY RATE OF TURN-ON IN 
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FIG. 41 METHOD OF IMPROVING LINEARITY 
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PROVIDING A HIGH CHARGING 
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nPHE usual method of switching the master 
1 oscillator is to apply the supply current 

via the note switches, in conjunction with a 
shunt RC lime—constant for each oscillator 
as in fig. 40. This arrangement permits adjust- 
ment of the rate of attack by varying the time 
taken for the supply voltage to the oscillator 
to reach the full figure (the common-base 
Hartley is so insensitive to variations in supply 
voltage that it will remain in tune with voltage 
reduced to about 25% of the normal working 
value). 

If, however, we apply the full voltage to the 
sawtooth oscillator at the instant of switch-on, 
we run the risk of the latter operating momen- 
tarily at its natural, lower, frequency before 
falling into sync with the master. We cannot 
get round this difficulty by increasing the lime- 
constant determining the rate of switch-on 
of the sawtooth oscillator, as this would again 
alter the frequency of the latter. Probably the 
easiest solution is simply to omit the time- 
constant network from the Hartley, provide 
a common supply line to both oscillators and 
rely on a variable-rate gatingcircuit as described 
in the section on 'attack'. 

The simple unijunction synchronised oscil- 
lator can produce a very reasonable approxi- 
mation to a linear sawtooth, certainly much 
better than that given by the blocking oscillators 
used as tone generators in the past, but, bearing 
in mind that harmonics as high as the thirtieth 
may be required for good synthesis, we should 
try to achieve the best possible linearity com- 
patible with reasonable simplicity. Probably the 
easiest approach is to make use of the fact that 
the lime taken for a capacitor to charge through 
a resistor is a function of the applied voltage 
(CR=time taken in seconds, to charge to 63% 
of applied voltage). Since the charge on the 
capacitor is an exponential function of time, 
by making the supply voltage high relative to 
the triggering voltage of the unijunction we can 
obtain a considerable improvement in linearity. 
This method, however, calls for an additional 
stabilised high voltage supply. The triggering 
voltage of the unijunction is determined by 
the inlerbase voltage and the intrinsic stand-olf 
ratio, so the supply voltage to the device itself 
should be kept reasonably low but need not 
necessarily be stabilised (fig. 41). 

Another approach to linearisation is to use 
the high output impedance of a transistor in the 
common base mode to achieve 'constant' 
charging current. The method is shown in 
fig. 42 (a). Even simpler is to employ one of 
the new 'constant current' diodes as shown in 
fig. 42 (b). {continued overleaf) 
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FIG. 47 BRIDGED-T FILTERS 
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Table 4 
Capacitive and inductive reactances. 
For capacitors use frequency column 
on the left. For inductors use that on 
the right. 

CAPACITANCE 

fF 2.5 1.0 0.5 0.25 0.1 0.05 0.025 0.01 .005 0.0025 0.001 

Hz 30 2K 5K 10K 20K 50K 100K 200K 500K 1 meg 2 meg 5 meg 30 kHz 

100 600 1.6K 3.2K 6K 16K 32K 60K 160K 320K 600K 1.6 meg 10k 

300 200 500 1K 2K 5K 10K 20K 50K 100K 200K 500K 3k 

1,000 60 160 320 600 1.6K 3.2K 6K 16K 32K 60K 160K 1k 

3,000 20 50 100 200 500 IK 2K 5K 10K 20K 50K 300 Hz 

10,000 6 16 32 60 160 320 600 1.6K 3.2K 6K 16K 100 

30,000 2 5 10 20 50 100 200 500 1K 2K 5K 30 

10mH 26m H 55mH 100 
mH 

260 
mH 

550 
mH 

1H 2.6H 5.5H 10H 2.6H 

INDUCTANCE 

Synchronisation of unijunction sawtooth 
oscillators can be effected either by a positive- 
going pulse at the emitter or by a negative-going 
pulse at base two. Since the sawtooth output 
can be taken only from the emitter, it is best 
to apply the synchronising signal to base two. 
This means that we must either use an n-p-n 
transistor for the Hartley or turn it 'upside- 
down'. Note that the amplitude of the saw- 
tooth is reduced by the amount of the amplitude 
of the synchronising signal so the latter should 
be kept reasonably small. If you wish to 
attenuate it, use a diode clipper or a coupling 
capacitor of low value. 

Any load on the emitter of a unijunction 
must affect the frequency of oscillation and 
should therefore be as high and as constant as 
possible. A satisfactory solution to this 
difficulty is to connect the emitter directly to the 
base of an n-p-n emitter-follower stage as in 
fig. 43. The charging capacitor is now shunted 
by a resistance equal to Rl times the gain of the 
transistor and, to minimise the effect on 
frequency, Rl must be made large. In fact, 
it must be large enough for the product to 
exceed the value of the charging resistor by a 
factor which is greater than the triggering 
voltage, otherwise the oscillator will not 
function. You must therefore select transistors 

FIG. 45 INTEGRATOR CIRCUIT FOR SQUARE 
TO SAWTOOTH CONVERSION C MUST BE 
CHOSEN SO THAT RC IS EQUAL TO SEVERAL 
TIMES THE PERIOD OF THE INPUT FREQUENCY 
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of high Hfe and use an appropriately high 
value of Rl. A useful alternative is to employ 
a 'Darlington pair" as in fig. 44. With this 
arrangement, the gain is roughly equal to the 
product of the gains of the two transistors 
and thus a very high input resistance is achieved. 

You should adjust the free-running frequency 
of the unijunction oscillator so that it is just 

below the desired tone frequency. The negative- 
going synchronising signal on base two will then 
reduce the peak point so that the rising voltage 
on the emitter will drive the device into 
conduction at the right moment. 

As an alternative to synchronised sawtooth 
oscillators, passive devices for conversion of 
sine-waves can be used. These include leaky 
rectifiers, diode squarers, frequency multipliers 
and various clamp circuits. None of these 
will provide a sufficient range of harmonics 
for our purposes. (continued overleaf) 
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FIG. 46 (A) RC FILTERS 
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MUSICAL TONE SYNTHESIS CONTINUED 

Another active device worth mentioning is 
the square-wave to sawtooth integrator circuit 
of fig. 45. With a negative, or with no signal, at 
the base, the transistor is cut off and the emitter 
is at the full supply voltage. Capacitor C 
therefore charges through Ri. and the voltage 
at the output rises. This continues until the 
input signal swings positive, at which point 
the transistor is turned hard on and C discharges 
through it. For a reasonably good sawtooth 
output a good square wave input is needed 
and the time constant CRi, must be several 
times larger than the period of the input 
signal. Linearity can be improved in much 
the same ways as mentioned for the unijunction 
relaxation oscillator. The integrator has the 
advantage of giving no output with no input 
signal. 

So much for sawtooth generators. Now we 
must consider how the sawtooth waveform is 
modified to produce the desired tone colours. 

The three basic passive filters, low-pass, 
high-pass and resonant, may be used individu- 
ally or in combination to provide a considerable 
degree of control. The elements, with their 
effect on the waveform in terms of frequency 
against amplitude, are shown in fig. 46. In 
all such filters the rate of change of attenuation 
with frequency is increased by increasing the 
number of sections and in the case of the 
resonant filters the bandwidth reduces and the 
gain increases in Q. Q can be reduced by 
shunting resonant circuits with resistance and 

increased by using inductors of maximal 
inductance and minimal resistance. 

Table 4, which gives capacitative and 
inductive reactances, and the resonance 
nomogram in Table 2, will enable you to 
determine the effect of RC filters and find 
appropriate values for resonant filters at any 
desired frequency. Ensure that the terminating 
impedance is high enough in relation to the 
reactances of the filter elements. It is excellent 
practice to terminate filters in an emitter- 
follower stage. 

Active filters, using the same elements in 
negative feedback loops around a stage of 
amplification can give greater flexibility and 
range of control. Some of these are shown in 
fig. 46. Check that you are clear about the 
difference between a filter feeding a negative 
feedback amplifier and a filter in the feedback 
loop. 

The bridged-T circuits of fig. 47 (a) and (b) 
and the combination of a low-pass and a 
high-pass filler into the twin-T (band-pass) 
circuit of fig. 48 are especially useful. The twin 
T network is not, so far, as much used in tone- 
forming circuits as are LC circuits, but it is 
often found as a feedback element in oscillators, 
and, as already shown, can be usefully employed 
in musical instruments. The bridged networks 
can, of course, also be used in active, negative- 
feedback lone circuits. 

Harmonic analysis of musical tones is 
done by means of band-pass filters having a 
band-width narrow enough to exclude all but 
the harmonic under examination. If the 
filters are tuned to the fundamental, and then 

to frequencies equal to whole number multiples 
of the fundamental, the relative amplitudes of 
the various harmonics can be determined. The 
spectrum can then be scanned for enharmonic 
partials. The analysis is repeated for a range 
of fundamentals and the formant or formants 
checked. Such work is unlikely to be undertaken 
except by the most enthusiastic amateur and a 
good deal must be taken on trust from 
published results. 

Wave forms are also susceptible to analysis, 
within the limits of the delicacy and accuracy 
of the recording process, and they also provide 
a useful starting-point for the development of 
tone-forming circuits, since direct comparison 
can be made with oscilloscope tracings. The 
basis of procedure, however, is a knowledge 
of the relative amplitude of the various 
partials and the selection and adjustment of 
filters to give the correct frequency/amplitude 
response. This is by no means the most 
difficult parameter to gel right and there is no 
reason why steady tone synthesis should not 
be extremely satisfactory. In the last analysis the 
results must involve aesthetic judgements and 
there will always be an element of the empirical 
in filler design. It is salutary to remember that, 
in aesthetic terms, the tone quality of different 
individual instruments of the same species 
(or even of the same instrument played by 
different people) can vary within wide limits. 
This is especially true of the bowed string 
instruments, in which the range of differences 
in tone quality (variations in the quality of 
the player apart) is legendary. 

To be continued 

FRANCIS OF STREATHAM 

LONDON'S FOREMOST TANDBERG STOCKISTS 
DECKS WITH PRE-AMPS 

(Microphones extra) Akai 4000D, Stereo 
Sony 801, 3 sp. 4 Tr. Stereo 
Sony 355 3 sp. 4 Tr. Stereo 
Sony 255 Stereo 
Tandberg 6000X 3 sp. 2/4 Tr. Stereo 
Tandberg I600D 
Telefunken 201 Deluxe 
Telefunkcn 203 Studio 
Philips 3 sp. 4 Tr. Stereo 

COMPLETE TAPE RECORDERS 
Ampex 800 Series Stereo 
Ampex 1100 Stereo 
Ampex 2100 Stereo •Akai 1710W Stereo 
•Akai M.O Stereo 
•Akai 1800 Dual-purpose stereo 8 track cartridge and tape recorder 
•Brenell Mk. 5/M Series III Mono 
•Brenell Mk. 5 Series III Mono 
•Brenell ST200 2 Tr. Stereo 
•Brenell ST400 4 Tr. Stereo Ferguson 3232 4 Tr. Stereo 
Ferguson 3224 Mono 
Ferguson 3224 Mono Ferguson 3216 Mono 
•Ferrograph 713 
•Ferrograph 702/4 
•Ferrograph 722/4 
Fidelity Studio 4 Tr. Mono 
Fidelity 'Braemar' 2 or 4 Tr. Mono 
Grundig TKI40 DL 4 Tr. Mono 
Grundig TKI20 DL 2 Tr. Mono •Grundig TK245 DL Stereo/Mono 
•Grundig TIU47 DL 4 Tr. Stereo Grundig 145 DL 4 Tr. Auto Mono 
•Grundig TK320 3 sp. 2/4 Tr. Stereo 
•Grundig TK340 DL 4 Tr. Stereo/3 sp. 
Philips 4307 4 Tr. Single speed Mono 

• Microphones extra 

Philips 4305 2 sp. 4 Tr. Mono 
•Philips Professional PRO.I2 
Philips Stereo 4404 2 sp. 4 Tr. 
Philips Stereo Cassette 3312 with 2 sp. Philips 4407 3 sp. 4 Tr. Stereo 
•Philips 4408 Prof. 3 sp. 3 Tr. Stereo 
Pye 9106 Auto M 
•Revox 77 Stereo Transistor 
•Sanyo 801 St. Pre-Amp. 
Sanyo 929 4 Tr. 2 sp. Stereo 
Sanyo 939 4 Tr. 2 sp. Stereo 
•Sanyo 990 3 sp. 4 Tr. Stereo 
Sharp RD.706 2 sp./2 Tr./Batt. Mains •Tandberg 15 2 or 4 Tr./3 sp./Mono 
•Tandberg Series I2X 3 sp. 2/4 Tr. St. 
Telefunken 204 T.S. 
•Telefunken M207 2 sp. 4 Tr. Stereo Telefunken 501 4 Tr. 
Telefunken 200 2 Tr. Mono 
T elefunken 203 Stereo/Mono 2 sp 4 Tr. 
Telefunken 201 Mono4Tr. 
•Uher 7/44 Tr. Mono 
Wyndsor Vanguard 3 sp. 4 Tr. Mono 

BATTERY PORTABLE A CASSETTE 
Philips RR482 Cassette/AM FM Radio 
Philips RR290 Cassette/AM Radio 
AKAI 10 V 4Tr./St/BM 
Standard Series 11-2 
Ferguson Cassette 3240 
Grundig Cassette C.200 
Aiwa Cassette Batt/Mains 
Philips 2205 Batt/Mains Cassette 
Philips EL3302 Cassette Stella 9112AT Bat./Mains Cassette 
Pye Cassette 
Sharp 505 2 Tr./2 sp./BM 
National 4 Tr./2 sp./Batt. Mains 
Telefunken 302 4 Tr. 2 sp. Mono 
•Uher 4000L 4 Tr. 2 sp. Mono 
•Uher 4200/4400 2/4 Tr. 4 sp. Stereo 

FOR A FAIR AND DEPENDABLE DEAL IN 

TAPE and HI-FI 
if Minimum Deposit and no Interest or Service Charges on H.P. 

up to 18 months if Free Service during Guarantee period 
if Fair Part Exchange Allowance on your old Recorder 
if Reconditioned Recorders available to personal shoppers only 

# MAINS POWER PACKS 
Philips. Stella 
Telefunken 300 with cell 
Uher 4000 with cell 
# MICROPHONES, MIXERS etc. by 
AKG, Hammond. Grampian, Reslo. Acos, Film Industries, Telefunken, 
Beyer, Sennheiscr, etc.  
Bib and E.M.I, splicers, Matching trans- 
formers, Defluxers, Bulk Erasers, etc. 
Uher Mixer 
Eagle Mixer 
Hammond 5-way Mixer 
Philips Pre-amp.  
Also stands, booms, fittings. 
Pre-recorded tapes and music cas- 
settes by Columbia, H.M.V. and all E.M.I, labels, etc. 
Tapes in all grades and lengths by: B.A.S.F., Scotch, Philips, E.M.I. 
Cassettes by Philips, etc.  
Headphones by AKG, Ampex, Akai, 
Sansui, Nikko, Philips  

GARRARD SP25 MARK II 
Less Cartridge, Special Price 

£12 15 0 
Brand new, in maker's carton. 

Carriage paid in U.K. Guaranteed. 
NOTE. When writing, please quote 
TRR. 12 and include s.a.e. for reply. 

HI-FI DEPT. 
# AMPLIFIERS 
Quad, Rogers, Arena, Philips, 
Goodman. Nikko, Sansui, 
Sanyo, ARD, Leak, 
Armstrong, Tripletone, 
Tandberg. 
# TUNERS 
Quad, Rogers, Leak, Arm- strong. Tripletone, Arena, 
Nikko, Goodman, Hutdra. 
# LOUDSPEAKERS 
Quad, Rogers, Kef, Wharfe- 
dalc, Goodman, Tannoy, 
Lowthcr, Leak, Tandberg, 
Arena, Cclcstion. 
• MOTORS, PICKUPS 
GARRARD ind. Thorens 
SP.25 401, etc. Tannoy 
Goldring Shure 
Connoisseur Empire 
Audiotee Sonotone 
Neat SME Acos BSR 
Dual Pickering 
All types of Diamond and Scpphirt 
sty//, stereo and mono: Microlifts, Carrord, Gold ring and Acos Pressure 
Gouges. Disc Preener, Acos Dust 
Bug: Cabinets by Clearview 

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

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

OPEN ALL DAY SATURDAY—EARLY CLOSING WEDNESDAY 
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AFTER our digression, back to work 
with a vengeance, for this month we 

shall be taking a look at a part of the video 
tape recorder that differs greatly from the audio 
recorder: the head amplifier. 

In ordinary sound recording, the constant- 
current technique is employed. Recording 
heads have a very low resistance winding and 
their inductance is kept as low as possible. 
Where the recording head performs only this 
function, inductance can be as low as 5 mH 
and, in practical cases, may go up to 100 mH 
or so. Even when compromise has demanded 
the use of a combined record/replay head, the 
inductance of this device will be kept down to a 
Henry or less. 

Despite this reduction of inductance, the 
head winding must, by its nature, have a 
frequency-dependent effect. The physical 
nature of its windings must also impose a 
limit on the current they can carry. There is, 
therefore, an upper limit of recording current. 
(In fact, this upper limit has to be defined 
earlier than the danger line, because distortion 
is the first problem we would meet —but that is 
quite another story.) The recording current will 
depend on the inductance of the recording head. 
For audio equipment, a head power of about 
1 mW would be typical. This is in addition to 
the HF bias power, which can be as great as 
200 mW at the recording head. 

Because of the frequency-dependent nature 
of an audio head, a series resistor is generally 
fitted. The recording current flows through 
this resistor and, if its value is large compared 
with the head impedance, the current will be 
determined by the resistor and not the head. 
Constant-current recording is the result. The 
head impedance rises with frequency, and with 
a constant voltage signal to the head, as it 
would be without the series resistor, the head 
current would fall with increasing frequency. 

The FM system can be used to record any 

frequency from about 20% of the carrier limit 
down to zero, (DC). Although tape speed 
still defines the upper limit, the extension in 
practice can still encompass all that we need 
for TV reproduction, where the signal itself 
has certain bandwidth limitations imposed by 
the medium. 

As a result of all this, saturation recording 
is employed, and the head driving circuits may 
look a little unfamiliar to us. The directly- 
coupled pair of transistors in fig. 1, for 
example, from the Sony CV 2000B 405-line 
VTR), is more of an impedance correction 
device than an amplifying circuit. The low- 
impedance recording head is energised by 
saturation current: there is no HF bias. 

VTR 

yvmrj 

BY HENRY MAXWELL 

Recording current is controlled by VR2, 
which simply regulates the base input of 
Trl. The frequency characteristic of the 
recording amplifier is fixed in design and 
compensates for the magnetic transfer from 
head to tape, which, as we have seen, must 
itself be non-linear. 

The other preset in this circuit, VR1, is 
just a take-off device, feeding the required 
level of modulating signal to the limiter. 

One critic said that the big drawback was 
the lack of a before-after facility on the 
average VTR. By this he meant he wanted to be 
able to compare the incoming signal with the 
recorded signal, as when we switch from 
'source' to 'tape' on an audio machine. But 
a moment's reflection will show us that the 
incoming signal is the off-air or from-camera 
television picture. The first can be switched to 
show on the screen of the television receiver 
directly, before-modc, and is then fed to the 
recording head as we have seen. By taking off 
the same information at VR1 and feeding 
it via limiters, which process the 
frequency-modulated signal then pass it to a 
demodulator stage and the extensive video 

amplifier section, just as the prc-amplificd 
playback signal is handled, we have an 'after' 
signal all but the link of tape and heads. In 
practice, I can assure my critic that the system, 
outlined in block form in fig. 2, works very 
well, and requires the minimum of setting up. 

Again as an example, lake the setting of the 
recording level control VR2, shown in fig. 1. 
Note that this is used to set recording current, 
not signal level, which has already been set 
by the modulator drive controls, including the 
manual control, (see fig. 3, Part 2). The easiest 
way of setting this, using the minimum of 

{continued overleaf) 

FIG. I —VW 

Fa 
HE 

IQuf 0 03uf 

ISI 
ISCSIE -;c HOOULATEO OOOSHF 270 

-|| IAAA- 
3 II SIGNAL l« 

IR2 
2SC29J 22„H 

100 - 200pF / oM 
(SELECttO) V"?// 

230 OS 

I I 
RECOBOINO MOairOR SIGNAL APPLIED 10 LIMITERS HiAII 

FIG. 2 

I i 
I • 

VIDEO 
IV DOT MODULATOR 

DRIVE 

 1 

PRE-AMP 

RECORD 
AMP 

P/8 
RECORD HEAD 

DEMODULATOR VIDEO 
AMP LIMITER     

I  

FIG. 3 
-VE 

5 8K 
DFUO 

-tA3 

J-f 
H 0 2? 

I T 
SOLENOID OPERATED 

R/P SWITCH 

33 

www.americanradiohistory.com

www.americanradiohistory.com


VTR CIRCUITRY CONTINUED FIG. 4 

instruments, is to make a series of adjustments, 
recording the steps aurally as the alterations are 
made, noting the output from the recording 
amplifier as each adjustment of VR2 (in fig. 1) 
is made. To do this properly, without loading 
the circuit unnecessarily and obtaining a false 
indication, a good oscilloscope is necessary, 
connecting this directly across the output from 
the recording amplifier to the recording head, 
i.e. after the 270 ohm resistor. If the timebase 
isset to 3 mS/cmand the vertical gain to 0.1 V/cm, 
the waveform will show as a band with a 
vertical pulse narrowly on it, and under correct 
conditions should be 2.2 V p-p. But correct 
conditions are subjectively judged in practice 
by replaying the off-air recordings, noting 
which is best, checking against the 'log' what 
voltage setting corresponded to this setting, 
then resetting VR2 to the position which gives 
this reading. It takes less time to do than to tell! 

From this optimum setting, one can now 
deviate slightly to suit incoming signals. To 
get an absolutely accurateResult, one can make 
the initial test as before, adjusting VR2 in 
steps, then replay this and measure the voltage 
at the output of the replay preamp board 
(details of which follow), then reset to the 
position of VR2 which gave the maximum 
voltage. With this method, a VVM can be 
employed. An oscilloscope will give a 600 mV 
p-p indication. The trace can be affected by 
discrepancies between the two heads, both 
of which are in action during replay. We shall 
return to this point. 

A different method of achieving the same end 
is seen in fig. 3 which is a detail from the 
circuit of the Loewe-Opta 600 VTR. This 
machine has a 'rotating transformer', shown 
as T1. The fixed winding is connected to record 
or replay amplifiers by a solenoid-operated 
switch. The head is connected across the 
'floating' winding. 

In the record mode, the fixed winding of T1 
is in the collector circuit of the record amp- 
lifier output stage, via the interconnections and 
switching. It can make servicing a bit touchy. 
Similarly, adjustment of the resistor across the 
input to the coupling transformer in the base 
circuit of the BFY40 can be critical. The 
balanced FM is applied across this winding and 
it needs little in the way of leakage or self- 
capacity to upset matters. A scope is again the 
ideal test instrument. With it, monitoring at voltages are higher, and ratings of the com- correction. The purpose of the first stage in 
the collector of this transistor, we can check in ponents that much closer. The 33-ohm this kind of circuit is to act as a buffer, 
one go the 3.3 MHz oscillator frequency, the resistor in the emitter of the 2SC756 output preventing the necessarily hard-working head 
symmetry of the waveform—which is vital, stage, for example, has to be a 1 W component, driver stage from loading the modulator, 
and set the amplitude by the 1 K preset. Which brings us (as the pundits say when Another (not so apparent) factor about this 

The circuit of fig. 4 should be familiar usually it does not) to the circuit of the Sony circuit is the way the 9 V supply is derived, 
to regular readers and is, of course, the DKV 2400B battery portable video recorder. This little circuit, the FM modulator, and a 
recording amplifier (output section) of the To put things in context, this machine is control amplifier with one transistor, have the 
625-line Sony CV2100CE. The catch about purely a recorder, the intention being to replay same 9 V positive rail voltage as the rest of the 
this is that it is one of a pair. In this machine its tapes on the larger machine. Although the amplifiers, but is fed by a triple-transistor 
the head amplifiers are duplicated, getting version we are dealing with is a 405-line switch circuit, shown in fig. 6. 
rid of the awkward switching problem that machine, there is another version now on When the record switch closes, a small 
limited the facilities of the older machines the market with 625-line facilities, plus some current flows in the base circuit of the first 
and enabling such necessary functions as a very special features that need not concern us transistor, turning it on. This does the old 
still picture and editing to be added to the later yet. It again uses FM for video recording, 'domino' trick, turning 'off' the second stage 
versions. It is of especial interest when com- helical scanning, a servo-controlled system, and turning'on'the third. The collector of this 
pared with the two-stage circuit of fig. 1. and 12.5 mm tape. stage is fed from the main 9 V positive line 
This is a much more precise circuit, with more The circuit of fig. 5 is almost a scaled-down and the supply to the critical stages is taken 
exact yet gentle frequency correction, and is version of the previous one, operating at a from its emitter, across a 20 K resistor, 
extremely stable in operation. The operating lower voltage and with less obvious frequency To be continued 
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F. C. Judd reports on recording equipment at the 

Amsterdam audio/visual exhibition 
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Above: Philips LDL 1000 domestic 
VTR. 
Far left: Dokordei 8010 stereo copier. 
Lower left: Akai 6.25 mm 
audio/video tape recorder. 

THE bi-annual Firato festival held at the 
R.A.I, Exhibition Centre in Amsterdam 

in September 1969 attracted over a quarter 
of a million visitors. This combined 'electro- 
nics' show covers radio, television, hi-fi, tape 
recorders, electronics, musical instruments and 
domestic electrical appliances. 

There was plenty for tape recording 
enthusiasts and the Dutch N.V.G. (Netherlands 
Sound and Photography Society) made a 
special feature of video recording with the 
help of the new Philips LDL 1000 domestic 
video tape recorder. This is being sold in 
Holland for approximately £350 complete with 
TV receiver, video camera with a zoom lens, 
and microphone. The video tape head system 
is helical scan using 12.5 mm tape at a head to 
tape speed of 808 cm/s. The nominal running 
speed of the tape is 16.8 cm/s and the recorder 
will accommodate a 480 ra reel of tape which 
provides a total running time of 46 minutes. 
The twin rotating tape head scans at 1500 rpm 
and the total length of the diagonal tracks is 
16 cm. 

The width of the sound track is 0.7 mm and 

sound is of course recorded in synchronism 
with the video signals. The horizontal band- 
width for video is 2.2 MHz and the picture 
signal-to-noise ratio better than 40 dB. Pic- 
tures recorded from the camera and replayed 
off tape showed definition comparable with 
that of average broadcast TV reception. 

Akai were showing their new combined 
helical scan video and i-lrack stereo tape 
recorder which uses standard 6.25 mm tape for 
video as well as for sound recording. 
Accessories such as a standard TV receiver/ 
monitor and a video camera are available but 
the Dutch distributors had no idea of the 
actual selling price of the complete outfit. It 
is estimated however, that this would be less 
than £300 in Holland. The recorder was in 
operation on the distributor's stand and pictures 
from tape were of very good definition. Tape 
speed is 28.6 cm/s, resolution more than 200 
lines, signal-to-noise ratio better than 40 dB. 
The drum assembly uses twin rotating video 
heads. The audio bandwidth of sound tracks 
associated with video recording is 100 Hz to 
10 kHz. 

35 

Most of the audio tape recorders on show 
were those we are already familiar with in this 
country. One or two firms were showing new 
models and one, which although not com- 
pletely new as far as the idea is concerned, is of 
Japanese manufacture and has a built-in tape 
copying facility. This recorder, the 8010, is a 
i-lrack stereo two-speed domestic machine 
featuring what the makers call 'Automatic 
continuous reverse' and the Dub-a-Tape 
system which enables it to do the work of two 
conventional recorders. The system employs a 
single capstan to pull both tapes through the 
head block. The copy tape spools have their 
own rewind and take-up motor which is 
synchronised to the normal spool motors. The 
master tape is played via the normal replay 
head block and dubbed via its own record/ 
erase head block which is situated to the left of 
the normal record/replay block. The capstan 
drive is central to both blocks and tapes can 
be run in either direction. The reverse record/ 
replay system obviates turning the spools over 
at the end of a tape. Would two tape recorders 
work out cheaper? 
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N 4305 
Everything the family could want in a 
tape recorder. Record your children's 
first words, music lessons, etc. A 
lifetime's enjoyment. Superb quality 
won't let you down. Four tracks, two 
speeds. Excellent reproduction and 
many features of much more expensive 
recorders. Supplied complete with microphone, recording/playback lead, 
5" reel of long play tape, 5' empty spool. 

FAMILY TAPE 

RECORDER 

OUR PRICE 

361 .b 

Lisi Rice 

£46.13.11 

MAIN FISHER AGENTS 
Immediate stocks available. 
Please send for details. 

hftfa wm ember 

THE ONLY PHILIPS 
SOUTH LONDON AUDIO CENTRE 

FERROGRAPH MODEL 713 
A mono system of tremendous potential. 
Vortical or horizontal operation. 
Silicon solid state electronics. 3 motors 
(no belts). Halftrack. Tape speeds 12, 
3J. 74. Output: 10 watts RMS. 

OUR PRICE £|53 .6.3 
List Price £174.13.6. 

MODEL 702/4 A superb stereo sys- 
tern. Specifications similar to 713 with 
no output stage. Damped tension arms 
for slur-free starting. Will mix four 
inputs into one channel. Half or quarter track. OUR PRICE £173 .8.5 

List Price £194,15.8 
MODEL 722/4 A masterpiece in 
stereo equipment. Specification similar 
to 702/4 with an output of 2 x 10 watts. 
A speaker for each channel. Unit con- 
struction, etc., etc. Must be hoard and 
compared. OUR PRICE £|94 .3.1 

List Price £204.14.9 
The above are pre-increascd prices 
In extremely short supply — 
Preference given to 
REW customers! 
Come along to cither of our showrooms 
and you can see and hear the equipment 
of your choice. REW are the only authorised Philips Audio 

Centre in South London. Our 
experienced staff will help you 
select from a comprehensive 

range of the biggest names in the sound business. Our amazing "Specials" and offers 
will delight you. Interest free easy terms are available. If you can't call, write or 
phone for details. Our rapid reply mail order system is very popular. 

' T-- 

•i 

ft 

PHILIPS ^EL 3302 
CASSETTE PORTABLE RECORDER 
OUR PRICfc A. r,il1 fcm 'rom ^_ Philips. Record or playback, anywhere, 

M instantly. Just snap a 
J M Compact Cassette or f ■ f ■ iJWv Musicassette. Powered MUI1U. by five 1.5 Volt bat- 

teries — mains unit 
available. Lockable re- 
cord control with play- back, re-wind and fast 

wind. Microphone with remote stop/ 
start control. External speaker sockets. 
Supplied with carrying case, blank and 
demonstration cassettes, library rack, 
etc. 
DON'T MISS THESE VALUE 
FOR MONEY OFFERS... 
Send coupon for 
INTEREST FREE 

' Terms 

LIST PRICE 
£28 . 7 . 0 

Easy 

AUDIO 
R.E.W. VISUALS 

HEADQUARTER SHOWROOMS AND MAIL ORDER: DEPT. TR, 266-8 UPPER TOOTING RD., LONDON S.W.I7. Tel. 01-672 +471/2 and 9175. | 
WEST END SHOWROOMS: 1+6 CHARING CROSS ROAD, LONDON. W.C.2. 

Telephone: 01-836 3365 (opposite Astoria Cinema). 
NAME ... 
ADDRESS 

RJEW^^ 

WE SPECIALISE IN BRAND NEW 
TOP QUALITY BRITISH P.V.C. MYLAR & POLYESTER 
RECORDING TAPES WITH FITTED LEADERS. Etc.. EX 3' 

Thanks to bulk purchase we can offer tensiliscd HI-FI tapes, manu- 
factured by a British firm of world repute. All boxed individually (sealed 
if required) in polythene. Our tapes are not to be confused with imported 
sub-standard or used tapes. Full-monev refund if not delighted. 

This month: "DRY SPLICE" (J/») given FREE with every order- 
Length 

- 150' 
- 300' 
• 600' 
r poo- 
* 1200' 

Std. L.P. 
Length ea. 3 for 

3' 220' lit 7/- 
+- +50' 5/- 14/- 
5* 900' 8/- 23/4 
5}*I200' 10/t 30/6 
7* 1800' 13/- 38/6 

All orders 'despatched by return. Postage and Pocking I /9 per order. 
STARMAN TAPES, 421 Staines Road, Bedfont, Middlesex 

ea. 3 for 
11- SIS 41- 10/- 
6/- 17/6 
II- 20/6 
91- 25/6 

D.P. 
Length ea. 3 for 

3' +00' Alt 13/- 
+■ 600' 6/9 19/6 
5- 1200' 12/6 37/- 
5J*I800' 17/- 50/- 
7" 2+00' 21/- 41/- 

Boxed 
empty spls 

3" 7d. 
+' 1/8 
5' 1/9 
5J' 1/9 
7" 2/- 

"CHRISTMAS CAROLS 
HELP CANCER RESEARCH" 

A delightful 12" L.P. (Sceptre 401—33J r.p.m.) 
recording of twelve traditional and favourite Christmas 
Carols has been produced for the Imperial Cancer 
Research Fund. 

Price 16/6, inclusive of postage, packing and 5/- 
donation to the Fund. 

Please send crossed cheque/Postal Order for 16/6 to:— 

STANLEY SCHOFIELD PRODUCTIONS LTD. 
6, 7 and 8 Old Bond Street, London, W.I 

Save up to 45%!! 

Black Long-life ZONATAPE 
• A trs! dass POLYESTER based lecordng tape with black oude coating 
tor extra He. wrod on coloured ptastc spool and packed n polythene 
peket n marubctizeis tfaory bo> AN llfORO PRODUCT. 

LIST PRICE OUR PRICE 
5" SP 22/7 12/2 
5VSP 29/6 16/2 
r sp 36/7 21/3 
5* (P 2<V1 IV1 
SHIP 36/1 22/7 
7* EP 51/4 32/- 

#ALS0 AVAILAfllE . leader tape (1000 feet) wound at 7*spool Available n the (allowing calaurs: white, red. 
green, bbe. yeOow PRICE : 19/9 per spool 

AND  Stop lod (100 lecO wund an 3'spool . PACE ; 8/3 per spool 
• POST AM! PACKING 2/6 •ORDERS OVER f5 POST FREE • m QUANTITY DISCOUNT ON ORDERS 

OVER £15 

latlock and Tingley 

Pilgrims Holt, Margery Lane, Lower Kingswood, Surrey, 

RAPID RECORDING SERVICE 
L.P.s from your own tapes. Master discs and pressings. Recording Studio, 
Multi-channel facilities for transfer to 8 or 16 mm film tracks. Sound effects 
library on discs. 

Associated Company 
EDUCATIONAL RECORDINGS LTD. 

MEMORY TRAINING. 
Are you the victim of "I forgot" or "I don't remember". Time, money and 
success can be gained by the possessor of a good memory. A bad memory 
brings about missed opportunities, lack of advancement and failure. 
Our Psycho-tape No. ST/9 will develop your mental powers in such a way 
that you will remember lists of words, telephone numbers, names, facts and 
figures. 
Send for particulars of this and 20 other tapes on self-improvement. 
Distributors of the Cassette battery/mains Slccp-o-matic Unit. Pillow 
speakers. Time clocks. 
Publications: "Sleep-learning. Its Theory, Application and Technique" 

"Mental Power through Sleep-suggestion". 
Brochures from: 

RAPID RECORDING SERVICE 
21 Bishops Close, London, E.17 
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equipment reviews 

THE Magnetophon 250 is for the home 
audio enthusiast who wants a tape unit to 

feed external power amplifiers and speakers, 
with facilities for echo, multiplay, track-to- 
track transfer, on and off tape monitoring, 
headphone outlets, etc., in a compact unit 
with a logical control layout. 

All the push key controls are grouped 
around the head cover. To the left we have 
rewind, playback, forward and record with the 
stop bar behind. Below the heads are: 'echo- 
multiplay', 'monitor source', 'monitor tape' 
and the mains on/off switch. To the right arethe 
pause key, the four-digit revolution counter 
and microphone, radio and phono input 
selectors. 

On a vertical panel to the right of the deck 
there are the two slider type record level 
controls with the pre-set 'trick' level con- 
trols for echo, and track-to-track transfer 
directly above the sliders. Half way up the 
panel we find the two record level meters and 
above them the tape speed control. 

The main function switch for mono, stereo, 
track-to-track, and double-mono, is on the 
head cover, and the various DIN and stereo 
headset sockets are on the panel at the rear of 
the deck. 

Long term tape speeds were well within 1 % 
of the nominal 19 and 9.5 cm/s. 

Short term speed imperfections were mainly 
due to the 25 Hz motor rotation frequency at 
19 cm/s and a slight 5 Hz capstan wow with 
brief bursts of 25 Hz motor flutter at 9.5 cm/s. 
RMS readings ranged from 0.1 % to 0.12% at 
19 cm/s and from 0.15% to 0.16% at 9.5 cm/s. 
These readings cannot be directly compared 
with the specification, which quotes weighted 
peak readings to the DIN standards, but they 
are adequate without being sensationally good. 

The play-only responses of fig. 2 were 
obtained by playing standard NAB 19 and 9.5 
cm/s test tapes and plotting the levels at the 
line output. Despite the NAB 3180 (xS bass 
rise the 19 cm/s response falls below 200 Hz. 
The dip at 60 Hz and recovery at lower 
frequencies shows that this is a wavelength 
effect and is due to the small pole face length of 
the play head. At high frequencies the equalisa- 
tion is within ±1 dB up to 15 kHz. 

System noise was 58 dB below reference tape 
level (32 mM/mm, 1 kHz, 19 cm/s) unweighted, 
and -66 dB when weighted to the IEC 'A' 
curve. Bulk-erased tape noise was -64 dB 
when measured under the same conditions, and 

FIG. I TELEFUNKEN M250 RECORD-PLAY WOW AND FLUTTER 
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TELEFUNKEN 
M250 
STEREO TAPE UNIT 

MANUFACTURER'S SPECIFICATION (19 
cm/s). Half-track stereo tape unit. Wow and 
flutter: ±0.2% (DIN welohted). Frequency 
response: 40 Hz to 18 kHz (DIN45 511). Slgnal- 
to-noise ratio: 54 dB (DIN 45405). Distortion: 
less than 5%. Inputs: 0.15 mV at 2 K (radio and 
microphone): 150 mV at 2.2 M (auxiliary). Out- 
puts: 1.5 V at 10 K (preamplifier); 1 V into 400 
ohms, variable (headphones). Equalisation; 
DIN 45 513. Bias and erase frequency: 85 kHz. 
Tape speeds: 19 and 9.5 cm/s. Fastwind time: 
Four minutes, 18 cm IP reel. Spool capacity: 
18 cm. Heads: t-track stereo erase, record and 
play. Level meters: Twin VU. Dimensions: 
464 x 311 x 110 mm. Weight: 12 kg. Price: 
£142 16s. Including tax. Manufacturer: AEG- 
Telefunken, 3 Hannover, Gottlnger Chausee 76, 
West Germany. Distributor: AEG (Great 
Britain) Ltd., 88-88 Upper Richmond Road, 
London S.W.1S. 

FIG. 2 TELEFUNKEN M250 PLAY-ONLY FREQUENCY RESPONSE (lESf TAfE fO HUE 0111) 
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BASF LGS35 tape recorded at peak recording 
level and erased on the machine was-62 dB. 
This is a most impressive signal-to-noise ratio 
as it means that the tape hiss and remnant 
signal level is better than 1,000-to-l down on 
peak recording level. 

On recent testing of semi-professional 
recorders with equally good signal-to-noise 
ratio, and wow and flutter below 0.03 %, 1 have 
been able to measure pretty accurately the 
distortion actually recorded on the BASF 19S 
reference level tape at 1 kHz, 32 mM/mm, 
19 cm/s. This distortion is 0.075%. A dis- 
tortion reading from this reference tape of 
0.8% was obtained on the A/250. This is very 
interesting as it shows that 0.1 % wow and 
flutter does not wobble the test signal out of the 
rejection band of my harmonic distortion meter. 

Equally impressive was the fact that 1 kHz 
32 mM/mm level could be recorded on BASF 
LGS35 tape at only 0.9% distortion! This is 
the only domestic recorder that has broken the 
1 % distortion barrier. 

Such a low distortion at reference level means 
of course that about 2 to 4 dB more level can 
be recorded on the tape without exceeding the 
normal 3% limit. Thus 3 dB can be added to 
the already more than adequate 62 dB dynamic 
range mentioned earlier. 

Record/play responses from line input to 
line output are shown in fig. 3. The falling 
play-only responses at low frequencies have 
been compensated by extra bass pre-emphasis 
during recording so that the 3 dB down points 
are now 30 Hz at 19 cm/s and 40 Hz at 9.5 
cm/s. The HF response at 19 cm/s extends 
beyond 20 kHz and reaches 15 kHz at the lower 
speed of 9.5 cm/s. 

COMMENT 
1 think the best tribute to this tape unit is to 

say that it is almost completely neutral. If you 
connect a good quality FM tuner to the input, 
set the tape moving at 19 cm/s, and press the 
centre key below the function switch, you will 
hear the programme direct, exactly as it would 
sound if the recorder were not inserted between 

(continued overleaf) 
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Your Tape Dealer 
LONDON AREA 

FOR ALL LEADING 
AUDIO EQUIPMENT 

Classical Records 
by Hail Service 
hampstead 
HIGH FIDELITY 
9la Heath Street, 
Hampstead, N.W.J. 
Tel. HAMpstead MTT hH 

AVEN 

196-198 SOUTH EALING RD. 

LONDON 
W.5 
Tel. 01-560 0194 

Stockists for all the leading makes of Tape Equipment 
207 EDGWARE ROAD, W.2. Tel. PAD 3271 
118 EDGVVARE ROAD, W.2. Tel. PAD 9789 
33 TOTTENHAM CT. RD., W.I. Tel. MUS 2605 
42 TOTTENHAM CT.RD., W.I. Tel. LAN 2573 
152/3 FLEET STREET, E.C.4. Tel. FLE 2833 

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

HI PI 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.I4 Opposite Mortlake Station, S.R. 

CHESHIRE 

the hi-fi and tape recorder lounge 

MAIN B & O—SONY—TANDBERG SPEC 
IALISTS. Also; Ferrograph, Akai, Arena 
Dynation, Radford, Quad, National, Wharfe 
dale, Armstrong, Rogers, SME, Dual, Trio 
Bryan, Normande, Eddystone, Goodmans 
Shure, Thorns. Goldring, Garrard, Braun 
Grundig, Revox, Telefunken, Rotel etc. 

#EXPERT ADVICE •PART EXCHANGE 
• AFTER SALES SERVICE •HOME OEMS. 
• COMPARATOR OEMS. •ALL GOODS 
POST FREE •NEW SCANDINAVIAN 
ROOM.   

GREEN LANE, WILMSLOW 
CHESHIRE. SK9 1LR 

For personal attention ring Wilmslow 24766 
and ask for Mr Bird or write for free folder. 
Avoid Saturdays whenever possible. 

CLOSED WEDNESDAY I p.m. 

M2S0 REVIEW CONTINUED 

the tuner and your main power amplifier. If 
you now press the off-tape button there is a 
momentary hesitation, or time jump, equal to 
the time it takes for any given spot on the tape 
to move from the record head to the play head, 
and then you hear the programme exactly as 
before: no better, no worse, no brighter or 

cleaner; just the same! If the same experiment 
is tried at 9.5 cm/s there is a just perceptible 
difference in hiss or in absolute cleanness on 
certain complex programme material such as 
choral works, but for speech or light music 
you may again hear no difference at all. This 
is an acid test which only the best recorders can 
pass. The M250 joins the select few machines 
on which it dare be tried. 

A. Tutchings 

FIG. 3 EAGLE TC4SO RECORD / PLAY RESPONSE (LINE IN TO LINE OUTPUT) 

20 

19 CM/S 
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/ 

100 200 500 1000 2K 
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PHILIPS 4307 

MANUFACTURER'S SPECIFICATION (9,5 
cm/s). Single-speed domestic i-track mono 
recorder. Frequency response: 60 Hz to 14 kHz 
within 6 dB. Wow and flutter: 0.25% (DIN 
weighted). Spool capacity: 18 cm. Microphone 
input: 0.2 mV at 2 K. Auxiliary input: 100 mV 
at 1 M via EL3768/03 lead. Auxiliary output: 
750 mV at 20 K. Loudspeaker output: 2 W at 4 
or 8 ohms. Weight: 7.5 kg. Dimensions: 420 x 
300 x 140 mm. Price: £48 11s. 11d. Distributor: 
Philips Electrical Ltd., Century House, Shaf- 
tesbury Avenue, London W.C.2. 

THE Philips 4307 does not pretend to be 
anything more than a good-quality 

domestic recorder. Nevertheless the frequency 
response is smooth over a wide range and the 
signal-to-noise ratio excellent due to the use of 
modern low-noise transistors. The high 
frequency flutter on my pen recording looks a 
bit alarming, but in fact the ear is not sensitive 
to such flutter as a change of pitch, the subjec- 
tive effect is of a slight roughness on a sustained 
high frequency tone. 

I like the independent record and play gain 
controls which allow monitoring at any level 
during recording, or muting of the speaker 
when using the microphone to avoid acoustic 
howl back. 

A two way switch at the rear of the recorder 

offers optimum matching for a 4 or 8 ohm 
speaker. 

The control keys are marked with the now 
familiar symbols reading (from left to right) 
record, fast rewind, play, fast forward wind 
and pause. The stop bar is placed in front of 
the keys. 

To the right, the three knobs are record gain, 
play gain and play tone respectively. The track 
selector switch is directly above the record 
control and the record level meter is above the 
play control. 

A three-digit revolution counter with push 
button reset is at the rear of the deck plate 
between the tape spools. 

The flutlergram of fig. 1 shows a high 
frequency flutter of approximately 1 % peak- 
lo-peak or 0.35 % RMS. As mentioned above, 
this looks worse than it sounds, but it should 
be noted as it affects the accurate measurement 
of distortion later. 

The play-only response of fig. 2 shows a 
response level within 3 dB limits from 100 Hz 
to 8 kHz when playing the standard NAB 9.5 
cm/s test tape. System noise, with no tape 
passing the heads, was 56 dB below 32 mM/mm 
reference level tape, unweighted. Weighted to 
the 1EC 'A' curve, the ratio improved to -62 
dB. Bulk-erased tape gave a weighted reading 
of -58 dB and peakrecording level erased on 
the machine was - 54 dB below peak recording 
level. 

Peak recording level equal to the reference 
tape was obtained with the record level meter 
needle just entering the red sector of the scale 
at reading 6. Harmonic distortion at this level 
read 3.8 % but this reading was suspect as some 
of the flutter frequency harmonics showed in a 
CRO examination of the residual distortion 
products. 

A band pass filter was used to isolate the true 
third harmonic tape distortion and this was 
estimated to be in the order of 2.5%. 

Recording tests at 20 dB below peak refer- 
ence level gave the line in to line out response 
of fig. 3. Bass response is similar to that of the 
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FIG. I PHILIPS 4307 RECORD-PLAY WOW AND FLUTTER 
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Your Tttpe Dealer 

CHESHIRE (continued) 
 CHESHIRE   

Charlesworths 
HI-FI & CINE CENTRES 

112 FOREGATE STREET, CHESTER. Tel. 25075 
and 28 HIGHTOWN. CREWE. Tel. 3327 

For all leading makes of Audio and 
Photographic equipment 

'Spacious demonscracion studio 'Easy Parking 
•Half Day Wednesday 

VIDEO AND HI-FI STUDIO 
Hire or Buy Listen to the Best 

■Jr Cameras 
"ft Monitors 
•jlr Video Tape Recorders 
"ik* Ampex 
★ Ikcgami 
* G.E.C. T+ Loewc Opta 

FULL SERVICE OFFERED 

Bryan 
it Truvox 
★ Leak 
it Goodmans ■itr Goldring 
■jr Thorens 
*1# 

Holiday Bros. (A.V.) Ltd. "b
s.

sX0
H"th 

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 

HAMPSHIRE 

High Fidelity 
Specialists 

Hemitton -fUcKthtics Hf 

Hamilton EI«ctronics(Soulhampton)Ltd. 
35 London Road Southamotcn. 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: 25232 

HERTFORDSHIRE 

WATFORD 
High Fidelity Centre 

at RADIOLUX Ltd. 
36 WOODLANDS PARADE, HIGH ST. 

WATFORD (opposite the pond) 
WATFORD 29734, 41029 

If IT'S GOOD — WE STOCK IT ! 
Demonstrations in our Stereo Theatre. Also home 

demonstrations with no obligation. 
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Your Tape Dealer 

LANCASHIRE 
STOCKPORT AUDIO CENTRES- 

FINEST IN NORTH WEST 

AKAI 
QtO / SONY \ RUNOI BRENEL TRUVOX 
DB 'CO ^_PHILIPS_^_ 

ALL MODELS ON COMPARISON DEMONSTRATION 
EVENING DEMONSTRATIONS BT APPOINTMENT 

FAIRBOTHAM & CO. LTD., 
' 56-62 lower Hillflte, STO 4672 " 

BOLTON Specialists in 
High Fidelity Sound 

H.D.KIRK 

c57^>: 

203 St, George's Road 
Phone 23093 r,^l 

BOLTON 

J.SIVIITH & SON 
HI-FI EQUIPMENT — STEREOGRAMS 
TAPE RECORDERS — 2 SHOWROOMS 
B & O, Dynatron. Hacker. Quad. Leak, Radford, 
Armstrong. Ferrograph, Revox. Truvox, Uher, 
Decca, Garrard. Thorens, Goodmans. KEF. etc. 
Comparator Ocms — Closed all Tuesday 

Specialists in 'SOUND' for 36 years 
184 THE ROCK, BURY Tel: 1242 

ST. HELENS 
HAROLD STOTT LTD. 

Hi-Fi Consultant 
Tape Recorder Specialist. Agents 
for all leading makes including Akai 
B & O, Revox, Sony, etc. Advice and 
demonstrations given willingly. 
18 Westfield Street, St. Helens 

NORTHUMBERLAND 

SOUND EQUIPMENT SPECIALISTS 

Morton 

o nd 
Tel. 2-6902 

20142 

12 OXFORD STREET 

NEWCASTLE UPON TYNE I 

NOTTINGHAMSHIRE 

Your Tape Dealer 

SURREY 
FARNHAM SURREY 

if Stockists of all good Hi-Fi apparatus. 
i; Comparative demonstrations. 
* We offer a real aftar salas service. 
ic Easiest of terms 
if No parking problems. 

Lloyd & Keyworth Ltd. 
THE RECORD SHOP 

26-27 DOWNING STREET, FARNHAM 
SURREY Telephone : FarnhamlSSM 

SURREY AND HAMPSHIRE'S HI-FI SPECIALISTS 

CROYDON'S 
TAPE RECORDER CENTRE 

All leading makes in stock, Hi-Fi equipment, cabi- 
nets. etc. Servica agents for AKAI Tape Recorders 

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

CROYDON. 
ADDiscombe 1231/2040 

SUSSEX 

A UNIQUE HI-FI SERVICE 

0 
BOWERS £& WILKIIVS 

Becket Buildings, Littlehampton Rd. 
WORTHING Tel. 64141 

WARWICKSHIRE 

BIRMINGHAM 
TAPE RECORDER CENTRE 
266 BROAD STREET, BIRMINGHAM 1 

(Opposite Bingley Hall) 

Most leading makes high fidelity equipment 
Part exchanges welcomed 

Telephone Midland 2680 

BIRMINGHAM — S0LIHULL 

For the best in equipment visit 

C.H. (HIGH FIDELITY) LTD 
Hi-Fidelity Centre 

167-169 Bromsgrove St., 
BIRMINGHAM 5 

021-692 1487 

ury Lane, 
SOLIHULL 

WARWICKSHIRE 
021-705 7999 

Demonstrations by appointment 

Xottingham Tape Recorder Lid. 
BURTON ST. 2 mins. Victoria Station 

Specialists in ail the best makes of 
0 TAPE RECORDERS 0 AMPLIFIERS 0 

0 HI-FI DISC EQUIPMENT 0 
Telephone: Nottingham 45222 

Coventry's 100% tape recorder and hi-fi 
specialists for service and sales. 

Akai — Ampex — Bang & Olufsen — 
Ferrograph — Leak — National — 
Radford — Revox — Sony — 
Tandberg — Truvox — Wyndsor 

Coventry Tape Recorder Service 
33 King William Street, Coventry 
Telephone Coventry 29668  

4107 REVIEW CONTINUED 

NAB test tape, but extra high note pre-emphasis 
has extended the treble response to 14 kHz. 

Twenty-five one-third-ocla\e bands of filtered 
white noise were recorded and the sound output 
measured on the speaker axis during replay. 
The resultant overall electro-acoustic response 
at the two extremes of the tone control are 
shown in fig. 4. It will be seen that the bass 
response falls by 6 dB per octave below about 
700 Hz to a virtual cut-off below the speaker 
cone resonance of 150 Hz. For speech repro- 
duction this response is adequate and the full 
top response can be used, but for music repro- 
duction most listeners will prefer a more 
balanced response with the tone control cutting 
the top response towards the dotted curve of 
fig. 4. On a good quality external speaker with 
adequate bass response, the full treble response 
can be used. 

The EL 1980 moving coil stick microphone 
provided with the recorder was also tested in a 
white noise sound field to give the response of 
fig. 5. This is a very smooth performer indeed 
and recordings made on this microphone and 
recorded on the 4307 recorder will stand com- 
parison with much more expensive equipment 
when played into wide range reproducers. 

A. Tutchings. 

RECORDING STUDIO TECHNIQUES 
CONTINUED 

tape recorders that has ever been designed, 
especially considering the state of the art 
at the time. The machine was first made 
available with switched speeds and equalisation 
for 76 and 38 cm/s, and shortly afterwards 
a model was made for 38 and 19 cm/s. Some 
ten years ago with a colleague of mine I went 
to great lengths to see how good a performance 
the machine could be made to give. It may 
surprise readers to learn that with careful 
adjustment of the playback head Mumetal 
screens and changes of valves in the replay 
amplifier, replay noise figures of 71 dB below 
32 mM/mm were achieved, and on full-track 
recording an overall figure of —66 dB was 
achieved with a response ± 1 dB from 40 Hz to 
15 kHz. Several hundred of these machines are 
still in use today by the BBC although they are 
only rarely used in their original form by the 
recording companies since they were basically 
mono. 

A typical recording studio in the 1950's 
would have had its mixing desk working at a 
level of +8 dBm (i.e. approximately 2 V at 600 
ohms) and the outputs of mikes in the studio 
were amplified up to levels suitable for the desk 
in racks of mike amps with auxiliary equip- 
ment. Equalisers and limiters were almost 
always working at the same line in and line out 
levels and were connected with patch cords, 
making many studio control rooms behind the 
scenes rather like spaghetti factories! At this 
time, of course, all electrical equipment used 
valves, and the amount of heat generated in 
many control rooms was phenomenal; an 
immense amount of ventilation was therefore 
necessary. Even in these circumstances mono 
recordings made in the early 1950's were of very 
fine quality, and many still sound good by 
today's standards. 
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The majority of recording studios used a 
large number of mikes to obtain a good 
perspective in the recording. As the listener 
was only listening to one channel, with the 
absence of stereo definition, the engineer had 
to achieve a definition by controlling the 
reverberation on each section of the orchestra, 
at the same time as making every instrument 
clear without being unduly forward in balance. 

Considerably less care was taken in the 
acoustic design of the studio, and in general 
engineers preferred controlled artificial rever- 
beration from echo chambers and artificial 
reverberation machines, to very expensive 
acoustic treatment. Many excellent recordings 
were made in town halls and concert halls in 
this period, however, and this involved the 
transport ofvery heavy mobileequipment which 
took many hours to set up. 

Reluming once again to the days of 78's, 
it is interesting to consider the types of mike 
that were then available and which were in 
current use by both recording companies and 
the BBC. Both the Marconi AXBTribbon and 
the EMI ribbon were considered as being high 
quality. Their response extended from 60 Hz 
in the bass to 8 kHz in the treble but, above this 
frequency, treble loss was very apparent. For 
recording pianos EMI often used an STC 4017 
moving-coil mike which was the forerunner of 
the famous 'ball and biscuit' 4021. The 4017 
had an omnidirectional characteristic in the 
lower and mid-frequency range, but a more 
directional characteristic in its high frequency 
range. The 4021, which was also omni- 
directional, has a considerably improved HE 
response in all directions, and was frequently 
used for the recording of musicians grouped 
round it. Although designed before the 
beginning of the war, the STC 4021 was con- 
sidered the best British moving-coil mike for 
two decades, and the only reason that it 
became relegated to talkback use was that its 
omnidirectional characteristic made it totally 
unsuitable for stereo. The early EMI stereo 
recordings, made mainly by Sir Thomas 
Beecham and Sir Malcolm Sargent, included 
Handel's Solomon, Schubert's Gth Symphony 
and Gay's Beggars' Opera, none of which were 
released in stereo disc form until a decade after 
their original recording. These were made 
using a crossed-pair of ribbon mikes, a 
technique which was first formulated by 
Blumlein in the early 1930's. It is interesting 
that this basic technique now still gives, in 
my opinion, the closest approximation to the 
original sound when a stereo capacitor mike 
is used, and when the reproduction equipment 
is of very high calibre. 

Since the early days of LP record cutting 
there have also been some significant develop- 
ments. The earliest LP's had rather a poor top 
response, partly due to the limitations of early 
tape, and partly to the imperfections of the old 
type LP cutter heads. Many early LP's also had 
rather a high rumble caused by the apparatus 
which moved the cutter in towards the centre 
as the disc cutting progressed. 

At the beginning there was also mass 
confusion throughout the world on recording 
characteristics, and it was not until many years 
had elapsed that the characteristics now known 
as RIAA was adopted by practically all 
companies. I well remember gramophone 
preamplifiers on the market with six or more 
different replay characteristics giving different 

bass and treble turnover points. American 
Columbia LP's for instance had far more 
treble pre-emphasis applied on the recording 
than early Decca LP's, which were recorded to 
a very similar curve to that of American 
post-war 78's. It is for this reason that many 
early LP's on the Nixa and Vox labels rarely 
sounded satisfactory since the average listener 
played them back with the characteristic 
adopted by Decca before the change-over, and 
thus they sounded very shrill. I know for a 
fact that some companies obtained the record- 
ing equalisation by the use of a disc pre- 
amplifier in the chain set to maximum treble 
boost with a high degree of bass cut giving 
only an arbitrary equalisation curve. Many 
early LP cutters also lacked negative feedback 
applied from an extra winding in the cutterhead 
to an early stage in the cutter amplifier. 

It is interesting that- stereo prerecorded 
tapes were produced at least a year before the 
first stereo discs, and were certainly of better 
quality than the equivalent stereo discs, 
although having rather a high hiss level. 

Shortly after EMI's early stereo tapes, 
Arnold Sugdcn of Connoisseur offered to 
produce a stereo cutter and it is most unfor- 
tunate that the idea of a 45745° cut had not 
been thought of by him at that time. After 
nearly two years of very hard work Sugden 
produced a good stereo cutter having the left 
and right channels as lateral and vertical 
recording respectively and pressings made 
from his acetates were then played back with a 
stereo pickup which he also designed. Sugden's 
system worked well but was, of course, not 
compatible in that the records when played 
back on a mono system gave only one channel. 
In addition to this, many turntables produced 
rumble on only one channel, and this tended 
to sound very distracting. More distortion was 
also apparent in the vertical channel than the 
lateral one. 

Shortly after this system had been produced, 
the Westrex Company of America produced 
a 45745° system which was adopted 
immediately throughout the world. 

The first stereo LP's issued in Great Britain 
were made by Pye, and although we now know 
that the LP's themselves were of fairly good 
quality, early stereo cartridges used were not 
particularly good, causing many people to be 
put off stereo for many years. I think it is 
unfortunate that the first stereo records were 
issued too early, and in my opinion the 
manufacturers should have established the 
availability of high quality stereo cartridges 
before launching the records. Most of these 
Pye stereo recordings appeared to have soloists 
wandering from side to side, and an early 
record of Larry Adler for example appeared to 
produce a 3 m wide harmonica! They sound 
better on modem equipment. 

To a lesser degree the same remarks also 
apply to stereo discs made by the other 
companies, although by the time they were 
released, a number of better pickup cartridges 
were available. 

It appears that over the decades record 
production has always been better than 
reproduction, and I cannot help feeling that, as 
this has occurred so often, a great attempt must 
be made by manufacturers to improve re- 
production equipment before any further 
advances are made. 
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WARWICKSHIRE (continued) 

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

64 BRISTOL STREET 
BIRMINGHAM Tel. 021-692 1359 

COLIN G. TURNER 
M.I.P.R.E. 

For all Tape Recorders and Hi-Fi require- 
ments. All leading makes supplied. 20% 
reduction on Tapes. 
39 YORK ROAD, KINGS HEATH, 

BIRMINGHAM 14 021-444 4182 

SCOTLAND 
-GLASGOW- 

Scotland's Leading Tape Recorder. Video and Hi-Fi 
Specialists 

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

SONY VIDEO CENTRE 
Agents for : Armstrong, Leak, Fisher, Rogers, Quad, 
B & O, Gold ring. Garrard, Thorens, Connoisseur, 
Goodmans. Wharfedale, Kef, Cclcscion, Oecca, 
Truvox, Philips, Sony, Arena, Revox, Tandberg, 
Brenell, Ferrograph, Akai, Uhcr, Grundig. 

CREDIT TERMS — PART EXCHANGES 
Repairs and Servicing Tel. Douglas 7124 

■ 141 St Georges Road, Glasgow C3 

Ueeording Studios 

mjb 
recording and 
transcription service 

Mono and Stereo records . latest cutting methods, auto- 
matic varigroove, feedback cutter heads, limiters and 
equalisers, techniques hitherto available only to the 
professional, facilitating high undistorted cutting levels 
and extended playing times even from amateur recordings. 

Booklet available. 
45 HIGH STREET 
BURNHAM, BERKS. 

Tel. Bourne End 22231 Member A.P.R.S. 

POST THIS COUPON 
FOR A REGULAR COPY OF 

TAPE RECORDER 

Subscription Department, TAPE 
RECORDER, Link House, Dingwall 
Avenue. Croydon, CR9 2TA. 
Please send me a copy of each issue 
of TAPE RECORDER for   
months commencing with the  
Issue for which I enclose remittance 
of £ s d. 
Name    
Address   
  T.R. 
Home and Overseas 30/- (12 months) 
15/- (6 months). U.S.A. S4.30 (12 months) 

www.americanradiohistory.com

www.americanradiohistory.com


CLASSIFIED 

ADVERTISEMENTS 

Advertisements for this section must be pre-paid. The rate is 6d. per word (private), minimum 7s. 6d. Box 
Nos. is. 6d. extra. Trade rales Is. per word, minimum 15s., Box Nos. 2s. extra. Copy and remittance for 
advertisements in FEBRUARY 1970 issue must reach these offices by 17th JANUARY 1970 addressed 
to: The Advertisement Manager, Tape Recorder, Link House, Oingwall Avenue, Croydon CR9 2TA. 
Replies to Box Nos. should be addressed to the Advertisement Manager, Tape Recorder, 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. 

FOR SALE-PRIVATE 

Ferrograph Series 7, Revox A77 and Ampex 
2153. Brand new. £10 below discount-house 
prices. Demonstrations by appointment. After 
sales service. Box No. 565 (London). 

MSS Professional mixer, four channels, two 
low-Z mike and two high-Z. Output level VU- 
meler. £15. Box No. 566 (London). 

E.M.I. Console Studio Tape Recorder for 
sale. Half track, quarter inch tape. Fifteen 
inches per second. £195 o.n.o. Box No. 563 
(Norfolk). 

2,400ft. BASF LGS52 i-inch tape on )0i- 
inch reels, used once, 30s. Half-inch £2. Box 
No. 562 (Surrey). 

A77 Revox i-track high speed 7^-15 pro- 
fessional recorder. Virtually unused. Sacrifice 
at £180. Lighlfoot, 01-422-2759.  

Reslo RBT Ribbon low impedance plus 
Transformer £7. Adam, Officers Mess, RAF 
Church Fenton, Tadcaster, Yorks. 

Audio Mixer 12 channel 200 ohms bal. 
Inputs bass and treble controls £85 o.n.o. Two 
A.K.G. C6I microphones with power units 
cardioid and omni capsules £90 o.n.o. Stafford, 
No. 1 Bank Flats, Eastwood, Nolls. 

Pair Reslo RBT/L. Stereo matched 1968. 
With cables, pads, sleeves, booklet. As new, 
£19. Box No. 564 (Stafford).  

Akai XV Battery mains four speed four track 
stereo mono Tapcrecorder. Offers. Flat 108, 
Ivor Court, 213 Gloucester Place, N.W.I. Also 
Yashica Electro 35 Camera.  

Fi-Cord 202, £30, case, battery charger, 
transformer, excellent condition. D. A. 
Vaughan, 33 Coleridge Dr., Baxenden, Nr. 
Accrington, Lanes.  

Simon SP4, 10 watt, deck needs adjustment, 
hence £30. Taylor, 60 Whilehouse Road, 
Billingham.  

Simon SPS, 2-track, facilities; mixing, re- 
record, AB monitoring, echo, etc. £50 o.n.o. 
Telephone; Tonbridge (Kent) 61672. 

FOR SALE-TRADE 

Blackburn has Lancashire's leading Hi- 
Fidehty/Tape Recorder stockists and Elfictronic 
Engineers at Holdings Audio Centre, Mincing 
Lane/Darwent Street. Blackburn (Tel. 59595), 

Pre-recorded American Stereo Tapes. 1\ ips. 
Cheap as records. Bemsteins, Mahler, Maazels, 
Sibelius, Karajan, Beethoven Symphonies. £15 
per set of 5 tapes inch PT and duty (any duly 
or purchase lax charged by the postman will be 
refunded—see instruction slip in tape box). £3 
cheaper than records. P.O. 5/- for complete 
catalogue. Postereo Tapes, 9 Darley Street, 
Harold's Cross, Dublin 6, Eire. 

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

"Ampex" Tape—Brand New and Boxed. 
1,800 feet 7in. reel. Long play (list price 55/-). 
Our price 30/- each; two for 55/-; four for £5. 
P & P 1/9 per reel. 3/- for 2 reels, 4 or more 
Post Free. Limited quantity. E. C. Kingsley 
& Co.. Dept. TO, 132 Tottenham Court Road, 
London. W.l. 01-387-6500.  

126 track tape recorder, with 4 wave band 
radio, record player adaptor, made by Sehaub 
Lorenz, plays automatically 46 hours, 10 watt 
output, worth over £200, ideal background 
music 89 gns., all brand new makers cartons 
and guaranteed. Lodge Trading Co., 21 Lodge 
Lane, North Finchley, London N.12. Tel. 
01-445-2713. 

UNIMIXER 4S 
A new 4-channel stereo,'mono mixing unit for the small 
professional user and enthusiast in the studio and on 
location. Any input impedance between 25-600 ohms, 
noise figure better than 2.5 dB above thermal noise. 
2indep.outputson each channel. Robust construction. 
Fully guaranteed. Price £45. Further derails from 
S0UNDEX Ltd., 18 Blenheim Rd., London, W.4. 

01-995 1661 

We are professional hi-fi consultants and will 
advise you of the most suitable system for your 
pocket. This includes installations, system 
checkout and reliable service. Also tape-to- 
disc service and studio facilities. Off-air 
recording of TV sound, FM and AM, to 38. 19 
or 9.5 cm/s. CCIR/IEC J-Irack stereo, or mono 
Ring for details: Gered Productions. 01-653- 
8799. 

MISCELLANEOUS 

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 with the latest test equipment includ- 
ing a wow and flutter meter and multiplex 
stereo signal generator, is able to repair Hi-Fi 
and Tape Recording equipment to manufac- 
turers' standards. Telesonic Ltd., 243 Euston 
Road, London, N.W.I. Tel. 01-387-7467. 

...an AAU from M.A.C. connects recorders 

...INSTANTLY! Full details available from 
M.A.C. Electronic Company, Ripley, Surrey. 
Telephone Dunsfold 310. 

TAPE EXCHANGES 

Hot from the press of Britain's largest Tape- 
X-Change: "Tips for Tapespondents—Inter- 
national Message Making," price 2/IOd. 
Worldwide Tapetalk, 35 The Gardens, Harrow 
HA1 4HE. 

STUDIO FACILITIES 

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, Hitchin, Herts. Telephone Hitchin 
4537.  

Your tapes to disc. 7in. 45—25/-, lOin. L.P. 
—55/-, 12in. L.P.—65/-. 4-day postal service. 
Masters and Vinylite pressings. Top profes- 
sional quality. S.A.E. photo leaflet: Deroy 
Studios, High Bank, Hawk Street, Carnforlh, 
Lanes. 

Your own tapes transferred on to discs. Send 
for details: R. J. Foley Tape to Disc Service, 
112 Beach Road, Scratby, Great Yarmouth, 
Norfolk. 

Graham Clark Records. Tape to disc press- 
ings. 23 The Grove. Wallon-on-Thames, 
Surrey. Tel. Walton 25627,  

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

RAPID 
RECOHDim* 

SERVICE 
LPs FROM YOUR OWN TAPES 

48-HOUR SERVICE 
MASTER DISCS AND PRESSINGS 

RECORDING STUDIO 
DEMONSTRATION DISCS 

MOBILE RECORDINGS—ANY DISTANCE 
Mulli-channel facilities for transfer to 8 or 16mm 
film tracks. Sound effects library on discs. 

Brochure on request from 
Kapid liecording: Service 

21 BISHOPS CLOSE, LONDON, E.I7 

WANTED 

Lee Electronics. The Tape Recorder and 
Hi-Fi Specialists wish to purchase good quality 
Tape and Hi-Fi Equipment for cash. 400 
Edgware Road, W.2. Phone PAD 5521, 

Highest prices offered for good quality Tape 
Recorders and Hi-Fi. R.E.W., 266 Upper 
Tooting Road, London, S.W.I7,  

GOOD QUALITY TAPE RECORDERS 
PURCHASED FOR CASH. TELEPHONE 
01-472-2185.  

Wanted. Musicassettes, classical and 
popular, state titles. Luckman, 581 Fletcham- 
slead Highway, Coventry. 

www.americanradiohistory.com

www.americanradiohistory.com


BASF 

30^ OFF! 

Fantastic offer of world-famous BASF magnetic recording 
tape at near wholesale price! Brand new. fully guaranteed. Each 
tape supplied in the superb BASF plastic swivel box. (3' tapes 
in plastic mailing boxes.) 

STANDARD 
PLAY 
5" 600' 
Si" 900' 
7" 1200' 

LONG PLAY 
3" 210' 
4" 450' 
5* 900' 
5}"1200' 
7" 1800' 

List Our 
Price Price 
22/3 15/- 
29/S 
3S/7 

9/6 
15/7 
29/3 
36/5 
51/7 

20/6 
25/6 

6/9 
10/9 
20/6 
25/6 
36/- 

BASF LOW NOISE 
COMPACT CASSETTES 
C.50   17/7 12/3 
C.90   25/1 17/6 
C.I 20   33/7 23/6 

DOUBLE 
PLAY 
3" 300' 
4" 600' 
5" 1200' 
5J"1800' 
7" 2400' 

TRIPLE PLAY 
3" 450' 
4" 900' 
5" 1800' 
SJ"2400' 
7" 3600' 

List Our 
Price Price 
15/- 10/6 
26/1 
43/3 
56/5 
79/7 

23/- 
40/1 
67/3 
91/5 

116/7 

18/3 
30/3 
39/6 
55/6 

16/- 
28/- 
47/3 
64/- 
81/6 

POSTAGE and PACKING 
2/6 per Order 

MAIL ORDER ONLY 

w 

BUY THE BEST—AT THE LOWEST PRICE! 

LEDA TAPES O 

London office Tel.: 01 -226 7004. 

17 LEIGH PARK ROAD, 

LEIGH-ON-SEA, ESSEX 

HI-FI MIXER WITH LEVEL METER 

ii""" 
r 

r t fi 
f 

f 

*Mains powered *Two input 
levels per channel; low level 
for microphone, high for gram 
or tape *High and Low level 
outputs "Separate pre-amps 
for each channel for low noise 
*7 Mullard silicon transistors 
"Accurate Level Meter for 
operation remote from recorder 

Grey steel case with satin 
anodised panel 

Size I0"x5"x34" 

Recommended 
Retail Price 

CHEESEMAN ELECTRONICS 

£25 

Send for free descriptive leaflet 

K. A. CHEESEMAN LTD. SHEWELL ROAD, COLCHESTER, ESSEX Telephone 5921 

www.americanradiohistory.com

www.americanradiohistory.com


/.S. , Two brilliant new additions 

to the Beocord range 

m 

■s 

m 

% 

BEOCORD 1800 BEOCORD 2400 

Made by Bang & Olufsen for those who 

consider design and quality before price. 

Whether you prefer to centre your High Fidelity system 
around a separate amplifier, or to base it on an amplifier 
integrated into one of the audio units, your needs for a 
tape recorder to complete your system can be satisfied by 
choosing one of these new Beocords. Both machines 
exceed the minimum requirements for DIN 45.500, and 
have operational facilities comprehensive enough to 
attract the semi-professional as well as the domestic user. 
These include a 3 digit tape counter with push button 

The Beocord 1800 - designed for use with a High Fidelity amplifier 
such as the Beolab 5000 or Beomaster 1400. 
Available in 2 versions: (a) ^ track record and replay with extra 
switched j track replay head, (b) track record and replay only. 
Sockets duplicated in DIN and phono type to simplify connection. 
Special amplifier and volume control for output to headphone sockets. 

reset. Foil operated auto stop plus thyristor controlled 
photo-stop for end of tape, tape break or programme 
scanning. Push button selection of A-B monitoring, 
sound on sound, echo, syncroplay, mono left, mono right, 
mixed mono, or stereo play. New hyperbolically ground 
tape heads with special patented machining give greatly 
improved contact between tape and tape head and less 
friction and noise during operation, resulting in less wear 
to tapes and tape heads. 

The Beocord 2400 - complete with its own stereo amplifier section 
giving 2x10 watts RMS output, i track record and replay. 4 dual 
channel inputs in mixer section including a magnetic P.U. input. Bass, 
treble and split channel volume controls. Switched output for 2 pairs 
of speakers. The amplifier may be operated independent of 
the motor. 

As we want people who choose B & 0 to receive really good service, every effort has been made to appoint only dealers of 
the highest ability and integrity and this policy may necessarily limit the number in your town or city. So write today for the 
name and address of your nearest dealer and for further information about the B & O range to;— 
Bang & Olufsen U.K. Limited. Eastbrook Road, Gloucester. Telephone: 0452 21591 
London Showrooms: 70/71 Welbeck Street, London, W.I .Telephone; 01 -486 2144. 
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